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STEAM education is a model of great interest to educators. To
effectively apply this model to preschool education in Vietnam, educators
have conducted research on the content, methods and forms of organizing
STEAM education activities for preschool children in general and
children aged 5-6 years old in particular. Among the teaching methods
that have been studied, the 5SE model is a suitable model to apply the
design of STEAM education activities for preschool children. Therefore,
in this study, we use theoretical research methods, expert consultation
and product analysis to collect, analyze and discuss the use of 5E models
and STEAM-based educational content to design lessons, from which
proposes the process of the design of STEAM education activities for
preschool children consists of 6 steps: 1) State the problem, 2) Study and
find solutions, 3) Discuss and plan, 4) Design, 5) Make crafts, 6)
Evaluate and present. Research results show that children can clearly
understand scientific knowledge in STEAM-based activities, gain
practical skills, experience and apply learned knowledge to life. This
research result contributes to improving the quality of STEAM education
activities for 5-6 years old children in preschool.
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Tré mam non

Gi4o duc STEAM la méot mé hinh dugc cac nha gido duc rat quan tam.
Dé 4p dung hiéu qua md hinh nay vao gido duc mam non tai Viét Nam,
cac nha gido duc di c6 nhitng nghién ctiru vé noi dung, phuong phap, hinh
thirc t6 chuc hoat dong giéo duc STEAM cho tré mam non néi chung va
tré 5 — 6 tudi noi riéng. Trong sé cac hinh thie day hoc da dugc nghién
ctru thi mé hinh 5E 1a mé hinh thich hop dé van dung thiét ké hoat dong
gi4o duc STEAM cho tré mam non. Vi vay, trong nghién ciru nay, chiing
t6i st dung phuong phap nghién ctru ly thuyét va phuong phap tham vén
chuyén gia, phuong phap phéan tich san phim hoat dong dé tham khao,
thu thap va phan tich md hinh 5E va néi dung giéo duc STEAM nhim
thiét ké bai hoc, tir d6 dé& xuat quy trinh thiét ké hoat dong gido duc
STEAM cho tré madm non gom 6 budc: 1) Néu van dé, 2) Kham phé va
tim giai phap, 3) Thao luan va lap ké hoach, 4) Thiét ké, 5) Ché tao, 6)
Danh gia va trinh bay. Két qua nghién ciru cho thiy, tré c6 thé hiéu rd veé
cac kién thic khoa hoc trong hoat dong STEAM, ¢6 duoge cac ki nang
thuc thanh, trai nghiém va ung dung nhiing kién thirc da hoc vao cudc
song. Két qua nghién ciru nay gop phan nang cao chat luong t6 chic hoat
dong giéo duc STEAM cho tré 5 — 6 tudi & trrdng mam non.
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1. Introduction

Fundamental and comprehensive innovation in education and training is very necessary to
mention science and technology. Therefore, Directive No. 16/CT-TTg dated May 4, 2017 of the
Prime Minister on promoting the 4th Industrial Revolution clearly states: ‘“Promoting the
implementation of science, technology, engineering and mathematics (STEM) education in the
general education curriculum right from the 2017-2018 school year”. The directive also emphasizes
“Drastic change in policies, contents and methods of education and vocational training in order to
create human resources who are capable of receiving new production technology trends, in which it
i necessary to focus on in promoting training in science, technology, engineering and mathematics
(STEM), foreign languages, and informatics in the general education curriculum” [1, p. 3]. Early
childhood education, as the first level of education in the national education system, “must also be
required to make changes in both the curriculum and the organization of educational activities to
meet the challenges of this time” [2]. In the current period, children need to be formed a system of
skills including critical thinking, creative thinking, cooperation, communication, physics, logic and
social knowledge. These skills must be integrated into the learning process and it is vital to basic
early childhood learning to ensure students have learning and innovation skills, technology and
media skills, and at the same time be able to study, work and develop themselves, using their skills
throughout life. From those reasons, STEAM was born. STEAM is organized in schools with many
different forms of teaching, however, the 5E model is an ideal form to maximize the potential of
children. Some researchers in the world and in Vietnam have also had orientations on using the 5E
model in STEM-based educational activities such as Nguyen Thi Hong Lam et al. [3]. Tran Viet
Nhi's research also mentioned the process of designing STEAM education activities according to 5E,
6E [4]. Recently, in a study by Van Thi Minh Tu emphasized "In the process of organizing STEAM-
based activities for preschool children, teachers can use STEAM educational methods such as: 5E,
6E process, 4C process, engineering design activity based (EDP) process” [5]. In addition,
Anggraeni et al. "built a 5E-STEAM learning model to improve critical thinking skills in learning
science" [6]. Or in a study with the theme “Mirror and light”, Giilhan et al. carried out an activity
based on the 5E model for STEAM education. The activity plan was designed by the researchers for
the lesson "Reflection in mirrors and absorption of light" in the 7th grade science subject [7].
Besides, there are still some other studies on the design of STEAM education activities for students
applying the 5E teaching model. However, the studies that have been done mainly point to the forms
of 5E, 6E or the technical cycle or the application of the 5E model to primary or secondary school
students without going deep into the application of 5E model in teaching children of preschool age.

Therefore, in this article, we study documents in the world and Vietnam on STEAM education
and the 5E model, from which, we propose process of designing STEAM educational activities
for pre-school children by 5E model.

2. Research Methods
2.1. Theoretical research methods

In this study, we collect, classify, analyze and synthesize documents in the world and in
Vietnam on STEAM education and 5E model to build a theoretical basis for research.

- The essence of STEAM education

- The role of STEAM education

- Teaching model 5E

- The process of designing STEAM education activities according to the 5E model

2.2. Expert consultation method

We also consult experts on the process of applying the 5E model to the design of STEAM
education activities for preschool children; Illustrated lesson plan “Anti-flood floating
boathouses”.
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- Selecting experts: The teachers specializing in Early Childhood Education have deep
expertise in the field of research, and the preschool teachers directly teach on children.

- Determining the consultation criteria; The process ensures (1) the scientific values,
pedagogical values and consistency with the teaching and learning perspectives of capacity
development and (2) the suitability and feasibility of the proposed procedures for the child's
characteristics.

After having expert consultation, we edited and completed the process and plan of STEAM
education activities in line with reality.

2.3. Product analysis method

Based on the products collected from STEAM activities that children create, we analyzed
them to gather scientific information about knowledge and skills that children need to have when
learning science. Hence, we assessed the feasibility of the design process of STEAM educational
activities to improve the educational quality.

3. Results and discussion
3.1. The essence of STEAM education

In 1990, the term STEM started to be found in scientific research works. STEM was abbreviated
in English for four words: Science - S, Technology - T, Engineering - E, Maths - M. In Vietnam,
the meaning of these four terms has no clear division. It can be understood as follows:

Science: According to the Vietnamese Dictionary, science is “a system of knowledge
accumulated in the historical process and proven by practice, reflecting the objective laws of the
outside world as well as of spiritual activities, enabling people to transform the real world.
Similarly, the concept of science in the English-Vietnamese bilingual dictionary also has the
same meaning”[8].

Engineering: According to the Vietnamese Dictionary, engineering is “the general set of
means and technigques of human activity created to carry out the production process and serve the
non-productive needs of the society. Generally speaking, it refers to the methods used in a certain
field of human activity” [8].

Technology: According to the Vietnamese Dictionary, technology is “methods of processing;
manufacturing; changing the state, properties, shape of materials or semi-finished products used
in the production process; to have the finished product. Technology, according to the English-
Vietnamese bilingual dictionary, means “Technology, machinery/technological equipment” [9].

Mathematics is a field of natural science, a discipline that deals with problems involving
numbers, spatial structure, and transformations. In other words, it is said to be the subject of
"figures™ and "numbers"” [8]. In 2008, at a scientific conference on technology education in Salt
Lake City, Utah, USA, Ms. Georgette Yakman from the Virginia Institute of Technology gave a
report with a proposal for a new educational model with the combination of art elements (Art)
into STEM education and call it STEAM education.

STEAM = STEM + ART

The artistic element is not limited to liberal arts, from language arts, sociological studies,
physical arts, fine arts and music, etc. and this model quickly spread to many different countries
like Korea. For young children, art is not only beauty but also what children "write" about life, or
what they feel.

“STEAM Education” is an “integrative”, “interdisciplinary” approach to teaching academic
concepts coupled with lessons about real life, where children can apply their knowledge of
science, technology, and engineering and mathematics in practical classroom activities to develop
thinking and problem-solving skills[10].
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3.2. The role of STEAM education with preschool children

STEAM education gives preschool children the advantages, including developing skills and
knowledge to help them integrate into the 21st century.

First of all, STEAM education is considered as a model of early education for children. In the
study by McClure et al, “children can and must participate in STEAM learning, even in the early
years of life” [11]. Children are much more likely to learn about STEM concepts and practices
than expected. Furthermore, a study by Ata Aktiirk et al showed that “during the very first years
of a child's life, STEAM activities allow children to find learning materials with their senses”
[12]. By this way, children can understand important connections between maths and science,
such as the concepts of 'more or less' and 'sooner or later' from an early age.

In addition, STEAM serves children by increasing their vocabulary, encouraging
collaboration, and transferring learned knowledge into their future experiences [13]. According to
Anderson and Gullberg, “children are exposed to science and begin to learn the language of
science to enhance their scientific knowledge and guide them to think like scientists”[14]. This
interest gained by children's willingness to learn what's going on around them can grow for the
rest of their lives. Therefore, in a STEAM curriculum, goals and indicators related to other areas
of development, such as language, social-emotional development, and motor development can be
supplemented by considering STEAM activities and practices can be planned to achieve these
goals and indicators. Furthermore, “children's STEAM experiences can increase their confidence
in their ability to learn STEAM; opportunities of these early years help children appreciate
STEAM and its value to everyday life” [15].

STEAM education also offers many opportunities for children to be energetic, proactive and
enthusiastic in their learning. Based on observational notes made by Linder et al., “a significant
relationship can be found between teaching content, pedagogical knowledge, and child learning.
The higher the teacher's competence in pedagogical knowledge and STEAM content are, the
higher the child's level of interaction and conversation around STEAM lessons and activities is.
These observations/findings are well supported by previous research, which has shown a direct
relationship between teachers' learning styles and children's achievement, showing that children
are more likely to learn from their teachers with higher teaching capacity” [16].

3.3. Model 5E

In 1987, Model 5E was built by Rodger W. Bybee and colleagues based on the learning model
of J. Myron Atkin and Robert Karplus (1962), in order to improve the teaching curriculum of
Biology subjects at primary level. “The SE model is based on constructivist theory of learning.
Accordingly, learners build knowledge from the experience process” [17].

The 5E model consists of 5 stages in a teaching process chain: Engagement, Exploration,
Explanation, Elaboration and Evaluation (Figure 1) [17].

Figure 1. Stages in the 5E model
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Engagement: This is the first stage of the learning cycle. The goal of this stage is to set the
child's motivation and interest in learning, clarifying findings that the child has already known or has
been thinking about the topic of the lesson. Through diverse activities, teachers attract children's
interest, stimulate children's curiosity to learn upcoming concepts. Teachers should ask open-ended
questions, reveal ideas, and then put learning in meaningful contexts so that children are able to
connect with prior knowledge or experiences, and then they are ready to learn new knowledge.

Exploration: In this stage, children actively explore new concepts through specific learning
experiences. Teachers provide basic knowledge or experiences, from which new knowledge can
be initiated.

Explanation: At this stage, the teacher introduces new terms, new concepts, new formulas
and helps children create and understand connections with previous experiences through guiding
them to synthesize new knowledge as well as encouraging them to explain concepts, definitions,
and newly learned contents.

Elaboration: This phase focuses on giving children the space to apply the concepts and skills
learned in the previous step to new situations (ask them to explain how they did it).

Evaluation: The 5E model creates opportunities for children to consider and think about their
learning, and gives them the opportunity to change their knowledge, skills, and attitudes.
Teachers can assess children formally (in the form of tests, written assignments, or multiple
choice exercises) and informally (in the form of quick questions), or can observe children
through activities in small or large groups to consider the interaction in the learning process.

3.4. The process of applying the 5E model to the design of STEAM education activities for
preschool children

In the STEAM educational program, the 5E model becomes an effective tool to help teachers
and learners find out if lessons are logical, systematic, and consistent. Teachers organize STEAM
education activities for preschool children according to the 5E model, paying special attention to
develop learners' capabilities, which is evident in each step of the model. According to the theory
of STEAM experiential activities, the Early Childhood Education Program, and based on the
practical implementation of the program at pre-school institutions, in this study, we propose a
process of conducting STEAM activities for preschool children as follows:

Activity 1: State the problem

In this section, teachers can offer activities such as games, music, poetry, or show children a
phenomenon that increases curiosity and creates specific problems, provide meaning, aim and
introduce the topic, suggest and lead the problems and discuss the solution together for the
children. The goal of this phase is to generate questions to be answered or to identify specific
problems that need to be addressed. Once this goal has been identified, children will be interested
in participating in activities to find answers to questions posed and to find solutions to problems.
This is a step into the next stage.

Activity 2: Explore and find solutions

The elements of science and technology is presented in this step. Here, children will learn
more deeply about the topic, and the scientific principles related to the activities that they
completed in the previous step. The purpose of this activity is to gather as much information as
possible regarding the situation posed in Activity 1. Exploration activities should be designed,
selected, or defined in a way that encourages active participation of children rather than learning
passively under the teachers’ instructions. Children actively collect information through various
experiential activities under the teachers’ guidance and orientation. In this activity, children will
directly explore and manipulate materials that have been prepared. Teachers can participate with
children in activities such as observing, doing experiments and reading books. The results of the
information collection process are recorded by symbols, models, and diagrams.
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In a STEAM experiential activity, a teacher may organize one or more science discovery
lessons. The volume and content of science exploration lessons depends on the content of each
lesson and a child's background level. Specifically, during the survey, when the teacher finds that
children lack background knowledge about scientific concepts around the topic of STEAM
experiential activities, the teacher carries out science discovery lessons to provide children with
these concepts. If children lack understanding of materials to make products, teachers design
lessons for children to learn about the characteristics and properties of materials, from which,
children can master selection of suitable materials to make the final product of the STEAM
experience. Or in case the child lacks both types of knowledge above, it is necessary for the
teacher to design 2 periods of discovery learning to provide the child with the concept of an
object and the characteristics and properties of the appropriate material to create the object. For
example: In the project “Lantern” - if the child lacks knowledge about lanterns and the materials
to make it, the teacher will use 2 hours for science discovery, including the first hour for the
children to discover the lantern, recognize names and external structural features (parts, shapes,
characteristics, functions) and the second hour for letting children explore about light, which
helps them find the right materials to make lanterns.

Activity 3: Discuss and plan

In this step, the elements of Technology, Manufacturing, and Maths are applied. Here,
teachers help children discuss the materials to be used; ways to achieve the goal of STEAM
activities with technical factors such as size, color, shape and technical knowledge like how parts
are securely connected, etc. Teachers also help children to put themselves in groups, initially
know how to assign work and support each other in a groupwork. This is the stage when teachers
play the role of controlling, directing and correcting children. Based on the knowledge and
experiences that children have gained from Activity 2, teachers encourage and prompt children to
speak out. On that basis, teachers correct scientific knowledge.

In this activity, teachers can ask each group to present their ideas verbally or with diagrams
and drawings. Then, teachers instruct groups of children to exchange ideas and discuss with each
other. Besides, teachers need to discuss with children about new concepts/terms if children do not
understand.

The benefit of this activity is that children are always provided with an interactive learning
environment in which they can actively participate in providing information instead of just
passively receiving information. When children have grasped scientific concepts and knowledge,
they will be able to apply these knowledge into practice.

Activity 4: Design

After planning, children basically understand the criteria and methods, as well as determine
what materials are needed to conduct the task, they can design their own models and products.
Children can design in many ways such as drawing, molding, tearing, and collaging to create a
complete design.

With the activity of designing, depending on students’ age, the teacher can organize the
activities accordingly. For nursery children, they can just stop at coloring the available designed
picture, drawing the dash lines of the design prepared by the teacher, or they just state the idea and
the teacher will help them complete the idea on the design. For kindergarten children, designing
activities are more flexible, and they help encourage children to design independently. With this
activity, the teacher should conduct it as a group activity, which means that the teacher can use
"jigsaw" or "spiral" teaching techniques to put students in groups and then let them support each
other's knowledge. As a result, this activity helps children develop their teamwork skills.

Activity 5: Make crafts

In this step, children apply what they have learned to create products, and develop new
knowledge and skills. To create products, teachers guide children to follow the technical designing
process with 5 steps: Ask — Imagine — Plan — Do — Share. Children can decide to test their group's
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products and create products with advanced requirements. The step of application allows children
to be trial and make error to create products according to criteria from low to high. Teachers need
to base on children’s ability and interest to orient different criteria for each product that children
create. For example, with the STEAM experience activity "Making lanterns”, after letting children
explore the material and structure of lanterns in Activity 2 and Activity 3, the teacher organizes the
activity of making lanterns for children, the groups work together to carry out crafting activities
according to the 5-step design cycle as above. With this Activity 5, children use the skills of
cutting, sticking, and attaching. In the process, teachers instruct children to make their products
more solid and compact, more vivid and suitable for the design.

With the crafting activity, teachers should let children learn according to the principle of trial
and error (learning through mistakes). STEAM projects or activities have different difficulty
levels for each age group. Therefore, during the process, teachers should carefully observe and
support children by asking questions for children to think themselves to find out how to do it
instead of doing it for them or showing them how to do it. The teacher intervenes only when it is
absolutely necessary for children of any age.

With STEAM activities, in addition to crafting the design that children have planned, teachers
should also encourage and instruct children so that they can create advanced products in many
different ways. The teacher needs to always encourage children to create the most "optimal”
product according to the starting situation in Activity 1.

Activity 6: Evaluate and present

Assessment activities are conducted throughout the process of children conducting STEAM
activities. Teachers evaluate the process of children working in groups when children discuss,
give ideas, make discoveries as well as how children take notes, present, critique, design and
make products. Teachers also assess products that children have created according to the initial
criteria of the technical design cycle. This activity is done by both teachers and children.

Evaluating the performance of STEM lessons is an important step that cannot be separated
from the implementation process. Through different assessment methods, teachers grasp the
current status of children's performance and development results (including children’s strengths
and weaknesses) to make timely adjustments and improvements in the development of children
for the implementations of the next STEM lessons.

Teachers base on the characteristics of STEM education, the goals and contents of the pre-
school educational program, the expected results at the end of the age, the goals of the 5E
lesson and the development characteristics of children at each age stage to determine the
evaluation criteria. With these bases, teachers often give criteria to evaluate the results of
children's STEM lessons as follows: Evaluating children’s attitudes and results of developing
knowledge and skills, evaluating children’s development results according to the goals of pre-
school education (05 areas).

4. Conclusion

STEAM education helps children maximize their learning capacity, and at the same time
equips them with basic knowledge and skills that will serve as a solid foundation for the next
level of education and throughout life. Applying the 5E model to the design of STEAM education
activities can be considered as one of the effective directions to realize the goal of reforming
early childhood education in particular, meeting the needs of society for well-qualified human
resources in general. The process of applying 5E model to designing STEAM educational
activities for preschool children includes 06 steps: 1) State the problem, 2) Explore and find
solutions, 3) Discuss and plan, 4) Design, 5) Make crafts, 6) Evaluate and present. In order to
synchronously and effectively deploy STEAM education for preschool children, in addition to
unifying the organization of educational activities, the propaganda, training and fostering of
teachers as well as investment in school infrastructure and classroom facilities and equipment are
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very important, requiring synchronous direction, synchronous investment, and compliance with
the "fundamental” and "comprehensive™ innovation roadmap.
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