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Abstract. Already today, the spread of the IoT network is gaining momentum. The obvious benefits of

connecting IP in the daily life of society are monetized in a significant reduction in costs, and therefore

relevant. In addition, the use of such technologies leads to the actualization of certain skills of IoT users,

the emergence / development of new competencies, the formation of which, in our opinion, can be done

at the first year of higher education or even secondary education. The article gives examples of the use of

digital measuring computer systems Einstein, LabDisc, Pasco, Relab, L-micro, FourierEdu – NOVA Link,

NOVA 5000, COBRA 4. The advantages of working with digital equipment for teachers and students are

identified. The ways of IoT development, as well as the implementation of his ideas in the educational

process are outlined.
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According to [4, 13, 14], the need for expert analysts in 2020 will be 1.5 million people, the

process automation software market will reach $10 billion, the share of B2B services (electronic

business model Business-to-Business) – 70%, the number of connections using mobile devices in

the world by 2025 will grow to 75 billion. Under these conditions, the coverage of the Internet of

Things (IoT) will rapidly expand, although today the distribution and use of IoT are considered

modern trends [1]. In Ukraine, there are projects at the national level aimed at the development

of this network [2, 7, 12].

Application examples of IoT sensors cover almost all spheres of society: intelligent mea-

surements of housing and communal services (meters for electricity, gas, water, household

waste, heating), smart home, sensors in the automotive industry, sensors in medicine, sensors

in the field of health and beauty, location without GPS, smart street lighting, smart security,

agricultural instruments, environmental sensors [3, 15, 16].

The obvious benefits of IP connectivity in everyday life are monetized into significant cost

savings. Thus, the effect of the introduction of IoT is expected in the automotive industry (data

exchange between vehicle nodes, remote software updates, unmanned vehicles), transport (mon-

itoring of moving objects, smart parking, smart lighting), healthcare (online patient monitoring,

microchip technology), security environment (monitoring air quality), agriculture (processes

of fertilization, distribution of seed sowing, reducing the consumption of fuels and lubricants,
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monitoring natural parameters) and many other areas and industries.

LPWAN (low-power wide-area network) is a long-distance wireless technology for transmit-

ting small data over long distances, designed for distributed telemetry networks, “machine-to-

machine interaction” and the Internet of Things [10]. LPWAN is one of the wireless technologies

that provides a data collection environment for various equipment: sensors, meters and sensors.

The advantages of LPWAN are long range, high permeability, low power consumption, low

cost, high capacity, high scalability, security, geolocation.

Along with this, the use of such technologies entails the actualization of certain skills of

IoT users, the emergence / development of new competencies, the formation of which, in our

opinion, can be carried out both at the level of the first years of higher education institutions

and senior classes of K-12 schools [9].

The current curricula in physics (we consider as an example, but are not limited to) define the

subject content of the key competencies of students; teachers (teams of researchers, methodolo-

gists) select educational resources for their formation [11]. For example, the components of

digital competence include the ability to use modern digital devices as a means of measurement;

work with digital equipment of virtual laboratories; use computer models of physical processes

and phenomena [5, 8]. Electronic educational and information resources, digital laboratories,

measuring complexes are determined as resources for the formation of the allocated skills (we

consider as an example) in accordance with the capabilities of the educational institution and

the readiness of teachers.

Various modern digital tools make it possible to carry out a teaching experiment, modeling,

emulation without requiring additional special equipment. These tools include virtual and

digital laboratories, digital measuring computer systems. Digital measuring computer complexes

are currently included in the standard list of teaching aids and equipment for educational and

general purposes for classrooms of natural and mathematical subjects in general educational

institutions and should provide, subject to their use, an improvement in the quality of both

the process of teaching natural disciplines, and students performing practical/laboratory work.

However, not all schools are provided with the necessary equipment and qualified teachers.

Therefore, the use of digital measuring systems and individual tools should be used in the first

years of higher education institutions, for example, when studying certain disciplines (in this

case, we consider physics), conducting alignment courses for first-year students, and also when

conducting career guidance work with high school students [6].

The use of digital measuring computer complexes in the educational process is aimed at:

• increasing the level of motivation and cognitive activity of students,

• formation of students’ readiness to use their knowledge in real life situations (to study

the real world by modeling various processes),

• implementation of the tasks of intellectually directed pedagogy as a means of development

and self-development of students in an ICT-saturated environment,

• changing the ways of interaction between students and teachers in the course of joint

activities.

Among the main advantages of a teacher’s work with digital equipment, it is worth highlight-

ing: reducing the time for preparing and conducting laboratory and practical work in physics
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(if the teacher has sufficient experience working with digital devices), expanding the range of

laboratory and practical work on various topics as part of lesson planning and extracurricular

educational activities, the possibility of developing author’s projects of laboratory work and

demonstration experiments. For students, this is an opportunity to unlock their creative potential

in the study of the disciplines of the environmental cycle, as well as in research activities.

Popular today digital laboratories and measuring complexes: Einstein, LabDisc, Pasco, Relabm

L-micro, FourierEdu – NOVA Link, NOVA 5000, SAC “AFS” (“All For School”), TsIKK based on

the data logger Register Data Logger COBRA 3 and COBRA 4 showed high efficiency of use in

schools of physics and mathematics profile and institutions of higher education.

The use of digital laboratories and measuring complexes with digital sensors allows teachers

and students to conduct a wide range of research, demonstration and laboratory work, as well

as to carry out research projects that contribute to the solution of interdisciplinary problems.

Let us give examples of the use of digital laboratories and digital measuring computer systems

in the performance of laboratory work and educational projects in physics. As an example,

consider the laboratory work “Measurement of relative humidity”, performed using digital

sensors based on the Register Data Logger.

The instruction for the laboratory work contains the topic, purpose, equipment (personal

computer / laptop with the RegisteriLab v.8.0 software installed; Register data logger; sets of

connecting wires for sensors; humidity sensor), theoretical information, installation description,

work progress, control questions.

Having assembled the experimental setup according to figure 1a, the student observes auto-

matic data recording (sensor readings are displayed on the screen in real time), fixing the value

of the relative humidity in the room (figure 1b) and outdoors (figure 1c). The student compares

the obtained values of relative humidity indoors and outdoors, draws conclusions.

освіта та інтернет речей у природничих університетах

пристроями), розширення спектра лабораторних і практичних робіт з різних тем як в 
рамках планування урочної так і позаурочній навчальної діяльності, можливість 
розробки авторських проектів лабораторних робіт і демонстраційних експериментів. Для 
учнів: можливість розкриття творчого потенціалу в рамках уроків природничого циклу, 
а також в дослідницькій діяльності.

Популярні на сьогодні, цифрові лабораторії й вимірювальні комплекси: «Einstein»; 
«LabDisc»;«Pasco»; «Relab»; «L мікро»; FourierEdu NOVA Link, «NOVA 5000»; ПАК 
«AFS» («All For School»); ЦВКК на базі реєстратора даних – у ЗЗСО; 
«COBRA З» і «COBRA 4» – у ЗЗСО фізико математичного профілю й ЗВО.

Використання цифрових лабораторій й вимірювальних комплексів з цифровими 
датчиками надає можливості педагогам й учням проводити широкий спектр досліджень, 
демонстраційних і лабораторних робіт, а також здійснювати науково дослідні проекти, 
що сприяють вирішенню міжпредметних завдань.

Наведемо приклади використання ЦЛ й ЦВКК при виконанні фронтальних 
лабораторних робіт і навчальних проектів з фізики. Як приклад, розглянемо лабораторну 
роботу для 10 класу «Вимірювання відносної вологості повітря», що виконується з 
використанням цифрових датчиків на базі реєстратора даних
Інструкція до лабораторної роботи містить тему, мету, обладнання (персональний 
комп’ютер/ноутбук із встановленим програмним забезпеченням RegisteriLab
реєстратор даних Register; комплекти з’єднувальних дротів для датчиків; датчик 
вологості), теоретичні відомості, опис установки, хід роботи, контрольні запитання
Зібравши експериментальну установку відповідно до рис. 1, учень спостерігає 
автоматичну реєстрацію даних (покази датчика відображаються на екрані у режимі 
реального часу), фіксуючи значення відносної вологості повітря у приміщенні (рис. 2) і 
на вулиці (рис. 3). Учень порівнює отримані значення відносної вологості у приміщенні 
та на вулиці, робить висновки.
 

  
Рис. 1. 

Експериментальна  
установка дослідження

Рис. 2.  
Вимірювання відносної

вологості   у приміщенні

Рис. 3.  
Дані відносної вологості

на вулиці

Цікавим і пізнавальним є міжпредметний проект «Перевіряємо питну воду», у ході 
виконання якого визначається і порівнюється провідність різних зразків води (з Cobra4: 
датчик провідності підключається безпосередньо до бездротової лінії Cobra4, Cobra4 

або USB Link Cobra4 з відповідним програмним забезпеченням). Дані 
вимірювань передаються на комп’ютер для аналізу, відображаються на екрані у режимі 
реального часу, здійснюється графічне відображення даних (рис. 4). 

a b c

Figure 1: Experimental setup and sensors’ data.

Interesting and informative is the interdisciplinary project “Checking drinking water”, during

which the conductivity of different water samples is determined and compared (with Cobra4:

the conductivity sensor is connected directly to the Cobra4 wireless line, Cobra4 Mobile Link or

USB-Link Cobra4 with the appropriate software). The measurement data are transferred to a

computer for analysis, displayed on the screen in real time, and a graphical display of the data

is made (figure 2).

Students may be asked to measure and compare the conductivity value of drinking tap water

samples in different locations; compare with bottled drinking water; try to explain the reason
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Міжнародна конференція «Цифрова освіта в природничих університетах»
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Рис. 4. Дослідження провідності різних зразків води

Учням можна запропонувати виміряти та порівняти значення провідності зразків 
питної водопровідної води в різних місцях; порівняти з пляшковою питною водою; 
спробувати пояснити причину відмінності отриманих значень провідності проб води. 
Цей експеримент показує, наскільки питна вода може відрізнятися в різних місцях 
одного регіону. 

Дослідження можна проводити як в умовах шкільної лабораторії, так і в домашніх 
умовах (рис.5). 

Рис. 5. Вимірювання значень провідності зразків питної води в домашніх умовах

Визначення шляхів розвитку ІоТ, а також імплементації його ідей в освітній процес 
дуже важливо для інформатизації освіти в цілому і розвитку відкритого інформаційно
освітнього середовища ЗЗСО зокрема. Подальших психолого педагогічних досліджень 
потребує проблема використання в освітньому процесі, як студентами ЗВО й учнями 
ЗЗСО, так і викладачами, різних складників Інтернету речей: цифрових пристроїв, в тому 
числі мобільно орієнтованих, сервісів, мереж та «хмарних» сховищ.

Figure 2: Investigation of the conductivity of different water samples.
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Figure 3: Measurement of conductivity values of drinking water samples at home.
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for the difference in the obtained values of the conductivity of water samples. This experience

shows how drinking water can vary from place to place in the same region. Research can be

carried out both in a school laboratory and at home (figure 3).

Determining the ways of development of IoT, as well as the implementation of its ideas in

the educational process, is very important for the informatization of education in general and

the development of an open information and educational environment in particular.

Further psychological and pedagogical research requires the use of various components of

the Internet of Things in the educational process: digital devices, including mobile-oriented

ones, services, networks and cloud computing.

References

[1] Gershenfeld, N., Krikorian, R. and Cohen, D., 2004. The Internet of Things. Scientific Amer-

ican, 291(4), pp.76–81. Available from: https://doi.org/10.1038/scientificamerican1004-76.

[2] Globa, L.S., Ishchenko, I., Gvozdetska, N., Zakharchuk, A. and Zvonarov, O., 2016. An

approach to the Internet of Things system with nomadic units developing. 2016 IEEE

International Black Sea Conference on Communications and Networking (BlackSeaCom).

pp.1–5. Available from: https://doi.org/10.1109/BlackSeaCom.2016.7901587.

[3] Gope, P. and Hwang, T., 2016. BSN-Care: A Secure IoT-Based Modern Healthcare System

Using Body Sensor Network. IEEE Sensors Journal, 16(5), pp.1368–1376. Available from:

https://doi.org/10.1109/JSEN.2015.2502401.

[4] HFS Research, 2017. Enterprise Automation and AI will reach $10 billion in 2018 to engineer

the OneOffice. Available from: https://www.hfsresearch.com/digital-transformation/

automation-ai-forecast_110417/.

[5] Kuzminska, O., Mazorchuk, M., Morze, N., Pavlenko, V. and Prokhorov, A., 2019. Study of

digital competence of the students and teachers in Ukraine. In: V. Ermolayev, M.C. Suárez-

Figueroa, V. Yakovyna, H.C. Mayr, M. Nikitchenko and A. Spivakovsky, eds. Information

and communication technologies in education, research, and industrial applications. Cham:

Springer International Publishing, pp.148–169. Available from: https://doi.org/10.1007/

978-3-030-13929-2_8.

[6] Merzlykin, O.V., Semerikov, S.O. and Sokolyuk, O.M., 2018. Theoretical and methodological

foundations of the using cloud technologies as a tool of high school students’ research

competencies forming in profile physics learning. Theory and methods of learning mathe-

matics, physics, informatics, 16(3), pp.3–293. Available from: https://doi.org/10.55056/tmn.

v16i3.1030.

[7] Miz, V. and Hahanov, V., 2014. Smart traffic light in terms of the cognitive road traffic

management system (CTMS) based on the Internet of Things. Proceedings of IEEE East-West

Design Test Symposium (EWDTS 2014). pp.1–5. Available from: https://doi.org/10.1109/

EWDTS.2014.7027102.

[8] Nechypurenko, P.P. and Soloviev, V.N., 2018. Using ict as the tools of forming the senior

pupils’ research competencies in the profile chemistry learning of elective course “Basics

of quantitative chemical analysis”. Ceur workshop proceedings, 2257, pp.1–14.

[9] Porter, J.R., Morgan, J.A. and Johnson, M., 2017. Building automation and IoT as a platform

ACNS Conference Series: Social Sciences and Humanities 2 (2022) 01006 https://doi.org/10.55056/cs-ssh/2/01006

5



for introducing STEM education in K-12. American Society for Engineering Education,

vol. 2017-June. Available from: https://doi.org/10.18260/1-2--27987.

[10] Raza, U., Kulkarni, P. and Sooriyabandara, M., 2017. Low power wide area networks:

An overview. IEEE Communications Surveys Tutorials, 19(2), pp.855–873. Available from:

https://doi.org/10.1109/COMST.2017.2652320.

[11] Rhee, S., Nam, I. and Im, S., 2018. A relationship between scientific key competencies and

achievement standards in physics under the 2015 revised national curriculum of Korea.

New physics: Sae mulli, 68(10), pp.1081–1095. Available from: https://doi.org/10.3938/

NPSM.68.1081.

[12] Sklyar, V., 2017. Vedic Mathematics as Fast Algorithms in Green Computing for Internet

of Things. In: V. Kharchenko, Y. Kondratenko and J. Kacprzyk, eds. Green IT Engineer-

ing: Components, Networks and Systems Implementation. Cham: Springer International

Publishing, pp.3–21. Available from: https://doi.org/10.1007/978-3-319-55595-9_1.

[13] Statista, 2018. Number of IoT devices 2015-2025. Available from: https://www.statista.

com/statistics/471264/iot-number-of-connected-devices-worldwide/.

[14] The Boston Consulting Group/Google, 2017. Mobile Marketing and the New B2B Buyer.

Available from: https://www.thinkwithgoogle.com/marketing-strategies/app-and-mobile/

b2b-search-statistics/.

[15] Yang, G., Xie, L., Mäntysalo, M., Zhou, X., Pang, Z., Xu, L.D., Kao-Walter, S., Chen, Q. and

Zheng, L.R., 2014. A Health-IoT Platform Based on the Integration of Intelligent Packaging,

Unobtrusive Bio-Sensor, and Intelligent Medicine Box. IEEE Transactions on Industrial

Informatics, 10(4), pp.2180–2191. Available from: https://doi.org/10.1109/TII.2014.2307795.

[16] Zhu, Q., Wang, R., Chen, Q., Liu, Y. and Qin, W., 2010. IOT Gateway: BridgingWireless

Sensor Networks into Internet of Things. 2010 IEEE/IFIP International Conference on

Embedded and Ubiquitous Computing. pp.347–352. Available from: https://doi.org/10.1109/

EUC.2010.58.

ACNS Conference Series: Social Sciences and Humanities 2 (2022) 01006 https://doi.org/10.55056/cs-ssh/2/01006

6


