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FORMATION OF PRACTICAL SKILLS IN STUDENTS WITH THE HELP OF
EXPERIMENTAL PROBLEMS IN PHYSICS

S. A. Poletylo*

The article introduces one of the ways to form students' practical skills by solving
experimental problems focused on a specific practical method that can be successfully used to
solve life's cognitive problems. The introduction of the proposed approach was preceded by the
study of the opinions of physics teachers of secondary schools in the Volyn region of Ukraine. The
attitude and wishes of students from the same region to solving experimental problems are
clarified.

The definition of experimental problems is offered as follows: these are the problems with the
data taken from the experiment to obtain a solution.

The solution of experimental problems is considered as a part of educational physical
experiment, which is an essential component of the methodical system of teaching physics, as it
provides the formation of the necessary practical and research skills.

A series of experimental problems that provide the formation of practical skills of students on
the example of educational material devoted to the study of the concept of "density of matter”. A
solution is proposed for each problem. The views of scientists on the problem of using
experimental problems in the practice of physics lessons are reflected; the difficulties that
teachers face when using the mentioned type of tasks are outlined. A study of corresponding
textbooks in recent years on the problem of using experimental problems in the practice of
teaching students is conducted.

Methodical recommendations on the choice of time for solving the given series of experimental
problems, forms of work of students in a modern physics lesson are offered.

Attention is paid to the selection and solution of experimental problems of other educational
material related to the concept of "density of matter”, the place and forms of their solution in the
practice of the lesson are substantiated.

The effectiveness of the proposed approach to solving experimental problems on the basis of
expert evaluation is established.
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educational physical experiment, pedagogical experience.
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P®OPMYBAHHSA ITPAKTHYHHUX YMIHB B YYHIB 3A OIIOMOI'OIO
EKCIIEPHMEHTAABHHX 3AIAY 3 $ISHKH

C. A. IToaeTHAO

Y cmammi npedcmaeneHo 00uH i3 cnocobie hopMYy8aHHS NPAKMUUHUX YMIHb YUHI8 WIJISIXOM
BUPIUEHHS eKCNePUMEHMANbHUX 3a0aU, OPIEHMOBAHUX HA KOHKPEMmHUU NpaKmudHuUuil memoo,
AKUTL MOIXKHA YCNIULHO 8UKOPUCMOB8Y8AMU OJisl GUPIUUEHHST ZKUMIMESUX NIZHABA/IbHUX Npob/iem.
BnposaodokeHHsT 3anponoHO8aH020 NiOXo0y nepeodysasio 6ueUeHHsi OYMOK euumenie @isuxKu
3A2ANbHOOCBIMHIX WKL BoauHcekoi obnacmi Ykpainu. 3°s1co8aHo cmassieHHss ma Nnobar<aHHs
cmyoeHmis 3 moz2o XK pe2ioHy 00 SUPIULEHHSL eKCNePUMEHMAIbHUX 3a0au.

BusHaueHHs1 eKCnepuMeHmMAalbHUX 3a0au NPONOHYEMbCS MAKUM YUHOM: ue mi 3adaui, OaHi
AKUX 8351MI 3 eKcnepumeHmy 0151 OMPUMAHHS PO38°3KY.

Posg’azaHHa exchepumeHmanbHUX 3a0au po32a510aemsbest sk UACMUHA HA8UAIbHO20 (PI3UUHO20
eKxcnepumeHmy, SKull € Op2aHIUHOW CKAA0080H MEMOOUUHOI cucmemu HASUAHHSL (PIBUKU,
ocKinbKu 3abesneuye hopmysaHHs HEOOXIOHUX NPAKMUUHUX YMIHb MaA HASUUOK 00CIONEHHSL.

HasedeHo HU3KY eKcnepumeHmMaibHux 3a0au, wo sabesneuyroms PopMYy8aHHs NPAKMUUHUX
HABUUOK YUHIE HA NpUKAadl HABUALbHO020 MAMEPIany, NPUCBSAUECHO20 BUBUEHHIO NOHSAMMS
"eycmuna peuosuru”. [na KoxKHOI 3adaui NponoHyemsves poss’asor. Poskpumo noansadu eueHux
Ha nNpobsiemy 8UKOPUCMAHHS eKCNepUMEeHMAIbHUX 30044 i NPaKmuyl ypokie (pisuKu; NOMIiUeHL
MpPYOHOWL, 3 SKUMU CMUKAOMbCsL euumesii ni0 uac eUKOPUCMAHHS 3a3HAUeH020 muny 3a0ady.
LocnioxeHo niOpyuHUKU  PIBUKU OCMAHHIX pPOKI8 w000 npobremu  SUKOPUCMAHHSL
eKcnepuMeHmMalbHUX 3a0au Yy NPAKmuiyl Ha8UAHHSL YUHIS.

3anponoHosaHo MemoOuuHi peKomeHOayil ulo00 06pPaHHS UACY HA PO38’°SI3aHHS 3a0aHOol cepii
eKxcnepumeHmanabHux 3aoau, hopmu pobomu YyuHie Ha CYUACHOMY YPOoul hi3uKU.

BeepHymo ysazy Ha 6i06ip ma po36’3aHHS eKCNepuUMeHMAbHUX 3a0au THUL020 HASUAIbHO20
mamepiany, nog’si3aH020 3 NOHAMMSAM '"2ycmuHa peuosuHu”, 06TPYHMOo8aHo Micye ma popmu ix
PO38°’3aHHS 8 NPAKMUUL YPOKY.

BcmaHosneHo ecpexmueHicmo 3anponoHO8aH020 nioxooy 0o DPO38’SI3aHHS
eKcnepumMeHmartbHuUxX 3a0a4 Ha OCHOB8L eKCNepmHOi OUIHKU.

Knrouoei cnoea: 6aszosa wiKonq, CYUACHUlU YpOoK Qi3uKku, NPAKmMuuHi memoou, ¢opmu
HABUAHHSL, HABUANIbHUT PI3UUHUT eKxcnepumeHm, nedazoziuHull 00csio.

Introduction of the issue. The main during the experiment to obtain a
role in the formation of practical skills solution.
of students of secondary schools is Current state of the issue. The
played, according to the current issue of using experimental problems in
program, by educational physical the practice of elementary school
experiment [1: 13]. Thanks to the physics lessons is not new and has
acquired practical skills during the been considered by many scientists.
whole period of study, students will be Similar vision of the possibility of using
able to solve cognitive tasks in later life. experimental problems in physics to
Among the variety of forms of form practical skills is shared by many
implementation of educational physical scientists. Different approaches to the
experiment for the formation of use of these tasks in the practice of
practical skills, a significant role is modern physics lessons have been
played by solving such experimental singled out.
problems, the solution of which According to a group of scientists
requires a specific method that can be (Gaiduchok V.M., Nyzhnyk V.G.,
successfully used to solve life's Kulyk L.O. [2-3]) it is advisable to solve
cognitive problems. Most physics experimental problems during
teachers in the Volyn region agree with laboratory work. The main argument
this conclusion. Experimental problems for this approach is the ability to use
include those, whose data was collected equipment for laboratory work and the
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available time reserve for such lessons.

Other scientists (Ivanenko O.F.,
Makhlay V.P., Bogatyrev O.I. (4],
Goncharenko S.U., Korshak E.V.,
Korshak N.M. [5; 6]) believe that

experimental physics problems should
be used on a par with quantitative and
qualitative problems. In their opinion,
experimental problems are a criterion
for identifying the talents of students in

physics.

Another group of scientists
(Galatyuk Y.M., Rybalko A.V.,
Tyschuk V.I. [7]) proceed from the

position that experimental problems
have the structure of scientific
research, and therefore in addition to
the usual experimental issues (using
specific devices to determine certain
value or prove the fact), it is necessary
to increase the number of experimental
problem-based taks that require a
research approach.

Analysis of 7th grade physics
textbooks of Bozhinova F.Y. elementary
school [8], Korshak E.V. [9],
Serdyuk V.D. [10] showed a steady
increase in the number of experimental
tasks for students, which are of
significant importance for the formation
of practical skills.

Aim of research is to introduce one
of the ways to develop students'
practical skills by solving experimental
problems focused on a specific practical
method that can be successfully used
in adult life.

Results and discussion. Study was
conducted among physics teachers in
the Volyn region and it has confirmed
that experimental tasks occupy a
morminent place among the factors
that ensure the formation of students'
necessary practical skills. The survey
indicated that teachers: 1) occasionally
use experimental problems solving
tasks during the lessons; 2) do not
follow a single approach to the use of
problems of this type in the teaching of
physics. Most often, their use is
reduced to repetition, consolidation and
generalization of the studied aimed at
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developing students' interest, acquiring
skills to use devices, as well as to
assess the quality of acquired
knowledge, etc.; 3)spend too much
time to select this type of task from
different sources; 4)when using
experimental problems focus on the
existing material base; 5)need a
collection of tasks in which this type of
task would be located on the topics of
the current program.

The vast majority of interviewed
students in grades 7-9 of Volyn region
are interested in solving experimental
problems. They note that after solving
such problems, the studied material
becomes more understandable and
memorable for a long time. In addition,
students emphasize the acquisition of
skills that they will need in adulthood.
Students agree that they want to solve
experimental problems more often in
class.

Taking into account the opinions of
teachers and the wishes of students, in
the selection and use of experimental
problems in physics lessons we focus
not on the fact of their use in the
educational process, but on such
exploitation, which forms practical
(emphasized - S.P.) skills needed in
later life and the ability to experiment.
We focus on the disclosure and mastery
of the practical method of cognition; a
method that brings closer to the real
conditions of human life and
encourages the use of physics in a real-
life situation.

Let's illustrate this with an example
of a series of experimental problems
related to the concept of "density of
matter".

Problem No 1 (illustrates a practical
method for determining the
substance of the body). Identify the
metal from which the body is made of.

Equipment. beaker with water,
thread, scales with a set of weights,
textbook.

The solution. If the density of the
metal is known, then the density table
determines which metal it is. The
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density of the metal is found based on
the formula of density:
m
P 14

The mass m of a body is found by
weighing, and its volume V by a beaker.

Problem No 2 (illustrates a practical
method for determining the
substance of a metal wire). Determine
the metal from which the wire is made.

Equipment: a skein of wire; roulette;
student ruler, scales with weights.

The solution. The metal from which
the wire is made is searched using the
density table given in the textbook. The
density of the substance is found as
follows:

m
P 14

The mass of the wire m is found by
weighing the wire, and the volume V is
found as the volume of the cylinder: the
area of the base S is multiplied by the
height of the cylinder {, that is:

V =S5I

It is known that the cylinder is based

on a circle, therefore:

g ud*
4
Residual:
_om
r ald*?

The diameter of the wire d is found
using a ruler, and the length of the wire
{ — with a tape measure.

Problem No 3 (illustrates a practical
method of determining the length of
the wire in the skein, when it is
impossible to unwind the wire).
Determine the length of the copper wire
in the skein without unwinding it.

Equipment:. a skein of copper wire;
scales with weights; calipers.

The solution. If the wire was
unwound, it would have the shape of a
cylinder with height { and area of the
base S. The volume of this cylinder
would be:

V=15
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The mass of the wire m can be
represented by the density p and the
volume V:

m=pV
Given both expressions:
m= plS

The basis of the cylinder is a circle,
so its area is sought as follows:

g Jid
4
After substitution find:
2
m= prd b4
4
where:
/= 4m2
prd

The mass of the skein m is sought by
weighing, the diameter of the wire d is
measured with a caliper.

Problem No 4 (illustrates a practical
method for determining the
thickness of thin plates). Determine
the thickness of the aluminum foil.

Equipment: rectangular aluminum
foil; student line; scales with a set of
weights; textbook.

The solution. The mass of foil m
through the density p and the volume V
is expressed as follows:

m= pV

The volume of the foil is sought as

the volume of the parallelepiped:
V=abh

where a is the length, b is the width,
and h is the thickness of the foil. Take
into account the last expression and
get:

m = pabh
Residual:
p=_"
pab.

The mass of the foil is found by
weighing, the length and width of the
foil is measured with a ruler; the
density of aluminum is sought
according to the table of densities of the
textbook.
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Problem No 5 (illustrates a practical
method of determining the volume of
a vessel). Determine the volume of the
glass.

Equipment: test glass;
weights; water.

The solution. The volume of the glass
V is found through the volume of water
that completely fills the vessel:

mé’
p b

where p is the density of water.

The mass of water m; is found as the
difference between the mass of a glass
of water m; and a glass without water
my, which are sought by weighing:

m, =m, —m,

8

scales with

V =

Problem No 6 (illustrates a practical
method for determining the volume
of the cavity). Determine the volume of
the glass ball cavity.

Equipment: glass ball having a cavity;
scales with weights; beaker with water;
textbook.

The solution. The volume of the
cavity V can be found as the difference
between the volume of the sphere V; (if
there were no cavity) and the volume of
the glass Va:

V=1V,

The volume of the sphere V; is
sought by means of a beaker with
water, and the volume of the glass V,
by weighing (m) and taking into
account the density of the glass (p):

y,="

yo,

The given series of experimental
problems is focused on the formation of
methods that can be successfully used
to solve life's cognitive problems. What
these tasks have in common is that
they focus on material devoted to the
study of the concept of "density of
matter".

In order for each student to master
all the practical methods of this series
of tasks, it is advisable in the next
lesson to solve these problems in
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student groups. The teacher divides the
class into groups of 3-4 students, each
group offers one of the tasks of the
series. The experimental task takes 12-
15 minutes. After the allotted time, the
representatives of the groups report on
the method that they will be able to use
in later life to find a certain value (10
minutes). With this approach, all
students will get acquainted with the
method, saving lesson time to study the
next program topic.

In the further study of the
educational material, experimental
tasks are also wused, focused on

mastering a certain practical method,
including those with a previously
mastered concept (in  particular,
"density of matter"). An example of such
tasks can be the following (follow the
numbering of tasks — S.P.).

Problem No 7 (illustrates a practical
method of determining the volume of
a stone without using a beaker). Find
the volume of the stone.

Equipment:  stone;
vessel with water.

The solution. The stone is weighed
twice: in air (find the mass m;) and in
water (find the mass my). Express the
second mass through the first and find:

1M,

y="
P,

Problem No 8 (illustrates a practical
method for determining the type of
unknown liquid). Determine the type of
liquid.

Equipment: beaker with water; a
glass of water; a glass with an unknown
liquid; ruler; test tube, textbook.

The solution. The test tube is half
filled with water and immersed in a
beaker of water. Record the height of its
immersion h; and the height of the
water column in it hs. Repeat the
experiment with an unknown liquid: it
is poured into a test tube so that the
depth of immersion of the beaker was
also hy. Measure the height of the
column of unknown liquid hs. For both
cases, record the swimming condition:

dynamometer;
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B+PB =g
and
B+ P =pgl,
here Pi, P2, P3 is the weight of the
test tube, the weight of the water in the
test tube, the weight of the unknown
liquid in the test tube, respectively; p -
water density; V; - the volume of water
displaced by the test tube. Solve the
system of equations and find:

P, =P
Or: '
m, =ms
Accordingly: .
PYy =piVs

Take into account the uniformity of
the cross section of the test tube in
both cases, get:

phy = psh, )
From:
Yo,
=h
Ps I, 2

Problem No 9 (illustrates a practical
method for determining the type of
unknown liquid). Determine the type of
liquid.

Equipment: dynamometer; steel
cylinder with hook; a glass with an
unknown liquid; ruler; textbook.

The solution. Using a dynamometer,
weigh the cylinder for the first time in
the air and find its weight P, then - in
the liquid and find its weight P;. For the
second case:

B =P-pgV
where:
_P-p
P oV

There are two ways to find the
volume of a cylinder V. First:

pom_r
P 8P
Second:
2
V =Sh= i h
4
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where p: is the density of steel; d is
the diameter of the cylinder; h is the
height of the cylinder.

Problem No 10 (illustrates a
practical method for determining the
mass of a drop of liquid). Determine
the mass of one drop of water.

Equipment: pipette; a glass of water;
beaker; ruler.

The solution. Drop into the beaker N
drops of water to one of its divisions.
Find the mass of water in the beaker
according to the formula:

m=pV.

The mass of one drop is sought by
dividing the total mass of water in the

beaker by the number of drops: m, = %

Problem No 11 (illustrates a
practical method for determining the
change in fluid level when the body
is immersed in it). Determine to what
level the water in the beaker will rise if
a piece of iron is lowered into it.

Equipment: scales with weights; iron
part; thread; beaker with water,
textbook.

The solution. First find the mass of
the part m, then, according to the table
of densities, the density of iron p. The
volume of iron parts is searched as

follows: V = % .

This is how much the volume of
water in the beaker will change (the
volume of an iron part is expressed in
cubic centimeters). To find out to what
level the water in the beaker will rise,
add the found volume V to the initial
water level in the beaker.

To check the correctness of the
calculation, the iron part is hung on a
string and lowered into a beaker of
water. If the impressions are confirmed,
the task is completed correctly.

Problem No 12 (illustrates a
practical method of comparing the
masses of different bodies). Compare
the masses of two bars: copper and
aluminum.

Equipment: ruler; textbook.

The solution. The masses of each of
the bars are fed through their densities:
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my = piVy , my = p,V,, where p; and p2
are the densities of copper and
aluminum, respectively (found in the
textbook in the table of densities); V;
and V,; - volumes of copper and
aluminum bars (measured with a ruler:
multiply length by width and height),
respectively. After substituting the data,
the masses of the bars are compared.

Problem  No 13 (illustrates a
practical method for determining the
length of the rod in the wood).
Determine the length of the brass rod
that completely occupies the hole
drilled in the wooden bar.

Equipment. a wooden bar with a
brass rod inserted into a blind hole
drilled in it; calipers; Libra; set of
weights.

The solution. The mass of the whole
body can be given as the sum of two
bodies: a wooden bar with a blind hole
m; and a brass rod mo: m = my+ m, .

The mass of wood m; can be
expressed in terms of its density p; and
volume V: my; = p,V = p; (V; - V;), where
V; is the volume of the whole bar, V; is
the volume of the brass rod, which
occupies the volume of the entire blind
hole.

The mass of the brass rod mo>
through the density of brass p> can be
expressed: my = py- V5.

The equation for determining the
mass of the whole body will take the
form: m = py(V; — V,) + pV,, or: m = p;
Vi +p2 Vo (p2 — pa)-

The volume of the bar can be
represented as the product of the
lengths of its three corresponding
edges:V; = a b ¢, and the volume of the
rod due to its diameter d and length {:

2
V2 = % E .
After substitution receive: m = p;-a b

c + id?C (p, — p;), where:
_ 4 (m— p41 abc)

md?(py- p1y
The weight of the whole body is
sought by weighing on scales, the size
of the bar and the diameter of the rod -
with a caliper; the values of the
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densities of wood and brass are taken
from the table of densities. After
substituting all values, find the desired
length of the rod (.

Problem No 14 (illustrates a
practical way to determine the
volume of a metal body of complex
shape). Determine the volume of an
aluminum body of complex shape.

Equipment: body of complex shape;
scales with weights; textbook.

The solution. Weigh the body on the
scales, find the density of aluminum
from the table of densities of the
textbook, and the volume is calculated
by the formula:

v="

p
Problem No 15 (illustrates a
practical method of determining the

volume of a body and finding out its

substance). Find the volume of the
stone and its density.
Equipment. stone; dynamometer;

vessel with water.

The solution. Weigh the stone twice:
in the air, and find its mass m;, and in
water, and find its mass ms. The

volume of the stone will be:
V= m; - mp
[

The density of the stone is found as

follows:
my
P= -

Problem No 16 (illustrates a
practical method for determining
solid matter). Determine the material
from which the part is made.

Equipment.  detail; scales with
weights; beaker with water; textbook.

The solution. Weigh the part on the
scales and find its mass m. Then the
part is immersed in a beaker and find
its volume V. The density of the part is
found by the formula:

p=1.

Problem  No 17 (illustrates a
practical method for determining the
density or type of floating body). Find
the density of a piece of wood.

Equipment: a piece of wood; beaker
with water; thin spitz.
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The solution. To find the mass of a
piece of wood m, it is lowered into a
beaker of water: m = p,- AV, where ps -
water density; AV is the volume of the
submerged (when swimming) part of a
piece of wood.

The density of a piece of wood p is
found by dividing the mass of the tree
m by the total volume of the piece V:

m

Or:

Problem No 18 (illustrates a
practical method for determining the
type of bulk substances). Determine
the density of sand.

Equipment. beaker; test tube; vessel
with water; cup with sand.

The solution. It is assumed that the
same weight of substances in the
beaker will cause the same immersion.
Pour a certain amount of sand, height
h: into the test tube so that it floats,
and record the depth of its immersion.
Pour sand out of the test tube and pour
enough water into the test tube so that
the immersion is to the same division.
The height of the water column in the
test tube will now be hs. Ago: m; = m,.

Since: m = p V, then the last
equation can be written differently: p;
Vi = p, V,, where pi1, p2 — densities of
sand and water, respectively; Vi, Vy —
volumes of sand and water,
respectively.

Take into account the height of the
sand h; and the height of the water h,
in vitro, the last entry will look like: p; S
hy = p; S h,.

Reducing the cross-sectional area S,
get: py hy = p; hy.

From the obtained expression the
required density of sand will be:

P1= P25 -

These tasks can be solved, one by
one (10 minutes), on one of the
following after studying new program
questions, and the rest — on the lesson
of generalization and systematization of
knowledge, which is held at the end of
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the study section. The described
organization of solving experimental
problems in physics is logical, does not
require spare time, allows students to
master a significant number of
necessary practical skills.

Conclusions and research
perspectives. Solving experimental
problems in physics, focused on the
acquisition of practical methods, ensure
the implementation of an important
state task for the formation of students'
necessary practical skills that can be
successfully used in adult life. The
teacher of physics of secondary school
receives tools that allow you to select
from a variety of experimental tasks
that directly form practical methods for
the further life of students. Students
are convinced of the need to solve
experimental problems, because they
can solve many life problems. Students'
interest in the subject of physics will
increase significantly.

For the prospect of further
explorations, we bring a selection of
experimental problems of other topics
of elementary school physics, the
solution of which is based on the
methods necessary for human life and
encourages the wuse of physical
knowledge in life.
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