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Abstract. Students are generally sensitive to and curious about changes in their environment and special phenomena, even 

though they do not want to invest too much energy into acquiring knowledge in this field. However, the school curriculum 

is not flexible enough to respond to this demand immediately. Therefore, the science teacher should find the appropriate 

methods to explain these natural phenomena to the youngsters. This paper is based on a project and experiment, which 

were applied successfully during the past school years with the Science Club students in Székely Mikó High School. 

Arduino measuring devices were designed and based on these a school mini meteorological station was built. During the 

project the students gained knowledge about atmospheric physics phenomena and improved their technical skills.  

INTRODUCTION 

The Arduino study group is part of a school curriculum pilot development project designed to raise the students' 

interest and attitudes towards learning. The Arduino Learning Group (Arduino group), is a Science Club working 

group that focuses on the practical applications of microcontrollers, and aims to raise students' interest and attitudes 

towards learning. The whole Science Club activity is part of a school development project that we introduced as an 

extracurricular activity some years ago. At the beginning of the programme, the school conducted a general survey of 

what topics and activities students were interested in and what type of activities they would opt for attending. This 

was a questionnaire that comprised a set of questions that proved to be important in assessing the ways to improve the 

effectiveness of teaching and learning through activities that students themselves needed. According to the survey, in 

the field of science students were most interested in robotics, Arduino, Raspberry applications, special natural 

phenomena and disasters. The results of the survey lead the teachers to find solutions that could be integrated into the 

school curriculum and make the physics, geography, chemistry and biology classes more efficient and enjoyable for 

the students. One possibility is to use the Arduino microcontroller in various school projects. Since it is a low-cost, 

easy-to-use development environment, it can be operated with a variety of simple circuits and it can be implemented 

in lessons, likewise, various topics could made more interactive.  

ARDUINO PROJECT 

The basic goal of the project was to teach the traditional curriculum content more efficiently through innovative 

methods, like problem-based learning (PBL). The Romanian school curriculum does not include learning content of 

the same phenomena in an interdisciplinary approach. Besides physics, atmospheric phenomena and processes 

(precipitation, wind, weather, etc.), are touched upon in biology, are also included in part in geography, and the 

composition of the atmosphere is discussed at different points in chemistry. A measurement project based on an 

Arduino microcontroller allows to determine the composition of the atmosphere with an appropriate sensor or to 

construct a mini station that continuously measures atmospheric characteristics. With the help of this device, all the 

basic parameters and processes that describe the air like an ideal gas can be taught in an interdisciplinary way. 

Therefore, this knowledge can be linked to environmental biology or to geography as an influencing factor. At the 
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same time, students can gain new knowledge and skills about circuits, sensors, circuit laws and data processing 

techniques.  

As students are eager to engage themselves in interactive activities, a new program was developed that combines 

curricular requirements with learning opportunities, using Arduino microcontrollers. The Arduino group enrolles 14-

18 year-old students who study for at least one year (October to June) about the basics of electrical circuits, circuit 

building and design. During the first session, all students who applied for the Arduino group take a basic assessment 

test. As the students come from different classes and grades, it is important to know what theoretical and technical 

skills they have on starting the course. The test assessed the students’ knowledge of electrical circuit elements, also of 

circuit design and ideal gases laws. Using the results of the test, groups were established to solve various tasks. The 

ultimate purpose of the program was to build a mini weather station to monitor atmospheric parameters.  

Pedagogical approach 

Based on the initial test results and in line with the project-based learning method (PBL), the first step was to 

organize the Arduino working subgroups. In this sense, five working teams were organized to perform a well- defined 

task, that is, building a mini meteorological station. In order to form the teams, the students' interest, level of 

knowledge and level of motivation were all taken into consideration. In each subgroup members focus on solving a 

particular task under the guidance of a team leader and the mentor teacher. 

The first subgroup studied the theoretical background of the description of weather and climate. Particular attention 

was paid to determine the parameters which describes the atmosphere status. The most important aspects that they 

examine are the pressure, relative humidity, temperature and the thermodynamic laws of ideal gases.  

The second subgroup looked at explanations of how atmospheric precipitation is formed, what the wind direction and 

strength depend on, and the relationship between humidity and temperature or pressure fluctuations. At the same time, 

they examined the relationship between the geographical features of the place and the weather. How do we apply the 

laws of thermodynamics to describe the biological process or to explain the weather phenomena? 

The third subgroup was responsible for examining the measurement techniques. The task was to find out how sensors 

measure pressure, temperature, light intensity, relative humidity and amount of precipitation. They studied the 

measurement and operation principles of the sensors and explored the physical laws describing them. They needed to 

answer questions like:  

• How could you design a measuring device?  

• How could you measure pressure, temperature, relative humidity, light intensity with sensors?  

• How a circuit with sensors could be designed? 

 

The fourth subgroup studied the techniques of designing and building circuits. Circuit laws, operating rules for 

passive and active circuit elements in low voltage circuits were studied. During their work the students became familiar 

with Fritzing (an open – source hardware and software to design and layout PCB; https://fritzing.org/home/) and 

Processing design software (Processing is a flexible software sketchbook and a language for learning how to code. 

https://processing.org/). Based on their results, a flow chart was designed and printed circuit models were assembled 

for testing. Based on this, the circuit is constructed in cooperation with the third team.  

The fifth subgroup (IT) applied the knowledge gained during the IT lessons in a real environment. First of all, they 

got acquainted with the operation of the Arduino microcontroller and tested the sample programs given in the library 

of the controller and tutorials with our own sensors. Using the given examples, they wrote their own programs for 

controlling the unit and then for data processing. 

In the first phase, each subgroup had one month to develop and solve the assigned tasks following a pre-defined 

research plan. After that, a joint demonstration and evaluation took place (with participation of all teams) during which 

the final steps of the construction of the measuring instrument were finalized, problems identified and models tested. 

The following week the final theoretical reports (groups 1-3) and the station was completed with the appropriate 

programs (groups 4-5). 

In week six, the final product, in this case an Arduino-controlled device for measuring atmospheric parameters 

(mini meteorological station) was completed. At the end of the project lasting for 6-8 weeks students used the collected 

measurement data and the theoretical knowledge gained during their research to answer the questions proposed at the 

beginning of the program. These answers and results are presented to the public at the school open day, during a 

project week, and at the students’ science conference. 
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The work is considered completed when the final evaluation of the subgroups is done. Each subgroup first carries 

out a self-evaluative presentation of their work on the project, its results and shortcomings. They then mutually 

evaluate the work of each other and the efficiency of the collaboration, highlighting the mistakes that need to be 

corrected. During the school presentations, students and teachers sitting in the audience are asked for feedback on the 

presented product. The final step is to write a final test that evaluates the level of additional knowledge, and skills 

gained throughout the project (construction of a mini meteorological station). 

Throughout the learning process, the teacher enriches the work of the groups with theoretical knowledge, helps to 

systematize, expand them, correct misinformation and advise on further research. 

ARDUINO MEASURING DEVICE 

Parameters such as atmospheric pressure, temperature, humidity, pollution, chemical composition and their 

thermodynamic laws are used to characterize the atmosphere physically. Since the atmosphere is an ideal gas in the 

first approach, the project presented above is ideal for enriching and deepening the knowledge acquired in the 9th and 

10th grade physics classes, and for complementing them with biology, chemistry and geography topics. 

In our project the learning goals were to provide students with key knowledge linked to atmospheric physics (pressure, 

temperature, relative humidity, light intensity and light spectrum: UV, IR components, composition) and specific laws 

(temperature gradient, barometric pressure law; energy exchanges, R=R(to) dependency). We consider the project 

successful if the student is able to explain and apply the gained knowledge on the following: 

• Which are the physical quantities that determine the weather? 

• How can thermodynamic laws be used to describe atmospheric phenomena or in biological processes? 

• The dependence of weather on geographical location; 

• How should an electrical circuit be designed? 

• To build of a well-functioning, measuring mini weather station; 

• To write a proper command software and data analysis; 

 

Since in the 9th and 10th grade students do not learn about sensors or microcontrollers in the classroom, these 

elements need to be integrated into their knowledge through this project. To get started with the sensors, simple sensors 

are looked at, their datasheets are consulted together with their application guides that are provided by the 

manufacturer. (Fig 1) Studying and interpreting the data sheets allows students to better understand important 

regularities and patterns such as the temperature dependence of electrical resistance and the role of quantities 

(dielectric, distance between armatures, and its surface) affecting electrical capacitance. 

 

 
(a)      (b)     (c) 

FIGURE 1. (a)BME280 pressure, temperature and humidity sensor(b) block diagram of BME280 (c) humidity and temperature 

operating range(https://learn.adafruit.com/adafruit-bme280) 

 

The Arduino microcontroller turned to be challenging for every student at the Science Club because they hear 

about it almost constantly. That is why many students read on the topic while others would rather become familiar 

with it in practice. Together they can form a very good team because they complement each other well and also pay 

attention to details. During the theoretical approaches the pin assignment of the Arduino board and their role in the 

circuit is clarified: how to apply power supply; what do the analogue and digital pins mean; and how to connect an 

appropriate sensor to the chip. (Fig. 2 a)  
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(a)      (b) 

FIGURE 2. (a) Arduino Uno R3 pin outs (b) Building the sensors for testing module on breadboard with LCD display (made by 

V.V. Aron 11th grade) 

 

However, the students also learn that the Arduino is not only a simple circuit element, but a microcontroller that 

commands the operations of the connected sensors and devices, so a suitable program for it is needed. In this phase, 

the members of the IT subgroup play an outstanding role. The use of their computer skills to carry out software to 

control physical processes and measurements is critical. 

After the technical teams select the appropriate sensors, power supplies, connecting wires and tools, the prototypes 

of the measuring stations are prepared and the control programs for testing is uploaded. For testing, three (3) measuring 

instruments were assembled and tested under different conditions: in classroom, in school yard and on hillside, near 

our town. (Fig. 2 b) Each device had a similar structure but with different pressure, humidity, temperature, gas and 

UV sensors to help choosing the most suitable sensors based on their accuracy. The results of the pilot measurements 

are compared with data provided by the local meteorological station and, if necessary, the sensors are calibrated and 

the control program is improved. (Fig. 4 d, e) Once the errors identified during the test have been corrected and the 

meteorological station is working effectively, the final version of the printed circuit board (PCB) is built, designed by 

the mentor students using a computer software. (Fig 3 a) 

 

 
(a)  (b)      (c) 

FIGURE 3. (a) PCB design for the weather station (Medgyesi A-mentor student); (b) Testing module on breadboard with 

pollution sensor; (c)The final version of the weather station (made by Medgyesi A. mentor student) 

 

The built and programmed measuring tools are presented during the project week and then are handed over to 

teachers for use for different grade classes and various lessons. For devices operating in different classes, it is also 

very important to utilize the measurement results, process the data and integrate them into different subjects. 

Therefore, we not only create control programs for the stations, but also data processing assistances: graph with excel 

or Phyton, animations, simulations, etc. A mini meteorological station is already built for the school, which uploads 

the measured data to a web page where it is accessible to the public. (Fig. 4 a-d) Not only does this page display daily 

measurement data by hour, but older measurements can also be downloaded from the archive. The statistics give the 

maximum and minimum pressure, temperature and humidity for the selected time interval, as well as the mean values 

for the period. (Fig. 4b) In this way one can easily use the acquired data in a geography lesson, where students study 

weather in a region, in a biology lesson where they follow plant development, or even in a maths and economics lesson 

where it comes to statistical data processing. (Fig. 4 c) Frequent use of data is also evident from the number of web 
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page visits, or also when students alerted us to the lack of up-to-date data, when the station stopped or any element 

did not work properly. 

 

 

(a)      (b)      (c) 

 

 

    (d)        (e) 

FIGURE 4. (a) Web page of weather station (http://globalweather.000webhostapp.com/index.php, by Medgyesi A.); (b) Hourly 

temperature, pressure, humidity data; (c) Statistical graphics for a given time period (d, e) Comparative Temperature (oC) graphs 

for 7th September, 2019 d) data we measured e) the official weather station reportfor the same day. 

(http://www.calitateaer.ro/public/monitoring-page/reports) 

 

As a follow-up of the program, it is planned to work with other schools to develop a network of measuring stations. 

This will help students to better understand the regional characteristics of the weather and teach them to cooperate in 

various projects. In this way, they can utilize the gained knowledge in a larger, more complex context, helping others 

work. 

CONCLUSION 

The obvious, primary aim of the mini meteorological station building project is to provide students with an efficient 

learning environment and conditions. With innovative methods and a cross-curricular approach, we offer new learning 

opportunities that are more in line with their everyday experience, not only regular school lessons. Active learning 

opportunities (discovery, curiosity, task or project-oriented methods) have proven to be efficient in discussing a variety 

of topics, but especially where practical skills have to be combined with theoretical research and learning. At the end 

year's evaluation, students who participated in the Science Club have more in-depth knowledge than their classmates 

who did not. This can be measured by the more accurate use of the concepts of pressure, temperature and humidity in 

problem solving and text interpretation. They can better explain the causes of atmospheric phenomena and see the 

causal relationship between variation of quantities and observed phenomena. At the same time, the circuit elements, 

their roles and the relationship between voltage and current are easily recognized by them. 

Since the Romanian curriculum is rather thronged with a lot of compulsory knowledge content, it is difficult to 

find the right time frame and the conditions to apply such complex methods in classroom, while the students are 

preparing for exams and competitions. Based on the experience so far, the period prior to the open project-week 

(usually in April) is the most effective because it is curiously anticipated by the students. Therefore, each year, the 

proposed research topics will be announced after the holidays in February and completed by April, integrating the 
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school curriculum with the Science Club project tasks. The voluntary participation of the students during this work, 

the self-evaluation of the teams, external feedbacks and surveys indicate that we are on the right way, as students 

acquire some content and skills with better results. Students who have been involved in project or problem-oriented 

learning in some form already in the 6th grade are more efficient at solving abstract problems as a high school student, 

and they are more confident to find connections between phenomena learned in different lessons and work more 

collaboratively in teams than others. 

Another aim of the project was to teach students working methods and practical skills that could not be developed 

in a traditional classroom activity. Working in groups around different tasks, each student can evolve, use creativity 

and individual ideas to achieve a common goal that he or she could hardly have solved alone. In this way, they get 

greater confidence in their own abilities and meet school requirements more efficiently. This is evidenced by the 

success of some of the pupils who attended this kind of learning project and continued until school graduation. 
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