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ABSTRACT 
 
 

his study described the results of training for science 
teachers in the form of lesson plan products for 
learning with a science, technology, engineering, and 
mathematics (STEM) approach by utilizing Internet 
of Things (IoT) technology. The lesson plan created 

the learning process to help students design IoT products as 
solutions for problems in everyday life. The research method 
was descriptive. The subject research was 89 science teachers in 
West Java, Indonesia. The results obtained the ability of science 
teachers who participated in the training to create lesson plans 
using the STEM-IoT approach with various IoT products that 
were planned to be designed by students in class. They had 
several creative ideas for emerging the lesson plans that had 
been made and presented. These were follow-up plans that 
would be implemented in their respective classes. The impact of 
the results of this training can be implemented in the classroom, 
providing more benefits to improve the quality of education, 
especially in science learning as an effort to achieve sustainable 
development goals (SDGs). 
 

INTRODUCTION 
 
The United Nations (UN) in this case instructs all countries to 
achieve a better sustainable life based on 17 sustainable 
development goals (SDGs) (Pogge and Sengupta 2015; 
Elavarasan et al. 2021; Vasconcelos et al. 2022). There are many 
reports regarding the SDGs, one of the appeals is towards quality 
education (Nurramdani et al. 2024; Krishnan et al. 2024; Djirong 
et al. 2024; Kerans et al. 2024; Makinde et al. 2024; Gemil et al. 
2024; Haq et al. 2024; Basnur et al. 2024; Maulana et al. 2023; 
Nurnabila et al. 2023; Awalussillmi et al. 2023; Rahmah et al. 
2024). Aspects that need to be considered in realizing quality 
education include: promoting justice, holistic development, 
empowering individuals, and fostering social cohesion. Quality 
education promotes tolerance and prosperity (Rousseau 2016; 
Abera 2023; Jones et al. 2019; Friedman and Westring 2015; 
Rubagiza 2016; Aderibigbe 2023; and Hosseini 2023). It enables 
social and economic progress and improves living standards and 
overall well-being. 
 
Achieving quality education requires a comprehensive approach 
involving various stakeholders (Sulthani and Thoifah 2022). The 
following are some of the key factors that contribute to 
achieving quality education: adequate investment, qualified and 
motivated teachers, curriculum design and relevance, and 
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inclusive education (Kester and Owojuyigbe 2015; Annan 2020; 
Alhassan et al. 2024; Boon 2020). Academic knowledge, real-
world skills, and values-based education must all be balanced in 
the curriculum. (Namasivay et al. 2023; Djirong et al. 2024; 
Landero et al. 2022; Tungtawee and Chano 2024; Rozak et al. 
2024; Maryanti and Nandiyanto 2021; Rosina et al. 2021). All 
people should have equal access to high-quality education, 
regardless of their financial status, gender, race, or disability 
(Azizah et al. 2022; Rizqita et al. 2024; Faddillah et al. 2022; 
Musayaroh et al. 2023; Adesokan and Bojuwoye 2023). Every 
student is given the proper assistance, accommodations, and 
chances to succeed both academically and personally thanks to 
inclusive education. (Bailey 2015). 
 
Teachers are one of the subjects that play a very important role 
in the advancement of education (Avalos 2011). Because 
teachers are facilitators who are directly involved in learning 
with students in class. Therefore, the competence possessed by 
teachers must be measurable and directed. Thus, there are no 
conditions for practice errors in teaching in the classroom 
(Massadah and Widaningsih 2024; Saadu et al. 2024; Shahroni 
et al. 2022; Agarry et al. 2022; Shahroni et al. 2022; Aquino 
2024; Haasanovna 2023). The ability of teachers to deliver and 
provide teaching and education in the classroom must always be 
innovative and literate in technology (Fishman 2016). 
Therefore, technological pedagogical content and knowledge 
(TPACK) competence must be possessed by a teacher as a 
provision in carrying out their duties (Maknun 2022; Jibril and 
Adedokun-Shittu 2024; Ibarrientos 2024). TPACK abilities 
possessed by teachers, not only professionally in their scientific 
fields, but they will also be able to innovate by utilizing 
technological advances that are associated with the pedagogical 
competence they have in carrying out learning. This shows that 
teacher competency training is very necessary, especially for 
science teachers (Kember et al. 2008; Drane et al. 2005; Yeung 
et al. 2011; Salvado et al. 2021; Stephenson et al. 2019). 
 
The development of technology that continues to grow provides 
opportunities for teachers to be able to utilize technology in 
learning. A key competency for natural science subject teachers 
is the ability to help students connect scientific content with its 
relevance and application in everyday life (Stuckey 2013; Al 
Husaeni and Al Husaeni 2022; Effiong and Aya 2022; Maryanti 
and Nandiyanto 2021; Maryanti et al. 2021; Maryanti and 
Asjjari 2022; Nursaniah 2023). In implementing science in life, 
it must be linked to the use of current technology, such as the 
use of the Internet of Things (IoT) which plays a role in 
facilitating human work in life (Susilawati et al. 2022; 
Susilawati et al. 2023). Many reports relating to IoT have been 
well-documented (Luckyardi et al. 2022; Anh 2022; Thapwiroch 
et al. 2021; Jebur 2023). The competence possessed by teachers 
to update knowledge can be achieved by holding lesson plan 
design workshops as an effort to innovate and upgrade 
knowledge, both pedagogical and expertise (Saavedra and Opfer 
2012). 
 
The purpose of this study is to describe the results of training 
given to science teachers in compiling lesson plans using the 
science, technology, engineering, and mathematics (STEM) 
approach to design IoT products in science learning in schools, 
as an effort to improve the quality of education which is one of 
the goals of the SDGs. STEM is one of the interesting subjects, 
and many reports relating to STEM have been well-developed 
(Lestari et al. 2024; Fajarwati et al. 2024; Tipmontiane and 
Williams 2022). The novelties of this study are the presentation 
of the training process to teachers, the STEM approach to 
producing IoT-based products, and the planning of IoT product 
designs produced by science teachers to be taught to their 
students at school.  
 

METHOD 
 
We used a qualitative description method. The needs analysis 
based on curriculum and technological developments was 
explained, and the training was conducted on the use of STEM-
IoT in science learning. The workshop was conducted in three 
stages. The first stage was carried out by providing material on 
STEM learning, the IoT, and the application of STEM-IoT in 
science learning. The second stage was the practice of designing 
and programming energy-saving IoT products using the STEM-
IoT KIT for remote LED control. The third stage was evaluation 
and follow-up plans.  
 
This workshop was attended by 89 science teachers (21 male, 
and 68 female), 35 elementary education teachers, and 54 
secondary education science teachers) from various public and 
private schools in West Java, Indonesia.   
 
 
RESULTS AND DISCUSSION 
 
Teacher Competence in Improving the Quality of Education 
According to Kim et al. (2019), teacher abilities comprise a 
variety of competencies that enable educators to organize, 
deliver, and evaluate content in ways that enlighten and engage 
students. According to Day et al. (2016), these include 
recognizing the needs of students, fostering a supportive 
learning environment, putting successful teaching practices into 
practice, and using feedback to modify instruction and 
encourage student success. For instance: lesson planning, which 
involves creating lessons that are organized, instructive, and 
goal-oriented; classroom management, which involves 
employing efficient techniques to keep a learning atmosphere; 
and differentiated instruction, which involves customizing 
teaching strategies and materials to meet the individual needs of 
every student. 
 
To prepare for the future, educators need to plan what they can 
accomplish (Epstein 2013). The response to the query, "How can 
the preparation of future teachers be quality-assured?" is shown 
in Figure 1. The three preparations for the answer are (i) looking 
inward, which involves knowing ourselves thoroughly through 
effective self-evaluation; (ii) looking outward, which involves 
challenging our thinking by learning from what occurs 
elsewhere; and (iii) looking forward, which involves examining 
what the future may hold for today's students and making plans 
for how to get there. 
 

 
Figure 1: Preparation of future teacher. 
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Science materials related to the Internet of Things 
The material in the science subject is closely related to 
automation sensors that can be used for IoT technology (see 
Table 1) (Susilawati et al. 2024). This shows that the material in 
the science subject is the basic material that must be learned to 
solve problems or create products as solutions to every problem 

in life (Aydin and Aytekin 2018). If the product design is based 
on a problem, then the product will be useful for use in everyday 
life (Oda et al. 2017). Therefore, IoT technology is closely 
related and needed to improve the understanding of science 
material in learning. 
 

Table 1: Relationship between science material and the types of sensors used based on IoT 
No. Content science Type of sensor Benefits in daily life Ref. 
1. Temperature, heat Temperature sensor, 

Thermocouple. RTD, thermistor, 
semiconductor-based, thermopile, 
liquid thermometer 

Air conditioning and heating systems, 
microwaves, industrial machines, 
and aircraft to measure temperature.  

(Li et al. 
2021) 

2. Wave vibration, 
mechanical vibration, 
electrical, distance 

Ultrasonic sensor,  Detect objects and measure distances 
without physical contact. 

(Cristani et 
al. 2020) 

3. Sound Vibration sensor, buzzer Detect objects and measure distances 
without physical contact, and sound 

(Wilshin et 
al. 2023) 

4. Light LDR (light Dependent Resistor), 
Photosensitive sensors, 
Photodetector 

Equipment that requires automatic 
switching on and off according to the light 
level. Photodetectors can also be used to 
adjust screen brightness or monitor 
weather  

(Zou et al. 
2023) 

5. Acidity or Alkalinity pH sensor Specifically designed to measure the pH 
value of the solution and reflect the acidity 
or alkalinity. 

Grafe et al. 
2011) 

6. Humidity Soil moisture sensor Sensor to detect soil moisture with 
adjustable humidity threshold. 

Placidi et al. 
2021) 

Science learning that utilizes IoT technology to carry out 
product design as a solution to problems can be done by utilizing 
Arduino software and STEM-IoT Kit hardware as a product 
automation process (Ocak 2018). After the product is assembled 
and programmed according to the command, then the process of 
connecting or activating the device, and automation tools with 
the internet is carried out so that commands can be controlled 
via the internet. This is called IoT. The types of software that 
can be used to help implement IoT include Thinger.io, Blynk, 
Remote, ThingSpeak, MQTT, Google Assistant, IFTTT, 
Firebase, Adafruit, and Telegram. 
 
The need for teacher competency development is essential to 
improving the quality of education. The continuous 
advancement of educational science and the evolving 
characteristics of students also require teachers to enhance their 
pedagogical and scientific competencies. The curriculum used is 
also continuously developing. This is a strong reason that a 
teacher is not only tasked with doing homework. However, a 
teacher must also be willing to be a learner with a strong 
motivation to continue to upgrade their knowledge, so that the 
quality of what is done in class is even better. Based on the needs 
analysis, the training organizers also need to analyze the themes 
and types of training material. Based on the needs analysis, the 
training organizers must also analyze the themes and types of 
training materials required, especially for science teachers. 
Technological advances must also be taken into account. 
Additionally, the curriculum recommends learning 
characteristics that are project-based to solve problems, and 
student-centered. The trend of technology media that is currently 
being widely researched and utilized in certain fields, including 
the education sector, is the IoT (Susilawati et al. 2022). In 
addition, IoT is very relevant to the needs of science learning as 
a solution to problems raised in the learning process (Susilawati 
et al. 2023). Such as the presence of LDR as a product that can 
be used to reduce problems in the use of light intensity that does 
not match needs (Susilawati et al. 2024).  
 
In this study, training was carried out with a workshop 
implementation flow as in Figure 2. The training process is 

carried out in three stages, including the material presentation 
stage where participants begin by filling out a pretest and 
attendance sheet. This is followed by an opening session, 
general material presentations on STEM learning, the Internet of 
Things (IoT), and the application of STEM-IoT in science 
education. Group assignments for the LK-making task, 
scheduled for the next day, are also done during this stage. The 
second stage is the STEM-IoT design practice. At this stage, 
participants carry out STEM-IoT application practicums, 
starting from installing software, introducing hardware devices 
or STEM-IoT KITs, and programming. Then, the third stage is 
an evaluation in the form of a posttest and designing a lesson 
plan using an IoT-based STEM approach, the lesson plan that 
has been designed is then presented, and a follow-up plan for 
this training activity is carried out. 
 

 
Figure 2: Workshop implementation flow. 

In this study, the results discussed from the implementation of 
the training are lesson plans that have been made by participants. 
The results are summarized in Table 2, which explained that the 
focus taken from the results of the lesson plan that was designed 
is the selection of science topics and the IoT product design plan 
that will be developed during the learning process. This will 
show the relationship between the main material in the science 
subject and the IoT products that will be used in everyday life 
(Nobre and Tavares 2017). 
 
Based on the results of this research, the workshop for science 
teachers produced a lesson plan design using an IoT-based 
STEM learning approach (STEM-IoT). The success of this 
design shows that the importance of science learning is always 
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linked to problems in life and makes science learning a solution 
to problems and fulfillment of human needs. Teachers who 
continually innovate in the implementation of learning will 
produce students who are creative, critical, problem solvers, and 
can be useful in their lives (Henriksen et al. 2017). A simple 
example of a product that can be utilized through STEM-IoT 
design is smart-home design (Al-Ghaili et al. 2023; Alam 2021). 
All the equipment around us, including at home, can be an 

inspiration for the need to develop IoT-based products for 
equipment at home, to make human work easier, especially at 
home (Shi et al. 2022). In addition, IoT products are designed as 
engineering process plans that will be practiced with students in 
class. Modified to suit the existing time duration, intake, and 
carrying capacity. 
 

Table 2: Results of the STEM-IoT lesson plan and design of IoT product types 
No. Level Science and Mathematics Product IoT 
1. 

H
ig

h 
sc

ho
ol

 a
nd

 v
oc

at
io

na
l s

ch
oo

l  

Work and energy, calculating water discharge Use of water tap sensors to save water usage. 
2. Energy and its changes, calculating power 

efficiency, electrical energy  The practice of using light sensors for automatic light switches. 

3. Living things and their environment, 
ecosystems, biotic and abiotic components, 
calculating the volume and shape of space in 
making an aquarium 

Make a water filter in the aquarium automatically. 

4. Electrical Energy, calculating the duration of 
time the lights are on and off automatically. Making automatic lights to save electricity. 

5. Measurement and electrical energy, 
Statistics, 
Algebra 
Basic arithmetic 

Making a smart meter: This smart meter technology functions to 
record information on the use of electrical energy, the amount of 
voltage, and the electric current. The goal is to provide 
information and monitor consumption behavior whether it is 
wise or wasteful. 

6. Magnetism and electromagnetic induction, Use 
of Time Concept, Processing of Time Sensor 
Data, Use of Mathematical Logic, Processing 
of Measurement Data 

This automatic school bell system. And develop the appropriate 
programming code for the microcontroller, integrate the time 
sensor, buzzer, and schedule button, and connect this system to 
the IoT platform. 

7. 

E
l
e
m
e
n
t
a
r
y 
e
d
u
c
a
t
i
o
n 

Energy and its changes, renewable energy, 
energy efficiency 

Smart Home for Energy Efficiency: 
IoT technology can be used in smart homes 
to automate energy usage. 
For example, smart sensors and connected devices 
can control lighting, air conditioning, water heating, and other 
appliances based on user preferences and environmental 
conditions. In doing so, smart homes can reduce 
energy waste and increase energy efficiency. 

8. Simple machines Calculating mechanical 
advantage 

Designing and modifying simple aircraft tools using motion 
sensors. 

9. Biotechnology, Hydroponic, pH water, Build 
space 

Designing aquaponic structures and schemes using temperature, 
pH, and motion sensors. 

10. Fluids 
Simple Machines 
Water discharge 
Space structures 

Smart water pumps use infrared and ultrasonic sensors as a 
substitute for water taps. Assisted by the WhatsApp application 
as a tool for monitoring the volume of gallons of water. 

11. Conventional Biotechnology (Making 
Tempeh, Donuts and Yogurt) 
Calculation of time, temperature, spatial 
structure, light intensity 

IoT technology to be designed: 
Students use microorganisms and tools that support their growth 
with the help of IoT such as temperature, time, and light sensors 
in the process of making conventional biotechnology products 
that can be controlled on a cellphone as a form of smart 
agriculture. 

12. Temperature and Heat Designing the manufacture of temperature sensors and buzzers 
on several electronic devices. 

13. Substances and Their Changes Making a sensor to measure acid-base pH using the Arduino 
application. 

14. Simple machine Automatic fruit cutter using a simple machine concept. 
15. Temperature and heat, environmentally 

friendly technology, temperature conversion IoT-based automatic temperature detector sensor. 

16. Vibrations and Waves Designing a miniature seismograph based on IoT. 
17. Diversity of living things and their roles 

Measurement, 
Mass, time, temperature 

Creating smart agriculture by utilizing digital plant growth 
sensors to monitor nutrition, temperature, humidity, sunlight, 
and physical measurements in the STEM learning process. 

CONCLUSION 
 
This study aims to discuss the trend and position of research on 
the relationship between IoT, SDGs, and quality of science 
education using the bibliometric analysis research method 
assisted by Publish or Perish and Vos viewer. The results 

obtained show that research on IoT, SDGs, and quality of 
science education is the latest research with significant research 
opportunities. This is indicated by the limited visualization of 
strong networking between keywords, as well as the relatively 
new research overlay, which was recorded in 2021. Since then, 
there has been no specific research on the relationship between 
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IoT, the SDGs, and science education—particularly regarding 
the depth of discussion on the quality of science education, 
which remains very shallow. This research is expected to be able 
to provide positive impact and opportunities to conduct the latest 
research that can be more widely tested and implemented both 
in the development of media, strategies, or products related to 
IoT technology, and SDGs, as well as in improving the quality 
of science learning. 
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