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Abstract  One of the difficulties of implementing 
STEM education in Vietnamese secondary school is the 
conflict between STEM education's interdisciplinary 
characteristics and the current monodisciplinary teaching 
in Vietnam. In this context, the paper mentions some 
scenarios from the collaboration of the teachers from 
different disciplines to develop and implement STEM 
education in high school, but these scenarios still retain the 
specific characteristics of each subject. Deriving from the 
ideas of the STEM product that is a spring scale, the 
teachers analyzed the program and textbooks to identify 
relevant knowledge. Then, applying the Engineering 
Design Process, two STEM lesson plans were designed and 
taught experimentally by a Mathematics teacher and a 
Physics teacher. For Mathematics, students collected data 
about the length of spring after hanging heavy objects. 
Then, working in the transformations between many 
functional registers like table, graph and algebraic 
expression, they found that the relationship between the 
length of the spring and the weight of the heavy object can 
be expressed by a linear function. For Physics, the 
experiment of measuring the displacement of the spring 
allows students to discover the invariants of the ratio 
between elastic force and the displacement of the spring 
(according to Hooke’s law). In the end, the student 
successfully created portable spring scales in different 
ways. Therefore, these situations are proof to promote the 
natural science-subjects teachers' collaboration through the 
dominant perception as well as the contribution of each 

discipline in designing and implementing a STEM activity 
in the future. 

Keywords  STEM Education, Interdisciplinary, 
Collaboration, Linear Function, Hooke’s Law 

1. Introduction
In international integration, STEM education has 

emerged as a new teaching trend in recent years, and it has 
attracted the attention of educational institutions in 
Vietnam. Indeed, we can find the term "STEM education" 
in many documents of educational management. In 
particular, STEM education has been officially mentioned 
in Vietnam’s new general education curriculum, which 
commences implementation in September 2020. 

STEM education can be approached from a variety of 
perspectives, but educators all agree on its interdisciplinary 
nature because STEM education directs learners to solve 
real-life problems by practice [3,9,14]. Real-life problems 
are often complicated and thus require learners to choose 
the most appropriate of the possible approaches, or 
sometimes a combination of different approaches. 
Therefore, learners do not have to mobilize specific 
knowledge, skills, and thinking provided by subjects in the 
school, but they need to understand how they interact and 
support themselves. However, the current situation of 
Vietnamese education has not yet fully prepared for the 
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interdisciplinary of teacher training and the organization of 
school professional activities. This fact poses many 
difficulties for the implementation of STEM education in 
schools. 

According to El Nagdi et al.[2], there are two directions 
to implement STEM education in a school. Firstly, a 
specialized teacher is responsible for a STEM teaching 
course. Nevertheless, this approach is challenging in 
practice due to the epistemological constraints of 
disciplines, especially in the lack of such teachers trained in 
pedagogical universities. In the second direction, the 
teachers of disciplines (Physics, Chemistry, Biology, 
Technology, Mathematics) gather together to develop and 
implement STEM activities. This model is encouraged by 
many researchers because it is appropriate for the 
discipline-oriented teacher training context [1,11,13]. In 
this direction, the issue that we are interested in is 
developing a collaborative way among teachers of different 
disciplines to develop and implement STEM lesson plans 
in the Vietnamese context. 

2. Method 
In this article, we provide a case study of the 

collaboration across disciplines and the implementation of 
lessons in two subject areas, namely Mathematics and 
Physics. Our study is based on the lesson study theory that 
is widely used in research on teachers' collaborative work. 
This theory is an operational framework that can be 
referenced, but it needs to be supplemented to be 
implemented in the case of many teachers in different 
disciplines working together in collaboration. Our study 
has only been conducted on the first four steps in eight 
steps of the lesson study [10,12] following. 
1. Defining the problem 
2. Planning the lesson 
3. Teaching the lesson 
4. Evaluating the lesson and reflecting on its effects 

In the first step, the idea originated from a collaboration 
between Science teachers (Physics, Chemistry, Biology) 
and Mathematics teachers supported by a group of mentors 
from Sciences and Mathematics departments of Ho Chi 
Minh City University of Education to develop and 
implement STEM education in high school. Initially, a 
Physics teacher, after many exchanges among members of 
STEM team teachers, proposed to teach Hooke's Law with 
STEM product as a portable spring scale. From a 
mathematical perspective, Mathematics mentor saw that 
Hooke's Law could be used to approach the linear function, 
and then she exchanged this idea with secondary school 
teachers. Therefore, this idea is not only a result of a 
discussion in a harmonious collaboration among teachers 
of different disciplines but also allows us to shape a STEM 
setting where Physics or Mathematics teachers can develop 
in different ways. Thus, teachers can emphasize and see the 
role of a particular discipline. 

In the second step, we analyze two institutions of 
Physics and Mathematics teaching in grade 10 through 
programs and textbooks to find the connections and 
opportunities that allow a form of integration of 
interdisciplinary Mathematics and Physics and solve the 
same practical problem of making a portable spring scale. 
The STEM lesson plans are designed according to the 
engineering design process (EDP) - an organized, 
open-ended approach to investigation that promotes 
creativity, invention, prototype design, testing and analysis. 
According to Jolly [4], the EDP steps (Figure 1) are not 
necessarily in sequence and may each be repeated as many 
times as needed. Students can make improvements in their 
solutions along the way. These iterative steps will involve 
students in asking critical questions about the problem and 
guide them through creating and testing actual prototypes 
to solve that problem. 

 

Figure 1.  Engineering Design Process (EDP) 

In the third step, a mathematics teacher and a physics 
teacher take two teaching sessions according to lesson 
plans in the second step. In particular, a teacher 
(Mathematics/Physics) will directly guide students in 
STEM activities and other teachers observe and play the 
role of a support specialist when needed. 

In the fourth step, teachers will discuss students' STEM 
products and evaluate the performance developed from 
STEM lesson plans. 

Below, we will introduce more detail about shaping 
STEM activity, analyzing the teaching context, and 
developing the teaching scenario of two STEM lesson 
plans. They are directed toward a portable spring scale, but 
each emphasizes a particular discipline - the first highlights 
Mathematics with the linear function and the second, 
Physics with Hooke's Law. 

3. Results 
3.1. Program and Textbook Analysis 

In Physics 10, the lesson "Elastic force of the spring. 
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Hooke's Law” focuses on studying the direction, setpoint 
and magnitude of the spring-force vector when there is an 
act of deforming the spring (stretching or compressing) [7]. 
The formula for Hooke's law F=k.|Δl| denotes the 
proportional relationship between the magnitude of the 
elastic force and the displacement of the spring. 
Mathematically, this formula is associated with the 
algebraic form of a functional relationship between two 
quantities: the independent variable is the displacement of 
the spring, and the dependent variable is the magnitude of 
the elastic force. This formula has been studied in Algebra 
10 a few weeks earlier. 

In Algebra 10, the linear function (presented in the 
lesson "Function y=ax+b") has major content focusing on 
the review of deterministic sets, various tables and graphs 
[8]. This knowledge in textbooks is presented purely in 
mathematics, completely lacking situations associated with 
reality as well as practice activities and experiences for 
students. Although, when learning this knowledge in 
Mathematics, 10th-grade students have not yet studied 
Hooke's Law in Physics, they have learned two lessons that 
are strictly related to the above section, which is lesson 9 
"Elastic force" (Physics 6) and lesson 10 “Dynamometer - 
Force measurement. Weight and mass” (Physics 6) [6]. 
Thus, students know that the spring is elastic, the elastic 
force is generated when having a deformation of the spring, 
and the higher the deformation, the higher the elastic force. 
However, how much is the magnitude of this force, and 
how to calculate it are not mentioned. The dynamometer 
allows determining the magnitude of this force. That means 
10th-grade students already knew how to use this device, 
and its components are indicator needles, scale tables and 
springs. 

3.2. Ideas on the Topic of STEM 

The above analysis shows that the portable spring scale 
is a STEM product that connects two fields of learning, 
Mathematics and Physics (linear function and Hooke's 
Law). 

The topic "Portable spring scale" can be implemented in 

a STEM activity with four components: 
Science (S): Hooke’s law, equilibrium conditions of 

point, gravity. 
Technology (T): suitable material for making spring 

scales (springs have good elasticity and suitable hardness) 
and the scale (as something produced by students). 

Engineering (E): building and testing the scale 
(engineering process). 

Mathematics (M): proportions of two quantities (the 
mass/weight of the heavy object and the displacement of 
the spring); the dependent relationship of function y=ax. 

These questions need to be addressed: Which teacher 
will teach STEM lessons with the spring scale? Is it 
possible to implement them in both subjects? How to build 
situations in these two areas? 

The following two situations are designed to teach the 
lesson “Elastic force of springs - Hooke's Law”, in Physics 
10 and “Function y=ax+b” in Algebra 10 in STEM 
education-oriented, specifically: 
 In Physics 10, experimental situations concern the 

relationship between the magnitudes of the elastic 
force (F) and the displacements |Δl| of the spring via 
the expression F=k.|Δl|, where k is the hardness of the 
spring. 

 In Algebra 10, experimental situations concern the 
relationship between the lengths (y) of the spring and 
the weights (x) of heavy objects y=ax+b, where b is 
the original length of the spring, and a is the rate of 
deformation of the spring by weight (also the hardness 
of the spring). 

3.3. Two STEM Lesson Plans in Mathematics and 
Physics 

The EDP guided our lesson plans with 5 phases that we 
summarize in Table 1. By constructing the table using the 
engineering design process, the teachers were able to 
identify five phases and how Mathematics and Physics 
concepts are integrated at each phase. 

Table 1.  Summarize phases structure of two STEM lesson plans 

Phase Engineering design process Objectives 

1 Define the problem Make a portable spring scale so that it can weigh a maximum weight of 500gr. 

2 Research 

Mathematics 
Given weight (P), determine the length (l) of 
the spring. 

Physics 
Given weight (P), determine the displacement 
(Δl) of the spring. 

Determine the formula between the length y 
(i.e., l) of the spring scale and weight x (i.e., P) 
for getting function: y=ax+b 

Determine the formula between the force F (i.e., 
weight (P)) and the displacement (Δl) of the 
spring for getting Hooke’s law formula: F=k.|Δl| 

3 Imagine - Plan 
Discuss the design (shape, size, how to create the scale, ...) 
Draw a design 

4 Create - Test and evaluate - 
Redesign 

Build, create a spring scale from given items. 
Test with some items. 
Redesign if necessary. 

5 Communicate Use the spring scale to measure the weight of the given item. (Game challenge) 
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3.4. Scenarios 

In the following scenario (Table 2), the first three phases of the series of activities designed for the same topic "Portable 
spring scale" in Mathematics and Physics are focused. 

Table 2.  Five phases of the series of activities designed for the same topic "Portable spring scale" in Mathematics and Physics 

Phase 1 
Teacher shows students two portable scales (pocket-sized) and asks questions: 
Question 1: What are the main parts of these two scales? How does it work? 
Question 2: If we want to make such a portable scale, where do we start, and what do we need? 

  

The expected answer is to use the spring as the central part of the scale. From here, the teacher announces that each group will make a 
portable spring scale so that it can weigh a maximum weight of 500gr. 

Phase 2 

Mathematics 
Teacher distributes each group the following items:  
 objects with various known weights (0.1N; 0.2N; 0.5N; 1N) 
 spring is attached on a metal hanging,  
 millimeter paper. 

Physics 
After teaching the knowledge related to the direction and 
setpoint of the elastic force, the teacher distributes each group 
the following items: 
 Five weights with the same calibration of 1N. 
 spring is attached on a metal hanging (different spring 

constant for each group). 
- The teacher prepares a 2N-heavy object for use later. 

Question 2.1: One by one, attach the heavy objects into the spring, as 
shown in the following picture. 
Measure the length of the spring corresponding to the weight and fill 
those values in the following table. 

 

Mathematics Physics 

Weight 
x (N) 0,1 0,2 0,5 0,7 0,8 1,0 1,1 1,3 

Length 
y(mm) 

        

 

P (N) 0,0 1,0 2,0 3,0 4,0 
Length  
l (mm) 

     

Δl (mm)      
 

Question 2.2: 
a) Plot the point corresponding to the pair (x,y) as dots on the 

coordinates system. 
b) Draw a line (d) closest to the dots (in the previous question) as 

possible. 
c) Determine a function representing (d). 
d) Conjecture the length of the spring (yo) if it is attached to a 

2N-object. 
e) Measure the length of the spring when hanging an object of 2N, 

and compare with your prediction in question d. 

Question 2.2: 
a) What can you say about the weight of the object which is 

hanged to the spring and the elastic force when it is in 
equilibrium? 

b) Compare ratios (if possible) between elastic force F and 
the displacement Δl of the spring. 

c) Write down the expression for F in terms of Δl. 
d) Conjecture the displacement of the spring (lo) if it is 

attached to a 2N-object. 
e) Hanging a 2N-object on the spring, measure the 

displacement of the spring and compare with your 
prediction in question d. 
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After organizing the above activities, teachers will institutionalize knowledge: 
 In Mathematics: domain of definition, monotony, variation table of function y=ax+b, 
 In Physics: elastic limit, Hooke’s law. 

Phase 3 

The teacher announces that each group will get the following materials: 
 one weight of 50 gram 
 one elastic spring (different spring constant for each group) 
 one carton piece (with a size of 20cm x 8cm) 
 adhesive tape, one piece of 10cm wire, scissors, paper-knife. 
Each group has to draw a design showing the shape and size of the portable spring scale with notes of used materials. Members of each 
group discuss and then present their group's plan to the class to get more feedback before they start making STEM products. 

Phase 4 

The group members follow the assignment of the leader to create the spring scale according to the agreed design. 
The group can test itself by weighing some known mass objects to correct an unsatisfactory part of the product. 
At the same time, students record problems that have been experienced: failure, success, why, what has been done to correct,... 

Phase 5 

Each group reports the product: how to use the scale (hanging or standing on a table,...); weigh a test that the teacher requires (only the 
teacher knows the real weight). 
Teachers record the results of the measurements of the groups and announce the deviation level of the highest precision; Teachers also give 
groups to vote for their favorite product and explain why they choose it; Teachers also ask groups who want to improve their products and 
why. 

 

3.5. Experimentation and Evaluation 

The two lesson plans mentioned in Table 2 are designed 
in line with the need to solve practical problems, are 
implemented under the EDP process and accurately convey 
the knowledge in the program (Physics and Mathematics) 
in the direction of strengthening activities and developing 
learner's competences. 

The two technological and technical elements have the 
same role and meaning in both mathematics and physics 
lessons, which are allowing students to practice, 
manipulate tools, and choose materials, drawing design, 
and construction products. 

a) Mathematical Perspective 

The linear function is not traditionally approached from 
a given mathematical formula. However, it has been 
formed from the study of a practical situation associated 
with an elastic spring where the students have to collect 
data about the length of spring after hanging heavy objects 
with predetermined weights. 

Students make transformations between functional 
registers: Table  Graph  Algebraic expression. (Figure 
2) 

 

Figure 2.  The transformation between functional registers: table, graph, 
algebraic expression 

When the students of this group make a portable spring 
scale, they use the graph paper to make its scale. They 
explain how to read the index as follows: when hanging 
heavy objects on the lower hook of the spring, the needle 
pointing to the length on the axis (positive direction is 
downward as shown), we just need to search horizontally 
(from right to left) to find the point on the line and then 
"read" the coordinates of this point to get the weight of the 
measured object (Figure 3). 
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Figure 3.  Product of student’s work 

In general, when participating in STEM 
education-oriented learning with these lesson plans (both 
in Physics and in Mathematics), students have the 
opportunity to participate in the practice of measurement 
(spring length). Moreover, they participate in the scientific 
research process (experimentation, prediction, verification 
and conclusion). 

b) Scientific Perspective (Physics) 
The experimental situation for measuring length and 

displacement of the spring allows students to discover the 
invariants of the ratio between elastic force F and the 
displacement of the spring. Following the characteristic of 
experimental science, physics teachers do not need to 
prove it as in Mathematics but “acknowledge” this result is 
Hooke's law based on physicist Robert Hooke’s 
announcement. 

With the requirement to set up a scale with only one 
weight of 50 grams, students must mobilize the knowledge 
of Mathematics to calculate the proportional ratio of two 
quantities: mass and displacement of the spring. Correctly, 
the displacement lo of the spring after hanging the object of 
50gr is repeated in equal successive segments to have a 
measuring line corresponding to 100gr, 150gr,... In contrast, 
when this displacement lo is divided by 5, we get 5 tick 
marks for the masses of 10gr, 20gr, 30gr, 40gr, 50gr 

(Figure 4). 

 

Figure 4.  Student’s STEM product: portable spring scale 

4. Conclusions 
Our research results show the possibility of cooperation 

among teachers in different disciplines in building and 
developing a STEM lesson plan. With the same STEM 
lesson plan, we can choose the appropriate element for 
Mathematics or for Physics to emphasize and highlight 
knowledge of each subject. The built-in situation suggests 
that exploitation can lead to appropriate STEM lessons for 
many different subjects from the same idea of STEM 
products. 

The next problem is how to get teachers out of the silo in 
a "safe" area of professional knowledge, join in the STEM 
integration teacher groups, and provide them with 
additional pedagogical knowledge, necessary and suitable 
skills for STEM education. 

In order to effectively implement STEM education in the 
new Vietnam’s educational curriculum, we think that it 
must increase the following activities: 
 High school teachers are organized into STEM groups 

(including many different subjects) to exchange, 
discuss, build, and develop STEM topics.  
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 The school leader should consider creating a 
framework (or network) that provides the necessary 
support (time, money, materials, etc.) to encourage 
STEM teachers' communities. 

Another problem, what do pre-service teachers need to 
prepare to quickly integrate with the implementation of 
STEM education in the new program at high schools? We 
believe that students of the departments of the STEM group 
of the pedagogical university should be involved in 
developing a practical problem that involves using STEM 
concepts. Besides, the pedagogical internships are a good 
time for pedagogical students to interact and participate in 
STEM groups at high school [5]. 
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