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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.

Key words: experimental skills, home experiments, experimental problems.
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JOMAIIHI JOCJIIA K 3ACIb POPMYBAHHSA EKCIHIEPUMEHTAJIBHUX
YMIHb YYHIB

Tomognicmb 1l YMiHHSL BPOBOOUMU eKCHEPUMEHMANbHI OOCTIONCEHHS A ONPaAybO8YEamuU 00epICaHi Pe3yIbmamu €
OOHI€I0 13 CKIAO0BUX KOMNemeHmHocmi iHcenepa. Ilepsunni yminHa eKcnepuMeHmysants cmyoenmu nadyeaoms nio
4ac BUKOHAHHS 1AO0PamopHux pobim, 30Kkpema, rabopamopHux pooim 3 Qisuxu. Tpaduyitino 1abopamopri pobomu npo-
800AMbCA Y HABYANLHUX 1AOOPAMOPIAX 3 BUKOPUCTHAHHAM PedlbHO20 001a0HaHHA ma npunadis. OOHAK 3ACMOCY8AHHS
IHGOPMAYITIHO-KOMYHIKAYIUHUX MEXHOL02IU 00380/IUL0 WUPOKO 3aNpO8aA0NCY8amu HOSIMHI hopmu nposooumu 1adopa-
MOPHI 3aHAMMSL 3 GUKOPUCMAHHIM CKPIHKACIUNZY, 0OYUCTIOBAILHO20 eKCNEPUMENNTY, eKCHEPUMENNTY 3 OUCIAHYITIHUM
KepYBAHHAM, GIPMYANIbHO20 eKcnepumenmy abo ix nesHoi xombinayii. Haiibinbwozo nowupenus maxi ¢opmu Habynu
nio wac oucmanyiiinoeo Haguanus. Koocrna 3 popm npogedenns 1a6opamopHux 3ausams mMae ceoi nepesazu i HeOONIKU i
dopmye negui exchepumMeHmamopCoKi YMikHs, CKIA0 AKUX NPOAHALIZ308AHO 8 POOOMI.

Benuxi moorcnusocmi 0nsa nabymms cmyoenmamu eKCnepuUMeHmamopcbKux YMiHb HA0aioms OOMAUHI eKCnepuMeH-
ManbHi 00CAIONCEHHA MA PO36 SA3YBAHHS eKChepUMeHmanvHux 3a0ayd. Ocoonuso akxmyanrbHumMu maxi 3a80anus i 3a0ayi
Cmaioms 8 YM08AX GUMYUIEH020 OUCMAHYINHO20 HABYAHHA, KOAU CMYOEHMU He Maroms 00CMYny 00 PeaibHO20 eKche-
PUMEHMATbHO20 001a0HaHHA ma npuiadis. Lljo npasda, ocmanne € HAUOILUWUM HEOONIKOM OOMAUWHbO2O eKCNEPUMEH-
myeanus. OOHAK 3aCMOCYBAHHI OAMYUKIG, OYOOBAHUX Y CYHACH] CMAPM@POHU CYMMEBO POSUUPIOE KOO OOMAUHIX eKC-
nepumenmie, a no0eKyou 00360J€ BUKOHY8AMU 8600MA MAKi 00CTIONCEHHS, OIS AKUX MO2TO0 O 3HA00OUMUCSA KOUMOGHE,
BUCOKOAKICHE 00NAOHANHA.

Kpim nabymms cmyoenmamu 00cgidy ekcnepumeHmamopcbkoi OisbHOCHIE, OOMAWHI eKCNepUMEHMU CNPUSIOMb PO3-
BUMKY eleMeHMi6 IHHCEHEPHO20 MUCTEHHSL, CKLIbKU OJiL IX npogedenHst Oy8ac HeoOXIOHO we i CKOHCIMPYIO8AU | 8ULOO-
BUMU eKCnepuMeHmanvie obnaonanus. B pobomi nasedeni npuknaou «ekcnepumenmanbuozo oOna0HaHHLY, SIKe MOdCe

Oymu UKOPUCMAHUM OJ151 NPOBEOEHHS OOMAWMHIX 00CNi0i8 aDO OPMYNIOBAHHI YMOBU eKCNEPUMEHMATbHUX 3A0aY.
OnumyeaHnus cmyoeHmis, npogedene Nicis GUKOHAHHA HUMU OOMAWHIX 00CAI0I8 3AC8I0HUULO OOYIIbHICMb 3ACMOC)-
8anHA maxoi hopmu pobomu npu opeanizayii HA8UAILHO20 NPOYeEC).
Knrwouosi cnosa: excnepumenmamopcbKi YMIiHHA, OOMAWHIU eKCHePUMEHTN, eKCNePUMEHMANbHI 3a0aui.

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".
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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
(3abomotanui, [lemkoBa, 2015), (Ky3emenko, 2013),
(Cmrocapenxo, 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
materialsusedintraditional methods ofconducting 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
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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,
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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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6) B)

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; ¢) a derivative of the approximating
function found in https://www.symbolab.com/solver

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

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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