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ABSTRACT

This literature review covers articles and books about STEAM (Science,
Technology, Engineering, Arts, and Mathematics) in early childhood education.
STEAM learning is considered to be an appropriate approach to answering the
challenges of the 21 century as it integrates the hard and soft skills needed by
children. It is exciting to note that in most articles, STEAM is a popular
pedagogical method to improve creativity, problem-solving skills, scientific
inquiry and critical thinking, and to provide other cognitive benefits. It is taught in
integrated learning in early childhood education and is conducted through
children’s daily observation. The literature also discusses that the impact of
STEAM learning makes children more active and able to take initiatives in their
own knowledge. Teachers who are influenced by the integrated professional
development of STEAM positively influence children through their professional
learning. Another finding from this review is that experience of STEAM can
increase children’s self-confidence. In addition, STEAM learning is considered to
be able to integrate the skills needed by children. STEAM encourages children to
build knowledge about the world around them by observing, investigating and
asking questions. This review aims to consider advanced learning in early
childhood education through STEAM.
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INTRODUCTION

Education in the 21st century, which has entered disruption and the 4.0 digital era,
must continue to innovate (Yakman & Lee, 2012). The rapid development of
science and information also supports the rapid development of technology. The
changes that are occurring in all fields of life also affect human lives. Many
aspects of human power are starting to be replaced by mechanical power and
artificial intelligence is also developing rapidly. Therefore, people who live in this
era must also adjust to these changes, so that they can continue to maintain their
existence.

Early childhood education, as one of the basic education institutions, must also be
prepared to answer the challenges of this era (Draper & Wood, 2017); it needs to
make changes in both the curriculum and learning. Children who study in such
education programmes must develop various kinds of skills (hard and soft) to be
able to adapt to the changes taking place around them. The skills that need to be
taught include critical thinking, creative thinking (creativity), cooperation,
communication, physical knowledge, logical mathematics, and social. These skills
must be integrated into the learning process.

These skills are important for basic learning in early childhood to ensure students
have learning and innovation skills, technology and skills information media, and
can work and survive using their skills for life. Children are born curious. Actions
play a fundamental role in the concept of learning; in this sense, children are
scientists. Scientific programmes must, thus, be designed in such a way that
children are provided with a well-thought-out structure, on which they can build
their exploration and be involved in situations that lead to new questions. The
skills that emerge can also undoubtedly be used in other content domains, such as
mathematics, technology and language. For example, when children learn to
compare, sort, count, estimate, classify, measure, graph and even share their
explanations with others in their science activities, a transfer of these skills to
mathematics, language and technology will be expected (Dejonckheere, De Wit,
Van de Keere & Vervaet, 2016).

This STEAM learning began with STEM. The STEM movement emerged in the
early 1990s. Although the National Science Foundation began using the acronym
‘SMET’, it was decided that it should be changed to STEM (science, technology,
engineering, and mathematics) for phonetic reasons (Martin-Pdez, Aguilera,
Perales-Palacios & Vilchez-Gonzalez, 2019). STEM education benefits schools
and local communities, and promises a positive impact on students, teachers,
school leaders, community members and the workforce in the future (Avendano,
Renteria, Kwon & Hamdan, 2019). STEM can improve students’ reasoning and
critical thinking skills, creativity, and innovation through an integrated and
connected STEM curriculum and pedagogical practices, providing fairness for
students from various backgrounds (Purakom & Soykeree, n.d.). Along with the
growing popularity of STEAM in American K-12 schools, scholars have proposed
various pedagogical models and approaches to develop and integrate art into
STEM classes. STEM education is now starting to combine art, and the
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similarities between art and education promote creativity. Empirical research has
shown that education in the arts can increase student creativity, critical thinking,
innovation, collaboration, and interpersonal communication skills. The recognised
results and benefits of this art education are the inspiration for the STEAM
concept, which was introduced in Indonesia, United States in 2007 (Perignat &
Katz-Buonincontro, 2019).

The term ‘STEAM education’ refers to teaching and learning in the fields of
science, technology, engineering, art, and mathematics (Gonzales & Kuenzi,
2012). It usually includes educational activities at all grade levels, from pre-
school to post-doctoral. STEAM learning is considered as learning that can
integrate skills (hard and soft) that are needed by children. The term STEAM
originated from STEM, which encourages children to build knowledge about the
world around them through observiion, investigation and asking questions (Ata
Aktiirk, Demircan, Senyurt & Cetin, 2017). STEM is considered to provide
valuable and meaningful learning for children. Teachers and educators believe
that with such learning, students will be more active and more able to think
critically in building their knowledge (Tippett & Milford, 2017). The addition of
the ‘arts’ (leading to the acronym STEAM) will give children the opportunity to
describe the STEM concept in creative and imaginative ways (Radziwill, Benton,
& Moellers, 2015; Siantajani, 2018).

STEAM is utilised to focus on understanding the integrated nature of scientific,
technological, engineering, artistic and mathematical disciplines, and their
importance in the long-term academic success of children, economic well-being
(Herro, 2016) and community development (Han, Rosli, 2016). STEM education
includes grades from pre-school to post-doctoral levels and from formal learning
settings (e.g. classrooms) to informal education (e.g. afterschool programmes
(Gonzales & Kuenzi, 2012). As an illustration, STEM education has been
recognised in the US as an important educational reform and is described as an
instructional approach to prepare children for the global economy this century
(Yakman, 2018). It cannot be denied that STEM learning in early childhood is
very important. It mainly concerns initial exposure to reasoning, predicting,
hypothesising, problem solving and critical thinking, rather than simply
memorising and practising.

Research and literature on STEAM learning in early childhood is very limited, so
a literature review was conducted. This is reinforced by the opinion of Brophy,
Klein, Portsmore and Rogers (2008) and Petroski (2003), who believe that science,
technology, engineering, arts, and mathematics (STEAM) in early childhood
education is an area to which little attention is paid in the literature; this is
unfortunate because young children are natural scientists and engineers. The
literature review aims to analyse work on learning in early childhood that applies
STEAM, selected through a literature review of various research articles, with the
goal of providing an overview of STEAM learning in 2l1st-century early
childhood education.
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METHODS

The research employed the literature review method. In a conceptual review, the
researcher aims to provide an overview of the literature in a particular field,
including the main ideas, models and debates (Petticrew & Roberts, 2006).
Galvan and Galvan (2017) advise that such a review will be made easier if the
major theories that apply to the topic of interest are identified. This paper aims to
conduct a literature review that examines studies related to STEAM learning in
early childhood education. The literature was chosen from online and printed
sources, including books and journal articles. Searches were conducted through
EBSCOHOST, SCIENCE DIRECT and Scopus indexed open access journals,
using key words such as STEAM, learning, and early childhood education. The
sources identified were mostly published between 2007 and 2019; this timeframe
was not specifically chosen by the researchers.

Table 1. Limitations of the review

Year of publication 2007-2019

Databases EBSCOHOST, SCIENCE DIRECT, Scopus

indexed open access journals

Types of document Atrticles, books

Subject Early childhood
Keywords STEAM, learning, early childhood education
RESULT AND DISCUSSION

The studies that qualified for the review process were examined in detail and
summarised in categories that are determined and appear. The findings include
parts that refer to that category. The sources were evaluated for eligibility and
relevance based on predetermined categories, such as STEAM, learning, and early
childhood education. Related references in the sources were examined are also
analysed, and relevant ones were included in the collection. In accordance with
the specified categories, 40 studies were selected for the review process and
summarised based on the categories.

Table 2. Results of Review on STEAM (N=40 Articles)

Category Focus area Example article

Science application in early Land, 2013; Aldemir &

childhood STEAM learning Kermani, 2017; Britto et al.,
2017; Krogh, S.L & Slentz,
2008; Madden et al., 2013

Palou et al, 2015;
Henriksen, 2017; Jackman
2009; Alam & Perry, 2002

Technology application in
early childhood STEAM

Use of STEAM in early learning

childhood education McClure et al, 2017;

Taylor, 2016

Engineering application in
early childhood STEAM
learning

Arts application in early
childhood STEAM learning

Maeda, 2013; Doyle, 2017;
Radziwill et al., 2015;
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Category Focus area Example article
Dejonckheere et al., 2016;
Purakom & Soykeree, n.d
Mathematics application in Krogh, S.L & Slentz, 2008;
. early childhood STEAM Perignat & Katz-
Use of STEAM in carly learning Buonincontro, 2019

childhood education

Loose parts are an important
element of STEAM-based
learning

Casey et al., 2016; Herro,

2016; Han & Rosli, 2016;

Gonzales & Kuenzi, 2012;
Yakman, 2018

Impact of STEAM learning

Improve vocabulary, Bagiati and Evangelou,
collaboration, and transmit 2015; Buchmann &
learning into future Schwille, 1983; McClure et
experiences al. 2017; Ata Aktiirk et al.,
2017; Davis, 2010
Increased language Andersson and Gullberg,
development, social- 2014; Campbell,
emotional development, Speldewinde, Howitt &
motor development, and MacDonald, 2018
self-confidence

Influences the acquisition of
knowledge and skills in the
early childhood education

Kermani, H., & Aldemir,
2018

Offers many opportunities

Linder, Emerson, Heffron,

for students to be active and Shevlin & Vest, 2016
involved, and to take

initiatives in their own

learning

Improve creativity and Siantajani, 2018; Radziwill
imaginative et al,, 2015

Educational reforms to Herro, 2016;

prepare in the long-term
academic success of
children and economic well-
being

Han & Rosli, 2016
Gonzales & Kuenzi, 2012;
Brophy, Klein, Portsmore
and Rogers 2008; Petroski,
2003; Avendano, Renteria,
Kwon & Hamdan, 2019;
Ata Aktirk, Demircan,
Senyurt & Cetin, 2017

Use of STEAM in early childhood education

Learning that welcomes children to the 21st century is based on STEAM learning. In
supporting the development of the STEAM curriculum, teachers must be involved in
designing and planning STEAM learning (Land, 2013); their role is very important in
supporting the success of such learning in early childhood. Children who attend preschool
can achieve a higher level of STEAM understanding when they are specifically supported
through planned, stimulating and developmentally appropriate activities (Aldemir &
Kermani, 2017).

This section reviews integrated STEAM learning in early childhood education. Science is
often the subject that is left to the end if there is little time left, or is even ignored
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altogether by the teacher (Britto et al., 2017). However, for young children, it is often the
subject that makes them most curious, excited and thirsty for learning (Krogh & Slentz,
2008). By definition, science refers to knowledge acquired systematically through
observation, study and experimentation. When applied to the natural world, it includes
physics, chemistry and biology, as well as their derivatives and branches of study, such as
astronomy, geology, oceanography, ecology, botany and zoology. Because the contents
of these sciences are physical, approachable, and intertwined with children's lives,
science not only appeals to them, but is also an appropriate part of their curriculum
(Madden et al., 2013). The activities that teachers should conduct in teaching early
childhood science include:

1) Planning scientific experiences in relation to the physical, social and moral, emotional,
and cognitive development of children;

2) Developing a science curriculum that reflects the needs of each child; and

3) Beginning to plan a science study unit that integrates other fields of study.

Technology is another term for a tool. Adults think that technology is in the form of
electronic goods or digital equipment, such as cameras, computers or sophisticated
machines in factories (Palou et al., 2015). However, crayons, pencils, rulers and scissors
are also tools. Any equipment used by children when playing is technology, from simple
to modern forms, including simple machines that children come across in their daily lives
(Henriksen, 2017). It should be ensured that the technology is appropriate for the age of
the children, can be used according to their wishes and provides opportunities to solve
problems.

According to Jackman (2009), technology in the 4.0 revolution era cannot be separated
from its rapid development. This is because technology will not disappear, and we are in
the middle of a major sociocultural quantum shift. Technology is revolutionising the
world in which our children will live, so our job is to balance the development of
appropriate skills in technology with the core principles and experience needed to raise
healthy children (Alam & Perry, 2002). Therefore, it is important to introduce technology
from an early age.

Engineering and technology used to be less common as explicit subjects in the early years
of education. Examples of engineering and technology in early childhood can be in the
form of building fortresses and block games, and in explaining how to use simple tools
such as scoops and scissors (McClure et al., 2017). The Ramps and Pathways study, a
curriculum that encourages children to build ramps such as roller-coasters using simple
wooden trims, balls, and other rolling objects, has shown that children can gain an
understanding of the relationship between sloping angles and motion objects, as well as
of the need to test, analyse, and process their designs. Engineering can be interpreted as
the engineering of technology. Engineering starts with identifying a problem, followed by
an attempt to solve that problem. For example, children experience a process when they
try to discover how to make a strong foundation so that their building blocks can be taller
(Taylor, 2016).

Expressive art includes drawing, painting, sculpture, architecture, music, literature, drama
and dance. Art adds wealth to daily life and elevates our thoughts and feelings beyond
ordinary events (Maeda, 2013). In the world of early childhood, expressive art involves
all these subjects and more. The arts stimulate cognitive, social, emotional and physical
development in early childhood (Doyle, 2017). Young children participate in music by
singing, listening, moving, composing and playing, and even making their own
instruments. Children's visual arts include drawing, painting of all kinds, various types of
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sculpture, and working with clay or similar materials. Children's abilities in arts-related
experiences are influenced by their level of development, and vice versa, meaning the arts
curriculum contributes to all areas of children's development (Radziwill et al., 2015).

The field of mathematics includes a variety of subfields, skills and systems, many of
which are suitable for learning in a variety of forms by young children. Among the more
commonly taught topics are classification, seriation, calculation, measurement, geometry,
charts and arithmetic (Krogh & Slentz, 2008). Activities conducted by teachers in the
field of early childhood mathematics include:

1) Planning mathematical activities to stimulate children's physical, social and cognitive
development;

2) Planning maths activities by considering the needs of each child; and

3) Incorporating mathematical activities into all curriculum areas.

The ability to think at a higher level of mathematics arises when children are helped to
understand that comparisons are relative, depending on what is being compared at the
time (Perignat & Katz-Buonincontro, 2019). The concept of mathematics is better
understood when mathematics becomes part of daily activities. Other curriculum areas
can enter the field of mathematics easily and successfully.

STEAM-based learning takes place in an integrated way in early childhood education.
Loose parts are an important element of STEAM-based learning. These are open items,
which are easily found in our daily environment (Casey et al., 2016). Nature is full of
such items, such as twigs, pine seeds, shells, stones, leaves, flowers and other natural
objects. Parents and teachers can collect these from anywhere, at no cost.

Loose parts not only support children's development, but also help them to connect with
their environment. Toys are designed with a specific purpose and are usually used by
children in only one or two ways. Children who bring a basket of cars will usually use
these to play with, but when they use objects from nature, they can use them in any way,
according to their own ideas. This will develop children's imagination, creativity,
language and knowledge.

STEAM is used to focus on understanding the integrated nature of scientific,
technological, engineering, artistic, and mathematical disciplines and their importance in
the long-term academic success of children, economic well-being (Herro, 2016) and
community development (Han & Rosli, 2016). STEM education includes grades from
preschool to post-doctoral levels and formal learning settings (e.g. classrooms) and
informal education (e.g. afterschool programmes) (Gonzales & Kuenzi, 2012). As an
illustration, STEM education has been recognised in the US as an important educational
reform and is described as an instructional approach to prepare children for the global
economy this century (Yakman, 2018).

Impact of STEAM learning

Bagiati and Evangelou (2015) focus on developing the STEM curriculum in early
education with an emphasis on engineering. Their study presents the teacher's experience
when undertaking the task of becoming accustomed to new content and using the
curriculum in university-based lab school classes in the US. More specifically, the article
explains and analyses the collaboration between teachers and curriculum developers.
Technical education in previous years was an academic discipline that grew out of the
need to understand and improve the way engineers were formally educated. Beliefs about
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early experience as a determinant of later experience have long been the basis of
educational planning (Buchmann & Schwille, 1983). Therefore, identifying age and the
exact way in which early childhood education is part of technical education is very
important in the current climate.

According to McClure et al. (2017), children can and must be involved in STEM learning,
even in the early years of life. We now know that very young children are far more
capable of learning about STEM concepts and practices than predicted. In fact, more and
more research shows a correlation between initial experience with STEM subjects and
subsequent success in these subjects or in schools in general. Furthermore, a study by
(Ata Aktirk et al., 2017) shows that during the early years of childhood, STEM activities
allow children to find material using their senses. In this way, they can understand
significant scientific and mathematical associations, such as ‘more or less’ and ‘sooner or
later’ concepts from an early age. In addition, STEM serves children by increasing their
vocabulary, encouraging collaboration, and transmitting their learning into their future
experiences (Davis, 2010).

According to Andersson and Gullberg (2014), children make contact with science and
begin learning scientific language to increase their scientific gain and to direct them to
think like scientists. This interest gained by children who are willing to investigate what
is happening around them can be increased during the rest of their lives. Therefore, the
objectives and indicators in curricula related to other fields of development, such as
language, socio-emotional, and motor development can be enriched by considering
STEM practices and activities can be planned to achieve these goals and indicators.
Moreover, children’s STEM experiences can increase their confidence in their ability to
learn STEM; the opportunities of these early years trigger an appreciation of STEM and
its value for everyday life (Campbell, Speldewinde, Howitt & MacDonald, 2018).

Research by Tippett and Milford (2017) on educators, students and parents provides a
glimpse of STEM education in certain pre-K settings. They reached four conclusions: (a)
educators believe that STEM is a valuable component of the pre-K class; (b) students are
actively involved in STEM activities; (c) parents respond positively to their children’s
STEM education; and (d) STEM can be an appropriate component of early childhood
education. In addition, teachers who are influenced by STEM's integrated professional
development and implementation of STEAM units result in children being positively
affected by their teachers’ professional learning and high confidence in teaching STEM-
related activities. An early childhood teacher's beliefs about what and how children
should learn can critically influence children's acquisition of various knowledge and skills
that emerge during the pre-school years (Kermani & Aldemir, 2018)

The results of a study by (Linder, Emerson, Heffron, Shevlin & Vest, 2016) show that the
STEM curriculum offers many opportunities for students to be active and involved, and
to take initiatives in their own learning. Based on observational notes taken by the
researchers, a significant relationship can be seen between teacher content, pedagogical
knowledge and children's learning. The higher the teacher's competence in pedagogical
and STEM content knowledge, the greater the level of student engagement and
conversation around STEM units and activities. These observations/findings are well
supported by previous work, which shows a direct relationship between teacher learning
approaches and student achievement, showing that students are more likely to learn from
teachers with higher levels of instructional competence.
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CONCLUSION

Based on this review, it can be concluded that education in the 21st century,
which has entered a disruptive 4.0 digital era, must continue to innovate. Early
childhood education, as one of the knowledge institutions, must also be prepared
to answer the challenges of this era. This type of education needs to make changes
to both curriculum and learning methods. STEAM learning is considered to
integrate the skills needed by children. STEM encourages children to build
knowledge about the world around them by observing, investigating and asking
questions. The addition of ‘Arts’ (leading to the STEAM acronym), will give
children the opportunity to describe the STEM concept in creative and
imaginative ways. This review finds a definition for ‘A’ or ‘Arts’ in STEAM
showing that the making of art and the creative process is overshadowed by the
emphasis on the final result or product. For example, a study by Perignat and
Katz-Buonincontro (2019) explains that students use various techniques to solve
problems and demonstrate learning, and this includes attention to the humanities
(the ‘A’ in STEAM) because they created media art and short videos written to
present their solution. The impact of this learning is that STEAM makes children
more active and able to take initiatives with their own knowledge, and teachers
who are influenced by the integrated professional development of STEM prompt
children to be positively influenced by their teacher's professional learning.
Another finding from this review is that experience of STEAM can increase self-
confidence in children.
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