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HOME EXPERIMENTS AS A MEANS  
OF FORMING STUDENTS’ EXPERIMENTAL SKILLS

Readiness and the ability to conduct experimental research and analyze the obtained results are integral components 
of an engineer’s competence. Students initially acquire basic experimentation skills while performing laboratory 
work, particularly physics labs. Traditionally, laboratory experiments are conducted in educational laboratories using 
real equipment and instruments. However, the use of information and communication technologies has enabled the 
widespread adoption of innovative methods for conducting laboratory sessions, such as screencasting, computational 
experiments, remote-controlled experiments, virtual experiments, or some combinations. These forms of experimentation 
have gained significant popularity during distance learning. Each form of conducting lab sessions has its advantages and 
disadvantages and contributes to the development of specific experimental skills, which are analyzed in the study.

Students have significant opportunities to acquire experimental skills through home-based experimental research 
and solving experimental tasks. These tasks become especially relevant in the context of forced distance learning when 
students do not have access to real experimental equipment and instruments. But the lack of access to real equipment is 
a major drawback of home-based experimentation. Nevertheless, the use of sensors embedded in modern smartphones 
significantly expands the range of home experiments and sometimes allows students to conduct research at home that 
would otherwise require expensive, high-quality equipment. In addition to students gaining hands-on experience in 
experimental activities, home experiments promote the development of elements of engineering thinking, as sometimes it 
is necessary to design and create experimental equipment for these experiments.
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ДОМАШНІ ДОСЛІДИ ЯК ЗАСІБ ФОРМУВАННЯ ЕКСПЕРИМЕНТАЛЬНИХ 
УМІНЬ УЧНІВ

Готовність й уміння проводити експериментальні дослідження та опрацьовувати одержані результати є 
однією із складових компетентності інженера. Первинні уміння експериментування студенти набувають під 
час виконання лабораторних робіт, зокрема, лабораторних робіт з фізики. Традиційно лабораторні роботи про-
водяться у навчальних лабораторіях з використанням реального обладнання та приладів. Однак застосування 
інформаційно-комунікаційних технологій дозволило широко запроваджувати новітні форми проводити лабора-
торні заняття з використанням скрінкастингу, обчислювального експерименту, експерименту з дистанційним 
керуванням, віртуального експерименту або їх певної комбінації. Найбільшого поширення такі форми набули 
під час дистанційного навчання. Кожна з форм проведення лабораторних занять має свої переваги й недоліки і 
формує певні експериментаторські уміння, склад яких проаналізовано в роботі. 

Великі можливості для набуття студентами експериментаторських умінь надають домашні експеримен-
тальні дослідження та розв’язування експериментальних задач. Особливо актуальними такі завдання і задачі 
стають в умовах вимушеного дистанційного навчання, коли студенти не мають доступу до реального експе-
риментального обладнання та приладів. Що правда, останнє є найбільшим недоліком домашнього експеримен-
тування. Однак застосування датчиків, вбудованих у сучасні смартфони суттєво розширює коло домашніх екс-
периментів, а подекуди дозволяє виконувати вдома такі дослідження, для яких могло б знадобитися коштовне, 
високоякісне обладнання. 

Крім набуття студентами досвіду експериментаторської діяльності, домашні експерименти сприяють роз-
витку елементів інженерного мислення, скільки для їх проведення буває необхідно ще й сконструювати і вигото-
вити експериментальне обладнання. В роботі наведені приклади «експериментального обладнання», яке може 
бути використаним для проведення домашніх дослідів або формулювання умови експериментальних задач. 

Опитування студентів, проведене після виконання ними домашніх дослідів засвідчило доцільність застосу-
вання такої форми роботи при організації навчального процесу. 

Ключові слова: експериментаторські уміння, домашній експеримент, експериментальні задачі.

The Problem Statement. The education of engi- 
neering personnel involves the acquisition of theo- 
retical knowledge by students and the acquisition 
of skills to apply it to solve research problems, as 
defined by industry standards of higher technical 
education (see, for example, the standard of specialty 
142 "Power Engineering") (Standart, 2018).

The forced distance learning in Ukraine has sig-
nificantly affected the ability of technical university 
students to conduct experimental research. Therefore, 
the problem of finding methods and tools that would 
allow students to acquire experimental skills in dis-
tance learning becomes more and more relevant.

Research analysis.  Galatyuk M. Y. (2010) pro-
poses to understand experimental competence as "a 
holistic system education, which consists of a set of 
relevant mental and practical abilities, skills, cognitive 
motives, as well as methodological knowledge and is 
a product of adequate purposeful educational and cog-
nitive activity, the carrier of which is subject of this 
activity (student)". It is also emphasized that "experi-
mental competence is an appropriate way of thinking".

Kurbanbekov B. A. et al (2016) defined the 
experimental research competence of a bachelor 
of science in physics as the ability and willingness 
of an individual to independently and effectively 
conduct experimental research, predict its results, 
and put them into practice.

Atamanchuk P. S. (2019) and Menderetsky V. V. 
(2006) identified such key research skills: "formation 
research goals and objectives; planning of research 
activities; selection and preparation of equipment for 
work; analysis of observations and research; inter-
pretation of the results of the experiment, formulation 
of conclusions at the end of the work". The content 
of the listed skills is revealed in detail in the works 
(Заболотний, Демкова, 2015), (Кузьменко, 2013), 
(Слюсаренко, 2018) et al.

However, educators in many countries report an 
unsatisfactory level of students’ experimental skills. 
Most often, complications arise when planning and 
conducting an experiment (Arnold et al., 2014), 
(Bitzenbauer, Meyn, 2021), (Kurbanbekov et al., 
2016) and analyzing experimental results.
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Teachers try to compensate for gaps in students’ 
experimental skills by creating in their consciousness 
indicative basis for activity. For this purpose, various 
didactic materials are used. Galatyuk M. Y. (2010) 
used a plan for developing an experimental model 
and a guide to conducting pedagogical observations, 
Vorholzer A. et al. (2020) – special instructions, 
Nguyen, V. B. et al. (2019) – "work pages" and some 
others. Despite the differences in names and forms, 
all these materials resemble, to some extent, teaching 
materials used in traditional methods of conducting lab-
oratory sessions in universities. Of course, on the one 
hand, such materials facilitate the accelerated acquisi-
tion of experimental skills by students, but on the other 
hand, they limit their independence and initiative.

The aim of the research is to analyze the possibil-
ities of home experiments in the formation of experi-
mental skills of higher education students and to 
compare them with the possibilities of other forms of 
organization of students’ experimental activities in the 
formation of components of experimental competence.

Results and discussion. 
The main material presentation. Any skill that 

a person acquires by performing the corresponding 
activity independently. According to higher educa-
tion curricula, first-year students acquire their experi-
mental skills in the study of physics by completing 
laboratory assignments on campus. However, stu-
dents can also develop these skills by conducting 
experiments at home. This is especially important for 
distance learning.

In laboratory work students study some phe-
nomena’s, objects or their properties by conducting 
experiments using instruments, technical devices, 
and special educational equipment.

The value of laboratory work as a teaching method 
lies in "its ability to bridge the gap between theory 
and practice, to train students in research methods 
under natural conditions, to develop skills in the use 
of equipment, to teach them how to process measure-
ment results and draw correct scientific conclusions" 
(Fitsula, 2006: 109).

During the lab session "...under the guidance of 
a teacher, a student conducts natural or simulated 
experiments, or experiments designed to confirm cer-
tain theoretical principles of a particular academic 
discipline, acquires practical skills in working with 
laboratory equipment, apparatus, computer equip-
ment, measuring equipment, experimental research 
methods" (Fitsula, 2006: 142). The laboratory method 
of teaching is quite complicated, it requires the use of 
special equipment and the careful preparation of both 
the teacher and the students. However, with the use of 
Bring Your Own Device (BYOD) technology, some 

science lab work may not require specialized equip-
ment (Zdeshchyts & Zdeshchyts, 2022).

The methodology for conducting laboratory ses-
sions in a teaching laboratory (natural experiment) 
is well established. Students typically begin by 
independently studying the methodological instruc-
tions, which include the objectives of the work, its 
theoretical underpinnings, descriptions of laboratory 
equipment, the sequence of measurements and data 
analysis, and the tasks to be completed. As a result, 
the methodological instructions provide a fairly rigid 
framework for experimental activities, often not 
allowing much room for students to plan experiments 
or select equipment.

In addition to labs where students work with real 
equipment, teaching can also be done using demon-
strative, computational, and interactive comput-
er-based experiments. These methods have become 
widely used in moving to distance learning.

Demonstration experiments are most commonly 
used during lectures to provide visual representations 
of physical laws and their consequences. However, in 
the conditions of distance learning, such experiments 
in the form of screen casting have gained signifi-
cant popularity as a substitute for a real experiment 
(Suhonen & Tiili, 2021), (Kalenik, 2020). In this 
method, the teacher shows a video with a real experi-
ment, and the students record the data, process them 
and draw up the results. When using this method, the 
teacher shows a video of a real experiment, and the 
students record the data, process it, and write up the 
results. The obvious disadvantages of this method 
are the inability of students to select devices, plan an 
experiment, and work directly with the devices, i.e., 
the student acts as an observer and learns only to pro-
cess and document the results of the experiment.

Computational experiment (Isychko, 2012), 
involves performing calculations according to the 
mathematical model of a physical phenomenon or 
object, and, if necessary, constructing graphs. Based 
on the results obtained, students draw conclusions 
about the course of the physical process, or the prop-
erties of the object of study. This form of laboratory 
training does not involve the use of instruments, 
measurements, and often the processing of experi-
mental data. This means that a significant part of the 
experimental skills are not formed. It is most appro-
priate to use this form of organization of laboratory 
classes when their purpose is to analyze the conse-
quences of physical laws by students.

An interactive computer experiment involves con-
ducting experiments without direct contact of the stu-
dent with the experimental setup, or in the complete 
absence of the setup. In the first case, students have 
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remote access to the equipment, while in the second 
case, they manipulate a computer model (simulator) 
of real experimental equipment. The latter type of 
experiment is often referred to as a virtual lab.

When using remote access, students see on-screen 
images of the controls and monitoring elements. The 
real equipment is located in the lab and is accessed 
through a computer network. Under these conditions, 
the experiment’s planning is limited by the capabil-
ities of the software that facilitates the comput-
er-to-equipment connection. Students do not have the 
opportunity to select equipment, and they do not work 
with it in a hands-on manner. It should be noted that 
most laboratory work in the general physics course 
does not provide for remote access, and this form of 
teaching is most often used in advanced courses in the 
study of special disciplines.

A computer simulator is a form of computer 
experiment. In this form, the computer reproduces 
the appearance of real laboratory equipment on the 
screen and, according to the mathematical model 
of physical laws, reacts to the researcher’s actions 
(changes instrument readings, moves objects, etc.). 
Such works can be classified as simulators (Podlasov, 
Matviychuk, 2023). Also, when using them, students 
cannot design the experiment and select the equip-
ment, as all of this is embedded in the program code 
that implements the simulator. Nevertheless, Masril 
et al (2019) concluded that students’ experimental 
competence is significantly improved when using vir-
tual laboratories. Moreover, Usman M. et al (2021) 
believes that computer simulations can completely 
replace real laboratory work. However, as Saltykova 
& Zavrazhna (2020) emphasized, in the absence of 
real actions, students do not develop the ability to 
work with real equipment, the ability to assess the 
influence of external factors on the results of meas-
urements. Other researchers express a similar opin-
ion, believing that virtual laboratory experiments 
offer significant advantages over real ones only when 
studying phenomena that cannot be directly observed.

A full-scale home experiment provides much 
more opportunity for the development of experi-
mental skills, especially in distance learning. To 
conduct these experiments, students independently 
select and, if necessary, construct equipment, prepare 
the research plan, analyze and process experimental 
results, and draw conclusions. Of course, in case of 
complications, the student can turn to the tutor, but 
the tutor only gives advice, the final decision remains 
with the student. Thus, when performing the tasks 
of the home experiment, the student’s personality 
develops, his/her perseverance in achieving the goal, 
showing attention to the "details" of the experiment, 

accumulating experience of cognitive and performing 
activities, elements of not only experimental but also 
research competence are formed (Holovan, Yatsenko, 
2012), engineering thinking develops.

Certainly, the available equipment and "meas-
uring instruments" limit the possibilities of home 
experiments. However, using a modern smartphone 
allows you to perform a wide range of different meas-
urements, thanks to the presence of a stopwatch, the 
possibility of video recording and built-in sensors, 
whose signals are used to measure such quantities as 
acceleration, magnetic field induction, light bright-
ness, sound intensity and others. Freely available 
applications PhyPhox, Physics ToolBox Suite, and 
Lab4U convert sensor signals into a data set that can 
be transferred to a remote computer in MS Excel 
spreadsheet format for further processing. The Phy-
Phox website (https://phyphox.org/, https://phyphox.
org/topic/tools/) provides numerous examples of 
experiments that can be used as the basis for home 
research and experimental problems for students. In 
the first case, students explore the consequences of 
physical laws, and in the second, they use the data 
obtained in the experiment to determine the quantities 
sought by the problem condition.

Here are some examples of home research.
Example 1 is analogous to the well-known labora-

tory work to determine the CP/CV ratio of air based 
on the results of measuring sound velocity.

For this investigation, students should have two 
smartphones and make coaxial cylinders with the 
small holes in the closed ends of each them (Fig. 1a). 

Cylinders are easy to make out of a cardboard 
box under the flakes. The length of such a "resonance 
box" can be changed by moving the tubes relative to 
each other. A sound emitting smartphone is placed 
near the end of one cylinder and a sound receiving 
smartphone is placed near the other. By moving the 
cylinders relative to each other, it is necessary to 
determine the distance between the holes that corres-
ponds to the maximum sound amplitude. The ratio of 
molar heat capacities can be found from calculated 
sound velocity.

To conduct such an experiment, the student must 
be able to create a plan, build equipment, select and 
use measuring instruments correctly, and also to use 
mathematical software packages for data analysis, 
such as MS Excel (or others). (Figure 1b). Further-
more, it is desirable to use a program to determine the 
maximum of the approximation function (Fig. 1c), for 
example Symbolab (the derivative graph constructed 
by the Symbolab program allows the student to esti-
mate the possible error in determining the resonant 
frequency, hence the CP/CV error). According to the 
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results of the study, the student must write a report 
and prepare to defend the research results.

Example 2 is an analog of a laboratory experiment 
to study the plane motion of a rigid body using a Max-
well’s pendulum. In this case, a hollow metal serves as 
the pendulum and a pencil act as the axis. The moment 
of inertia of such a "pendulum" is calculated from the 
time dependence of its fall on the distance traveled. 
At home, the easiest way to obtain such a depend-
ence is to record the movement of the "pendulum" on 
video and use the Tracker motion analysis program  
(https://physlets.org/tracker/) as shown in Fig. 2.

The same experiment can be the basis of the 
experimental problem of determining the moment 
of inertia of the "pendulum" by the known accelera-
tion of the movement of its axis. Some other possible 
experimental problems are mentioned in our work  
(Podlasov S. et al, 2023).

Regardless of the form of the task for 
conducting the necessary experiment, the 
student must prepare a plan of the experi-
ment, select or fabricate the necessary 
equipment, perform the planned measure-
ments, process and analyze the obtained 
results and draw conclusions about their 
reliability. The only difference is that in the 
case of a laboratory experiment, a report of 
the work must be written, while in the case 
of an experimental problem, its solution 
should be presented.

Despite the advantages of home experi-
ments for developing experimental skills, 
they also have some disadvantages. The 
most important of these is the limited 
capabilities of the "research" equipment, 
which does not allow for complex experi-
ments. In educational laboratories, students 
have the opportunity to work with modern 

а)        б)      в) 

Fig. 1. Home experiment to determine the speed of sound
a) experimental "equipment"; b) dependence of sound wave amplitude of fixed  

frequency on tube length – MS Exel approximation; c) a derivative of the approximating 
function found in https://www.symbolab.com/solver

instruments and equipment, that are not available to 
them at home. Furthermore, while experiments in 
an educational laboratory are typically performed 
by all students within a predetermined time frame 
and with pre-prepared equipment, the home experi-
ment requires much more effort and time and is to 
somewhat similar to inventive activity. For this rea-
son, not all students are willing and able to conduct 
experiments at home. According to our data, despite 
the prospect of extra credit, only 25% to 60% of stu-
dents in different groups perform such experiments.

In the spring semester of the year 2022/23 we 
offered the students of specialty 143 of the Insti-
tute of Thermal and Atomic Energy of NTUU "KPI 
named after I. Sikorsky" to solve at home the experi-
mental problems on the topic of damped mech-
anical vibrations using the application Phyphox 
(Podlasov  S. et al, 2023), also electrical damping 

 Fig. 2. Application of the Tracker application for analysis  
of Maxwell’s "pendulum" movement
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oscillations and transient processes in an electrical 
RC circuit using the program Falstad electrical cir-
cuit modeling. After completing the assigned tasks, 
the students were surveyed. Fig.  3 shows the dis-
tribution of responses to two key questions: "1) 
Do you find it useful to solve experimental prob-
lems useful to understand theoretical concepts?" 
(Fig. 3a); "2) Do you consider it worthwhile to use 
experimental problems in the study of physics?" 
(Figure 3b). From the distribution of responses, 
it is clear that despite the complexities associated 
with the need to create "experimental equipment", 

students unanimously agree with the usefulness of 
using experimental problems.

Conclusion. Comparison of students’ activities 
in carrying out home experiments and labs with the 
use of various means shows that despite the lim-
itations associated with the used equipment and 
devices, the most complete experimental skills of 
students are formed in the independent experimen-
tation at home. Moreover, another important con-
sequence of students’ independent home experi-
ments is the development of engineering thinking 
in future professionals.
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а)                                                                                           б)

Fig. 3. Distribution of answers of students about usefulness and feasibility of applying experimental  
problems in the study of physics
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