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Purpose. The investigation of the education quality improvement achieved as a result of the introduction of infor-
mation technology into the practical training of rescue workers.

Methodology. The experimental studies were conducted on the basis of a full factorial experiment. The results
were processed using methods of mathematical statistics and regression analysis.

Findings. We have obtained the models determining the impact of the IT-based educational methods, which were
introduced in combination with the traditional methods, on the quality of the rescuers training. The obtained models
have proved the effectiveness of the rescuers training that was based on the use of the innovations together with tradi-
tional technologies.

Originality. For the first time we have obtained the mathematical models that determine the ratio of IT-based
practical exercises and real equipment, and take into account the intellectual potential of students. The models allow
determining the efficiency of the information technology that was integrated into the rescuers’ practical training pro-
cess.

Practical value. The obtained models are intended to determine the effectiveness of the IT-based training of rescu-
ers during its integration into the educational process. The obtained models are being considered the first step in the
development of intelligent algorithm of decision support in the implementation of different information technologies
for training future rescue workers. The results have been introduced in the educational process of the Lviv State Uni-
versity of Life Safety, the network of educational Centers of Civil Protection and Life Safety, and the Main School of
Fire Service in Poland. The results have been realized in the form of electronic applications to three specialized course

books. One of them is recommended by the Ministry of Education and Science of Ukraine.
Keywords: information technology, integration processes, rescuer, training

Introduction. Since the development of Ukrainian
educational system is oriented on integration with the
European, it requires adaptation of its processes to func-
tioning in the environment of a developed economy, in
which the quality of educational product determines the
relevance of an educational institution at the education-
al market. The world’s practice proves that investments
into the educational sphere contribute to the future po-
tential of the society and indicate a high economic and
social level of the country. Unfortunately, current social
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and economic situation in Ukraine is difficult and
causes global resource constraint of educational pro-
cesses. In such conditions the problem of maintenance
of the existing process of European integration of edu-
cational institutions becomes urgent. The rise of nation-
al educational institutions in the European educational
medium is affected by the dynamic economic situation
and requires an innovative approach and introduction of
cutting-edge information technologies.

The conflicts that appear in the educational environ-
ment of Ukrainian institutions are caused by the forced
necessity to maintain quality with dwindling resources.
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The quality of education is linearly proportional to the
resources available. In the situation of lack of resources,
the institutions look for all possible ways to prevent the
educational quality degradation. However, minimiza-
tion of the resources (time, teaching staff, materials,
etc.) naturally results in slow degradation of national
education. The institutions with specific terms of study
under the State Emergency Service of Ukraine (SESU)
are not an exception. It is clear that there must not be
any compromises concerning the quality-to-price ratio
in the training of future rescue workers. But the econo-
my dictates its terms, and there appears the necessity to
develop innovative fundamentally different technologies
of training of future rescue workers, including mine res-
cue teams.

Analysis of recent researches and publications. Many
domestic scientists contributed to the theory and prac-
tice of development of modern IT-based educational
techniques. The paper which was written by Yu. Rak,
V.Skakun, O.Zachko, and T.Rak [1], the authors ex-
plored the ways of development of the educational envi-
ronment and enhancement of the rescue workers’ pro-
fessional training using I'T. The papers of N. Burak, and
Yu. Rak [2, 3] described the study of the educational
medium for the training of future rescuers in an IT tur-
bulent environment. The models of mental space and
informational educational environment for rescuers’
training were the main result of the studies.

The problems of development and implementation
of IT in the educational sphere with the aim of training
of the specialists with civil professions was also studied
comprehensively. For instance, the Scientific Bulletin of
National Mining University has published several pa-
pers that cover the matter under investigation. The pa-
per of Rizun, N. [4] solves the problem of the quality
improvement of the training process of students who
learn Economic Cybernetics through the development
and introduction of the system of diagnostics and con-
trol over the quality of study in a higher educational in-
stitution. The system is based on the complex use of four
fundamentally-new criteria. In the subsequent paper [5]
the author solves the problem of the increase of the ac-
curacy and validity of the methods of diagnostics of the
quality of education through the minimization of the
uncertainty in measurements made in the systems of
man-machine interaction.

The unsolved aspects of the problem. We have a nev-
er-ending list of achievements in solving of educational
problems using I'T. However, the number of such works
that are focused on the rescue workers’ training is quite
small. As a rule, the scientific tasks are being solved
through development and introduction of the I'T-based
methods and study of their efficiency paying no regard
to traditional means and technologies, which were ob-
tained through years of work. Taking into consideration
of the peculiarities of the training process in the institu-
tions with specific conditions of the study, namely the
ministerial educational institutions of SESU [6, 7], the
innovative technologies should be interchanged with
traditional methods of practical training. This is rea-
soned by the fact that future rescue workers will use their
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professional skills in extreme conditions. That is why the
rescue equipment handling must be practiced until it
becomes automatic. The problem of the blatant disre-
gard of traditional methods of training during the intro-
duction of IT-based innovative educational methods
remained unsolved.

Task. Considering the unsolved aspects of the prob-
lem described, we set the main task of the research is to
explore the processes of integration of the information
technology into the practical training of future rescue
workers and to determine the pattern of change of the
education quality achieved as a result of its implementa-
tion. Concerning the scale of the set task and its labor
intensity, the paper describes one of the most compli-
cated processes of combining traditional and innovative
methods of training, the acquirement of skills of han-
dling the water pump of a fire engine and rescue vehicle.

Results. Some results obtained in the previous re-
searches of the problem served as the base for the algo-
rithm of selection of separate phases of educational
projects to be included in a comprehensive educational
program [8]. However, the process of approbation of the
main results revealed slight deflection from theoretical
studies, which led to further work on verification of the
adequacy of the developed models and the validity of
the results obtained. This work was aimed at the im-
provement of the efficiency of integration processes of
the introduction of IT into the practical training of res-
cuers.

The influence of a combination of the I'T-based and
traditional technologies of the students’ training was
studied by the method of the 2*-type full factorial ex-
periment. This type of experiment allowed us to deter-
mine the value of the regression relationship between
the expected education quality (M), number of the
practical trainings of a certain exercise using the IT
methods (7') and real equipment (H), and the intellec-
tual potential of a student who uses the combined tech-
nology of training (Mp), which is defined by the aca-
demic performance in the previous years.

The methodology of the experimental research and
its results were described in the previous publications as
well as the parameters of regression relationship and
their border values. However, some of the basic output
values are presented in Tables 1, 2 for illustration pur-
poses.

Table 1 shows the results of coding the factors
through the converting them into non-dimensional val-
ues since the parameters of the regression relationship
have different dimensions.

Using the methodology of the full factorial experi-
ment, we have built the design matrix of the research,

Table 1
Limit values of the parameters and their dimensions

Factor H, times T, times Mp, points
Level 1 ¥ — | X |X,=7| X, [X,=M,| X,
Higher 6 1.792 6 1.792 | 91.380 | 4.515
Lower 2 0.693 2 0.693 | 50.654 | 3.925
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Table 2

Design matrix of the experimental research and values
of the parameters under review

‘g Factors

Es X, X, X Miyean;

g Z points

s Code | H | Code | T | Code | M,
1 -1 2 -1 2 | -1 |50.65 70.45
2 +1 6 -1 2 | -1 |50.65 78.3
3 -1 2 +1 6 -1 |50.65 771
4 +1 6 +1 6 | -1 [50.65 89.6
5 -1 2 -1 2 | +1 |91.38 70.77
6 +1 6 -1 2| +1 |91.38 80.14
7 -1 2 +1 6 +1 91.38 74.14
8 +1 6 | +1 6 | +1 |91.38 94.86

according to which we have carried out the preliminary
experiments and obtained the relevant values of the pa-
rameter M.

The regression relationship between the values H, T,
Mpand M can be expressed by different response func-
tions. The difference between the variants of expression
consists in the way the independent variable X, is given
and in the coefficients of the regression equation. De-
pending on the obstacles the utilization of a particular
function will give a more unbiased result.

That is why, to prove the validity of the predicted re-
sults, we executed the log-log, log-linear, linear-log,
and linear-linear response functions in sequence.

First, taking into account that the determined fac-
tors that influence the educational process belong to dif-
ferent dimensions, we executed the log-log function.

To fulfill the task at hand, the independent variables

X . were given as non-dimensional values (log-log, log-
linear execution) by the formula
_2:(InX,-InX, ) |

" InX -InX

imax imin

’

In the case when the independent variables X, ; were
given as actual values (linear-log, linear-linear response
functions), the following formula was used
22X -X, X

X( imax imin
‘ Ximax - Ximin

Let us formulate the logarithmic response function
that describes the dependence of the predicted value of
the education quality parameter upon three indepen-
dent factors H, T and M, with coded variables, which
take into account the mutual influence of the factors, as
follows

In M = by + b1X7 + b5X; + b3X5 + b, X1 X5+
+ b3 X1XG + D53 X0X5 + b1 X1 X0X. (1
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The linear model (1) does not require taking the
logarithm of the coefficients b, and the independent
variables X;. Consequently, the log-linear model does
not require taking the logarithm of the coefficients b,.
The linear-log model is realized without taking the log-
arithm of the independent variables X.

The following dependencies allow us to calculate the
coefficients b, and b, taking into account X;,, which is
the code of n-th factor and i-th experiment, the mean
value of the result of i-th experiment under certain val-
ues of the factors M; and the number of the experi-
ments N

1 _ 18 =
b'=—NX, InM; b :—ZXmM,..
N i=1 N i=1

With the equal number of replicated experiments r
(r=2) at each stage of the combination of factors’ levels,
the consistency of the results was verified by the Co-
chran’s Q test. The test considers the ratio of the maxi-
mum value of the dispersion of scattering to the value of
the error mean square. The comparison of the calculated
value and the critical value has proved the hypothesis of
the homogeneity of variance since G=0.214 < G, =0.68.

Student’s t-test was employed to evaluate the rele-
vance of the regression coefficients b,. The results
showed that some of the coefficients are irrelevant.
However, the model that involves only relevant coeffi-
cients does not take into account all the values of inde-
pendent factors, which influence the education quality.
That is why we considered all the coefficients when
switched to the model with actual values.

As the next step, we verified the adequacy of the
model by F-test. The comparison of the calculated value
and the critical value proves that the model (1) is ade-
quate, since F=1.28 < F,.=3.69.

To determine the accuracy of the expression of the ex-
perimental data by the regression equation, we calculated
the multiple correlation coefficient R=0.96. Based on this
we can state that the log-log response function almost
wholly describes the results of the experimental study.

To switch to the model with actual values, we insert-

ed the transform of the independent variables X , into
the model (1) taking into account the regression coeffi-
cients b;. Through the processing of the experimental
results by the regression analysis, we obtained the de-
pendency in the form of log-log function. It allows de-
termining the expected education quality of the future
rescuers who study by the combined training technolo-
gy. The obtained dependence makes it possible to get an
idea of the regularities of the education quality change
gained as a result of the implementation of the IT-based
methods in combination with traditional methods of
training; it can be expressed as follows

M=exp(3.817+0.25 - InH+0.611 - InT+
+0.084 - InMp—0.387 - InH-InT—-0.045-InH - InMp—
-0.141 - InT-InMp+0.108 - InH - In T - In Mp), (2)

where, H is the number of exercises with application of
the real equipment, 7 is the number of exercises with
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application of IT, and M, is the level of the intellectual
potential of a student.

Using the obtained model we have simulated the in-
dex of the practical training quality, when the combined
technology was applied in different ways (Fig. 1).

Then, in order to verify the accuracy of the results
obtained with the help of the log-log response function
in the form of the model (2), we determined the corre-
sponding education quality parameters using the equa-
tions set up in different ways. The log-linear response
function expressed the relationship between the param-
eters under review as follows

M=36.02+20.64-InH+48.67 -InT+6.9 InM,—
-3271-InH-InT-4.13-InH InMp—
—1153-In7T-InMp+9.31 -InH-InT-InMp. (3)

Using the obtained dependence we simulated the
education quality parameter with different ways of exe-
cution of practical exercises in combination (Fig. 2).

Next, we obtained the linear-log response function,
which has the following view

M= exp[4.369+0.078-(%— 2)+

M
+0.054( L2 40,005 223488 |+
2 20.363
roax( A2} (2-2)s
4)

+0.014- E—Z . M, —3.488 |-
2 20.363

—-0.001- Z—2 | Mo —3.488 |+
2 20.363

+0.009- £—2 . Z—2 M, —3.488 ||.
2 2 20.363

Using the model (4), we determined the expected
value of the education quality, when the combined tech-
nology was applied in different ways (Fig. 3).

At last, we obtained the model describing the rela-
tionship between the parameters H, T and Mp as a lin-
ear-linear response function
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Using the model (5), we determined the expected
value of the education quality, when the combined tech-
nology was applied in different ways (Fig. 4).

To use the models (2—5) for prediction of the knowl-
edge and skills of future rescuers, we should assign the
number of cycles of exercises with real equipment and
the IT-based, and take into account the level of student’s
intellectual potential.

The dependency diagrams (Fig. 1—4) sum up the
combined methodology of formation of the professional
competence of rescuers using traditional and IT-based
training methods. The expected quality increases with
the increase of the number cycles of practical exercises.

—3.488J+
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Consequently, when there is a restraint for the educa-
tional process expenditures the introduction of the tech-
nology of combined training appears an option for
maintenance of the education quality.

The comparison of the received results (Fig. 1—4)
showed that the maximum scattering of the expected qual-
ity parameters obtained by different models does not ex-
ceed 3 %. Thus, the verification of the adequacy of the log-
log model by F-test proves the relevance of all the others.

Conclusion. Based on the results obtained we may
conclude that:

1. The analysis of the processes of integration of the
IT into the educational process revealed the problem of
the blatant disregard of traditional training methods,
which is unacceptable in many spheres, namely in res-
cuers’ training.

2. Using the experimental models, we have proved
the efficiency of the combined method of rescuers’
practical training which implies a combination of the
IT-based and traditional techniques. The models re-
ceived are the first step in the development of the deci-
sion support algorithm for the process of integration of
IT into the training of rescue workers.

The results have been introduced in the educational
process of the Lviv State University of Life Safety, the
network of educational Centers of Civil Protection and
Life Safety, and the Main School of Fire Service in Po-
land (Warsaw).
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Hs iHHOBauiiHUX I'T-TexHoIoTii IS IPaKTUYHOI Mif-
TOTOBKM MaliOyTHIX (paxiBIIiB pATYBaJIbHOI c(hepu.

Metomuka. ExcriepyuMeHTalIbHi JOCTIIKEHHS TIPO-
BOAWINCH HA OCHOBI METOMY MOBHO(AKTOPHOIO €KC-
nepuMeHTy. OOpoOJIeHHST pe3ynbTaTiB MpOBeAcHE 3
BUKOPUCTAHHSIM METOAIB MaTeMaTU4YHOI CTaTUCTUKU
Ta perpeciiiHoro aHamisy.

PesyabTaTu. OnepxkaHi Moaesi BUBHAYEHHS BILJIUBY
3anpoBamkeHux IT-oCBITHIX TEXHOMOTIH Ha SKiCh Mi-
TOTOBKM PSITYBaJIbHUKIB 32 YMOBU Pi3HUX OOCSTIB 3a-
CTOCYBaHHS$ Ta MOEAHAHHS i3 KIACUYHUMU METOIAMU
HaBYaHHS. 3a JOIIOMOTOIO Ofep>KaHUX MOJeIei JoBe-
IIleHa rapaHToBaHa e(heKTUBHICTh KOMOIHOBAaHOTO Me-
TOMY MPaKTUYHOI ITiATOTOBKU PSITYBaJbHUKIB, 3aCHO-
BAHOIO Ha CyMiCHOMY BUKOPUCTAaHHI iHHOBALIIMHUX i
KJTACUYHUX TEXHOJIOTIM.

HaykoBa HoBH3HA. YTiepiiie ofepxKaHi MOAei, 1110
BPaxoOBYIOThb CITiBBiTHOILIEHHS MapaMeTpiB KiJbKOCTi
MpaKTUYHUX BiANpalloBaHb BU3HAYEHOI BIIPaBH i3 3a-
JyyeHHsM I'T-TexHosori#l i peaibHOrO yCTaTKyBaHHS,
a TaKOX IHTEJEeKTyaJbHOTO MOTEHIiady CTyIeHTa Ta
3a0€3MeuyIoTh MOXJIUBICTD BU3HAYEHHS €(PEKTUB-
HOCTI iHTerpauiiHux npoteciB [T-TexHosoriit y cuc-
TeMi MPaKTUYHOI MiATOTOBKM (axiBLiB pSATYBaJIbHOL
chepu.

IIpakTruna 3HauMMicTh. Omep:kaHi B poOOTi Moaei
HagaloTh MOXJIMBICTh BU3HAUaTU €(PEKTUBHICTH PO3-
pobaeHux iH(GOPMALITHUX TEXHOJOTI MiArOTOBKU
PSATYBaILHUKIB Y MPOILIECi X iHTerpallii B JOCTiIKyBaHe
OCBITHE CEpeloBUIIIE Ta € MEPIIMM KPOKOM Y PO3po-
0JIeHi KOMITJIEKCHOTO aJIFOPUTMY iHTeJIeKTyaIbHO1 ITi/l-
TPUMKM MPUKAHSTTS pillleHb MiJ yac peajiszalii iHTe-
rpaliiHUX TIPOLECiB  3aMpOBaIKEHHSI OYab-SIKUX
IT-TexHoMOTI A9 MiATOTOBKM MaiOyTHiX (haxiBIliB
pATYBaJIbHUX MiApo3ainiB. Pe3yabTraT poOOTH BIpO-
BaJXKEeHi B HaBUaJIbHUI Tipoliec JIbBIBCbKOIO AepKaB-
HOTO YHiBepCUTETY 0€3IeKH KUTTENISTIbHOCTI, Mepexi
HaBYaJIbHMX ITyHKTIB HAaBYAJTbHO-METOINYHUX IICHTPIB
LUBUIHLHOTO 3aXUCTY Ta 0€3MEKU XKXKUTTEMISILHOCTI, ['0-
JIOBHOI IIKOJIY TIOKEXHOI city>kou Pecriyoniku ITonb-
ma (M. Bapiasa). Po3po06iieHi iHpopMalliiiHi TeXHO-
JIOTil yBIMIIIM Y BUTJISALI €1EKTPOHHUX AOJATKIB JIO
TPHOX CIIelliali30BaHMX HaBYAJIbHUX BUIOAHb, OIHE 3
SIKUX OJIepKaJio peKoMeHallito MiHicTepcTBa OCBITH i
Hayku YKpaiHu.

KmouoBi cioBa: ingpopmauiiini mexnonoeii, inmeepa-
YIlHI npoyecu, Ni020Mo8Ka psmyealbHUKa

I.[e.m;. WccnenoBanue 33KOHOM€DHOCTCI7[ N3MCHC-

HUSI KauecTBa 00pa30BaTeIbHBIX MPOIIECCOB B Pe3yiIhb-
TaTe BHeIpeHusT MHHOBaLMOHHBIX WMT-texHonoruii
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IJIST TIPAKTUIECKOM TTOATOTOBKY OYIYIINX CITeIUAI-
CTOB CITacaTebHOI chephl.

MeToauka. DKCIIEpUMEHTAJIbHBIE MCCICI0BAHUS
MPOBOIMJINCH Ha OCHOBE METOJa MOJHO(MAKTOPHOIO
sKkcriepuMeHTa. O0paboTKa pe3yabTaTOB MPOBeAcHA C
HCIOJIb30BaHMEM METOJ0B MaTeMaTUYeCKO CTaTH-
CTUKM U PErPECCUOHHOTrO aHaIu3a.

Pesyabratbl. [TosydyeHbl Moaeau ajisi orpeaeaeHust
BIUSTHUS BHeApeHHBIX M T-00pa3oBaTeIbHBIX TEXHO-
JIOTUII Ha Ka4eCTBO MOATOTOBKHU criacaTesieil pu pas-
JINYHBIX 00beMaX MMPUMEHEHUS ¥ COYETaHUH C KJTacCH-
YeCKUMU MeTomaMu o0ydeHusI. C ITOMOIIBIO TTOTyIeH-
HBIX MOJICJIeH MoKa3aHa TapaHTHpoBaHHAS 3 (hEKTUB-
HOCTh KOMOWMHHUPOBAHHOTO METOMA IIPAKTUYECKOM
IOATOTOBKY cracaresieil, OCHOBAHHOIO Ha COBMECT-
HOM MCITOJIb30BaHUHU COBPEMEHHBIX MHHOBAIIMOHHBIX
1 KJIACCUYECKUX TEXHOJIOTUIA.

Hayunas HoBu3Ha. BriepBbie moiydeHbl MOIe/ 1, KO-
TOpPbIEC YUUTHIBAIOT COOTHOIIIEHHE apaMeTPOB KOoJye-
CTBa IIPAKTUYECKUX OTPAOOTOK OINPENeIEHHOTO YITpaX-
HeHUd ¢ TpuBiiedeHreM WM T-TexHOMOrnit 1 peaTbHOTro
000pyIOoBaHYsI, a TAKKE MHTEJITIEKTYaJIbHOTO IMTOTEHIIN-
ajia CTyJieHTa U 00eCTeurBaIOT BO3MOXHOCTh OTIpeie-
JieHus 3(pPeKTUBHOCTA UHTETPUPOBAHHBIX MH(MOPMa-
LIMOHHBIX TEXHOJIOTUI B IIpoIIecce MTPaKTUICCKOM IO~
TOTOBKU CITCIIMAIMCTOB CTIacaTeJIbHOM chephl.

IIpakTnyeckasa 3nauynmoctb. [lonyyeHHble B padoTe
MOJIETU TIpeAHa3HaYeHbI 171 oTpeaeaeHus 3 GeKTUB-
HOCTU pa3paboTaHHBIX MH(GOPMALMOHHBIX TEXHOJIO-
ruii o0ydyeHust B Mpoliecce MX MHTerpauuu. Momenu
SIBJISIFOTCSL TIEPBBIM IIIarOM B pa3paboTKe ajJropuTMa
WHTEJJICKTYIbHON TTOMICPXKKHM TPUHATHS pPELICHUIA
NPy peajau3ali WHTeTPAllMOHHBIX IPOIIECCOB BHE-
npeHust moobix UT-texHoaoruit 1jisi moaAroToBKU Oy-
JYIIUX CTICIMAJIMCTOB CracaTeIbHBIX TOApa3IeIeHU.
PesynbTaThl pabOThl BHEApPEeHbI B YYEOHBIM Mpouecc
JIBBOBCKOTO TOCYTAapCTBEHHOTO YHHBEpPCUTETa 0e30-
IMACHOCTU KU3HEAESITCIPHOCTH, CEeTU YYCOHBIX ITyH-
KTOB y4eOHO-METOANYECKUX LIEHTOB I'PaXXIaHCKOM 3a-
LIUTHI U OE30MAaCHOCTU KU3HEeAesITeIbHOCTHU, [ J1aBHOM
LIKOJIBI MoXapHoil c¢iayk0bl Pecnyonuku Ilonbina
(r. Bapmana). PazpaboraHHble MH(GOpPMAaIMOHHbIE TEX-
HOJIOTUM BOILJIM B BUAE 3JEKTPOHHBIX MPUTOXKEHUN B
TPU CIIeLIMAIM3MPOBAHHbIC YUeOHbIC M3IaHNsI, OTHO U3
KOTOPBIX TIOJYYWJIO pPEeKOMeHaalnuio MUHUCTepCTBa
00pa30BaHUs U HAYyKU YKPaUHBI.

KiioueBble cioBa: uH@opmayuonHvie MeEXHOA0UU,
UHMe2PayUOHHble NPOUECChbl, NOO20MOBKA CHACAMEeNs

Pekomendosano 0o nybaikauii dokm. mexH. HAyK
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