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INTRODUCTION
STEM education (science, technology, engineering, 
mathematics) has been studied and has seen 
significant changes over the past several years in 
developed countries because of the need to increase 
STEM literacy and motivate students to get a job and 
develop a career in these fields (Emily, A.D, 2009). 
STEM education helps students develop problem–
solving skills, communication skills, and teamwork 
in real-world contexts. Vietnam’s government 
has had ambitions of developing STEM education 
into the educational curriculum since 2017. The 
reality is that teachers in Vietnam have a limited 
understanding of STEM and different models of 
STEM education what one can be effective ways 
to implement in their classrooms. The purpose of 
this study explored how to apply STEM models in 
Math classrooms in secondary schools, including 
guidelines, ideas, advantages, and disadvantages, 
for example, lesson plans. This study synthetics to 

find conceptional models of STEM integrations in 
various theories that have already been learned 
and then explore which conceptions are effective 
for teachers. From different models of STEM, which 
models can apply in Mathematics classroom, assess 
the strategies and equipment required on teaching 
integrated STEM education.
LITERATURE REVIEW
Definition of STEM and STEM education
STEM is an acronym for the four independent 
disciplines of science, technology, engineering, 
and mathematics, often involving traditional 
coursework and teaching separately at school 
(Noleine, F., 2015). STEM instructional practice in 
the school curriculum improves students’ STEM 
achievement and increases their interest in STEM 
careers. However, educators at all levels worldwide 
also have different conceptions of what STEM 
education is, leading to a variety of definitions. 
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STEM is represented in many ways. For instance, 
Bybee (2013) described nine models of STEM that 
policymakers, educators, and researchers use to 
communicate about STEM education; these models 
range from referring to STEM as a replacement term 
for a single discipline to STEM as a transdisciplinary 
course or program. These models focus on how 
science, technology, engineering, and mathematics 
relate to one another, not on instructional practice, 
which is limited for classroom teachers. (Emily, A.D., 
Elizabeth, A.R., & Gillian, H.R., 2009) Other models 
of STEM education include the shift from traditional 
lecture-based classrooms to the implementation of 
pedagogy that involves more inquiry and problem-
based learning approaches; curricula that integrate 
science, technology, engineering, and mathematics 
concepts in ways that most closely reflect that 
practice of professionals working in STEM jobs 
(Wajeeh, D., 2012) In 2017, Ring et al. introduced 
eight common conceptional models which focused 
on understanding the STEM conceptions of K-12 
science teachers and developing integrated STEM 
curricula. These models were studied and compared 
different realities of various models and noting 
the common features to find a better model that is 
satisfactory to a group of people, and teachers can 
implement them in classrooms. These models also 
were supported to use in Vietnam for teachers from 

pre-elementary to high school education. (Bien, N.V., 
& Hai, T.D, 2019).
TEACHERS’ CONCEPTIONS OF STEM EDUCATION 
Despite the work of educational researchers to 
better define STEM education, there has been a 
distinct dearth of researchers surrounding how 
teachers conceptualize STEM education. After 
training courses, teachers planned and implemented 
what they deemed to be STEM lessons, and they 
still were not confident in identifying what STEM 
education was. They recognized that it should 
include integration between science, technology, 
engineering, and mathematics; focus on student-
centered practices that incorporate hands-on 
activities and be grounded in real-world learning 
and problem-solving (Emily, A.D., 2009). In Ring 
et al. (2017) research, he asked K-12 teachers to 
draw their conceptual models of integrated STEM 
education on three occasions. Analysis of these 
teacher-generated models revealed that teachers 
held different conceptions of STEM, but core patterns 
existed across the teachers’ models. This work 
identified eight STEM models as representative of 
the teacher conceptions, and they describe in table 
1. below.
Table 1: Eight models of STEM education with 
descriptions (Ring, E.A, 2017)

Stem Model Code Image of Model Brief Description

A – STEM as an 
Acronym

Models showed a traditional model of teaching 
science or mathematics in separate classrooms 
with little emphasis on the roles of technology 
and engineering pedagogies.

B – Real-World 
Problem Solving 
as Context

Models showed STEM education as focusing 
on the relationship between school and the 
real world, providing contexts to make STEM 
concepts relevant to students' lives.

C – Science as 
Context

Models represented STEM education as 
teaching scientific concepts while calling upon 
technology, engineering, and mathematics as 
needed.

D – Science, 
T e c h n o l o g y , 
Engineering, and 
Mathematics as 
Separate Disciplines

Models depicted siloed disciplines that 
included other disciplines as supporting 
roles, but these did not integrate across the 
disciplines in meaningful or substantial ways.
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E – Integrated 
Disciplines

Models had components that represented the 
confluence of science, technology, engineering, 
and mathematics teaching.

F – Engineering 
Design Process 
as Context

Models focused on the iterative process of 
engineering design as how students learn 
science and mathematics concepts using 
technology.

G – Science and 
E n g i n e e r i n g 
Design Process 
as Context

Models emphasized teaching scientific 
concepts and the engineering design process 
using technology and mathematical concepts 
when appropriate.

H – Engineering 
as Context

Models represented an emphasis on 
engineering calling upon science, technology, 
and mathematics as needed.

The teachers said there were no right or wrong 
answers in the arrangement they made, and the 
educators shared no additional information about 
the eight models. Teachers ranked the eight models 
from the least desirable to the most desirable, and 
then they have a shared definition, or conceptual 
model of STEM education is critical. Educators can 
meaningfully bring STEM into their classrooms by 
creating a common conceptional understanding 
surrounding STEM education and what it means for 
practice. 

STEM EDUCATIONS IN LEARNING AND 
TEACHING MATH AT SCHOOLS.
The implementation of a STEM education raises 
challenges in learning and teaching mathematics 
but transforming the current educational paradigm 
toward a STEM education has the potential to 
reflects the real-life situations outside of school and 
assist students in developing the knowledge and 
ability to deal with change and challenge in sensible 
ways (Wajeeh, D., 2020). Mathematics underpins 
the other disciplines of STEM because it serves as a 
language for science, engineering, and technology. 
Mathematics gives basic structure and supports the 
other disciplines sets mathematics up to support 
integrative STEM education contexts (Noleine, 
F., 2015). STEM education does not aim to guide 

students to become mathematicians, scientists, and 
engineers, but it develops the potential to pursue 
and adjust to the technology world. Teaching 
Mathematics in integrated STEM education can help 
students have “Mathematics skills,” which means 
they can recognize and understand the importance 
of Mathematics in real-world problems. Students 
have opportunities to practice, generate new 
ideas, and apply the knowledge they learn to solve 
problems. In traditional teaching, which focus on 
teacher-centered practice, students do not have 
many chances to develop real-life skills. It is also a 
weakness of Vietnamese students in international 
competitions. They can solve equations, exercises, 
but they lack the ideas and skills to solve real 
situations. 

METHODS
The emphasis in this study was on understanding 
various models of STEM and methodologies in 
teaching Mathematics at Secondary Schools. From 
that, evaluate the models’ potential to implement 
in the classroom, how teachers can do it, that give 
examples and guidelines so teachers and educators 
can base on and make their activities and lesson 
plan on teaching. Also, we conducted this study in 
real classrooms with 25-30 students for each class, 
with projects and observers to follow how students 
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react and take tests to see results. 
The limits of this method are that we have not 
had data collection teachers and students as study 
context, participants.  The process of this study 
bases on the authors’ experiments on teaching 
and synthetics from documents that already study 
STEM models, in general, to find out which can be 
potential in Mathematics classrooms.  This study 
is the framework for the next steps on participants 
(teachers and students), so from conceptual models 
across groups of people to check the examples that 
we suggest in this study. The STEM models and 
ideas must be tested through educational research 
methods to determine if these models improve the 
teaching and learning of STEM content, especially 
Mathematics content. A study must be designed 
to test three models with clear lesson plans under 
various conditions in the classroom to determine 
the best approach to integrated STEM (Vasquez, 
J.A, 2013). And then, authors and educators need 
to document their interventions, curriculum, 
and programs implemented in more detail and 
how subjects are integrated and supported. 
Precise results need to be identified, measured, 
and evaluated concerning how integrated STEM 
education promotes students on learning, thinking, 
interest, and other characteristics related to these 
objectives. The research focused on interest students 
and teachers must address diversity and equity and 
include more design experiments and longitudinal 
studies. Through these recommendations were 
made in the context of the Vietnamese education 
system, they could also use effectively in other 
countries’ educational systems. 
RESULTS 
The model coding process described above led to 
eight major models of STEM integration with three 
distinct support codes (see Table 1). These models 
represent the variety of conceptions of STEM that 
teachers held at some point in their professional 
development (Ring, E.A & Dare, E.A, 2017). In the 
Vietnamese Mathematics classroom, we find three 
models that have chances and are suitable for 
teachers to make a lesson plan and hold activities in 
classrooms. They are B – Real-world problem solving 
as context, C- Science as context, and D – Integrated 
discipline. As below, we describe each model and 
example carefully in Math classrooms.

REAL-WORLD PROBLEM SOLVING AS 
CONTEXT
For this model, teachers tend to envision integrated 
STEM education, focusing on making STEM concepts 
as relevant as possible for students (Michael, B., 
2009). Teachers create lesson plans with problems 
that connect with real life. This idea of teaching and 
learning through real-world situations follows the 
National Council of Teachers of Mathematics (NCTM) 
learning and assessment principles. Students are 
learning on the knowledge they had already gained 
and putting it toward new applicable life problems, 
solving problems based on real-life builds upon 
all of the process standards (Radloff, J., & Guzey, 
S., 2016). The student has built new mathematical 
knowledge through problem-solving. The student 
uses mathematics as reasonable to explain real-
life problems. They can make connections through 
what they have learned in class and the problem 
in front of them. Math teachers’ goal is to give the 
kids the knowledge they need to function in the 
real world. More importantly, our ultimate goal 
is to have our students go out into the real world 
and solve problems they may not have been solved 
before. To do this, they need to use new and unique 
ways of coming up with solutions. Presenting 
students with new problems will give the students 
the necessary comfort to be avid problem solvers. 
For instance, teaching Lesson: Point of Symmetry or 
Lesson: Line of Symmetry, grade 6, teachers can give 
students examples of real-life objects (six-pointed 
star, ASEAN flag, or Snowflake) (Khoai, H.H, & Doan, 
N.H, 2021); other examples, Lesson: Polygons, grade 
8, teachers can hold activities of sorting things that 
students can search on the Internet and find pictures 
of polygons on objects. Students will context and see 
what they learn in their life.

Point of symmetry or Line of symmetry, grade 6

Six- pointed star          ASEAN flag           Snowflake
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Polygon, grade 8

Tessellation tiles Tessellation T-shirt
Figure 1

Making mathematics practical and useful to the 
students in the real world should focus on all 
mathematics teachers. However, there is no one 
and easy way to do this. It depends on the many 
different learning styles of the students and the 
many different personalities of the teachers. There 
is a good way to force the students to think about 
real-life applications through real-life situations. 
However, it is essential to make the issues applicable 
to the student’s lives for them to make the 
connections needed to be meaningful. So, model B is 
a good way for teachers to bring in their classes, and 
mathematics can connect with sciences, technology, 
engineering, and students can solve real problems.

SCIENCE AS CONTEXT
Teachers represented STEM education as teaching 
scientific concepts using technology, engineering, 
and mathematics as appropriate (Venville, G., 1998). 
In Mathematics, teachers can design warm-up 
problems or learning problems from what students 
learn in Physics, Biology, Chemistry, ICT, etc. Let 
students use Mathematics to solve these problems.

Figure 2. Balance hearts
Also, schools can hold a STEM festival or STEM days, 
STEM clubs. Therefore, students have chances to 
practice their Mathematics knowledge in games, 
activities, science projects. For example, biology 

lesson “Needs of plants,” students can use the skill 
of data collections to make a table, they measure 
the length of the plants while providing different 
things for plants and then explain the experience 
by searching information on books or the Internets; 
other example balance forces, students can use the 
definition of the midpoint of a segment, the centroid 
of a triangle or the center of different regular shapes 
to create a balance object.

INTEGRATED DISCIPLINES
Teachers used models that had components that 
represented the confluence of STEM teaching (e.g., 
Venn diagrams) (Kelley, T.R & Knowles, J.G, 2016). 

Figure 3. Balance sculptures
Moore et al. (2014) defined STEM education 
as “an effort to combine some or all of the four 
disciplines of sciences, technology, engineering, 
and mathematics into one class, unit, or lesson that 
bases on connections between subjects and real-
world problems.” This model is the highest level of 
STEM education approaches, where it can contain 
STEM content learning objects primarily focused 
on one subject, but contexts can come from other 
STEM subjects (Kelley, T.R & Knowles, J.G., 2016). 
In secondary schools in Vietnam, teachers can 
implement this model in Mathematics classrooms. 
It requires a long time and very well-prepared 
instruction, so students can do it in class. For 
example, when students learn forces in grade 6 or 
7, the water rocket will be an exciting lesson that 
teachers can implement STEM in the classroom. The 
expectation we present in table 2. 
Table 2. Integrated Disciplines in teaching forces by 
making water rocket models.
Mathematics Measure the length of materials 

Hao Nguyen Thi & Hanh Pham Thi Hong, ACCESS Journal (02), (03), 2021, 12-18



17

2709-8354 © 2021 The Author(s). Published by GEIST International Foundation. Peer review under 
responsibility of the editorial committee of the ACCESS Journal.

to be symmetrical (measure the plastics bottle, 
the three wings. When they stick the wings on the 
bottle such that three wings will balance the rocket. 
Calculate and make a table to record the numbers on 
the process.
Science Students will learn forces from this model. 
Forces always work in pair, force, and reaction 
forces. When the students pump air into the rocket, 
the air pressure builds up until it pushes out the 
cork, and here, the water is a powerful force. The 
downward force creates an upward reaction force 
that launches the rocker. When all the water has 
gone, and the pressure inside the bottle is back to 
normal, the forces disappear, and your rocker will 
fall to Earth.

Technology Search information, how a rocket 
works in real life, and explain this model. In real-
world science, a rocket works in the same way as 
your water rocket – but it is not a bicycle pump 
that creates the pressure inside the rocket. Instead, 
rocket fuel burns very quickly, producing huge 
amounts of exhaust gas. As new gas is produced, it 
pushes down on the gas already there, pushing the 
rocket upward.

Figure 5. Models of the subsets of real numbers 

Engineering  Strongly construct the water rocker 
from materials (bottles, tapes, tennis balls, scissors, 
foot pumps, etc.). Students need to do it step by 
step and try to construct the model that can work. 
They can keep working and trying until they have a 
successful model.  
Other examples of teaching the set of real numbers, 
we let students practiced making a ball model. This 
model will classify balls with natural numbers, whole 
numbers, rational numbers, irrational numbers, and 
real numbers. Students need to recall mathematics 
knowledge to write these numbers and construct a 
model with holes, so the ball can run from the first 
hole to the end, example from students in grade 
7, Phuc Loi Secondary School, Long Bien, Hanoi 
Vietnam. In grade 8, in the Revision lesson, making 
a foot carpet from paper and finding real carpets in 
their houses, the example picture from students in 
grade 8A6, Sai Dong Secondary School, Long Bien, 
Hanoi, Vietnam.

Figure 6. Carpet models from paper.

CONCLUSION 
Understanding what STEM education is and how 
to implement it is a complex process. Educators at 
all levels have different conceptions that lead to a 
variety of STEM models. In Vietnam, the Ministry 
of Education has had strong institutional attention 
since 2017, and STEM education has concretized in 
direction documents and action plans. Teachers need 
specific instructions and support to meaningfully 
bring STEM into their classrooms, which is why 
this study suggested which three STEM models out 
of many models can apply and examples in Math 
lessons at Secondary School. It helps educators have 
ideas to implement the new approach in teaching at 
their school. 
Studies have shown that students are motivated and 
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perform better on Mathematics content assessment 
when teachers use an integrated STEM education 
approach. “Students are willing to know not only how 
to complete a mathematical task but also what they 
need to learn mathematics in the first place. They 
want to know mathematics is relevant to their life” 
(Williams, D., 2007). This study suggests teachers 
and educators are needed to begin by grounding 
their conceptual understanding of integrated STEM 
education by teaching critical learning theories, 
pedagogical approaches and building awareness 
of research results of secondary STEM education 
initiatives. Furthermore, teachers should train and 
practice to build confidence in teaching integrated 
STEM approaches. Teachers can implement effective 
classroom methodologies and what level of support 
students and teachers require to improve STEM 
education.
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