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Abstract. The article discusses the competences in Mathematics of a prospective Bachelor in Navigation.
Mathematical competence is defined as a function of competencies: general and subject-specific. It's manifested
that mathematics acts as a fundamental discipline for the further mastering of specialized disciplines. The
article suggests the competence approach to mathematical education based on the analysis of professional
requirements as the methodology of the research. These requirements determine the priority of the competencies
required for professional activities of a bachelor in navigation.

The article states the principal provisions of the competence approach in terms of the Tuning methodology;
classification of the general and subject-specific competencies of the Bachelor in navigation required for
successful professional activities; analysis of the structure and content of the mathematical training of the
prospective Bachelor in Navigation in some Higher Maritime Educational Institutions in Ukraine and Europe.
In accordance with the IMO (International Maritime Organization, 2014) standards, the requirements for teaching
mathematics to the undergraduate students are presented; the relationships between the tasks of vocational
orientation and the corresponding blocks of Higher Mathematics discipline are investigated. The analysis of
the determined tasks as well as cooperation with the lecturers of the specialized disciplines allows to formulate
the content of the Higher Mathematics course paying sufficient attention to those sections of mathematics that
are necessary for vocational training of the navigators; examples of types of the mathematical competence
formation control are given; the contribution of the mathematical competence to the integral, general and
special competencies indicated in the profile of a higher educational institution is manifested; the significance
of Mathematics in programme training outcomes is stated.

The article suggests that the tools and approaches of the Tuning project provide effective monitoring,
evaluation and improvement of the curriculum for achieving the object and making pertinent changes in the
relevant subject areas.

Keywords: mathematical competence, Bachelor in Navigation, IMO standards, programme training
outcomes, Mathematics.

Introduction. The urgency of the issue of
mathematical competences development of the
prospective Bachelor in Navigation is determined by
the changes of the educational paradigm in higher
education, rapid updating of information

technologies, and integration of Ukrainian higher
education into the common European educational
environment. Development of the skilled specialist's
vocational competence, first of all, is performed in
the educational process of the Higher Education
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Institutions (HEI). Contemporary society makes ever
increasing demands on the HEI in responding to needs
in training the competitive specialists with the
established competencies in various fields, including
mathematical ones.

We consider mathematical competence to be the
system of mastered mathematical knowledge and
methods, and also the ability to apply them for solving
professional tasks. The acquired knowledge of the
higher mathematics' theoretical foundation and the
proficiency in mathematical tools are the basis for
mastering the disciplines of the vocational cycle.

Materials. Issues concerning the modernization
of professional education based on a competence
approach have been developed in the researches of
foreign (N. Talizina, A. Khutorsky, N. Khodireva,
L. Ustinova and others) and Ukrainian
(M.Pratzovytyi, V.Shvets, V.Klochko, M. Shkil and
others) scholars. For example, A. Khutorsky
(A. Khutorsky, 2005) considers competence as the
form of a pre-formulated requirement for educational
training of the subject expressed by a set of
knowledge, skills and models of activities necessary
for the effective performance in a particular field.
Under the professional mathematical competence
Y. Stelmakh (Stelmakh, 2011, p.2). understands the
integrative ability of the individual, which provides
preparedness for applying mathematical tools
independently in accordance with the tasks of
vocational activities.

The aim of the paper. The objective of the study
is to determine the content of the Bachelor in
navigation holders' mathematical competence.

Methods. For this purpose, a number of methods
have been applied, namely theoretical ones (studying
the normative documents and training programmes
in the Higher Education Institutions (HEI) of
maritime profile, in particular, the National University
"Odessa Maritime Academy" and some maritime
higher education institutions of European countries)
and practical (results of foreign internships as well
as teaching experience).

Results and discussions. Developing the Higher
Mathematics (HM) course content we followed the
Tuning methodology (translated from English: the
action or process of tuning something, setting,
regulation, harmonization) (TUNING Educational
Structures in Europe, 1999) in our research. This
methodology investigates the competence approach,
which, in turn, is based on the analysis of professional
requirements that determine the priority of the
competencies required in a particular area of
professional activities. The Tuning project is aimed
at bringing educational structures closer to the
countries participating in the Bologna process,
including Ukraine.

Curriculum development aimed at educational
outcomes facilitates a significant flexibility of the

process. Unlike the conventional one, the module
system has a number of advantages: it makes the
training process more standardized and transparent
relating to a certain specialty; provides the
opportunity to obtain comparative results in different
periods of study; assures student mobility through
simplified students transfer system based on learning
outcomes to move from one IHE to another, and with
the ability to participate in Erasmus + Student
Exchange Programs (2014).

The concept of outcomes compatibility preserves
the autonomy of educational institutions and ensures
diversity through the modules composing.

Under the Tuning project, the European Credit
Transfer System (ECTS) (Rashkevich, 2014, pp. 46-
63) has been developed: credits reflect the volume,
and the learning outcomes manifest the content of
this process. The number of credits determines the
time required for achieving learning outcomes by an
average student in accordance with the specifics of
the educational institution and the training tradition.

The Tuning project comprises educational
outcomes, which are expected indicators of student's
abilities and skills determining what the student must
know, understand, and be able to perform having
completed the training process. The suggested results
are formed by teachers. The student's acquired
training outcomes are defined within certain
competencies.

We define the following general competences to
be acquired by a student while studying mathematical
disciplines (TUNING Educational Structures in
Europe, 1999): the ability to analyze and synthesize;
basic knowledge in the main field of study, as well
as in related fields; ability to solve problems and
tasks; ability to apply knowledge in practice;
perception of ideas from other subject areas;
elementary computer skills; quantitative thinking;
obtaining qualitative information from quantitative
data; research skills; ability to adapt to new situations;
creativity.

Revising the general list of subject-specific
competencies (TUNING Educational Structures in
Europe, 1999), we have identified exactly those
which the prospective Bachelors in navigation should
acquire while learning mathematical disciplines. They
are: profound knowledge of the main sections of
elementary mathematics (school course); the ability
to solve mathematical problems and tasks, similar to
previously studied but of a higher complexity level;
the ability to transcode into the mathematical system
the simplest problems posed in the formulation of
other subject fields and to take advantage of this
reformulation for further solution; the ability to
construct mathematical models for the description and
further study of non-mathematical processes; the
ability to correctly interpret received mathematical
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results in non-mathematical contexts; knowledge of
software and its application for mathematical
problems solving and obtaining additional
information; ability to read and analyze educational
and scientific mathematical literature, including
published in a foreign language; the ability to
represent and prove mathematical statements, to
identify, to state clearly and solve problems that are
understandable to the professional audience in written
and oral form.

Having applied theoretical and practical methods,
we can state the obtained research findings.

I. Having got the access to the websites of certain
maritime institutions of higher education in Europe,
an analysis of the teaching mathematical disciplines
have been carried out in accordance with the indicated
parameters: in which semester (or semesters) are
these disciplines studied; what amount of credits is
provided for mastering the discipline; as well as the
content of the defined disciplines' study programmes.

Table 1 summarizes the outcomes of the study.

The given results prove it possible to draw the
following conclusions: from 9 to 13 credits are
assigned for mastering the required knowledge and
skills in mathematics for the Bachelors in Navigation;
the content of the curriculum in mathematics is
determined by the IMO and national standards.

Taking into account the requirements of the IMO
for training the prospective Bachelor in navigation
contained in sections A-I1/ 1 and A-I1/2 of the STCW
(Standards of Training, Certification and
Watchkeeping for Seafarers) for every officer in
charge of a navigational watch or master serving on
seagoing ship of 500 gross tonnage or more,
particularly concerning the problem of mastering
knowledge and skills in "Mathematics", there
appeared to be the need to reflect the structure and
content of mathematics in compliance with the IMO
standards (IMO 7.03 module course Appendix 1.
Mathematics (2014). In this structure, sections of
mathematics are definitely determined with the

Table 1

recommended amount of hours per lectures and
practical training. Thus, we present the summary table
as follows:

1) Algebra: lectures — 3, practice — 3;

2) Graphs: lectures — 3, practice — 3;

3) Proportions, interpolation: lectures — 3,

practice — 5;

4) Geometry: lectures — 4, practice — 6;

5) Trigonometry: lectures — 2, practice — 4;

6) Measurements: lectures — 1, practice — 5;

7) Spherical triangles: lectures — 5, practice — 11;

8) Vectors: lectures — 2, practice — 4;

9) Circle, ellipse, hyperbole: lectures — 2,

practice — 2;

10) Statistics: lectures — 3, practice — 1.

Totally, for the course — 72 hours, lectures — 28;
practical classes — 44.

It should be noted that the content and the number
of hours assigned for the course remain unchanged,
but the number of hours assigned for lectures and
practical classes may vary at the teacher's discretion.
Appendix 1 Mathematics provides a list of knowledge
and skills of the Bachelor in navigation for each
sections of mathematics in the IMO 7.03 modeling
course given above.

We suggest exploring more closely the mentioned-
above list on the example of the topic "Spherical
Triangles". 16 hours are assigned for learning this
issue. According to the requirements, the bachelor
should know (we give only a small number of
questions): definition of a large circle, small circle,
pole; definition of a spherical triangle as a figure on
the surface of a sphere formed by three intersecting
pairs of arcs of large circles; know that the sum of the
angles of the spherical triangle is greater than 180 but
less than 540; for the given two elements of a
rectangular spherical triangle, find other elements
applying Neper's rules.

I In the National University "Odessa Maritime
Academy" Higher Mathematics discipline, which is

Results of the study of teaching mathematical disciplines in certain maritime universities of Europe

HEI Discipline Semester Credits
Lithuania. Lithuanian Applied mathematics 1 4
Maritime Academy (LMA) / Mathematics for navigation 2 5
Lietuvos aukstosios jureivystes
mokyklos (LAJM) (2019)

Germany. Jade-Hochschule (2019) Mathematics 1 5
Statistics 3 5

Germany. Hochschule Flensburgof Mathematics 2 5
Applied Sciences (2019) Mathematics 3 5
Ukraine. Nationa University Higher Mathematics 1 5
"Odessa Maritime Academy" (2019) Higher Mathematics 2 5
Mathematics for navigation 3 3
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taught in the first and second semesters, covers 10
credits (300 hours). These hours are distributed as
follows: for a lecture course — 74, for practical classes
— 66, for independent work — 160. The indicated
discipline is the basis for the other disciplines being
studied at the next courses. The main topics taught
during the study are: linear algebra; vector algebra;
analytic geometry; differential calculus of functions
of one and many variables; integral number of a single
variable function; ordinary differential equations and

Table 2

their systems; numerical and functional rows;
operational calculus; Probability theory and
mathematical statistics; spherical trigonometry.
IV.In the course of fundamental training of the
Bachelor in navigation, the discipline "Mathematical
Principles of Navigation" is taught. Knowledge gained
during the study of "Higher Mathematics" and
"Navigation and Loya" is the prerequisite for the
discipline learning. The discipline programme covers
mathematical foundations which are considered

The relationship of disciplines with Higher Mathematics course

Task Discipline Block in "Higher mathematics'" course
Calculation of the arc of a large circle (ALC)  Fundamental Spherical trigonometry
Mathematics
for navigation
Determination of the ship's position with two ~ Fundamental Algebra, trigonometry, differential calculus,
positioning lines Mathematics construction of geometric figures
for navigation
Processing of measurements of navigation Fundamental Probability theory and mathematical statistics
parameters Mathematics
for navigation
Assesment of the accuracy of observation Fundamental Probability theory and mathematical statistics,
by an ellipse error Mathematics construction of geometric figures
for navigation
Navigation information errors Fundamental Probability theory and mathematical statistics
Mathematics
for navigation
Measures to improve the safety of navigation =~ Fundamental Probability theory and mathematical statistics
Mathematics
for navigation
Parallax light triangle Nautical Astronomy Spherical trigonometry
Calculation of buoyancy and stability Theory of vessel Defined integral. Integral calculus for area
structure determination (approximate quadrature
formulas)
Calculation of the stability of the vessel Theory of vessel Analytical geometry. The notion of curvature
structure and evolution, the connection between the
coordinates of evolution points and evolvents
Calculation of the roll of the vessel Theory of vessel Differential equations. Integration of aggregate
structure linear differential equations with constant
coefficients
Seaworthiness/navigability characteristics Theory of vessel Vector algebra. Actions with vectors
structure
Formation and expansion of forces Theoretical mechanics ~ Elements of vector algebra.
Properties of triangles
Finding the moment of force relative Theoretical mechanics ~ Elements of analytic geometry
to the point
The solution of the first and second Theoretical mechanics ~ Fundamentals of differential calculus.
dynamics tasks Properties of defined integrals
Studies of free, fading and forced Theoretical mechanics ~ Differential equations
board fluctuations
The movement of the vessel in the area of the ~ Theoretical mechanics ~ Vector algebra. Properties of triangles

direct current (direct and inverse task)

Divergence of vessels (direct and inverse task) Theoretical mechanics

Vector algebra. Properties of triangles
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important for the knowledge acquired in accordance
with the various competences of Section A-I11/ 1 and
Section A-II / 2 of the STCW Code for an officer in
charge of a navigational watch or master serving on
seagoing ships of 500 gross tonnage or more.

The study of the discipline "Mathematical
Principles of Navigation" provides the Bachelor in
Navigation with the following competencies: the
ability to plan and navigate the voyage (SC2); the
ability to navigate in any conditions using appropriate
methods to obtain accurate positioning and optimally
use all available navigational data for navigation (SC3).

The programme learning outcomes are: ability to
solve general mathematical problems for performing
navigational calculations; ability to process and
analyze navigation information; understanding the
connection between theorems of spherical
trigonometry and the formulas of calculations of the
arc of a large circle; ability to use computer technology
for automation of calculations; knowledge of the
principle of location of the ship; understanding the
causes of errors in navigation information and their
types.

We present the example of the total hours
distribution of the discipline complying with the
curriculum of specialty 271 "River and sea transport".
Consequently, three ECTS credits corresponding to
90 hours are provided for the study of the above-
mentioned discipline. Auditory hours: lectures — 20,
practical classes — 20.

V. Table 2 below displays some tasks of a
professional profile assured by different disciplines
with indication of the corresponding blocks of "Higher
Mathematics" course.

Thus, the programme of the "Higher Mathematic""
course, in our opinion, will assure acquiring the
professional (special) competencies (SC) (Ministry of
Education and Science of Ukraine, 2018), namely: the
ability to plan and navigate the voyage (SC2); the
ability to navigate in any conditions, applying
appropriate methods, to obtain accurate positioning
and optimally utilize all available navigational data
for navigation (SC3); the ability to plan and provide
safe loading, location, fixing, controlling during
voyage as well as cargo unloading, including dangerous
(SC11); knowledge and ability to control landing,

Table 3

stability and stress of the ship's hull, provide support
for the vessel in the naval state (SC12); the ability to
analyze and predict the processes and state of the
navigation equipment in conditions of incomplete or
limited information (SC 17).

The course programme will provide the following
learning outcomes (results of study — RS):

1. Ability to maneuver and operate the ship in all
conditions, determining the location by astronomical
methods, as well as applying modern electronic radar
equipment, paying particular attention to the
knowledge of devices' working principles, limitations,
sources of error and the ability to detect and correct
improper displays and utilizing correction methods for
obtaining a precise data of location; interconnection
and optimal implication of all available navigational
data for navigation (RS2).

2. Skills for assessing navigation information
received from all sources, including radar, automated
radar equipment and electronic navigational-
information system complexes for decision-making
purposes in order to avoid collision and control ship's
safe navigation; navigation technique in conditions of
the visibility absence (RS 4).

3. Knowledge and understanding of the impact of
displacement tonnage, vessel's draught, trim, speed and
the vessel's keel clearance reserve on maneuverability
of the vessel; the influence of winds and current on
navigation; sinking effect, shallow water impact, etc.
(RP7).

4. Understanding the basic principles of ship
structure, theory and factors affecting vessel's
grounding and stability (RS 99).

The levels of students' acquired competencies may
be different and determined by assesment. There is a
wide range of methods for assessing students' learning
outcomes(results of study): testing, performing
calculations and graphic works, and passing exams.
For example, in the National University "Odessa
Maritime Academy" the planned forms of monitoring
the "Higher Mathematics" learning results are: four
calculations and graphic works (CGW) and two
exams.

Table 3 lists the sections of the "Higher
Mathematics" course for conducting CGW in
semesters / courses.

Parts of ""Higher Mathematics" for Calculation and Graphic Works performance

Types of individual tasks

Full-time study Correspondence study

CGW Ne 1. Linear algebra. Vector algebra. Elements of analytic geometry. 1 semester 1 year (course)
CGW Ne 2. Differential calculus of functions of jne and many variables.
Integral calculus. 1 semester
CGW Ne 3. Ordinary differential equations. Numerical and functional rows. 2 semester

- - — 2 year (course)
CGW Ne 4, Spherical trigonometry. Probability theory. 2 semester
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Here we give an example of a Card for testing
knowledge in "Fundamental Mathematics for
navigation". These are questions covering topic
"Mathematical analysis and navigation information
processing":

1. The accuracy (error) implies.....

2. Classification of errors by sources ...

3. Systematic errors are ...

Conclusions. It has been found out that
mathematics has proven to be the fundamental
discipline for further mastering of specialized
(profile) disciplines. In the study mathematical
competence is determined as a function of general
and subject-specific competencies. It has been argued
that the content of the study programmes of
mathematical disciplines should be continuously

monitored and assessed in order to determine whether
the objective has been achieved or whether it is still
relevant in the context of changes in the relevant
subject areas. Tuning project's tools and approaches
facilitate effective monitoring, evaluation, and
improvement of the curriculum. Thus, the Tuning
project provides a way for enhancing the quality of
education at the level of curricula. We suggest the
study of the defined issue to be the perspective task
for further research.

4. Random mistakes are ...

5. Failures are ...

6. The navigation parameter is determined as....
(give the definition)

7. A prior assessment is ...

8. A posteriori assesment is ...

9. Gauss' formula (write)

10. Bessel's formula (write)

11. The formula of the QME (quadratic mean
error,) in terms of the measurement results (write).
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YAK 37.015:51]:629.5.072.8

[Mpodeciiina cnpsiMoBaHicTh MATEMATUYHOI MIATOTOBKH 0aKaJaBpa CyTAHOBOXIiHHS

Ouena Yepkac!, Harans BukoBeun’, Mapis UymaueHko’,

1  kanamnar Gi3uKo-MaTeMaTHYHHUX HAYK, TOICHT Kadeapu 3aralbHOHAYKOBHUX MUCHUILTIH JIlyHAaHCHKOTO IHCTHTYTY
HaniionansHoro yHiBepcurery "Onecbka MOpChKa akaaeMis"

2 KaHAMJAT TEXHIYHUX HAyK, 3aBijyBau Kaeapu 3araibHOHAYKOBHX JUCUUILTIH JyHalichkoro iHCTHTYTY HarionaapHOTO
yHiBepcutety "Opechka MOpChKa akajaeMis"

3 crapumii BUKIaaa4 kadeIpu 3araTbHOHAYKOBUX AuCIUILIiH JlyHaiicbkoro iHcTuTy Ty HamionansHoro yHiBepcutery "Ojecbka
MOpChKa akajaeMis"

Pedepar. Y crarti po3misiiacThCsl TUTAaHHS MaTeMaTHYHOT KOMIIETEHTHOCTI Maii0yTHROTO OakasiaBpa Cy/THOBOJIHHSI.
MaremaTnyHa KOMIIETEHTHICTh MTPEICTaBICHA SIK (DyHKIIIS 3aralIbHUX Ta MTPEMETHO-CIIeialIbHUX KoMneTeH . [Toka-
3aHO, 1110 MaTeMaTHKa € (yHAaMEeHTaIbHOO TUCIUTUTIHOIO JUIs [TO/IAJIBIIOr0 3aCBOEHHS PO inbHMX quctuIulin. Komme-
TEHTHICHUU TIAXiJ O MATEMATHYHOI OCBITH PO3MISAIAETHCS K METOMOJIOTIS, 10 0a3y€eThCsl HA aHai31 mpodeciiHuX
BUMOT, KOTP1 BU3HAYAIOTh MPIOPUTECTHICTH KOMITETEHITI#, HCOOX1MHUX 115 TpodeciifHOT MisTBHOCTI OakaiaBpa CyJIHOBO-
JHHA.

VY crarTi: copMyIbOBaHI OCHOBHI TIOJIOKEHHS! KOMIIETEHTHICTHOTO TIIXOy B TepMiHax mertozoiorii Tuning; mepe-
paxoBaHi 3arajibHi Ta MPEIMETHO-CICIiaIbHI KOMIICTCHIIIT, 110 HEOOXiTHI OaKaJaBpy CYIHOBOIIHHS JIIsl YCITIIIHOT IPO-
(hecilinoi poOOTH; MPOAHATI30BAHO CTPYKTYPY Ta 3MICT MATEMAaTHYHOT i ITOTOBKK Mail0yTHLOTO OaKaiaBpa CyTHOBOIIH-
HS B OKPEMUX MOPCHKHX 3aKJIaJ[ax BUIOi OCBITH Ykpainu Ta €Bponu; y BianosigHocTi 1o crannapris IMO (International
Maritime Organization, 2014) npecraBieHi BAMOTH LIOJI0 BUKJIaAaHHs MaTEeMaTHKHU B OaKaJaBpiB; PO3MISIHYTO 3B'S30K
MIX 3aBJJaHHSIMHU MTpodeciiiHol opieHTallil Ta BiIIOBIAHUME OJloKamMu tucuuIuliny "Buina maremaruka'; ananisz copmy-
JHOBAHMX 3aBJlaHb, & TAKOXK CITIBIIpALs 3 BUKJIaJAa4aMy NPO(UIBHUX TUCHUILIIH JAajy 3MOTy c(OPMYBaTH 3MICT Kypcy
"Bumia maremMaTuka', MpUIUIMTH JOCTATHIO YBary THM il po3ijaM, 1o HeoOXiIH1 AJ1st TpodeciiiHOl OCBITH CYTHOBOJIS;
HaBEJICHO NPHUKIIAIM BUJIIB KOHTPOIIIO POPMYyBaHHS MaTeMaTHYHOT KOMIIETEHTHOCTI; BiZOOpasKeHO Miclie MaTeMaTHYHOT
KOMIIETEHTHOCTI y TIepelliKy KOMIIETEHTHOCTEH, 3a3Ha4eHuX y poisi 3akiay BUIIOT OCBITH; B1JI0Opa)keHO POJIb MaTe-
MaTHKH B IIPOTPAMHUX Pe3y/IbTarax HaBYaHHS.

[okazaHo, 1110 IHCTPYMEHTH Ta MiIXoau npoekTy Tuning naroTe 3MOTry 31iHCHUTH e()EeKTHBHUI MOHITOPUHT, OIIHKY
Ta BJIOCKOHAJICHHS HABYAIBHUX MTPOTPaM JJIsl IOCSITHEHHSI IT0CTaBJICHOT METH Ta BHECCHHSI aKTyaJIbHUX 3MiH y BIIIOBIIHI
NpeaMETHI rairysi.

KurouoBi ciioBa: mamemamuuna xomnemenmuicmo, 6axanagp cyonogooinus, cmanoapmu IMO, npoepamui pe3ynw-
mamu Ha84aHHs, MaAMemMamuxd.
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