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Abstract - The General Education Curriculum for Natural
Science is oriented toward methods of forming and developing
students’ natural science competence. Teachers are encouraged to
implement STEM education to develop students’ integrated
competence in applying knowledge and skills in natural science,
technology, engineering, and mathematics to solve real-world
challenges. This paper proposes a teaching procedure for the
STEM topic “Acid Soil Treatment” based on five activities and
conducts pedagogical experiments in teaching Grade 8 Natural
Science at two lower secondary schools. The results show that
students’ problem-solving and creativity competence improved
significantly. Thus, the application of teaching the STEM topic
“Acid Soil Treatment” contributes to fostering students’ problem-
solving and creativity competence and can be used in Natural
Science teaching practice at lower secondary schools.

Key words - STEM education; STEM topic; ability; problem
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1. Introduction

In the context of profound global transformations in
technology, economy, and society, the development of
students’ comprehensive competences, particularly
creative thinking, problem-solving, and the application of
knowledge to practice, has become an urgent requirement.
In the context of the European Union, the development of
STEM competence through innovation in STEM education
is considered a topic of considerable interest in the fields
of education, economy, and politics [1]. Research has
focused on analyzing trends in the STEM labor market and
providing policy recommendations to encourage the
training of STEM human resources to meet the increasing
demands of the market.

The importance of integrating interdisciplinary
knowledge and skills to solve complex problems in daily life
has been widely recognized worldwide, and STEM has
become increasingly relevant to advocating interdisciplinary
approaches to teaching and learning [2]. Studies on learners
and teaching in STEM subjects have increased significantly
over the past decade [3—4]. According to previous studies,
students’ perceptions and learning attitudes have a
significant influence on their learning motivation [5-6].
These are factors that teachers need to consider when
implementing STEM education. Several studies in
Germany, Australia, and the United States have indicated

Tém tit - Chuong trinh gido duc phd théng mén Khoa hoc ty
nhién (KHTN) dinh huéng vé& phuong phap hinh thanh, phat
trién nang lwc KHTN, gido vién dugce khuyén khich trién khai
gido duc STEM nhim phat trién ning luc tong hop va van dung
kién thuc, k§ ning trong cac linh vuc KHTN, coéng nghé, k¥
thuat va toan hoc ciia hoc sinh dé giai quyét nhitng thach thirc
trong thyc tidn. Trong bai bdo nay, ching t6i d& xut xdy dung
tién trinh day hoc chu d¢& STEM “Xur li dit chua” theo 5 hoat
dong va tb chire thie nghiém su pham trong day hoc méon KHTN
8 tai 2 truong trung hoc co s6. Két qua cho thdy, ning lyc giai
quyét vin d& va sang tao ciia hoc sinh c6 sy cai thién dang Kké.
Nhu vy, viéc ap dung day hoc chu d& STEM “Xtt 1i dét chua”
dd gop phan bdi dudng ning luc giai quyét van dé va sang tao
cho hoc sinh va c6 thé st dung trong thyc tién gido dyc KHTN
& truong trung hoc co so.

Tir khéa - Gido duc STEM; chu dé STEM; nang lyc; gidi quyét
van de.

that teachers are a decisive factor in the process of fostering
students’ STEM competence [7—8].

In Vietnam, in 2018, education underwent a strong
transformation from a system primarily focused on
knowledge transmission to one aimed at the
comprehensive development of learners’ qualities and
competences, in which problem-solving and creativity
competence is one of the three general competences that
need to be developed in students [9]. To respond to the
trend of integrated teaching, the Ministry of Education and
Training issued Official Dispatch No. 3089/BGDDT-
GDTrH on the implementation of STEM education in
secondary education [10]. This document provides
orientations for the organization and management of
STEM education activities in schools, while also guiding
the process of designing and implementing STEM lessons.

There have been numerous studies on the development
and organization of teaching STEM topics in Natural
Science at the lower secondary level, including the topic
“Turning Dirty Water into Clean Water” for Grade 6
Natural Science following the STEM education orientation
[11]; the current situation of managing Natural Science
teaching activities oriented toward STEM education in
lower secondary schools in Hoc Mon commune, Ho Chi
Minh City [12]; and teaching the topic “Organisms and
Environment” (Natural Science 8) through real-world



100

Vuong Cam Huong, Nguyen Huy Hoang, Pham An Binh

problems to students’

competence [13].

develop problem-solving

With the aim of fostering students’ problem-solving and
creativity competence, in this study, we developed the
STEM teaching topic “Acid Soil Treatment” in Grade 8
Natural Science and conducted experimental teaching at
Tran Phu Lower Secondary School and Chanh Lo Lower
Secondary School, Cam Thanh Ward, Quang Ngai Province.

2. Content
2.1. Research methods

- Theoretical research methods: Reviewing and
synthesizing documents on STEM teaching, directive
documents on the renovation of general education, the
General Education Curriculum, and the Natural Science
Curriculum.

- Practical research methods: Conducting pedagogical
experiments at Tran Phu Lower Secondary School and
Chanh Lo Lower Secondary School, Cam Thanh Ward,
Quang Ngai Province; using questionnaires to survey 97
students’ opinions on problem-solving and -creativity
competence before and after the experiment; observing
students’ behavioral manifestations and interviewing
students during the learning process.

- Mathematical statistical method: The results of the
pedagogical experiment were statistically processed using
Microsoft Excel.

2.2. STEM education

STEM education has been approached by many
researchers from different perspectives. According to
Tsupros, STEM education is an interdisciplinary integrated
teaching method in which students apply STEM
knowledge and skills to solve real-world situations,
thereby strengthening the connection between schools and
the community [ 14]. Meanwhile, Moore argued that STEM
education is the partial or complete integration of the fields
of natural science, technology, engineering, and
mathematics into teaching activities through linking
subject content with real-world problems [15].

In the 2018 General Education Curriculum, the Ministry
of Education and Training introduced the concept of STEM
education as follows: “STEM education is an educational
model based on an interdisciplinary approach, helping
students apply knowledge of science, technology,
engineering, and mathematics to solve certain real-world
problems in specific contexts” [16]. Based on the STEM
cycle, which includes the engineering design process or the
scientific inquiry process, STEM education not only
promotes learning in the fields of natural science,
technology, engineering, and mathematics but also forms
and develops learners’ qualities and competences, especially
the specific competence of Natural Science and STEM
competence following an interdisciplinary orientation [17].
2.3. Designing the teaching procedure for a STEM topic

According to Official Dispatch No. 3089, the process
of organizing the teaching of a STEM lesson or topic in
secondary schools consists of five main activities, as
shown in Figure 1.

 Activity 1 Activity 2 Activity 3 Activity 4 Activity 5
1 Kkground Sclection of the | Prototype Design, Sharing,
| Taentification Research and Optimal Testing, and  Discussion, and |

Solution |

Development

Impr

Figure 1. STEM topic teaching activities

2.4. Hlustration of teaching the STEM topic “Acid Soil
Treatment” in Grade 8 natural science

2.4.1. General information about the STEM Topic
a. Teaching content

The lesson belongs to the Grade 8 Natural Science
Curriculum:

Lesson 9: Bases — The pH Scale, including the
following contents: the concept of bases and their chemical
properties; the pH scale and the meaning of pH values; and
practice in measuring the pH of different types of soil.

b. Integrated STEM Elements

The concept of pH; the neutralization
reaction between acids and bases; the
harmful effects of acidic soil on crops.
Using pH indicator paper to test the
acidity of soil.

The soil improvement process; techniques
for mixing CaO into soil at an appropriate
ratio to achieve the target pH.

Statistically processing pH measurements;
Mathematics calculating the required amount of lime
™M) based on area and actual pH; drawing a
graph of pH variation.

Science (S)

Technology (T)

Engineering (E)

2.4.2. Objectives
a. STEM competence

Scientific competence: Students are able to present the
concept of pH; state the harmful effects of acidic soil with
pH < 5; explain the reaction using lime to neutralize acid
in soil through chemical equations; and solve
neutralization problems involving acid and lime.

Technological competence: Students are able to
proficiently use pH measuring tools, such as litmus paper
and color charts.

Engineering competence: Students are able to measure
the pH of a simulated acidic soil sample, apply techniques
for treating acidic soil, and verify changes in soil pH after
treatment.

Mathematical competence: Students are able to
calculate the required lime ratio and analyze pH data before
and after the experiment through charts.

b. General competences

- Problem-solving and creativity competence: Students
actively contribute ideas, coordinate activities, and support
group members in conducting the simulated acidic soil
treatment experiment, thereby finding an optimal solution
for cultivated soil affected by acidity or alum
contamination.
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- Communication and collaboration competence:
Students actively cooperate with group members and
properly fulfill the requirements when conducting
chemical experiments and discussing the chemical
equations of bases, specifically reactions between acids
and bases; they also collaborate in measuring pH and
presenting reports.

- Self-control and self-learning competence: Students
voluntarily study, explore, and apply knowledge about
bases, the pH scale, and methods for treating acidic soil
through textbooks, the internet, and other materials.

c. Qualities

- Honesty: Students accurately record the measured pH
values and report the products.

- Responsibility: Students demonstrate responsibility in
the rational use and protection of soil resources,
contributing to environmental preservation.

2.4.3. Teaching procedure
Activity 1: Identifying the problem

The teacher asks the following question: In many rural
areas, farmers often apply powdered lime, whose main
component is CaO, to cultivated soil in order to improve
acidic soil conditions. Based on your chemistry
knowledge, explain this practice.

The teacher summarizes: When CaO in powdered lime
comes into contact with water, it forms Ca(OH).. Owing to
its basic property, Ca(OH): neutralizes acids present in the
soil, thereby reducing acidity and improving the quality of
cultivated soil.

* Situation: The teacher shows images of rice plants
with yellow leaves and gradual withering in alum-affected
soil areas.

The teacher guides students to formulate possible
solutions through a system of guiding questions:

Question 1: Why does the soil in those areas make it
difficult for plants to grow?

Question 2: What is the ideal pH value of agricultural soil?

Question 3: How can those plots of land be “rescued”
in the most economical way?

* Task: Sketch and develop an experimental model for
treating simulated acidic soil using quicklime, CaO.

Activity 2: Studying background knowledge and
proposing solutions

- Students apply the background knowledge learned in
Lesson 9, Bases — The pH Scale, and consult materials such
as books and the internet to answer the following
questions:

+ What is the pH scale? What pH range does acidic soil
fall into?

+ Which chemical property of quicklime enables it to
neutralize acidity?

Groups discuss and propose solutions for treating
acidic soil. Students may refer to the following suggestions
to complete the worksheet shown in Figure 2.

—_— —
Group name:
Description of the method
Materials, chemicals, and equipment:
Experimental design:

Experimental plan diagram:

Assigned tasks for each member in the group:

— —

Figure 2. Proposed experimental design

— — = = —

Activity 3: Selecting solutions

Task 1: Each group presents its ideas and experimental
arrangement plan. After the presentation, the groups
exchange ideas and discuss to agree on the design
procedure and experimental steps. Other groups use the
criteria in Table 1 to comment on, evaluate, and propose
adjustments to improve the plan.

Task 2: Based on the agreed plan, the groups develop
an implementation plan for the experiment, clearly assign
roles to each member, and prepare all necessary materials,
chemicals, tools, and equipment for the implementation
process.

Table 1. Criteria for evaluating experimental plans

Criteria Requirements
Materials, Full components: acidic soil, quicklime
chemicals, and | CaO, water, plastic cups, pH measuring
tools tools, such as indicator paper, etc.
Clearly identify the control sample, 0 g
Experimental of lime, and the experimental samples
design with gradually increasing lime mass
variables, namely 1.4 g,2.8 g, and 5.6 g.
Logical implementation steps: weighing
Experimental soil — measuring initial pH — mixing
procedure lime — waiting for the reaction —

measuring pH again.

Drawing of the | A clear layout diagram of the
experimental experimental cups is provided, with
plan labels to distinguish the samples.

The design content is presented
scientifically and coherently, while
appropriate illustrative actions are used
to clarify the ideas.

Presentation of
the design plan

Feedback from others is received and
recorded.

Interaction with
listeners

Activity 4: Testing and evaluation

The groups implement the plan after receiving feedback
from the teacher and making improvements.

Preparation:

- Tools: plastic cups, plastic bottles, plastic spoons,
stirring rods, and pH indicator paper.

- Chemicals:

+ Acidic soil: Soil with an acidic environment, in which
the concentration of H* is higher than that of OH™ in the
soil solution and which often contains many free AI** and
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Fe** ions. Further information about acidic soil and soil
improvement can be found in Grade 10 Technology,
Lesson 4.

+ To illustrate the measurement-based experiment, a
simulated acidic soil sample containing 4.9 g of H2SOa is
prepared.

+ Additional chemicals: water and quicklime CaO.
- Materials: acidic soil and cotton wool.
Procedure:

Step 1. Measuring the pH of the acidic soil sample

Take the acidic soil sample, mix it with 20 mL of
distilled water, stir thoroughly, and filter the liquid. The
filtering process is conducted as follows: cut a plastic bottle
into two equal parts. Then place the bottle neck downward
into the bottom part of the plastic bottle. Put cotton wool
inside, then pour the mixture of acidic soil and water into
the plastic bottle to filter out the liquid.

Dip the pH indicator paper into the filtrate and observe
the color change of the pH paper. Compare it with the color
chart to record the pH result of the acidic soil.

Step 2. Treating acidic soil

- In practice, farmers have many methods for treating
acidic soil, such as applying agricultural lime, adding
organic matter and microorganisms, and washing away
salinity and alum. In addition, automatic deacidification
systems may be used, such as automated alkaline solution
dosing or automated lime application using IoT
technology.

- Conduct the treatment of simulated acidic soil by
mixing acidic soil samples with quicklime CaO at different
masses:

+ Sample 1: acidic soil sample + 1.4 g CaO; then mix
with 20 mL of distilled water.

+ Sample 2: acidic soil sample + 2.8 g CaO; then mix
with 20 mL of distilled water.

+ Sample 3: acidic soil sample + 5.6 g CaO; then mix
with 20 mL of distilled water.

Step 3. Measuring the pH of the treated soil

Filter the liquid from the soil samples and measure the
pH of the treated soil in the same way as in Step 1.
Record the pH results of the soil in Samples 1, 2, and 3;
explain the results; and draw conclusions about the
environment of the soil samples after treatment.

Activity 5: Sharing, discussion, and adjustment

- Groups draw a column chart showing the change in
pH according to the amount of lime applied.

- Students answer the question: Is it beneficial to apply
too much lime, resulting in pH > 8? Why?

- Students propose an optimal deacidification
procedure for an actual local soil sample through the
following practical problem: A field has an area of 200 m?.
Analysis shows that every 10 m? of soil contains 9.8 grams
of sulfuric acid, H2SOa, which causes acidity. How many
grams of quicklime, CaO, are needed to completely
neutralize the amount of acid in that field?

- The teacher comments on and evaluates each group’s
presentation results based on the criteria in the evaluation
sheet, as shown in Table 2.

Table 2. Evaluation sheet

Criteria Level A, Level B, Level C,
8.5-10 7.0-8.4 5.5-6.9
t.
ot | oo
p > | procedure and Able to
pH accurate
accurate measure, but
measurement | measurement,
. measurement, [the results show|
technique and no
R but the process | large errors.
contamination of ~. .
is still slow.
the sample.
Clearly explains| Explains the
Explanation of| the amount of |amount of lime| Explains the
how the lime needed to needed to | amount of lime
amount of lime| neutralize the | neutralize the | used in the
used in the |acid and the pH| acid but does |experiment, but
experiment | environment to | not explain the | the explanation
affects the pH| be measured. | measured pH | is incomplete
measurement Correctly environment. |and inaccurate.
results; calculates the Correctly | The calculation

calculation of | amount of lime | calculates the |for the practical

the practical | needed in the | result of the problem is
problem practical practical inaccurate.
problem. problem.
The report and [There is a report Only ideas and
column chart are| and a column
Report and . data are
. . clear, with chart, but the . .
discussion . provided, with
complete annotations are
. . no chart.
annotations. incomplete.

2.5. Pedagogical experiment
2.5.1. Purpose of the pedagogical experiment

The study evaluates the feasibility of using the STEM
topic “Acid Soil Treatment” to foster students’ problem-
solving and creativity competence.

2.5.2. Design of the pedagogical experiment
a. Experimental participants
Table 3. Description of the sample in the pedagogical experiment

Class — Lower Number of| Student | Teaching
Secondary School Students Teacher Time
8C10 — Tran Phu Lower Nguyen Huy
Secondary School 48 Hoang Week 24
8C7 — Chanh Lo Lower Le Thi Xuan
Secondary School 49 Hoa Week 25

We conducted the pedagogical experiment in the second
semester with 97 Grade 8 students from Tran Phu Lower
Secondary School and Chanh Lo Lower Secondary School.

b. Assessment tools and data processing methods

- Assessment tools: Monitoring and recording students’
manifestations in learning activities; discussing with and
interviewing several students before and after their
participation in the STEM topic; evaluating group products
based on the developed set of criteria; and surveying
students’ opinions using questionnaires before and after the
implementation of STEM teaching.

- Data processing method: The data collected from the
survey were synthesized and statistically processed using
Microsoft Excel.



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE BAI HOC BA NANG, VOL. 24, NO. 8, 2026 103

2.5.3. Results of the pedagogical experiment

The pedagogical experiment was conducted according
to the teaching procedure of the STEM topic with a sample
of 97 Grade 8 students from Tran Phu Lower Secondary
School and Chanh Lo Lower Secondary School, as shown
in Figure 4. The development level of students’ problem-
solving and creativity competence was measured after they
studied the STEM topic “Acid Soil Treatment”. The
teacher surveyed students’ opinions using questionnaires
before and after implementing the STEM topic to assess
the formation and development of problem-solving and
creativity competence, as presented in Table 4.

Table 4. Survey results on the components of
students’ problem-solving and creativity competence

Experimental results
Level
Before After
A Problem identificati 1 42.3% 15.5%
| roblem 1dentification, 5 38.1% 36.1%
Skill 1
3 19.6% 48.4%
B.P ) d selecti 1 64.9% 10.3%
. Proposing and selecting] 5 o
solutions, Skill 2 2 19.6% 35.1%
3 15.5% 54.6%
C. Planning, implementing 1 38.1% 18.5%
and evaluating solutions, 2 40.2% 36.1%
Skill 3 3 21.7% 45.4%
D.p ) 1 11.3% 7.2%
. Presenting reports, o o
Skill 4 2 30.7% 24.7%
3 56.7% 68.1%
Table 5. Values of statistical parameters
.., | Mean, [SD, Pre- Mean, |[SD, Post-
Skill Pre-test| test |Post-test| test ¢ P
Skill 1| 1.77 0.76 2.33 0.73 [ 4.713 | 0.00001
Skill 2| 1.51 0.75 2.44 0.68 |8.277 | 7,34.10°13
Skill 3| 1.84 0.76 2.27 0.76 | 3.987 | 0.00013
Skill 4| 2.46 0.69 2.61 0.62 | 1.557 | 0.12268

The statistical data show that students’ problem-solving
and creativity competence changed positively after the
pedagogical experiment. This change is clearly reflected in
the increase in the percentage of students achieving Level
3 in all skills, while the percentage at Level 1 decreased
significantly.

For problem identification, Skill 1, before the
intervention, the number of students at Level 1 accounted
for a relatively high percentage, 42.3%, whereas Level 3
accounted for only 19.6%. After the intervention, the
percentage at Level 3 increased sharply to 48.4%, while
Level 1 decreased to 15.5%. This demonstrates that
students were better able to detect and identify problems
than before. The mean value increased from 1.77 to 2.33;
the paired-samples t-test produced a result of p < 0.05. The
test result indicates that the difference between the two
time points was not due to random factors.

For Skill 2, proposing and selecting solutions, students’
progress was most evident. Before the intervention, most
students were concentrated at Level 1, 64.9%, while only
15.5% reached Level 3. After the intervention, the

percentage at Level 3 increased to 54.6%, while Level 1
decreased sharply to 10.3%. The mean score increased
from 1.51 to 2.44. The p-value of 7.34 x 107! shows that
the difference before and after the intervention was highly
statistically significant. This result reflects that students
developed the ability to search for information, think
independently, propose ideas, and implement ideas during
the learning process.

For Skill 3, the percentage of students achieving Level
3 increased from 21.7% to 45.4%, and Level 1 decreased
from 38.1% to 18.5%. The mean score increased from 1.84
to 2.27, indicating that students’ ability to plan and
implement solutions improved markedly. The test result
shows that the difference between the two time points
reached statistical significance, with p < 0.05.

For report presentation, Skill 4, students already had a
relatively high percentage at Level 3 before the intervention,
56.7%. After the intervention, this percentage continued to
increase to 68.1%, while Level 1 decreased from 11.3% to
7.2%. However, the increase was not as large as that of the
other skills; the mean score increased only from 2.46 to 2.61,
and the test result was p > 0.05. This indicates that the
improvement in Skill 4 did not reach statistical significance.
The reason may be that students initially had a relatively
good foundation in report presentation skills, leaving less
room for further development.

In addition, we evaluated problem-solving and
creativity competence by observing students’ behavior
while learning the topic, combined with interviews with
students. The results showed that students’ interest in and
enjoyment of the subject were clearly demonstrated.
Students shared that after participating in the STEM lesson
“Acid Soil Treatment” in Grade 8 Natural Science,
learning connected with practice helped them understand
more easily and retain knowledge longer. The process of
independently designing and conducting experiments also
contributed to enhancing their confidence in problem-
solving, while training their flexibility in handling arising
situations.

Overall, the results of the pedagogical experiment
demonstrate that organizing teaching through the STEM
topic positively contributed to the development of
students’ problem-solving and creativity competence.
However, it is necessary to continue adjusting the lesson
structure toward allocating time and selecting methods
appropriate to each stage of the process, thereby creating
conditions for students to promote autonomy and
flexibility in problem-solving and to have more

opportunities to demonstrate the components of problem-

solving and creativity competence.
P

7

an AN B

Figure 3. Images of the pedagogical experiment
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3. Conclusion

STEM education is becoming an educational
orientation widely applied in many countries, including
Vietnam. On that basis, this study developed and organized
a pedagogical experiment on the STEM topic “Acid Soil
Treatment”, consisting of five activities in Grade 8 Natural
Science teaching, with 97 students from Tran Phu Lower
Secondary School and Chanh Lo Lower Secondary School
in Quang Ngai Province. The results of the pedagogical
experiment show that students’ problem-solving and
creativity competence improved significantly after
participating in the STEM topic.

The study not only provides further evidence of the
effectiveness of applying STEM education in teaching but
also serves as a useful reference for teachers in the process
of innovating teaching methods, thereby contributing to the
achievement of the goal of developing learners’ qualities
and competences in accordance with the 2018 General
Education Curriculum.
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