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Abstract: Building scientific literacy from an early age is essential for developing critical
thinking skills, problem-solving abilities, and a basic understanding of scientific
concepts. This article presents a systematic review of science learning strategies for
young children, highlighting effective approaches, methods, and media. The study
analyzes literature from various scholarly sources within a specific timeframe. The
findings indicate that inquiry-based approaches, such as water and ice experiments to
understand phase changes, as well as play-based and environmental exploration
approaches, such as observing insects in a garden, are effective in enhancing young
children's scientific literacy. Simple experimental methods, such as creating a volcanic
eruption using baking soda and vinegar, and STEM-based projects help children grasp
scientific concepts concretely. Learning media, including natural teaching aids (leaves
and rocks for classification), interactive digital applications, and augmented reality-
based educational games, have been proven to increase children's engagement. The
implications of this study emphasize the importance of integrating hands-on experiences
and technology in early childhood science education to create enjoyable and meaningful
learning experiences. This article serves as a reference for educators and researchers in
designing innovative and effective science learning strategies.
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Introduction

Science education in early childhood is an
important foundation in building critical thinking skills,
creativity and science literacy that will help them
understand the world around them (Westhisi et al,,
2019). Science literacy, which includes an understanding
of basic science concepts, the ability to think
scientifically, as well as the application of science
knowledge in everyday life, is one of the key skills of the
21st century (Aydin-Ceran, 2021; Ellizah et al., 2020).
Science as a collection of knowledge, processes, and
values can be used as a basis for implementing science
learning in the classroom. Learners not only learn about
science products, but also experience the process of
learning through science based on the principles of the
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nature of science. Early introduction of science literacy
can shape children's interest in science, which
contributes to the development of a scientific mindset in
the future (Mateeva et al., 2022).

In the context of early childhood education, learning
approaches, methods and media are the main factors
that influence the success of science literacy
development (Dibyantini et al., 2023; Sriwarthini et al.,
2023). Approaches such as inquiry, exploration and play
have been widely applied to encourage children's active
involvement in science learning (Counsell, 2022). For
example, the inquiry approach allows children to ask
questions and conduct simple investigations to find
answers, while environmental exploration allows them
to observe phenomena directly. Science-based play, such
as experiments with liquid and solid objects or magnet
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play, provides a fun and meaningful learning experience
(Habibi, 2023).

Effective science learning can improve learners'
critical thinking skills, scientific attitudes and science
literacy. The Discovery Learning model is proven to
have a positive influence on students' critical thinking
skills and scientific attitudes because it encourages them
to actively explore and discover concepts themselves
(Nursakinah & Suyanta, 2023). In addition, the Guided
Inquiry model is also effective in improving scientific
reasoning because it provides guidance in the
investigation process so that students can develop a
deeper understanding (Yulianti & Zhafirah, 2020).
Meanwhile, Nature of Science-based learning that
utilizes learning resources from digital platforms such as
Rumah Belajar Kemdikbud can improve students'
science literacy by providing a more contextual and
interactive learning experience (Lestari et al., 2020).
Thus, active, exploration-based and technology-
supported learning approaches are essential in
improving students' understanding of science.

These methods rely on activities that encourage
children to observe, ask questions, experiment and find
answers independently. Meanwhile, innovative
learning media, both in the form of natural props such
as rocks, water and plants, as well as digital technology
such as interactive simulations and educational
applications, play an important role in making learning
more interesting and relevant to children (Candra et al.,
2025).

However, while much research has been conducted
on science literacy and science learning for early
childhood, there is still a gap in understanding how
approaches, methods and media can be effectively
integrated for optimal learning outcomes (Yulianti &
Zhafirah, 2020). Most studies focus on only one aspect,
such as the effectiveness of inquiry methods or the
impact of digital media on children's engagement, but
not many have comprehensively examined the
integration of the three elements. Therefore, a more
thorough study is needed to understand how a
combination of approaches, methods and media can
improve science literacy more effectively (Zamzam et
al., 2023).

This systematic review aims to identify, analyze and
synthesize current findings on science literacy
development in early childhood science learning
(Matahari et al., 2023). The article will discuss the
contribution of different approaches, methods and
media to the achievement of science literacy and offer
recommendations for the development of better science
education practices. This review is expected to provide
insights for educators, practitioners and researchers in
designing innovative and effective science learning
strategies for early childhood. Thus, science literacy can
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become an integral part of the early years education
curriculum, equipping children with scientific skills that
are relevant in the modern era.

Method

Research Design

This research applies the Systematic Literature
Review (SLR) method by utilizing Vosviewer software
to visualize the findings obtained. This research
provides descriptions, reviews, and analysis related to
science learning in terms of approaches, methods and
media conducted in early childhood. In the process, the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) approach is used to identify,
screen, evaluate feasibility, collect data, analyze, and
present results narratively.

Selection of Inclusion and Exclusion Criteria for Publication

The five criteria applied in the inclusion and
exclusion stage are as follows: The selected articles have
been indexed in Scopus and Google Scholar; The articles
searched discuss science learning in early childhood;
The literature search in the Scopus database was carried
out using the Publish or Perish 7 program by entering
the API key, and additional searches were carried out
through the ScienceDirect database; The reviewed
literature consists of scientific articles and conference
proceedings; The range of years of publication of the
articles is limited between 2018 and 2023.

Screening and Feasibility Assessment for Data Analysis and
PRISMA Flowchart

The screening process was based on titles,
keywords, and abstracts relevant to the theme of science
learning in early childhood. From the search results, 193
research articles published in the last six years (2018-
2023) were obtained. The keywords used in the search
through the Scopus and ScienceDirect databases are
listed in Table 1. Of the 193 articles found, further
selection was carried out using the PRISMA technique.
All articles were exported to Excel to identify
duplication, and 15 articles were eliminated due to
duplication. Next, articles relevant to science learning
were further reviewed, resulting in 178 articles. Further
screening was done to select articles that specifically
addressed approaches, methods and media in early
childhood science learning, leaving 65 articles.

The final selection stage considered the open access
of the articles. A total of 9 articles were not freely
available, so only 56 articles will be reviewed further in
this study. Table 1 shows the quantity distribution of
keywords related to research in science education. The
first keyword, “Science Media,” appeared 48 times
sourced from PoP 7. The second keyword, “Science
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Learning Approach,” was recorded 60 times without
listing a specific source. The third keyword, “Science
Learning Methods,” was recorded 45 times. Finally,
“Science for Early Childhood” was found 40 times with
sources from the Science Direct Database. Overall, the
total number of keywords recorded in this table is 193,
reflecting a broad research focus in various aspects of
science learning and media.

Table 1. Keyword distribution of science education
research

Keyword Quantity Source
Science Media 48 PoP 7
Science Learning Approach 60 Scopus
Science Learning Methods 45 Scopus
Science for Early 40 Science Direct
Childhood Database
Total 193

Record identified from
databased Scopus (n=
153); databased Science
Direct (n=40)

Full-text articles
assesed for eligibility
(n=65)

Article
ExlIcluded
(n=9)

Duplicates
Remove
(n=15)

Record screened after
duplicates were removed
(n=178)

Studies
included
in review

(n=56)
Article exluded
as not relevant

(n=113)

Included-Egibility-Screening-ldentification

Figure 1. Canva flow diagram

The 56 articles selected for this study were entered
into the Mendeley program, then exported in RIS format
for bibliometric analysis using Vosviewer version 1.6.17.
Vosviewer is a software developed by Van Eck and
Waltman from Leiden University, the Netherlands,
designed to build and visualize bibliometric networks.
The software can be used to map relationships between
journals, researchers, keywords, and publications based
on links in co-citation, clustering, and co-authorship
(Kurniawan et al., 2024). Data downloaded from Scopus
was used in the creation of the RIS file.

After going through a four-stage systematic review
process, the RIS file was updated by removing articles
that were not relevant to this study. Next, the RIS file
was entered into Vosviewer to generate co-occurrence
maps from the bibliographic data. This software allows
visualization of maps based on various aspects, such as
keywords, number of journal citations, and publication
titles (Van Eck & Waltman, 2022). Bibliometric analysis
was conducted on each article by considering aspects
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such as year of publication, keywords, number of
citations, and country of origin.

Result and Discussion

PRISMA-P

An initial database search identified 193 articles
related to Science Learning. The literature was then
filtered for the period 2018-2023. The literature was
filtered by article type, including only journal or review
articles, as well as articles published in English. This
filtering reduced the number of articles identified to 178.
The screened articles were then downloaded from
relevant databases and checked for duplication. After
screening duplications and 113 were removed as they
were not directly related to this study. Abstracts of the
remaining 65 articles were reviewed. The full texts of the
65 articles were then further reviewed, with 9 articles.
Thus, a total of 56 journal articles were used in this
systematic review.

This section presents the research results obtained
from data analysis as well as a discussion that links the
findings with theory and previous research. The results
of this study reveal patterns, trends, and relationships
between the variables studied, which are then analyzed
in depth to understand their implications in the context
of early childhood science learning. In addition, the
discussion will explore how these findings support or
differ from previous studies, as well as practical
implications that can be applied in the development of
learning methods, media and approaches.

Bibliometric Analysis
Journals and Citations

Science learning is widely wused in various
disciplines, as revealed by 56 articles relevant to this
study. The relevant articles come from several journal.
The titles of the most highly cited articles are shown in
the Table 2.

Author Affiliated Countries

Distribution Country Rise Articles

H Nl 5 4 W2 ml ms

Powered by Bing

Figure 2. Distribution country rise articles
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Figure 2 presents the distribution of countries that
published educational research on early childhood
science learning. There are 17 countries that discuss the
use of media, methods and approaches. The colors on
the map indicate the number of articles published by a
country. The country that contributes the most is
marked in dark blue, Indonesia, which represents 16
articles. Countries with medium contributions, such as 9
articles, are colored green, i.e. research conducted in
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yellow, and gray, indicate countries with a lower
number of articles, which are 5, 4, 2, and 1 article,
respectively, coming from America, Turkey, Spain, and
some other countries in Europe.

This map illustrates that article contributions are
unevenly distributed around the world. Some countries,
as marked in dark blue, stand out as major contributors,
while others have smaller contributions. This gives an
idea of the geographical distribution of article

several countries. The other colors, such as orange, publications globally.
Table 2. Journal articles with top citations
Rating Article Title Authors Journal Title  Year Citation
1 The Effect of STEM (Science, Technology, = Minarti etal. At-Tasyrih: Jurnal Pendidikan =~ 2022 61
Engineering, and Mathematics) Based Learning
Approach on Critical Thinking Skills and Cognitive
Learning
2 Storytelling in early childhood education: Time to Rahiem International Journal of Child 2021 41
go digital Care and Education Policy
3 Approaches to learning and science educationin Bustamante et Early Childhood Research 2018 40
Head Start: Examining bidirectionality al. Quarterly
4 Development of preschool children's executive ~ Carulla et al. International journal of ... 2021 35
functions throughout a play-based learning
approach that embeds science concepts
5 Pre-service early childhood teachers’ views on Ciftci Research in Science and 2022 31
STEM education and their STEM teaching practices Technological Education
Distribution Year Rise Articles 15 - 13
The Figure 3 shows the distribution of the number 8 12
of articles by year from 2018 to 2024. The bar graph i 10 - 10 10
shows a significant increase in the number of articles %’
over this period. In 2018 and 2019, the number of articles = 4 5
is still low, with less than 4 articles each year. This "é 51 2
number increased quite sharply in 2020 and continued E .

to stay at a high level until it peaked in 2023 with 14
articles. However, in 2024, there was a significant drop
compared to the previous year. This graph reflects the
increasing trend in the number of articles published
until 2023, followed by a decrease in 2024.

30

25

20

15

10

Mixed Methods Qualitative

Quantitative

2018 2019 2020 2021 2022 2023 2024

Years

Figure 3. Distribution year rise articles

Research and
Development

Systematic
Literature Review

Quasi Experiment

Figure 4. Research methods
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Figure 4 is a bar chart showing the distribution of
research method use. The most widely used research
method is qualitative method, with a total of 24 studies.
Quantitative methods ranked second with 10 studies,
followed by mixed methods and systematic methods,
each with 8 studies. Quasi-experimental methods were
used in 2 studies, while the research and development
(R&D) category recorded 4 studies.

incuing-based sglence educatic
mixed methods

music egducation
educaticnali@ssessment
techinalogy educstion
early chi Idh%}g education
utilizing moentessor approach
learming activites

sterm agucation
digtal <ugryteling
educat gnalitechnalagy

S VO Sviewer
]
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This diagram shows that qualitative methods
dominated the research, indicating the preference or
suitability of these methods to the field of study under
study. In contrast, quasi-experimental methods were the
least frequently used, reflecting limitations or specific
needs in the application of such methods.

childhood
desigri thinking .
gualitatige desizn

ileralure review

Figure 5. Result

The image from VOSviewer is a bibliometric
visualization showing the relationship between topics in
research related to science learning in early childhood,
with several branches of concepts such as Montessori
approach, educational technology, digital storytelling,
STEM education, and design thinking. The colors in the
graph show the temporal progression (from 2021 to
2024), with recent research trends tending to be related
to literature review, design thinking and qualitative
design. In the context of a systematic study of science
literacy, this figure can provide insights into how the
approaches, methods and media used in early childhood
science learning are evolving.

Early Childhood Science Learning Approaches

Various approaches have been developed to
enhance science learning for young children. The
Montessori approach emphasizes sensory-based and
exploratory learning with real manipulatives, allowing
children to learn through hands-on experience
(Nwabuwe & Osagiede, 2023). Digital and Interactive
Media-Based Approaches utilize technology such as
touch screens and conversational agents to enhance
children's engagement in understanding science

concepts (Liu & Hwang, 2023; Rahiem, 2021).
Contextualized and Experiential Approaches help
children build wunderstanding through hands-on
experiences relevant to everyday life (Aydin-Ceran,
2021).

In addition, the Scientific Approach focuses on
observation, exploration and experimentation based on
scientific logic, so that children can develop critical
thinking skills (Bustamante et al., 2018; Wulandari et al.,
2023). Design Thinking encourages creative exploration
in science learning, allowing children to find innovative
solutions to problems (Gronman et al., 2024). Finally, the
Multidisciplinary Approach combines science with art,
technology and other aspects to create a more holistic
and integrated learning experience (Tramonti &
Tramonti, 2018).

Early Childhood Science Learning Methods

From the data obtained, there are several methods
that are often used in science learning for early
childhood. The Inquiry-Based Learning method
encourages children to ask questions, explore, and draw
conclusions through simple experiments (Golubovi¢-Ili¢
& Cirkovi¢-Miladinovi¢, 2020; Mellander & Svirdh,
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2018). The Problem-Based Learning approach helps
children solve real problems through experimentation
and exploration, allowing them to develop critical
thinking skills (Alberida, 2020).

In addition, Collaborative Learning emphasizes the
interaction between children and their social
environment to build understanding in science learning
(Ferreira, 2023; Gealy et al., 2022). Project-Based
Learning engages children in longer and sustained
scientific exploration projects, providing opportunities
to deepen science concepts (Kilig, 2022; Napitupulu et
al, 2024). The STEAM/STEM approach integrates
science with technology, engineering, art and math to
enhance children's understanding of the world around
them (Ellizah et al., 2020; Jelita & Mazlan, 2023; Su &
Yang, 2024). Finally, Nature-Based Learning and
Gardening Education allows children to learn science
through exploration of the natural environment, such as
gardening activities that provide hands-on experience of
ecological concepts and plant growth (Agustina et al.,
2023; Ishak & Utoyo, 2020).

Early Childhood Science Learning Media

Some of the media often used in early childhood
science learning include Digital Storytelling (Rahiem,
2021), which utilizes digital-based stories to explain
science concepts in an engaging way, and
Conversational Agents and Digital Media (Xu, 2020),
which uses interactive virtual agents to support science
learning. In addition, STEAM-Based Games present
technology-based games to enhance children's
understanding of science concepts (Espigares-Gamez et
al.,, 2020; Ly, 2022). Learning Animations and Videos use
animated media and interactive videos to attract
children's attention and facilitate understanding of
science concepts (Rahayuningsih, 2020; Raynal et al.,
2022). Educational Robots introduce STEM concepts
through simple robots (Holmquist et al., 2024).

The Reggio Emilia approach applies science
exploration through the use of natural materials and
used items as creative learning media (Madyawati et al.,
2021). Science Storybooks and Science Comics present
science concepts in an interesting and easy-to-
understand visual form (Hightower et al., 2022). Finally,
Virtual and Augmented Reality-Based Environments
(Su & Yang, 2023) offer a more immersive science
exploration experience through advanced digital
technology.

Conclusion

This study highlights the importance of
implementing diverse, experiential approaches in early
childhood science learning to enhance -children's
understanding and engagement. Inquiry-based
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learning, problem-based learning, and project-based
learning have proven effective in fostering exploration
and critical thinking, while technology-based
approaches such as digital storytelling, conversational
agents, and augmented reality provide engaging,
interactive learning experiences. The findings align with
the research objective of analyzing the trends, methods,
and media used in early childhood science education, as
evidenced by the increasing number of publications up
to 2023, predominantly employing qualitative methods
to explore children's learning experiences. The
bibliometric analysis further reveals a growing focus on
STEM education, design thinking, and literature review,
reflecting shifts in research priorities. These findings
suggest that integrating hands-on exploration,
collaboration, and digital tools into early childhood
science instruction can improve scientific literacy and
inquiry skills. For educators, this study underscores the
need to adopt innovative teaching strategies that align
with child development theories and emerging
technological advancements. Future research should
further examine the effectiveness of specific methods
and media in various cultural and educational contexts
to optimize science learning experiences for young
children.
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