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The Programme for Experimental Research into High School Students’
Competence in Physics and Mathematics for Technical University Studies

The article presents the logic of an experimental study of the level of physico-
mathematical training of senior pupils for their studies at an engineering university.
The hypothesis, stages, tasks, and methods of the study have been defined. The
formation of a selection and of the entire assembly as well as that of the experimental
basis of the research has been described. The scientific literature concerning the
methodological principles of conducting empiric educational research has been
analyzed; the type of the designed educational experiment has been defined. The set-
up, recital, formation, and analysis stages of experimental research have been
described and their connection with the tasks and techniques of the research has been
shown. The program has been characterized of an educational experiment aimed to
determine the effectiveness of a didactic model based on a proprietary complex
methodological support of pre-university physico-mathematical training of senior
pupils. The article justifies the criteria (goal-oriented, motivational, cognitive,
pragmatist, reflexive, and efficiency-oriented) ta levels (high, medium, low) of
empiric research results in accordance with the designed components of physico-
mathematical training of senior pupils for their studies at an engineering university.
Prospects for the introduction of the designed program of an educational experiment
into the process of pre-university physico-mathematical training of senior pupils have
been defined.

Key words: educational experiment, empiric study, a programme for studying
the level of physico-mathematical training of senior pupils for their studies at an
engineering university.

The significance of the research. Using the pedagogical experiment to study
the high school students’ level of competence in Physics and Maths for Tech
University studies allows: to explore the existence and nature of the correlations

between the components of the process under research (target, motivational,



cognitive, activity, reflective, effective); to identify the aspects of pre-university
training of high school students for Tech University studies; to establish the
quantitative and qualitative performance indicators subject to pedagogical
transformations being made (teaching model of Pre-University Physics and
Mathematics training that is built on the author's complex scientific and
methodological support).

The survey of scientific literature proves that the experiment as the scientific
method 1s aimed at changing the experimental phenomenon under certain conditions
[2, p. 157] to test with experiment the identity of theoretical assumptions [8] by
introducing innovations in the educational process to get its higher results on the next
test and assessment [4]. The survey of works on the methodology of scientific
research (S. U. Goncharenko [1], A.E.Konvers’kyi [7]. V. A.Kushnir [6],
V. S.Kurylo and E. M. Hrykov [4], etc.) allows to structure the program for
experimental research of high school students’ level of Physics and Maths
competence for training at Tech University as a set of the following components:
purpose, hypothesis, objectives, stages, methods, general totality, selection totality,
research facilities, diagnostic tools. Thus, the objective of the article is to define the
characteristics of the program structural components of the pedagogical experiment
that is aimed at identifying the effectiveness of teaching models for Physics and
Maths training at high school for Tech University studies.

Determination of the structural components of the research program allows to
implement the basic requirements for the pedagogical experiment: the homogeneity
of the objects of the research, focus on quantitative measurement of the parameters
under research, reproducibility of the research results, searching common relations
between the dependent and fixed parameters [4].

The body of major structural components and relations between them is

illustrated in Fig. 1.



Objectives Stages Methods

On the Dbasis of theoretical and| Organizational — the development of the | Analytic-synthetic, structural and
methodological analysis to develop | research program functional, = development,  planning,
criteria and levels for Physics and Maths documents review

training at high school for High Tech

University  studies; to define the

experimental and selection totality, its

research facilities; provide relevant

diagnostic tools.

Define the present state of high school | Identifying - the study of the present state | Monitoring, questioning, testing,
students’ competence in Physics and | of the process documents review, expert assessment
Maths for Tech University studies, to

form the experimental and control group

of students to be tested

Implement the teaching model and its | Modelling — the implementation of the | Coordination, modelling, supervision,

components into a process of high school
students’ pre-university Physics and
Maths training

transformation model

activity organization, content analysis

Hold a second diagnosis of high school
students’ pre-university competence in
Physics and Maths; compare and analyze
the results in the experimental and control
groups.

Analytical — the determination of the
model effectiveness |

Quantitative and qualitative analysis,
comparison, statistical methods

Fig. 1. The program for experimental research into high school students’ competence in Physics and Maths for Tech University

studies.




As shown in Fig. 1., the purpose of the pedagogical experiment is aimed at
testing the hypothesis of the research — a high level of high school students’
competence in Physics and Maths for Tech University studies is provided by the
implementation of some teaching models that include:

* using an integrated, activity, competence, learner-centered approach as a
methodological basis for Physics and Maths training at high school for Tech
University studies;

* analysis of the teaching principles and approaches for Physics and Maths
training at high school for Tech University studies;

The purpose of the experiment: to study how effective is the impact of a
teaching model of Pre-University Physics and Maths training of high school students
for Tech University studies.

Hypothesis: the high level of students’ competence in Physics and Maths for
Tech University studies is provided by the introduction of some teaching models:

» implementation of the logical and structural approach to the problem of the
quality of high school students’ pre-university Physics and Maths training;

» development and implementation of the author's complex scientific and
methodological support of high school students’ pre-university Physics and Maths
training for Tech University studies.

The purpose of the article is achieved by step-by-step implementation of
complex interdependent stages and relevant experimental research objectives:
organizational, identifying, formal, analytical.

The organizational stage is aimed at theoretical study and practical
development of the experiment program by studying the basic categories and its
methodological principles, the formulation of experimental hypothesis and methods
of its assessment; development of criteria and levels for Physics and Maths training
at high school for High Tech University studies; the experimental and selection
totality, its research facilities; provide relevant diagnostic tools. the development of
diagnostic tools for pre-university training of high school students; the organization

of scientific cooperation with the experiment participants (scientific- teaching staff of



High Tech Universities of Ukraine, high school students), their readiness to the
experimental work. This stage implements the first objective of the experimental
work: on the basis of theoretical and methodological search results to justify the
criteria and levels of Physics and Maths training of high school students for Tech
University studies; to define the general and selection totality; provide relevant
diagnostic tools.

The organizational stage is aimed at theoretical study and practical
development of the experiment program by studying the basic categories and its
methodological principles, the formulation of experimental hypothesis and methods
of its assessment; development of criteria and levels for Physics and Maths training
at high school for High Tech University studies; the experimental and selection
totality, its research facilities; provide relevant diagnostic tools. the development of
diagnostic tools for pre-university training of high school students; the organization
of scientific cooperation with the experiment participants (scientific- teaching staff of
High Tech Universities of Ukraine, high school students), their readiness to the
experimental work. This stage implements the first objective of the experimental
work: on the basis of theoretical and methodological search results to justify the
criteria and levels of Physics and Maths training of high school students for Tech
University studies; to define the general and selection totality; provide relevant
diagnostic tools.

The identifying stage is aimed at identifying the present state of the process and
results of Physics and Maths training of high school students for Tech University
studies; it involves monitoring of the academic progress of high school students in
Maths and Physics and psycho-educational assessment of subjective factors of the
process under research; testing the pre-university competence in Physics and Maths
and streaming the results into equal control and experimental groups. Therefore, the
second task of the experiment is formulated as the following: to define the present
state of high school students’ competence in Physics and Maths for Tech University

studies; to form the experimental and control group of students to be tested.



The modeling stage involves design and implementation of the didactic model
of pre-university training of high school students in physics and mathematics for
technical university; design and use of complex scientific and methodological
materials in the process of training in physics and mathematics in experimental
groups; development of the tasks of different types to use in training of high school
studentsin physics and mathematics; experimental testing of pedagogical support of
pre-university training of high school students in physics and mathematics for
technical university; defining the elements of the training process that need
improvement. Training manuals and textbooks (i.e. in mathematics — 20, in physics —
14, 6 of them recommended by the Ministry of education and science of Ukraine)
were developed by the author, based on the above mentioned scientific concept of the
scientific and methodological complex of training in physics and mathematics.

So, the forming stage of the experimental work is aimed at controlling the
effectiveness of the model of pre-university training of high school students in
physics and mathematics for technical university. It defines the necessity of the
implementation of the complex of scientific and methodological materials and
pedagogical support as the main elements of the didactic model. Abovementioned
correlates with the third task of the experiment: implement the didactic model into the
process of pre-university training of high school students in physics and mathematics
for technical university.

The analytical stage is targeted at qualitative and quantitative comparison of
the results of secondary diagnostic control test of the level of knowledge of the
students in experimental and control groups; control of the effectiveness of the model
of pre- university training of the high school students in physics and mathematics
including didactic materials developed by the author; having seminars and instruction
meetings on the results of experimental work; systematization and scientific analysis
of the results of the experiment, statistical analysis and summarizing, preparing a
monograph, introducing obtained scientific achievements at the institutes (faculties)
of the pre-university training. At this stage the main results and conclusions

confirming the hypothesis were drawn.



The analytical stage realizes the forth experimental task: conduct secondary
diagnostics of the level of pre-university preparation; compare and analyze the results
at experimental and control groups.

The credibility of the results of the experiment is provided by the number of
cognitive procedures, which makeup the defined stages of scientific research. This is
provided by the validity of choice of control and experimental groups as well as by
the reliability of the methods of statistical selection of the experiment along with the
validity of the diagnostic tools.

The investigation of the effectiveness of the designed didactic model of pre-
university training of high school students in physics and mathematics for technical
university is provided by means of monitoring of the results of pre-university training
in physics and mathematics in the experimental groups, and comparison of the
achieved results with the results in the control groups.

To define control and experimental groups it is necessary to form the
experimental research base along with general and selected populations of the
research.

The experimental research base included the Institute of Preparatory Training
of the National Aviation University; the Pre-enrolment Training Center of the
V. N. Karazin Kharkiv National University; the Faculty of Pre-University Training of
the National University of Food Technologies; The Faculty of Preparatory Training
of the LuhanskTaras Shevchenko National University.

General population of the research unites students of high school, who are
taking the preparatory courses at technical university (institutes of pre-university
study, pre-enrollment courses, faculties of pre-university (pre-enrollment) education,
centers).

Selected population of the research unites students of high school, who are
taking the preparatory courses at the universities of the defined experimental base. In
order to provide the representation of the results of the experimental work the volume
of selected population is calculated with confidence probability of 99%, which must

comprise 900 to 1406 respondents [5, P. 46]. In our case it is 1650 students.



The classification of the experimental researches by V. D. Melash [3], allows
to define the pedagogical experiment on defining the level of pre-university
preparation in physics and mathematics as artificial (by the method of forming the
conditions), converting(by the purpose of the research—improvement of the level of
pre-university preparation of students in physics and mathematics), complex(as per
the structure of the process—pre-university preparation), multivariate(by the number
of factors influencing the study process - both external and internal).

Accordingly, the experimental factor is the implementation of didactic model
of pre-university training of high school students in physics and mathematics for
technical university (which was theoretically proved in chapter 3) — viewing it as an
independent value which is implemented and controlled in order to confirm the
hypothesis -in other words if the model influences the level of preparation of students
(is the dependent variable).

Defined independent and dependent variables are the categories of the analysis
in the designed pedagogical experiment, for that reason shown as the empirical
parameters, which call for the appropriate methods of investigation.

At pic. 1. You can see that the selected methods of investigation are defined by
the content and purpose of each stage of experimental work. The whole set of general
and special methods of experimental work can be divided into theoretical, empirical
and mathematical.

The theoretical methods of scientific cognition (analytic-synthetic and
structural-functional ones, simulation, design, comparison, quantitative and
qualitative analyses) allowed to present the investigated process of pre-university
Physics and Mathematics high school students training in a consistent manner; to
determine its structural components, impact factors and their reflection in the
psychological and educational literature; to substantiate the theoretical and
methodological approaches and the concept of the complex scientific-methodological
support; to abstract and classify the initial positions and the results of the
investigation; to simulate the investigated process in theory and construct a didactic

model of the physical-mathematical training of high school students prior to



Technical University studies; to justify the author’s complex scientific-
methodological support of the investigated process.

The empirical methods of cognition (experiment, monitoring, study of
documents, questionnaire survey, testing, expert evaluation, observation, content
analysis) were aimed at proving the efficiency of using the didactic model of the pre-
university Physics and Mathematics training of high school students prior to
Technical University studies; determining the current state of pre-university Physics
and Mathematics preparation for studying by various components (target, motivation,
cognition, activity, reflexiveness, effectiveness); studying the quality of the
educational process in the institutes (departments) of pre-university training
(education).

The mathematical methods (the methods of mathematical statistics: F-test - the
Fischer angular transformation, O — the signs test) were used to transfer the
observation results into quantitative values and check their certainty and reliability.

In addition a group of organmizational methods - planning, coordination,
organizing the investigation participants’ activities was used to prepare and carry out
the experiment.

A criterion in the scientific literature means basis for assessment, definition or
classification of the investigated phenomena, processes or systems. That is, the
criterion in the pedagogical experiment performs the qualimetric function of transfer
of the qualitative features of the investigation into quantitative data. That is, the
criteria can be considered as quantitative models of quality components of the
phenomenon under investigation; projecting this idea on the problem field of our
investigation, the criteria of physical and mathematical training level of high school
students for Technical University studies are the quantitative display of qualitative
results of the structure analysis of pre-university Physics and Mathematics training,
1. e.its components (target, motivation, cognition, activity, reflexiveness and
effectiveness). Conducting the system analysis the researcher is required to maximize
similarity (consistency) of the criteria and components of the phenomenon under

investigation. The difference in the components and criteria is that the former reflect



qualitative (nominal, simulated) characteristics of the process under investigation,
and the latter — quantitative ones (empirical, experimental) [9]. According to the
projected structure of the pre-university Physics and Mathematics training of high
school students, we chose the investigation criteria of target, motivation, cognition,
activity, reflexiveness and effectiveness for experimental work.

The specified level system of the experiment results evaluation involves the
characteristic of criteria (target, motivation, cognition, activity, reflexiveness and
effectiveness) and pre-university levels of Physics and Mathematics training of high
school students (low, medium and high).

The low level of Physics and Mathematics training of high school students for
Technical University studies in accordance with its components is characterized by:
the lack of conscious goals for successful learning in the technical field; reproductive
nature of cognitive activity; immature independent learning activity of high school
students; their immature cognitive needs studying Physics and Mathematics; low
level of learning achievements in the education system “CEI (comprehensive
educational institutions) — pre-university training — HTEI (higher technical
educational institutions)”, lack of extracurricular educational activity; disadaptation
to HTEI educational environment; conviction in the lack of gift for Physics and
Mathematics.

The medium level of Physics and Mathematics training of high school students
for Technical University studies is characterized by the: unstable nature of cognitive
purposes of high school students for further Technical University studies; lack of
desire for self-actualization while preparing for studying; lack of focus on the
development of interests in the study of Physics and Mathematics; predominance of
motivation to avoid failure in education; average level of learning achievements in
education “CEI - pre-university training — HTEI”; situational nature of participation
in extracurricular activities; adaptation to the process of pre-university preparation;
lack of confidence in personal gift for Physics and Mathematics and its development.

The high level of Physics and Mathematics training of high school students for

Technical University studies is characterized by: realism and awareness of objectives



for acquisition of a technical profession; value attitude to learning activities;
creativity and autonomy in cognitive activity; focus on the development of physical
and mathematical interests; prevalence of success achievement motivation in
learning; high level of academic performance in the education system “CEI — pre-
university training — HTEI”; extra-curricular activity and creativity; adaptation to the
process of professional training; awareness of personal physical and mathematical
abilities and ways of their further development; high performance of final evaluation
in the process of pre-university training.

In general, the credibility of the pedagogical experiment results is provided by
sufficient sampling; choice of assessment of knowledge and skills in Physics and
Mathematics as a main indicator of experimental work; taking into account subjective
and objective factors influencing the process of pre-university training of high school
students; recurrence and duration of diagnostic surveys; using the methods of
mathematical statistics to verify the reliability of obtained quantitative data.

Thus, we have described the pedagogical experiment program in order to show
impact effectiveness of the didactic model which is based on the author's complex
scientific and methodological support to the process of pre-university Physics and
Mathematics training of high school students for Technical University studies. The
purpose, hypothesis, objectives, stages, methods of experimental work have been
substantiated; the construction process of the general and sampling frame and the
experimental database of the research has been described. Based on the theoretically
substantiated components of Physics and Mathematics training of high school
students for Technical University studies (target, motivation, cognition, activity,
reflexiveness and effectiveness) and corresponding criteria, the three levels of such
training outcomes(high, medium and low) have been designed. The prospects
for further research are determined as experimental verification of the developed
didactic model of Physics and Mathematics training of high school students for
Technical University studies; definition of the effectiveness of the proposed
educational transformations; approbation of the author’s complex scientific-

methodological support of pre-university Physics and Mathematics preparation of



high school students; reproduction of effective practices of pre-university training in

scientific and methodological literature.
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Mypanosa H. IL.

[Iporpama eKkCHepUMEHTAIBHOTO IOCIIKCHHS pPIBHSA (DI3MKO-MAaTeMaTHYHOT
MIJTOTOBKU CTAPUIOKIACHUKIB /10 HABYAHHS B TEXHIYHOMY YHIBEPCUTETI1

VY crarTi npeacTaBlieHO JIOTIKY €KCIEPUMEHTAIbHOTO JOCHIIKEHHS PIBHS
($13UKO-MaTeMaTUYHOI MIJATOTOBKH CTapIIOKIACHUKIB O HABYAHHS B TEXHIYHOMY
YHIBEpCUTETI — BHU3HAYEHO MOro TINOTe3y, €TanM, 3aBJaHHS, METOJIM;, OMHCAHO
npoiiec MoOYy/I0BH T€HEPATbHOI Ta BUOIPKOBOI CYKYIMHOCTEW Ta €KCIEPUMEHTAIBHOT
0a3u pocnikeHHd. [IpeacTaBneHo pe3ysbTaTv aHajdi3y HAayKOBOI JIITEPATypH MIOI0
METOJIOJIOTIYHUX 3acajJl TMPOBEACHHS EMITPUYHUX TI€IaroriyHuX JOCIIKCHb;
BU3HAYCHO THIN CIPOCKTOBAHOTO IMEJAroriYHOr0  ekcmepuMeHnty. OmmcaHo
OprafizaliifHuii, KOHCTAaTyBaJIbHUH, (QOpMyBaTBHUI 1 aHATITUYHWA eTamu
EKCIIEpUMEHTATBHOT POOOTH, a TaKOX iX 3B’S30K 13 3aBIaHHAMH Ta METOJAMHU
nociimkeras. OXxapaKTepru30BaHO MPOTPaMy MEAArOridyHOTO EKCHEPUMEHTY IOI0
BUSBJICHHSI €()EKTHBHOCTI BIUIMBY AHIAKTUYHOI MOJENi, OCHOBY SKOi CKJamae
aBTOPCHKE KOMILJIEKCHE HAaYKOBO-METOIUYHE 3a0e3MeYeHHS mporecy
JOYHIBEPCUTETChKOI  (Pi3MKO-MaTeMaTW4HOi  MIATOTOBKH  CTAPIIOKIACHHKIB.
OOrpynTOoBaHO KpuTepii (UUIbOBUN, MOTHUBALIMHWA, KOTHITUBHHM, MisITbHICHHM,
pedIeKCUBHHM, pE3yIbTATUBHUN) Ta pIiBHI (BUCOKHH, CcepeaHid, HU3bKUiI)
pe3yIbTATIB  €MIIIPUYHOTO  JOCIIDKCHHS  BIAMOBIIHO JO  CIPOSKTOBAHUX
KOMITOHECHTIB (pI3MKO-MaTeMaTHIHOI IIATOTOBKHA CTApIIOKJIACHUKIB O HABYAHHS B
TEXHIYHOMY YHIBepCUTETi. Bu3HaueHO MEpPCHEeKTUBH BIPOBAIKEHHS CIIPOSKTOBAHOI
MpPOrpaMM TENaroriyHOTO E€KCIEPUMEHTY B TPOLEC JOYHIBEPCUTETCHKOI (PI3MKO-
MaTeMaTHUYHOI ITiATOTOBKU CTaPIIOKIACHHUKIB.

KirodoBi ciioBa: memaroriyHui  €KCIEPUMEHT, EMITIpUYHE JOCIIKEHHS,
rporpaMa BUBYCHHS PiBHSA (hi3MKO-MATEMATUYHOI MIATOTOBKU CTAPIIOKJIACHUKIB 10
HaBYaHHS B TEXHIYHOMY YHIBEPCHUTETI.

Mypanosa H. II.

[Iporpamma  SKCIIEpUMEHTAIBHOTO  HCCIEAOBAaHUS  YpPOBHS  (DU3HMKO-
MaTEMaTUYECKON TMOATOTOBKH CTapIICKIACCHUKOB K OOYYEHHI0 B TEXHUUYECKOM
YHUBEPCUTETE

B crarbe mpeacTaBieHO JIOTMKY 3KCIEPUMEHTAIBHOTO HCCIEI0BAaHUSA YPOBHS
(bU3HKO-MaTEeMaTUYECKOW  TMOJATOTOBKM  CTapIICKIACCHUKOB K OOy4YeHUH B
TEXHUYECKOM YHUBEPCHUTETE — ONPEAENICHBI €ro TMIOTE3a, JTalbl, 3aa4d, METO/IbI;



OTMMCAaHO TMPOIECC IOCTPOCHUS] TEHEPAIbHOM M BBIOOPOYHONW COBOKYITHOCTEH U
AKCHEpUMEHTAIbHOM 0a3bl wuccienoBanus. [IpencraBieHO pe3ynbTaThl aHalu3a
HAy4YHOU JIATEPATYPbl O METOJOJOTMYECKHX OCHOBAX NPOBEICHUS SMIUPUYECKUX
MEIAarOTUYECKUX  HCCIIEOBAHUM; ONpENENICHO  TUN  CHPOEKTUPOBAHHOTO
MEIarorudeckoro 3kcrepuMenta. ONrUCcaHO OpPraHU3alMOHHBIA, KOHCTATUPYIOLINM,
hopMHUpYIOITUN ¥ aHATUTHYECKUM 3TAIlbl KCIIEPUMEHTAILHOM pabOThI, a TaKXKe HX
CBSI3b C 3aJaHUSIMM M MeToAaMM ucciienoBaHus. l[IpencrtaBieHO XapaKTEPUCTHKY
MPOrpaMMbl MEJarorHueckoro KCIepPUMEHTa O BbISIBICHUH 3(P()EKTUBHOTO BIUSHUS
OUJAKTAYECKOM MOJEIN, OCHOBAHMEM KOTOPOW SIBJISIETCS ABTOPCKOE HAYYHO-
METOJIMYECKOE obOecrnieueHue rporecca JOYHUBEPCUTETCKON ¢dusuKo-
MaTeMaTU4eCKOM  MOATOTOBKM  CTapHIEKJIacCHUKOB. (OOOCHOBaHBI  KPUTEPUHU
(1ieneBoi, MOTHUBAIIMOHHBIM, KOTHUTHBHBIM, JESTEIbHOCTHBIM, pPEdICKCUBHBIN,
pe3yJAbTAaTUBHBII) HW  YPOBHU (BBICOKMH, CpEIHMI, HHU3KUH) peE3ylbTaTOB
SMIIUPUYECKOTO  HCCIEAOBAaHMS B  COOTBETCTBUM C  CIPOCKTUPOBAHHBIMU
KOMITOHEHTaMU  (DU3MKO-MATEMaTHYECKON TIOJTOTOBKM  CTapIIEKIACCHUKOB K
o0y4eHUH B TEXHUYECKOM yHHUBepcutere. ONpeneseHo MEepCleKTUBbl BHEIPEHUS
CIIPOEKTUPOBAHHOM IPOrpaMMbl IE€JarOrMYECKOro HKCIEPUMEHTAa B MPOLECCE
JTOYHUBEPCUTETCKON (PU3UKO-MATEMATHIECKOM MOJTOTOBKH CTAPIICKIACCHUKOB.

Kniouesvle  cnosea:  megarorM4eckKuii  SKCIEPUMEHT,  AOMIIUPUUYECKOE
MCCJIeIOBaHKE, TTPOrpaMMa H3y4YeHHsI YPOBHS (PU3MKO-MATEMATHUYECKON MOATOTOBKU
CTapIICKIACCHUKOB K OOyYEHUU B TEXHUUYECKOM YHUBEPCUTETE.
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