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Abstract. Improving scientific literacy is
crucial for early childhood development,
yet limited studies necessitate a thorough
analysis to identify effective solutions. This
study aims to analyze the implementation
of project-based learning in early childhood
education to improve scientific literacy. The
study followed the identification, screening,
eligibility assessment, and inclusion

stages using a systematic literature review
based on the PRISMA framework. Sources
were accessed from databases such as
Google Scholar, ERIC, Springer, JSTOR,
Dimensions, and ScienceDirect, totalling
2085 articles. After screening articles
published between 2014 and 2024, written
in English, and relevant to the topic, 55
articles were selected for further analysis.
The findings categorize approaches, trends,
subjects, effects, and learning media

used in adopting project-based learning

to develop scientific literacy in early
childhood. Two main approaches were
identified: 1) narrative and dialogue and

2) project-based learning. Project-based
learning is widely applied in 16 countries

in Asia, America, Australia, and Europe.

The review indicates that project-based
learning improves early childhood scientific
literacy in physics, biology, astronomy, and
technology through learning media such as
experimental tools, toys, robots, AR, VR, and
Al. Therefore, implementing project-based
learning supported by innovative learning
media is an effective solution for improving
scientific literacy in early childhood.
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Introduction

Education has a very importantrole in shaping individuals who can face
life's challenges in the future. As the main foundation of human development,
education transfers knowledge and develops skills, values, and characters
that support the progress of individuals and society (Brighouse, 2024). In the
modern era full of change and complexity, education is the key to preparing
ageneration that s critical, creative, and adaptive to various global dynamics
(Gonzdlez-Salamanca et al., 2020). More than that, education also plays a role
in creating equality of opportunity, empowering individuals from different
backgrounds, and building inclusive and sustainable societies (Gonzélez-
Pérez & Ramirez-Montoya, 2022). Therefore, the urgency of education is not
only limited to formal learning in schools but also includes the formation of
relevant and future-oriented life skills.

Early childhood education is a crucial foundation in supporting the
holistic development of children. At this stage, education is designed to
develop early childhood cognitive, socio-emotional, and physical abilities
in an integrated manner (Bracken & Theodore, 2020; Larimore, 2020). Teach-
ers'readiness to teach is critical, especially in creating a supportive learning
environment and utilizing technology to actively engage in early childhood
learning (Anisimova, 2020; Yildirim, 2021). Furthermore, early childhood
education also focuses on developing speaking and literacy skills, which are
essential foundations for the next stages of development (Brodin & Renblad,
2020; Hjetland et al., 2020). Early childhood are trained to think critically and
creatively at this stage, enabling them to grow and develop holistically while
acquiring relevant skills for the future (Askarov, 2022; Joo et al., 2020). In this
context, education is the primary foundation for producing individuals ca-
pable of addressing global challenges and leveraging available opportunities.
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In building early childhood abilities and supporting their structured development, the project-based learning
model is aligned with their developmental needs. This learning approach is designed to holistically address the
developmental demands of children (Admawati et al., 2018). Project-based learning is regarded as highly relevant
to meeting the demands of 21st-century education, as it enables early childhood to understand theory and apply
it in real-world situations (Guo et al., 2020). Project-based learning helps students become creative and adaptive
problem solvers in line with the demands of the modern world (Almulla, 2020). Project-based learning empha-
sizes an investigative process through real-world projects designed to solve specific problems. The urgency of
implementing project-based learning lies in its ability to bridge the gap between traditional theoretical learning
and the real-world needs of society and the workforce (Kokotsaki et al., 2016). This approach has proven effec-
tive in developing 21st-century skills, including critical thinking, creativity, communication, and scientific literacy
(Hawari & Noor, 2020).

Scientific literacy is the ability to investigate, interpret, and explain scientific phenomena based on issues
and occurrences in the surrounding environment (PISA, 2023). This ability helps individuals understand scientific
concepts and apply them in everyday life to make evidence-based decisions (Valladares, 2021). As one of the key
competencies of the 21st century, scientific literacy plays a crucial role in shaping critical and scientific thinking,
which is essential for addressing increasingly complex global challenges (Aristeidou & Herodotou, 2020). One ef-
fective approach to supporting the development of scientific literacy is the integration of project-based learning.
This method provides early childhood learning opportunities through direct exploration and activities relevant
to their lives (Weng et al., 2020). In project-based learning, early childhood design and conduct projects related to
real-world scientific phenomena (Mursid et al., 2022). Through this approach, they acquire scientific knowledge
and enhance collaboration, communication, and problem-solving skills.

Project-based learning has been widely implemented to support the development of scientific literacy across
various educational levels, including elementary schools, secondary schools, and higher education. Numerous
studies have demonstrated the positive effects of this approach on scientific literacy. At the elementary level,
project-based learning helps students develop scientific literacy skills such as writing scientific reports (Afriana et
al., 2016; Alemneh & Gebrie, 2024) and thinking creatively to solve scientific problems (Saad & Zainudin, 2022). At
the secondary level, this approach significantly enhances students’ understanding of scientific concepts and their
ability to solve science-based problems (Afriana et al., 2016; Maros et al., 2023; Zhao & Wang, 2022). Meanwhile, in
higher education, project-based learning aids students in reconstructing scientific knowledge through real-world
problem-solving and improves learning outcomes relevant to scientific literacy (Crespi et al., 2022; Miller & Krajcik,
2019; Shin et al., 2021).

Project-based learning has been proven effective in developing scientific literacy across various educational
levels. However, its application in early childhood education remains underexplored. This gap highlights a lack
of understanding regarding the best practices for integrating this approach at a critical stage for building foun-
dational skills in early childhood. Scientific literacy is a fundamental skill for early childhood, and it helps early
children understand their environment, living organisms, technology, and natural phenomena. The limitations of
previous research in presenting information that analyzes the effects, trends, and supporting resources for project-
based learning in improving science literacy in early childhood indicate a significant research gap. Studying these
variables offers a unique contribution by presenting innovations relevant to researchers and decision-makers in
early childhood education. Therefore, A Systematic Literature Review (SLR) is needed as an initial step to identify
relevant prior findings and uncover research trends. Through this systematic analysis, trends and the impact of
project-based learning implementation can be more precisely identified, particularly regarding its application in
improving scientific literacy in early childhood.

Research Aim and Research Questions

This study has aimed to explore critical aspects not fully addressed in previous analyses, particularly concerning
the trends and effectiveness of approaches to developing scientific literacy in early childhood. Most prior studies
focus on the outcomes of project-based learning implementation at higher educational levels, while analysis of
its application in early childhood education remains limited. As a recognized effective model for supporting sci-
entific literacy, project-based learning requires further investigation in the context of early childhood education,
especially across different countries, to understand its adaptations and challenges. This literature review has aimed
to examine learning approaches that support improving scientific literacy, specifically investigating the impact of
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project-based learning on early childhood. There were four research questions (RQ) that have been formulated to
guide the implementation of this research,
1. What approaches are applied to support scientific literacy in early childhood education?
2. What are the trends in project-based learning approaches in supporting scientific literacy in early
childhood education?
3. Is project-based learning effective in improving scientific literacy in early childhood education?
4. What is the learning media that supports early childhood learning?

Research Methodology

This systematic literature review applies the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) method to identify, screen, and collect studies for analysis. This literature review process includes identifi-
cation, screening, eligibility, and inclusion (Dhanil & Mufit, 2024; Moher et al., 2009). Overall, the research analyzes
2085 articles focusing on the implications of learning in improving scientific literacy.

Identification

The studies were identified through several databases, including Google Scholar, ERIC, ScienceDirect, JSTOR,
Dimensions, and Springer. Data were collected using keywords such as early childhood, preschool, kindergarten,
project-based learning, and scientific literacy. These keyword combinations were applied to optimize the search
and find relevant studies. In further searches, keywords were combined using the “OR" and “AND" operators. The
keywords identified in the titles and abstracts of articles were used. The search operator applied was (“Kindergar-
ten” OR “Early Childhood” OR “Preschool”) AND (“Project-Based Learning” OR “PjBL") AND (“Scientific Literacy” OR
“Science Literacy”) to generate articles focused on relevant studies. The identification results showed that there
were 51 studies from Google Scholar, 102 from ScienceDirect, 1,024 from Springer, 56 from JSTOR, 845 from Di-
mensions, and 7 from ERIC.

Screening

The study was collected by applying keywords across various databases with a systematic screening step.
Screening was conducted using inclusion and exclusion criteria to ensure that only relevant studies were retained.
Studies that passed the screening must contain specific information aligned with the keywords used, which were
identified in the titles and abstracts of the articles. Additionally, the screening was limited to articles published
between 2014 and 2024, written in English, and categorized as scientific journal articles. The screening steps aimed
to improve the accuracy of selecting studies that align with the research focus. The entire process was systemati-
cally documented and presented in Table 1.

Table 1
Screening Process
Criteria Inclusion Exclusion
Year 2014-2024 Not within the year range of 2014 to 2024.
Type Article The research file type does not include conferences, book chapters, theses, etc.
Language English Not written in English.
Scientific Journal Rankings (Q) Q1-Q4 The journal where the article was published is not included in the Scopus ranking (Q)

Based on the applied screening criteria, 400 articles met the inclusion criteria. These articles were published
between 2014 and 2024, were written in English, and are categorized as journal articles included in the Scopus
rankings. Non-English literature and conference papers were excluded to ensure the quality and consistency of
the sources used in this study. Non-English literature often faces accessibility challenges, such as limitations in
translation that may affect data interpretation. While potentially offering valuable insights, conference papers
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often lack the rigorous peer-review process required to ensure consistency in quality and validity. Therefore, this
analysis included only English-language literature published in peer-reviewed journals to uphold methodological
accuracy and maintain research credibility.

Furthermore, the selected articles were published in journals indexed in the Scopus ranking system, with
quartile distributions as follows: Q1 (quartile > 75%), Q2 (50% < quartile < 74%), Q3 (25% < quartile < 49%), and Q4
(quartile < 24%). Articles were selected from journals indexed by quartile rankings to ensure high publication quality
and comprehensive data availability. The screening results were then assessed for feasibility, with further selection
to ensure the chosen studies were high quality. Articles that met the quality criteria were then considered suitable
for analysis. This process ensured that only articles meeting the research standards were used in further analysis.

Eligibility and Included

The initial screening stage identified 220 articles deemed relevant for further analysis. In the second stage,
165 articles were excluded based on predefined eligibility criteria. During this phase, a comprehensive evaluation
was conducted to ensure that the remaining articles met the detailed requirements. The assessment involved
evaluating the articles against several criteria, including the context of the study, the clarity of research objectives,
the methodology employed, and the robustness of the research findings. These detailed evaluation criteria are
systematically outlined and summarized in Table 2.

Table 2
The Criteria Quality Assessment of Articles

No Criteria Descriptions
1 Study context Does the article clearly explain the research plan, implementation, and development?
2 Objectives and purposes Are the research objectives described in detail?
Does the methodology section elaborate on the research design, sample, data collection
3 Methodology ) . .
procedures, data analysis, and interpretation?
4 Research Result Are the data presented and thoroughly analyzed?

The article evaluation process was conducted using clear criteria to ensure the quality and relevance of the
articles analyzed. Each article that met the criteria was assigned a score based on four main aspects: study context,
research purpose, methodology, and research results. The evaluation was carried out using a scale of 1 to 4, with the
following breakdown: a score of 1 indicated that the criteria were not met, a score of 2 indicated that the criteria were
almost met, a score of 3 indicated that the criteria were met, and a score of 4 indicated that the criteria exceeded
the established standards. After the analysis, each article could receive a maximum score of 16 if all criteria were
met with the highest score or a minimum score of 4 if no criteria were met. Articles with a score of less than 8 were
excluded from further analysis. The article quality evaluation was conducted using criteria summarized in Table 3.

Table 3
Quality Assessment
Criteria The problem, objective, The problem, objective, The problem, objective, The problem, objective,
rationale, and research  rationale, and research rationale, and research rationale, and research
questions are clearly questions are adequately  questions are poorly questions are
articulated articulated articulated incomplete
(Score 4) (Score 3) (Score 2) (Score 1)
Study context Fully explained the theo-  The theoretical framework is  The theoretical framework is ex- Theoretical framework not
retical framework explained clearly plained generally and lacks detail  explained
Objectives and Research objectives Research objectives ex- Research objectives are explained  Research objectives not
purposes explained in detail plained clearly generally without detail explained
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Criteria The problem, objective, The problem, objective, The problem, objective, The problem, objective,
rationale, and research rationale, and research rationale, and research rationale, and research
questions are clearly questions are adequately  questions are poorly questions are
articulated articulated articulated incomplete
(Score 4) (Score 3) (Score 2) (Score 1)

Methodology Research design, Research design, sample, Research design, sample, and Research design, sample,

sample, data collection
procedures, data analysis,
and validation are fully
explained.

and data analysis are

validation.

data collection procedures,

explained without detailed

data collection are explained with
limited detail, with no data analysis

or validation.

data collection procedures,
data analysis, and validation
are not fully explained.

Research Result

Data and research results

are fully explained explained clearly

Data and research results are

Data explained generally without

detailed analysis of results

Data and research results
not fully explained

Table 3 presents the four main criteria used to assess the quality of the articles. This assessment was designed
to minimize potential biases in the article analysis. The evaluation results showed that 55 articles were considered
to meet the evaluation standards and were deemed suitable for further analysis. This selection was systematically
based on the established eligibility criteria to ensure that only relevant and high-quality articles were included. All
stages of the article identification and selection process followed the PRISMA method, which is detailed in Figure 1.

Figure 1

The Stages of Research Through The PRISMA Stages.

Identification

Screening

Included

75

2085 study records identified
from
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Dimensions (n=845)
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Google Scholar (n=51)

(n=40)

Records removed before screening
Duplicate records removed

ERIC (n=7)
}

Records sceened
(n=2045)

l

Records excluded
(n=1645)

Reports sought for retrieval
(n=400)

(n=180)

Records not retrieved

Reports assessed for eligibility
(n=220)

|

Studies included in review
(n=55)

Reason

s No full text.

Reports excluded (n=165)

* Notrelevantreseach question.
* Thereis no quartile rank.

* The research sample was
preservice teachers/teachers

https://doi.org/10.33225/jbse/25.24.71



Journal of Baltic Science Education, Vol. 24, No. 1, 2025

IMPLEMENTATION OF PROJECT-BASED LEARNING IN IMPROVING SCIENTIFIC LITERACY IN ISSN 1648-3898  /print/
EARLY CHILDHOOD EDUCATION: SYSTEMATIC LITERATURE REVIEW
(PP. 71-91) |SSN 2538—7] 38 /Online/

Data Extraction and Content Analysis

The research data were obtained from several databases, including Google Scholar, ERIC, ScienceDirect, JSTOR,
Dimensions, and Springer, with a total of 2048 articles. The screening process was conducted in stages, resulting
in 55 articles that met the criteria for review. The selected articles were from high-reputation journals indexed in
Scopus. The results of this analysis are presented in various sections, covering the research methods and the focus
of the data sources obtained. The data were categorized based on factors such as authors, publication year, journal,
quartile ranking (Q), and the country where the research was implemented, as detailed in Table 4.

Table 4
Data Extraction

Author Year Journal Q Countsry
(Kaehler et al., 2020) 2020 International Journal of Science Education Q1 Germany
(Booth et al., 2022) 2022 Developmental Psychology Q1 USA
(Pereira et al., 2020) 2020 Early Child Development and Care Q2 Portugal
(Buchholz & Pyles, 2018) 2018 Reading Teacher Q1 USA
(Beasley et al., 2021) 2021 International Journal of Early Childhood Q1 Australia
(Booth et al., 2020) 2020 Developmental Psychology Q1 USA
(Gray et al., 2022) 2022 Journal of Research on Educational Effectiveness Q1 USA
(Kumar et al., 2024) 2024 Mind, Brain, and Education Q2 USA
(Wight et al., 2016) 2016 Environmental Education Research Q1 USA
(Greca Dufranc et al., 2020) 2020 European Journal of STEM Education Q2 Spain
(Dale Tunnicliffe & Gkouskou, 2020) 2020 Early Child Development and Care Q2 USA
(McNerney et al., 2020) 2020 Early Child Development and Care Q2 UK
(Ahi, 2017) 2017 Cogent Education Q2 Turkey
(Koerber & Osterhaus, 2019) 2019 Journal of Cognition and Development Q2 Germany
(Nevo & Vaknin-Nusbaum, 2018) 2018 Reading Psychology Q1 Israel
(Wright & Gotwals, 2017) 2017 Elementary School Journal Q1 USA
(Pafios & RuiziGallardo, 2021) 2021 Journal of Research in Science Teaching Q1 Spain
(de Brito Miranda et al., 2017) 2017 Early Child Development and Care Q1 Brazil
(Impedovo et al., 2017) 2017 Research in Science Education Q1 France
(Cascarosa et al., 2022) 2022 Journal of Biological Education Q2 Spain
(Connor et al., 2017) 2017 Journal of Educational Psychology Q1 USA
(Doshi et al., 2024) 2024 Learning and Individual Differences Q1 Germany
(Bauer & Booth, 2019) 2019 Early Childhood Research Quarterly Q1 USA
(Junge et al., 2021) 2021 Early Childhood Research Quarterly Q1 Germany
(Lazaroff & Vlach, 2022) 2022 Journal of Experimental Child Psychology Q1 USA
(Fragkiadaki et al., 2024) 2024 Research in Science Education Q1 Australia
(Garcia-Gonzalez & Schenetti, 2022) 2022 Journal of Outdoor and Environmental Education Q3 Spain
(Fragkiadaki et al., 2023) 2023 Research in Science Education Q1 Australia
(Koerber & Osterhaus, 2021) 2021 Unterrichtswissenschaft Q3 Germany
(Havu-Nuutinen et al., 2022) 2022 Research in Science Education Q1 Finland
(Hsin & Wu, 2023) 2023 Research in Science Education Q1 PRC
(Adbo & Vidal Carulla, 2020) 2020 International Journal of Early Childhood Q4 Sweden
(Sagkes et al., 2020) 2020 International Journal of Early Childhood Q1 Sweden
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Author Year Journal Q Countsry
(Ennes et al., 2023) 2023 Research in Science Education Q1 USA
(Allen et al., 2021) 2021 Research in Science Education Q2 UK
(Alan & Erdogan, 2018) 2018 Early Childhood Education Journal Q1 Turkey
(Ampartzaki & Kalogiannakis, 2016) 2016 Early Childhood Education Journal Q2 Greece
(Hsin & Wu, 2023) 2023 Research in science education Q1 PRC
(Cherniak et al., 2019) 2019 Journal of Early Childhood Research Q2 USA
(Zhou & Yang, 2024) 2024 Early Childhood Education Journal Q1 PRC
(Gliley & Keskinkilig, 2024) 2024 Humanities and social sciences communications Q1 Turkey
(Hu, 2022) 2022 Journal of outdoor and environmental education Q3 PRC
(Parwoto et al., 2024) 2024 International journal of music education Q3 Indonesia
(Canetal., 2017) 2017 Journal of Baltic Science Education, Q2 Turkey
(Bagaran & Bay, 2023) 2023 Early Child Development and Care Q1 Turkey
(Orang & Kiintay, 2019) 2019 International Journal of Child-Computer Interaction Q1 Turkey
(Yilmaz, 2016) 2016 Computers in human behavior Q1 Turkey
(R. W. Chen & Chan, 2019) 2019 Journal of Educational Computing Q1 PRC
(Gecu-Parmaksiz & Delialioglu, 2019) 2019 British Journal of Educational Technology Q1 Turkey
(Kokkalia & Drigas, 2016) 2016 International journal of interactive mobile technologies Q2 PRC
(Belda-Medina & Marrahi-Gomez, 2023) 2023 Electronics Q2 Spain
(Lorusso et al., 2020) 2020 Applied Sciences Q2 Italy
(Kusuma et al., 2018) 2018 International journal of interactive mobile technologies Q2 Indonesia
(Passig et al., 2016) 2016 Computers & Education Q1 Israel
(Su & Yang, 2024) 2024 Interactive Learning Environments Q1 PRC

Table 4 presents the results of the studies included in the review process. The data includes journals indexed
in Scopus with quartile rankings of Q1 (34 articles), Q2 (16 articles), Q3 (4 articles), and Q4 (1 article). These articles
are distributed across 16 countries: Germany, the United States of America (USA), Portugal, Australia, Spain, the
United Kingdom (UK), Turkey, Israel, Brazil, France, Finland, Taiwan, Sweden, Greece, People’s Republic of China
(PRC), and Indonesia. The distribution of articles by year range is as follows: 2014-2016 (5 articles), 2017-2019
(16 articles), 2020-2022 (21 articles), and 2023-2024 (13 articles). This information is crucial in investigating the
trends in implementing project-based learning to improve scientific literacy abilities in early childhood education
contexts. The extraction results from the approaches, science learning subjects, learning media, and findings from
the analyzed articles are presented in Table 5.

Table 5
Content Analysis
. - Learning
Author Approach Subject Finding Media
(Kaehler et al., Narrative and . Teaching science terminology helps children improve their scientific
. Biology . Book
2020) dialogue literacy from an early age.
(Booth et al., 2022) Project Physics Prolect-pased |nqg|ry !earp|ng supports exploration in improving Toy
early childhood scientific literacy.
(Pereira et al., 2020) Project Physics Hands-on work is effective in teaching science in early childhood. Toy
(Buchholz & Pyles, Proiect Biolo Early childhood are assigned tasks to explore the zoo and redraw Experimental
2018) ! 9y the animals they observe, improving their science abilities. Tool
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. - Learning
Author Approach Subject Finding Media
(Beasley et al., Proiect Biolo Assigning early childhood tasks in plant exploration enhances their Experimental
2021) ! 9y knowledge, curiosity, and scientific literacy. Tool
(Booth et al., 2020) Narlratlve and Physics Throu.gh questlon-and-aqswer activities, early childhood’s ability to Book
dialogue explain phenomena can improve.
) . Early children are given projects to write and illustrate animals at the ~ Experimental
(Gray etal, 2022) Project Biology zoo, which helps improve their scientific literacy abilities. Tool
(Kumar et al, 2024) Narratwe and Biology Interaction and convers_atpn bgtween teachers and children support Book
dialogue the enhancement of scientific literacy.
. . . Task-based activities through exploring science tools support early
(Wight et al., 2016) Project Physics childhood scientific literacy abilities. Toy
Integrating learning by assembling robots helps early childhood
(a(lsre;%alzaufranc ot Project Technology  improve their understanding of scientific literacy related to techno- Robot
N logical development.
Dale Tunnicliffe & Narrative and Play activities and communication in learning help children learn
Technolo Book
Gkouskou, 2020) dialogue 9y science more enjoyably.
(McNerney et al., Narrative and . Play activities and question-and-answer sessions between children
Biolo Book
2020) dialogue 9y and teachers help improve early childhood scientific literacy abilities.
. . . Project-based learning in assembling a digestive system puzzle
(Ani, 2017) Project Biology helps children improve their scientific literacy. Toy
(Koerber & Oster- Narrative and Biolo Scientific thinking is influenced by intelligence and language in sup- Book
haus, 2019) dialogue 9y porting the enhancement of early childhood scientific literacy.
(Nevo & VakninNus- Narrative and Biolo Science text-based programs help improve early childhood scientific Book
baum, 2018) dialogue 9y vocabulary.
Wright & Gotwals, Narrative and . Early childhood scientific abilities increase through communication
Physics Book
2017) dialogue y processes during learning.
(Pafios & Ruiz- Narrative and Physics Attitudes towards learning through interaction and communication Book
Gallardo, 2021) dialogue y positively impact science learning.
(de Brito Miranda et Proiect Biolo Through project activities, early childhood understands the impor- To
al., 2017) g 9y tance of caring for animals and life. y
Understanding the formation of shadows is acquired through tasks '
(Impedovo et al., ) ) . : ) . . Experimental
Project Physics involving early childhood observing various types of shadows from
2017) . ) Tool
different objects.
(Cascarosa et al, Project Physics Magnifying glasses help children observe animals more clearly. Experimental
2022) Tool
(Connor et ., 2017) Narlratlve and Physics Agthltles anq social interactions contribute to improvement in early Book
dialogue childhood science knowledge.
(Doshi et al, 2024) Project Physics Prp]egt:ba!sed learning is effective in improving early childhood Experimental
scientific literacy. Tool
Bauer & Booth, Narrative and ) Communication activities support early childhood in learning science
Physics Book
2019) dialogue y more effectively.
(Junge et ., 2021) Narlratlve and Physics Parental involvement has a positive impact on early childhood sci- Book
dialogue ence knowledge.
Lazaroff & Vlach, Narrative and . Introducing scientific vocabulary aids in the conceptual development
Physics Book
2022) dialogue y of early childhood science understanding.
(Fragkiadaki et a Through Project-based learning activities, children develop an
2023) b Project Physics understanding of light and shadows while improving their scientific Toy
literacy.
(GarciaGonzalez & Proiect Biolo Learning activities that involve environmental exploration foster eco- To
Schenetti, 2022) ! 9y logical awareness and improve scientific literacy in early childhood y
(Fragkiadaki et al., Project Biology Play-based learning activities help early childhood develop scientific Toy

2023)

abilities naturally.
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. - Learning
Author Approach Subject Finding Media
(Koerber & Oster- Narrative and Physics The content presented in books provides important support for early Book
haus, 2021) dialogue y childhood students to study science in a more structured way.
(HavuNuutinen et . . Project-based science learning is not effective in supporting early
al.,, 2022) Project Biology childhood understanding of using toys. Toy
(Hsin & Wu, 2023) Narratlve and Physics Learn.mg mpdules suppon early childhood scientific practices in Book
dialogue studying science effectively.
(Adbo & Vidal Narrative and Chemist Conversations between children and teachers help reinforce the Book
Carulla, 2020) dialogue & understanding of scientific concepts.
(Sackes et al,, 2020) Project Physics Prgject-baseq Iearn|ng gnd experiments significantly improve early Experimental
childhood science abilities. Tool
) ) Limitations in science equipment can hinder the development of Experimental
(Ennes etal, 2023) Project Physics early childhood’s ability to understand scientific concepts. Tool
. . Science learning through tasks like individually measuring body Experimental
(Allen etal., 2021) Project Biology mass and reporting helps train early childhood scientific abilities. Tool
(Alan & Erdogan, Narrative and Biolo Introducing living creatures through dinosaur stories helps improve Book
2018) dialogue 9y early childhood scientific literacy.
(Ampart;ak| & Kalo- Project Astronomy Project-based Iearr?mg in cqnstructlng the solar system supports a Experimental
giannakis, 2016) deeper understanding of science. Tool
(Hsin & W, 2023) Project Physics Introducing tools through |mgge§ gs.a guide tq F:pmpletlng tasks Experimental
enhances early childhood scientific literacy abilities. Tool
(Cherniak et al., . Assigning tasks for children to design a robot together supports the
2019) Project Technology development of scientific thinking. Robot
(Zhou & Yang, 2024) Narratlve and Biology Project-based Iearmng helps early ch||dhoodl Iea.rper.s understand Book
dialogue concepts through stories, enhancing their scientific literacy.
(Giley & Keskinkilig, Project Physics Prgje(?t-based learning supports children in better understanding Experimental
2024) scientific terms. Tool
Project-based learning that utilizes nature journals supports holistic Exerimental
(Hu, 2022) Project Biology learning experiences while enhancing early childhood science P Tool
abilities.
(Parwoto et al., . Collaborative Project-based learning significantly boosts early child-
2024) Project Technology hood creativity and scientific literacy abilities. Robot
(Orang & Kuntay, Project Physics Im.pler.nentlng ARin pro!ect-based learning helps students connect AR
2019) scientific phenomena with real-world contexts.
) . ) Early childhoods are assigned to assemble a puzzle resembling an
(¥iimaz, 2016) Project Biology AR object displayed when learning about plant shapes. AR
(R. W. Chen & . Early childhoods are given a project to create flashcards to recog-
Chan, 2019) Project Technology nize object names with the help of AR. AR
(GeculParmaksiz & . ) AR technology is used to assist children in identifying objects
Delialioglu, 2019) Project Physics through matching tasks. AR
. No significant differences were found between early childhood
(GeculParmaksiz & ) ) o ; " ) )
e Project Physics learning with AR and those using traditional learning methods in AR
Delialioglu, 2019) ' } A . .
completing projects to recognize various object shapes.
(Kokkalia & Drigas, Project Technology T.he implementation of AR technollogy helps early childhoods recog- AR
2016) nize new vocabulary related to objects.
(Lorusso et al., Project Biology VR techpolqu hglps chlldren recognize living creatures through VR
2020) exploration in a virtual environment.
(Belda-Medina & . . -
Marrahi-Gomez, Project Technology Learning using AR technology helps train children to develop the AR

2023)

ability to recognize scientific terms.
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(Lorusso et al., ) When applied in project-based learning, VR helps improve early
2020) Project Technology childhood ability to recognize technology. R
(Kusuma et al., Project Biology VR technology hfelps early §h|ldhoods recognize the names of fish in VR
2018) the context of science learning.
(Passig et al., 2016) Project Technology The |.nl1plem§.nltat|on of VR effectively enhances early childhood VR
cognitive abilities.
(Su & Yang, 2024) Project Technology  Early childhoods can draw with the help of Al technology. Al

The recommendations that can be proposed include implementing learning with project-based, narrative,
and dialogic approaches, as well as their application in other areas of science competency. This approach aims
to improve students’ understanding and scientific literacy abilities through more interactive and context-based
methods. Additionally, the implementation of innovative and up-to-date learning media, such as books, toys,
experimental tools, robots, Augmented Reality (AR), Virtual Reality (VR), and Artificial Intelligence (Al), serves as an
effective alternative to support interactive learning for early childhoods. These technologies can enrich the learning
experience, motivate students, and create a more engaging and enjoyable learning environment. However, the
results show several effects, both positive and negative, and no effects in the implementation of project-based
learning in improving scientific literacy in early childhood.

Research Results
Approaches Applied to Support Scientific Literacy in Early Childhood Education

Two main learning approaches were categorized based on the analysis of the study results. This categorization
was grounded in the specificimplementation processes to improve scientific literacy in early childhood education.
The first approach, project-based learning, was widely applied to improve early childhood scientific literacy through
hands-on projects. The second approach involved narrative and dialogue-based learning, emphasizing storytelling
and interactive discussions to engage young learners in scientific concepts. This analysis highlighted some studies
that supported these approaches, demonstrating the widespread adoption of both methods, as shown in Figure 2.

Figure 2
The Distribution of Approaches Applied in Early Childhood Education.
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Figure 2 shows two categories of learning approaches used to improve scientific literacy abilities in early
childhood. The narrative and dialogue-based approach was applied in 32.7% of the studies (18 articles), while the
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project-based learning approach was used in 67.3% (37 articles). The narration and dialogue approach introduces
early childhood to new scientific terms through stories and dialogic interactions between teachers and early child-
hood. Through this approach, early childhood expands their scientific vocabulary and deepens their understand-
ing of scientific concepts. Teachers act as facilitators who guide active dialogue to help children connect scientific
concepts with their everyday lives.

Meanwhile, the project-based learning approach engages early childhood in hands-on activities like complet-
ing project-based tasks. This approach focuses on child-centred learning, where early childhoods actively explore,
investigate, and explain scientific concepts through direct experiences. They are also given opportunities to report
the results of tasks or experiments they have completed to their teachers, thus strengthening their communication
and critical thinking skills. These two approaches complement each other to improve early childhood scientific
literacy, with narrative and dialogue providing a foundation for understanding. At the same time, projects and
experiments strengthen practical skills through real-life experiences.

Trends in Project-Based Learning Approaches in Supporting Scientific Literacy in Early Childhood Education

Based on a literature search in international academic databases indexed in Scopus, 2048 articles discussing
scientific literacy were found from 2014 to 2024. The quality of the studies was assessed based on their publication
in reputable journals, with the Scopus quartile ranking serving as the primary indicator. From the collected data, 37
articles were specifically focused on project-based learning to enhance scientific literacy in early childhood, pub-
lished in Scopus-indexed journals over the past 10 years. The distribution of these articles is visualized in Figure 3.

Figure 3
The Distribution of The Quartile Ranking of Articles Indexed in Scopus
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Figure 3 shows the distribution of studies discussing project-based learning published in high-quality journals
indexed in Scopus, categorized based on quartile rankings. The distribution of studies on project-based learning
implementation in quartile rankings is as follows: Q1 was used in 59.5% of the studies (22 articles), Q2 was used
in 32.4% of the studies (12 articles), Q3 was used in 8.1% of the studies (3 articles), and Q4 was used in 0% of the
studies (0 articles). These results indicate that studies on project-based learning are still relatively rare in reputable
journals, suggesting opportunities for further, more comprehensive investigations, particularly in implementing
project-based learning to enhance scientific literacy in early childhood. The study results are further analyzed by
grouping the research locations based on the countries where they were conducted. This review shows the geo-
graphical distribution of project-based learning implementation in early childhood education. Several countries
have investigated this approach to identify trends and opportunities in supporting the development of scientific
literacy from an early age. The distribution of articles by country is presented in Figure 4.
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Figure 4
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Distribution of Article Based Country

Figure 4 shows the distribution of studies on implementing project-based learning to improve scientific
literacy in early childhood education across various countries. The distribution of the analyzed studies is spread
across four continents, with Asia contributing 37.8%, Europe 35.1%, America 18.9%, and Australia 8.1%. Among the
countries, Turkey has the highest number of articles, with 18.9% (7 articles). The USA ranks second with 16.2% (6
articles). The PRC contributes 13.5% (5 articles), followed by Spain with 10.8% (4 articles). Australia produces 8.1%
(3 articles), while Indonesia has 5.4% (2 articles). Other countries such as the UK, Sweden, Portugal, Italy, Israel,
Greece, Germany, France, Finland, and Brazil each contribute 2.7% (1 article) of the total. These findings suggest
that the application of project-based learning to improve scientific literacy in early childhood is still developing.
This discovery opens opportunities for further research in various countries to understand the deeper impacts of
implementing project-based learning in early childhood education.

Effects of Project-Based Learning in Improving Scientific Literacy in Early Childhood Education

The effects of project-based learning were analyzed from 37 articles discussing implementing project-based
learning to improve scientific literacy in early childhood education. Overall, project-based learning applied to
early childhood education was reported to have a positive effect. This approach has proven effective in improving
scientific literacy through structured activities relevant to daily life. The studies analyzed indicate that project-based
learning significantly improves scientific literacy in early childhood. The detailed results of the effects of project-ba-
sed learning in improving scientific literacy in early childhood are presented in Figure 5.

Figure5
Distribution of Project-Based Learning Effects in Early Childhood Education
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Figure 5 displays the classification of the effects of implementing project-based learning to improve scientific
literacy in early childhood education. Overall, the studies analyzed report an 83.8% positive effect (31 articles) in
increasing scientific literacy in early childhood, a 10.8% negative effect (4 articles), and a 5.4% no effect (2 articles) on
scientific literacy in early childhood. Project-based learning has a negative impact and leads to a decline in science
literacy among children caused by the suboptimal implementation of the learning process. Limited resources, such
as inadequate learning support facilities, further hinder the application of project-based learning. Inappropriate
learning media that do not align with the needs of early childhood learners can reduce the quality of learning and
negatively impact early childhood scientific literacy. Moreover, teachers’ failure to implement the project-based
learning approach and manage the learning process significantly affects early childhood success in improving
their scientific literacy abilities. Teachers who are unprepared to design systematic project-based learning often
fail to achieve optimal outcomes. Proper preparation by teachers is crucial to ensuring the success of project-based
learning. Teachers must provide relevant learning media, supportive teaching materials, adequate resources, and
systematic lesson planning, all of which are key to maintaining a focus on developing scientific literacy abilities.

Early childhood scientific literacy is generally categorized based on science subjects, such as physics, biology,
astronomy, and technology. Teachers who can direct learning by focusing on these subjects will help students
achieve learning objectives effectively and in a structured manner. The categorization of these studies is based on
the scientific subjects that are the main topics in the learning process. The detailed results of the categorization
based on study subjects are presented in Figure 6.

Figure 6
Distribution of Subjects Applied to Early Childhood Education
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Figure 6 presents the classification of project-based learning in improving scientific literacy in early chil-
dhood education. The positive effects of implementing project-based learning on improving scientific literacy
are distributed across four main study subjects: astronomy, technology, biology, and physics. Scientific literacy in
astronomy relates to the study of celestial bodies. The distribution of research shows that the implementation of
project-based learning in physics accounts for 37.8% (14 articles), in biology for 35.1% (13 articles), in technology
for 24.3% (9 articles), and in astronomy for 2.7% (1 article). In general, the application of project-based learning
has a positive impact on improving early childhood scientific literacy. Specifically, physics has become one of the
main focuses due to its strong connection with explaining natural phenomena and utilizing experimental tools.

Learning Media that Supports Learning Applied in Supporting Scientific Literacy in Early Childhood

The analysis of the implementation of learning media to support scientific literacy improvement identified 37
articles reporting this information. These learning media varied in their support for scientific literacy analysis. The
findings revealed different types of learning media used to enhance scientific literacy. The learning media utilized
in the learning process are presented in Figure 7.
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Figure 7

The Distribution of Learning Media Applied to Early Childhood Education
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Figure 7 shows six types of learning media commonly used to support learning in early childhood education. These
learning media include experimental tools with 35.1% (13 articles), toys with 24.3% (9 articles), AR with 18.9% (7 articles),
VR with 10.8% (4 articles), robots with 8.1% (3 articles), and Al with 2.7% (1 article). Overall, AR, VR, and Al-based learning
media have the potential for recommendation in theirimplementation to support early childhood literacy development.
Because learning media based on AR, VR, and Al technology are still slightly implemented in early childhood education

Discussion

This study uncovered several new findings from the literature analysis on literacy abilities in early childhood. The
analysis reports the orientation of learning for early childhood education for researchers. In early childhood education,
approaches, subjects, effects, and learning media were applied to support scientific literacy abilities in early childhood.
A comprehensive and rigorous article collection process was conducted to obtain high-quality analysis results from the
literature study and collect data from various diverse database sources to improve the generalization of findings and
minimize the potential for bias in article selection. Analyzing articles from Scopus-indexed databases is one solution for
obtaining quality data sources for analysis (Aravantinos et al., 2024). However, this study also acknowledges the various
bias factors that may affect the results. One limitation of this study is the lack of input from stakeholders, such as educa-
tors and policymakers, which may limit the relevance of applying the research in real-world contexts. Future research
will include in-depth interviews with educators and policymakers to integrate their practical perspectives, making the
findings more applicable and relevant. Nevertheless, overall, the results of this analysis provide new directions in sup-
porting early childhood education, complementing the limitations of previous analyses.

The main approaches that have been proven effective in supporting the development of scientific literacy
in early childhood include narrative and dialogue, as well as project-based learning. The narration and dialogue-based
approach emphasizes introducing scientific vocabulary through direct interactions, such as reading stories, discussing, or
exploring natural phenomena. Gradually introducing scientific terminology allows children to understand fundamental
scientific concepts, which are essential foundations for scientific thinking (Kaehler et al., 2020). Structured conversations
between teachers and early childhood during narration and dialogue-based learning significantly improve verbal skills
and the understanding of scientific concepts in early childhood (Alzahrani, 2020; Eliza et al., 2022).

Meanwhile, the project-based and experimental approach provides opportunities for children to investigate,
experiment, and solve problems through hands-on experiences. Children involved in project-based learning activities
demonstrate a better understanding of scientific phenomena than those who only learn through text-based education
(S.-Y. Chen et al.,, 2022). Moreover, this approach strengthens early childhood critical thinking skills and curiosity in un-
derstanding scientific concepts. In a different context, Zhao and Wang (2022) highlight that science-based educational
games can improve early childhood learning motivation and active engagement in the learning process. In general, the
narrative and dialogue approach and the project-based learning approach contribute to improving scientific literacy in
early childhood education.

The literature analysis on the trends of project-based learning in early childhood education reveals 37 relevant stud-
ies that form the basis for understanding the effectiveness of this approach, particularly in improving scientific literacy.
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These studies reflect significant developments in adopting project-based learning for early childhood, especially in the
past decade. They are relatively new in the realm of international journal publications. The research analyzed comes from
reputable journals with quartile rankings of Q1 to Q3, reflecting the quality and validity of the findings. This phenomenon
highlights the urgency of active, collaborative, and exploration-based learning approaches, which have been proven to
support the development of cognitive, social, and scientific literacy abilities in early childhood (S.-Y. Chen et al., 2022;
Shin et al., 2021).

In implementing project-based learning to improve scientific literacy, study analysis revealed that project-based
learning for early childhood has been implemented in Asia, Europe, America, and Australia. However, no reports on
implementing project-based learning for early childhood have been found in Africa. In the USA,, project-based learning
fosters creativity and 21st-century skills, including scientific literacy, through projects such as creating simple tools or
simulating scientific phenomena (Miller & Krajcik, 2019). However, findings revealed that implementing project-based
learning for early childhood to support the improvement of scientific literacy has become increasingly widespread. The
analysis for each country showed that Turkey, the USA, and the PRC dominated the implementation, followed by other
countries supporting project-based learning for early childhood. Project-based learning for early childhood has gained
significant attention in supporting the growth and development of early childhood scientific literacy abilities.

In general, project-based learning significantly contributes to improving scientific literacy in early childhood educa-
tion. Project-based learning provides early childhood opportunities to develop their skills in investigating, analyzing, and
explaining scientific phenomena directly, which are essential elements of scientific literacy. This approach offers conceptual
understanding and trains practical skills relevant to real-life situations (PISA, 2023). Improving scientific literacy in early
childhood shows various implementations through project-based learning, which divides the focus of study into four main
subjects: physics, biology, technology, and astronomy. Each subject is designed to support the development of scientific
skills in early childhood in a structured manner. Research indicates that project-based learning offers a more in-depth
learning experience than conventional methods in improving scientific literacy in early childhood (S.-Y.Chen et al., 2022).

Various studies support the effectiveness of project-based learning in improving scientific literacy. Project-based
learning at the early childhood education level has been proven to help early childhood understand scientific concepts
through simple exploration and investigation activities (S.-Y. Chen et al., 2022). Early childhood is directly involved in
projects like exploring a zoo to learn about various animals and then writing and illustrating those animals within the
context of biological studies, focusing on living organisms (Buchholz & Pyles, 2018). In the field of physics, project-based
learning emphasizes the early childhood ability to explain scientific phenomena and use experimental tools through
simple projects, such as investigating shadows of objects to understand the properties of light (Fragkiadaki et al., 2024;
Impedovo et al.,, 2017). Exploring physical phenomena through simple experiments improves early childhood curiosity
and motivation to learn (Gliley & Keskinkilig, 2024). In scientific literacy education in the field of astronomy, project-based
learning helps children understand the scale, space, and relationships between celestial bodies, such as planets, moons,
and stars, by assembling and arranging the solar system (Ampartzaki & Kalogiannakis, 2016). This interactive project
improves early childhood scientific literacy ability and understanding of the universe.

Project-based learning involves assembling simple robots or utilizing everyday technological devices (Parwoto et
al., 2024). These activities encourage early childhoods to understand how technology works while developing problem-
solving skills. In biology, project-based learning is directed toward exploring living organisms, such as plants, animals,
and simple ecosystems. Early childhood can study life cycles or interactions within the environment through projects
like planting plants or observing insect behavior (Garcia-Gonzalez & Schenetti, 2022). This approach provides a concrete
understanding of the relationship between living organisms and improves early childhood awareness of the importance
of preserving the environment (Beasley et al., 2021).

This study demonstrates that project-based scientific literacy learning provides meaningful hands-on experi-
ences and integrates approaches that suit early childhood developmental needs. Support from various previous studies
strengthens these findings, emphasizing that each scientific literacy subject significantly contributes to developing early
childhood scientific understanding. Project-based learning improves the understanding of scientific concepts and builds
communication skills (Shin et al., 2021). In other learning implications, project-based approaches are applied in learning
about food ingredients and food preparation, where children investigate and interpret food ingredients within scientific
studies, such as food chemistry, to improve their critical and investigative thinking skills.

The use of learning media in early childhood education has grown rapidly, particularly with the emergence of new
technologies that are increasingly dominating the field. Learning media today are no longer limited to conventional
methods but involve technological innovations such as experimental tools, toys, AR, VR, robots, and Al. Each type of
media has strengths and contributions to support the development of scientific literacy in early childhood. Experimental
tools and toys are more traditional learning media but still effective. Both provide early childhood learning opportunities,
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hands-on experiments, and play involvement. However, compared to new technologies, these media tend to be limited
in providing a more dynamic and interactive learning experience (GarciaGonzélez & Schenetti, 2022).

Onthe other hand, AR and VR offer more immersive and visual learning experiences. AR allows children to interact with
3D objects that closely resemble real-world objects, helping them better understand abstract science concepts (Basaran &
Bay, 2023; Gecu-Parmaksiz & Delialioglu, 2019). Meanwhile, VR takes learning to the next level by creating full simulations,
allowing children to feel like they are in the world of science (Belda-Medina & Marrahi-Gomez, 2023). Both open up op-
portunities for deeper, more interactive learning experiences that are harder to achieve with traditional learning methods.
Robots also play a crucial role in improving early childhood scientific literacy, especially in introducing basic technology
and programming concepts. Robots can be taught to perform specific tasks, such as moving objects or identifying them,
helping early childhood understand the practical applications of science and technology (Parwoto et al., 2024). However,
using robots requires more supervision and is often limited to certain ages or skill levels (Cherniak et al., 2019).

Meanwhile, Al, particularly chatbots like ChatGPT, offers a new dimension to learning. Al helps children communicate
with technology and receive information more interactively and responsively (Su & Yang, 2024). Early childhood learn
about various science concepts in a more personalized manner that suits their needs, as Al can provide tailored answers
based on the questions asked. Additionally, Al introduces children to more complex scientific objects and phenomena
through conversations and digital interactions. Overall, media based on AR, VR, and Al have great potential to revolutio-
nize how early childhood learn science.

Compared to traditional learning media, such as experimental tools and toys, these technologies allow for more
engaging, immersive, and interactive learning experiences (Kewalramani et al., 2021). With their ability to present more
realistic and accessible experiences, these technologies allow early childhoods to understand scientific concepts more
enjoyable and relevantly, in line with modern developments. Therefore, implementing these technologies in learning
can significantly support the improvement of early childhood scientific literacy, paving the way for children to engage
more closely with the ever-evolving world of science.

In general, previous studies have reported positive impacts from implementing project-based learning, but other
studies have revealed that project-based learning has negative or no effect on learning outcomes. The failure to implement
project-based learning to improve scientific literacy in early childhood is caused by several factors. One major factor is
the unpreparedness of supporting resources, such as learning media that do not align with the needs and characteristics
of children. The selection of inappropriate media can lead to an ineffective learning process, ultimately hindering the
development of early childhood scientific literacy (Eliza et al., 2024). For instance, using play-based media requires closer
supervision and control to ensure that early childhood focus remains on the learning objectives rather than just on play
activities. If not properly managed, this can divert early childhood attention away from the primary goal of scientific
literacy ability mastery. Implementing project-based learning that does not provide complete experimental tools or
equipment has resulted in suboptimal project-based learning execution, which impacts the low development of early
childhood scientific literacy (Ennes et al., 2023). Learning that uses uncontrolled toys as tools during implementation has
a detrimental effect on early childhood scientific literacy abilities, as the focus tends to be more on play rather than on
learning (Garcia-Gonzélez & Schenetti, 2022; Havu-Nuutinen et al., 2022).

Furthermore, implementing project-based learning requires proper design according to the characteristics of the
children. Incorrect application of technology can prevent learning from affecting early childhood (Gecu-Parmaksiz &
Delialioglu, 2019). In addition, a lack of understanding about using play-based tools as part of project-based learning
leads to a decline in the quality of learning. Another factor contributing to failure is the teacher’s readiness to systema-
tically plan and implement project-based learning. Project-based learning cannot be effectively applied without careful
planning, resulting in suboptimal outcomes. Teachers need to prepare various resources, such as appropriate learning
media, adequate time allocation, and an understanding of the developmental readiness of early childhood to engage
with this approach. Considering these challenges, teachers and education practitioners must design project-based le-
arning more carefully and systematically, ensuring that the media and methods used align with the characteristics and
needs of early childhood learners.

The success of project-based learning in improving scientific literacy for early childhood heavily depends on the tea-
cher’s readiness to design and carry out projects that align with the early childhood developmental stages (Daryanes et al.,
2023). Support in infrastructure and resources also plays a crucial role in the success of implementation. Studies show that
developing teacher competencies is key to successfully implementing project-based learning (Anisimova, 2020; Yildirim,
2021). Project-based learning improves their learning experience (Tsybulsky & Muchnik-Rozanov, 2021), and a supportive
learning environment is essential for successfully implementing project-based learning. A well-directed and structured
learning system has proven to be an important characteristic of successful project-based learning (Markula & Aksela, 2022).
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Research shows that project-based learning encourages early childhoods to think critically and creatively, develop
collaboration skills, and acquire social skills necessary for everyday life (Brodin & Renblad, 2020; Hjetland et al., 2020).
Early childhoods actively learn through interactions and activities involving play, music, and mathematical tasks (Askarov,
2022; Joo et al., 2020). Therefore, project-based learning supports scientific literacy and strengthens other essential skills
and values for the child’s development. The combination of educational theory and empirical evidence indicates that
project-based learning is a highly potential approach to be applied in various educational contexts, especially in building
the foundation for scientific literacy in early childhood education.

The literature analysis provides a significant contribution by presenting an analysis of trends and gaps in project-ba-
sed learning research for early childhood education, which is highly valuable and deserves further attention. The unique
findings of this study highlight that the application of project-based learning in early childhood positively impacts the
development of early childhood scientific literacy. Project-based learning has been implemented across various scientific
subjects, including physics, biology, technology, and chemistry. However, challenges persist in applying project-based
learning in early childhood education, particularly regarding the readiness of learning media that supports interactivity
for early childhood. When using play-based media, project-based learning tends to be more effective in capturing chil-
dren’s attention, though there is potential for distraction if not managed properly. The uncontrolled use of play tools
can negatively affect early childhood mastery of scientific literacy. Therefore, implementing technology-based learning
media, such as AR, VR, and Al, offers a relevant new approach to project-based learning. Teachers’ readiness to adopt
project-based learning is a strategic step in overcoming these challenges. Planning lessons systematically, preparing
appropriate learning media, and focusing on the scientific literacy subjects taught in early childhood are critical steps to
ensure the successful implementation of project-based learning.

Conclusions and Implications

The results of this literature review study reveal that 55 articles published between 2014 and 2024 met the review
criteria. These articles focus on various approaches, trends, subjects, effects, and learning media used in implementing
project-based learning to improve scientific literacy ability in early childhood education. The findings highlight two
primary approaches: 1) narrative and dialogue-based learning and 2) project-based learning. Project-based learning
has been widely applied across 16 countries in Asia, America, Australia, and Europe. Overall, project-based learning
significantly enhances early childhood scientific literacy in subjects such as physics, biology, technology, and astronomy.
Integrating learning media, such as toys, experimental tools, and digital technologies, is crucial in advancing scientific
literacy in early childhood education.

Based on these findings, practitioners and policymakers can support the mastery of scientific literacy in early
childhood through strategic measures. One key step is the application of project-based learning, which has proven
effective in developing early childhood scientific literacy. The success of project-based learning depends on careful
planning, including the selection of relevant scientific topics. Additionally, appropriate resource allocation should be
considered, such as using learning media that align with the characteristics of early childhood and current technological
advancements. Using teaching aids, experiments, and technologies like AR, VR, and Al enriches early childhood learning
experiences. Training and guidance to teachers inimplementing project-based learning for early childhood is necessary
to minimize potential challenges and ensure successful implementation. Well-prepared strategies, proper lesson design,
and the utilization of innovative learning media are essential steps in the project-based learning process to enhance
scientific literacy in early childhood. Although the potential and possibilities for implementing project-based learning
are significant, with diverse support from technology-based learning media, further efforts are needed to overcome
existing challenges. However, A key limitation of this study is the lack of direct input from stakeholders, such as educators
and policymakers. Future research should involve in-depth interviews with these stakeholders to gain insights into the
practical application of project-based learning in real-world settings, making the findings more relevant and applicable.
In addition, subsequent researchers may explore the impact of integrating technology-based learning media, such as
Al, in project-based learning to enhance the developing of 21st-century skills in early childhood. Research could also
focus on expanding the scope to investigate the long-term impact of project-based learning.
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