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ABSTRACT

Context. The article proposes an approach for automated identification of the navigators motivational model in the control of
water transport. Algorithms for data extraction as a result of the man-machine interaction of navigator with the electronic control
systems of the vessel during performing navigation operations of increased complexity are proposed.

Obijective. The purpose of research is to apply formal and algorithmic approaches to extracting data on the motivational model of
navigator to prevent accidents in water transport.

Method. The identification of manifestation determination of navigators’ mental activity by means of the visual concept of the
geometric group theory is proposed. This approach delivered the visual systematic-logical combining of diagnostic methods aimed at
determining navigators motivational centers and the processes of professional activity like maneuver performing. The key indicator
of identification is said to be the parameter of the navigator’s activity as “rpm_port” having an impact on the vessel speed being a
marker of intensification of the navigator’s physiological activity. Such an approach is beneficial in time phase identification while
maneuvering indicating explicitly at the stepping up of the navigator’s physiological motivational state. It was proven to be correct
based on the results due to Ward’s dendrogram, several statistical methods and applied software. The obtained research results en-
courage the prediction of the navigator’ motivational states in critical situations.

Results. In order to confirm the proposed formal-algorithmic approach, an experiment was carried out using the navigation simu-
lator Navi Trainer 5000. Automated analysis of experimental ones made it possible to form a motivational map of the navigator and
determine the decision-making model affecting in the processes of control vessel in difficult situations.

Conclusions. The proposed research approaches made it possible to automate the processes of extracting data indicating the
principles of decision-making by navigator. The effectiveness of proposed approach was substantiated by the results of experimental
data automated processing and the constructed tree-like decision-making spaces.

KEYWORDS: motivation identification systems, automated data processing systems, modeling of decision making models,
computer simulators, analysis of the human factor, automated control systems.

ABBREVIATIONS NOMENCLATURE

ECDIS is an Electronic Chart Display and Information s is a motivational influencing factor;
System; S is a set of factors;

ARPA is an automatic radar plotting aid; y is a control actions;

AIS is an Automatic Identification System; Yis a set of control actions;

GPS is a Global Positioning System; X is a navigational situations;

NTPRO 5000 is a navigation simulator ‘“Navi X is a set of navigation situations;
Trainer 50007; wi ., is a navigator action utility function;

ANOVA is an Analysis of Variance;
MMS is mental motivational states;
LNE is a level of navigator expectations;

R is a navigation results space;
Yrav 1S anavigator behavior alternatives;

LPC is a level of personality claims; Wiwmax 1S @ maximum expected usefulness for the
LNEc is a level of the navigator’s expectations; navigator;
LAEc is a level of awareness of expected events; x,is a moment of making decisions;

LEAc is a level of expected attitude towards the par-
ticipants of interpersonal inter-action;

LERc is a level of expected results of activity;

SPSS is a Statistical Package for the Social Sciences;

rpm_port is a vessel speed.

Gv T is an expansion of feature space;

Gv is a narrowing of feature space;
Re is a peer review function;

K is a context of the navigation situation;
d is a structural diagnostics;
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d is a functional diagnostics;

e, is a stock of resources for decision making;

Fris a fragment to define MMS;

1 is an information structure of the MMS identification
task;

Bo (S ) is a prior distribution on the set of states;

q"7 is a structure transition function;

¢, is a safe vessel handling strategy;
ny is a decision making strategy;

1| is a strategy for choosing alternatives;
G; is an alternatives of states;

x' is a comparison x with MMS;
R%is a state space;

0, is a navigation risk criterion;

Ry is a binary relation;

I"(x,) is a preference function;
Q) is a set matrix;

s, is a complexity of the project;
u, is an utility function;

af'is an expectation level;
fis a subjective probability;

u is a selective probability;
X 1S an expenses;

v is a scaling factor;

Y is a reference level;

A(f) is a decision checkpoint function;
pP* (s » ) is a probability measure;

X,y 1is a better alternative;

~

3(x,,) are maximum values of the quality criterion

relative to the strategy x,,;

~ . .
3, 1s an optimal solution;

Qy is an area of agreement and compromise;

A is an importance of criteria;
By is a probability of the expected utility of a solu-

tion;
P is a probability of the decision being useful
(c,2v,) p y g

is greater than initially expected;
y, is an element of random behavior;

@, b, ¢® are words of the mathematical system;

G, G, are represent a group, for MMS;

G’ is a producing a new group;

e; is a starting point of the motivation identification
system report;

g1, g are points of the Cayley’s graph;

df are degrees of freedom;

Pr(>F) is a probability distribution;

Z is a decision-making task by the navigator;

Z"(f) is an inner emotional experience;

Z7(f) is an external reactions, behavior model;

E(f)<w is a shortage of time resources;

t.1s a discrete variable step;

Zpian1s @ how many tasks to be solved;

O is a future tense symbol;

Dzis a how many targets to be deleted;

Azis a lots of added goals;

K7is a bounded rationality ratio;

A, is a bifurcation period of the motivation model;

Fun is an input processing method;
M 5 1is anavigator motivation factor.
-

INTRODUCTION

Contemporary experimental data analysis systems has
the tendency of welcoming the structural submission of
human factor essence being predominantly characterized
as a multifactorial phenomenon [1-3], which is empiri-
cally studied in various ergatic systems [4-6]. Being
aware of having a diverse range of publications aimed at
building and shaping the structure of this phenomenon we
are to take into consideration possible uncertainties in the
system of concepts as well as in their conceptual connec-
tions. This negative experience seemed to allow the im-
plementation of the effective application of the spoken
above techniques to be undertaken in practice of vessel
control. However, the increasing number of navigation
devices of ECDIS, ARPA, AIS, GPS and information
brings new requirements to this problem [7-9]. It goes
without saying that this very issue would definitely be
considered advantageous enough in identifying the sea-
going navigator’s motivational mental state [10—12].

For example, when performing typical maneuvers of
entering the harbor of Istanbul, it was noted that naviga-
tors are guided by different motives in the same naviga-
tion situations (Fig. 1).
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Figure 1 — Control of electronic navigation when performing
navigation maneuvers

All this indicates the need to build mathematical and
automated systems for identifying the element of human
factor — the motivation of navigators in order to improve
the safety of navigation.

Thus, the object of research is the human-machine
interaction of the ergatic system subject for water trans-
port.
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The subject of research is the models and algorithms
for automated identification of navigator’s motivation
factor in the vessel electronic control systems.

The purpose of research is to apply formal and algo-
rithmic approaches to extracting data on the motivational
model of navigator to prevent accidents in water trans-
port.

The purpose of the article is chosen to be applying
special purpose solution method embracing of following
problems:

1. Analyze the existing formal approaches in order to
describe the principles of decision-making by navigators.
And also to determine the elements of motivational mod-
els of decision-making by navigators in human-machine
systems.

2. To propose the principle of extracting data on moti-
vation of navigator in process of vessel control based on
the geometric theory of groups in the form of
G' =G, °G,.

3. To form a 3D information model of the navigators
structural motivation of based on Cayley’s graph elements:
Cay<b|b2 =e> , Cay<a|a3 :e>, Cay<c|c6 =e>.

4. Based on the data electronic simulator, correlate the
characteristic spaces of MMS navigator motivation: LNE,
LPC, LNEc, LAEc, LEAc, LERc and the vessel control
parameters.

5. Conduct an experiment using the navigation simula-
tor Transas navigation simulator NTPRO 5000. Based on
the data obtained and Ward’s dendrogram and MMS mo-
tivation points, using a number of statistical ANOVA
methods in RStudio, build a motivation map of naviga-
tors.

6. On the basis of experimental data, determine the
correspondence of motivational decision-making models
F1-F7 regarding the navigators teams.

The obtained motivational models will make it possi-
ble to identify the class of decision-making by navigators
in difficult situations to ensure the safety of water trans-
port control.

1 PROBLEM STATEMENT
The formal statement of the problem is to identify the
motivation of the navigator by analyzing the tuple of in-

put variables, s€ S, yeY, xe X to |X| < |S| such that,
W ((YXSxX)—> R in terms of situational control

[13, 14].
An additional condition for identification is maximiza-

4 S
tion Whavmax

((x*,y*), € XxY within the framework

such that y' >y < w® 0 (0,5,5) > w8, (1,8,x).

Identification is terminal  factors

(% 195 e )
Vx, Re(x, |[K)=(x, >8,8|K)—>
Re(8)=e(Gv 1 (8))®, e( Fr(Gvi(3))).

limited by

in conditions:
1={8.8)(S).X,[X, c X,seS],Y,[Y,c¥,xeX],

A,q°(S|SxY),w; (Yx(SxX)),geA}.

nav

The output variable is a ¢>° (S |SxY ) 4, and depends
onMand Con(x,x'|K)=1l<x=x": X,cX,Y, Y.
The main criterion of the task is a 0, (§1" |y, Ty ) in

the space RS, which will determine the dependence
W,y on 0, within the MMS scale.
The resulting factor is the navigation safety strategy

(pn(nﬂr{’) —max, in the form of a scale:
3

87'(x),, =U{seS:3(s)=x} =S, xeX.

2 LITERATURE REVIEW

In a study aimed at modeling decision-making proc-
esses under the constraints of experiments [20], an ap-
proach based on use of R, is proposed. Moreover, ['(x,,),
determines the most preferable solutions from Q. This
study is of interest due to fact that, according the analogy
with vessel control processes and the experimenter oper-
ates with a set of observed factors and criteria, such as in
Fig. 2.

Figure 2 — Observed situation to vessel control

In the study [21], the processes of creating software
based on recursion of data in the form of decisions made
results are well considered. An important element is to
take into account the risks associated with both stochastic
uncertainty and s;. In this case, it is important to accu-
rately determine the factors determining u,,.

Also in the study [22], the solution to problem of deci-
sion-making synthesis models under conditions of fractal
dimension is deeply and in detail considered. This study
directs the scientific search for this article in field of logi-
cal-metric spaces, which allows us to consider the prob-
lem from a new angle. The paper considers methods for
constructing feature spaces, as well as the principles of
decision trees application in a practical aspect.

In turn, work [23] considers the aspect of taking into
account subjective expectations when making decisions,
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which is inapplicable in water transport management due
to the high risk of disasters.

However, it should be borne in mind that captains are
subject to decision-making based on the expected utility
factor, which also depends on the individual motivational

model. This is how the work introduces A(f) and

P* (s » ) , which in our case predetermines the dependence

on motivational factor:

U(rm)= 2, AL )Prlen)
* Z% )“(xex—A(f))u(xa)-

It follows from this that an automated analysis of the
captain’s motivational factor can have a decisive impact
on vessel control.

In the study [24], for decision-making, alternatives are
considered that are decisive according to the introduced
criteria:

Xy = argmaxS(xex).

In this case, the optimality of decision taken is re-
duced to solving the chain of local goals, which forms the
current strategy:

(X).A]

=3( X, ) - X"E’gX (3

opt

However, in the case of performing navigation tasks
and vessel control tasks, this approach may not be effec-
tive enough. This is due to the fact that, guided by moti-
vational model, the captain can no longer change of strat-
egy and follows predetermined principles until the last
stage of the task.

In this work, the human factor is determined randomly
[25]. In this case, a distinction is indicated according to
the degree of random factors influence:

iR, =Ry )

then0 <y, < 1_(PUH _P(CﬂzUX‘.))

or if PUXI. < P(C.‘r,' ZUXi)

then |P,

However, in transport systems, random processes are
unlikely. Marine companies try to take into account ran-
dom factors in order to reduce the likelihood of unfore-
seen accidents and disasters.

Thus, the studies considered indicate the need for a
scientific search for approaches to formalize and algo-
rithmize the factors of motivating navigators when man-
aging water transport.

3 MATERIALS AND METHODS

During the work with navigational devices, the re-
cords of the navigators’ activity are saved on the server.
The information received indicates the nature and settings
of the vessel control model in the ergatic system.

Devices such as information navigation systems, radar
and warning systems are synchronized. Their use cannot
be simultaneous; therefore, it becomes possible to identify
the motivation of the navigators.

To meet the above mentioned targets, an unambiguous
approach is proposed to be implemented consisting of two
essential stages: the first one is defining the navigator’s
motivational centers and their significance within the
framework of the visual geometric concept and the second
one is an analysis of decision making by navigators to
determine their MMS.

Consider the stage of determining the navigator’s mo-
tivational centers. We will establish the order of identify-
ing extrema of the navigators’ motivation. We will as-
sume that these extrema were revealed in the course of
observation and a series of specialized tests [15-17]. In
order to measure their influence, it is necessary to analyze
a number of indexes of MMS selectively using the meth-
odology of social expectations of personality.

Application of psycho-diagnostic instruments for ex-
amining an individual’s motivation. We will consider two
methods as instruments for determining the influence of
extrema: “LNE”, modified and “LPC” that have correla-
tions investigated in the study, and therefore they must be
presented within the same metric space [18,19].

Having determined the extrema of MMS, we will
choose the outlined methods relative to them. Each of
them will — G| and — G,. Simultaneous participation of
the methods will be presented as a product of these
groups, producing a G' [26].

Since there are: a’, b* and ¢® in the group
G'=G, G, and each one is a geometric structure, we

have Cayley’s graphs for all of them (Fig. 3):

.\“\b \ [1 /o ¢

Figure 3 — The words: a*, b* and ¢° in the group
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Then group G’ =G, oG, :<a,b,c|a3 =p*=(* =e>,

meaning that Cayley’s graph of a free product implies
“agglutination” of two graphs G, and G,.

In order to create Cayley’s graph of the group G| we
proceed from the following logic: G| has two generatrixes,
i. e. The number of edges equals to a doubled product of
the generatrixes — 4, but as far as b* is a biangle and “agglu-
tinates” in one section, we have three edges — sections.
Therefore, we put one edge b* (in sum — three) from each
point of the apex (of the triangle) ¢’ and have Cayley’s
graph for G, (see Fig. 4 a, b).

Ij2

b
Figure 4 — The formation of Cayley’s graph for G;:
a— composition of generators for G;; b — fractal of Cayley’s graph
representation

The move to the stage of the formation of the group
G’ . In order to obtain a product, we multiply G| by G,,
represented by a hexahedron and we will determine the
number of edges of the graph. Proceeding from the fact
that there are three products, we will double and get 6, but
there will be 5 because of “agglutination” b>. Conse-
quently, the products G'=G, oG, will have Cayley’s
graph depicted in Fig. 5.

Each point e;, synchronizes with the point — extrema
of MMS and allows identifying their influence. The graph
G' allows examining each extremum of MMS in a com-
binative way. We can see that e, originates from the ap-
plication of the “motivational core” c°, then there is a
move to the method “LNE”, and the first step is to per-
form analysis of the index LNEc. Further, if the order of
the methods proves to be not efficient enough, then the
next round of the research starts from the point ¢, begin-

ning with “LNE”, without LNEc and further moves to the
“motivational core” ¢”, and then to LNEc. This group can
be represented in a 3D projection for visualization (see
Fig. 6).

Figure 5 — Cayley’s graph of the desired group G :
a— fractal space of G' = G G, ; b —representation
of extremum points on a Cayley’s graph space

Figure 6 — 3D view of the group G’

The next task is to identify the influence of the extrema
of motivation, determining the importance of the event
projected onto a newly created group of the manifestation
of MMS. The determination of the indexes relative to the
extrema of motivation by the chosen methods implies the
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use of a comprehensive approach [27-29]. Taking into
account that the methods number 10 indexes and they cor-
relate with each other to this or that extent that was proved
by the research, we can maintain that they are indissoluble.
Consequently, it is necessary to find the generalized value
of the extremum of motivation summarizing the data of all
the indexes. Therefore, we developed a program module
that allows synchronizing the data in one Cartesian coordi-
nate system C; (see Fig. 7). For instance, there is the above-
mentioned trajectory b’ab, followed by the strategy b '
“planning to move a rudder blade”, that is evident in the
pause in the vessel route and a radical change in the course.

T ———— ]

‘___ = -|' = o

Figure 7 — Determining the influence of the points C; of MMS

Having obtained the data of all the indexes we can use
this module to find the generalized index of the naviga-
tor’s motivation. Following the trajectory of examining
the points of MMS and determining the most effective
approach we select an individual algorithm of interaction
with each navigator within the framework of the research
of his motivation. The accurate values of the points of
MMS enable us to understand that the surface circumflex-
ing them cannot be flat and it results in the curvature of
the metric space of motivation. This curvature of the sur-
face is nothing but an individual and unique imprint of the
navigator’s perception of the situation in the light of his
motivation [30-32].

In this way a quasi-isometric formal surface with the
points of extremum is formed [33, 34]. The question
arises: what correlation is between them and can they play
the role of a connected graph? It is known that these lines
are geodesic, 1. e. the surface itself is not curvilinear. This
research stage requires the application of the method mak-
ing it possible to find these connections between the
points-extrema. The connection between the points by the
edge is only possible when the subsequent point emerges
from the preceding one when multiplied by one letter of
the set of the generatrixes. For instance, g, and g, are
connected by the edge if 3Jaed;g,=g-a or

g1 = &, -a in the set of generatrixes.

It is important to find the principle of transfer, con-
necting these points by the edges, something common and
essentially important within the framework of the meth-
odology of social expectations of an individual. Grouping
points-extrema of motivation is necessary to determine
MMS, and, consequently, to achieve the main purpose of
the research.

The analysis of the points-extrema gives us a reason to
think that these points are heterogeneous, each of them
having a number of parameters consisting of three catego-
ries: identifiers relative to Cayley’s graph; psychological
methods “LNE” and “LPC”; factors relative to sailing
through the Bosporus strait.

4 EXPERIMENTS

Taking into consideration the specificity of the subject
area and also the geometric orientation of the scientific
research, we suggest clustering the data. Cluster analysis
will allow dividing the points of motivation MMS into
groups and determining their relationships geometrically.

In order to do this, we used clustering in the form of a
dendrogram by Ward’s method for finding single connec-
tions of the points of MMS, by the principle of Euclidian
distance (see Fig. 8). Having analyzed these geometric con-
nections between the points of motivation of MMS, we are
enabled to construct the desired map of the navigator’s mo-
tivation (see Fig. 9).

The represented geometric relationships of MMS al-
low visualizing how the manifestations of the navigators’
motivation are ordered in the desired conditions. It is nec-
essary to mention that this order is characteristic only of a
certain individual and determined by a variety of factors,
affecting their motivation. It allows predicting navigators’
behavior in critical situations similar by the set of indexes
that will make it possible to prevent disastrous situations
on maritime transport. Hence, according to the involved
approach, the relationship, the personality structure of
some navigators’ motivation being actively engaged in
complex maneuver operations is highly likely to be ascer-
tained [35-37].

c_1
Cc_3

c_10
c7

c8 l_
c_4
c9

C_5

c_1
c2 |
cEf——

c_12

0 20 40 60 80 100 120 140 160
Figure 8 — The dendrogram by Ward’s method for the points of
motivation of MMS

It must be emphasised that the foremost phase of this
research is being able to figure out the method facing the
challenge of having clusters of navigation situations ac-
cording to the indications of navigators’ actions for corre-
lating them with their motivational mental states.
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Figure 9 — The map of the navigator’s motivation

It should be underlined separately that we propose the
concept; “he navigator’s mental motivational state” to be
applied as “the general functional level of mental activity
having direct impact on the conditions of his professional
activity and individual psychological characteristics”. In
the course of the research situational mental states con-
nected with the definite location in the water area and
navigation tasks at the corresponding time interval are put
forward to be taken into consideration.

Being on the point of getting a passing, especially
within the high intensity maritime transport areas, the
navigator of the vessel is striving to endeavor to accom-
plish the navigation task in the best possible light.
Therewith, the significant element of such kind of work is
noticed to be the skill of the navigator’s motivational
sphere management, knowledge of the structure and sys-
tem of meaningful characteristics of motivational mental
states. In addition, such properties as internality, external-
ity, activity, passivity, openness, closeness, etc. are being
able to facilitate this or that MMS discovery with suffi-
cient accuracy. Thus, having been spoken about ap-
proaches would definitely further encourage us to come
closer to the definition of characteristics welcoming the
direct effect on the result of professional activity as well
as to the relevant to the having been formed individual
behavior patterns to be taken on.

The sequential search performed among test methods at
the preliminary stage is noticed to have triggered off the
opportunities to determine the individual prerequisites for
the manifestation of motivational characteristics. Accord-
ingly, hese very issues indicate at MMS and an established
behavior model. Thus, the following possibilities to be de-
termined have turned out : an internal motive, a cognitive
motive, a avoidance motive, a competition motive, a mo-
tive for a change in activity, a self-esteem motive, signifi-
cance of results, complexity of the task, volitional effort,
assessment of the level of achieved results, assessment of
one’s potential, target level of mobilization of efforts, ex-
pected level of results, regularity of results and initiative.

In response to the mentioned above, the methods
based on coping tests [38, 39] let eight ways of difficul-
ties overcomings be lighted upon. These items probably

include the following to be worth mentioning: confronta-
tion, distancing, self-control, seeking social support, tak-
ing responsibility, avoidance, planning a solution to the
problem, positive revaluation. The fractal organization of
the above methods at key stages of the route trajectory
conduce to delineate the correlation of the dominant mo-
tives to the situations.

It must be emphasised that the foregoing happened to
have provided the possibility to significantly reduce the
time for MMS analysis being predominantly concentrated
on the likelihood of “bursts” of navigators’ motivational
activity. So, this approach is said to have hastened the
selection of the required methodology basing on three or
four stages of navigators’ actions in typical situations.

Taking into account the evidence of vivid manifesta-
tion of navigators’ mental activity boost getting used to
being accompanied by an increase in their motivation the
conclusion is that the nature of the actions precisely indi-
cates the navigators’ mental state.

Well, for instance, such a parameter as rpm_port at
moderate rates (3—5 knots) is unable to be affecting the
mental activity boost but, nevertheless, at high rates (8—12
knots) makes the navigators severely enhance their entire
capacity-building. It goes without saying that this item is
impossible to be looked at without motivation [40].

With an aim to analyze the influence of this parameter
on the MMS shaping we want a range diagram (Boxplot)
rpm_port (main rotor speed) to be introduced. For getting
analysis done an experiment was carried out with 11 dif-
ferent navigation teams being involved in facing the same
terms and conditions of the Bosphorus location. So, from
the analysis of the diagram the sample differences are
sure to be noticed. The medians are not noticed to be sig-
nificantly different only in the first, second and third sam-
ples (rpm_portl, rpm_port2, rpm_port3). Sample data
rpm_portl, rpm_port6, rpm_port7, rpm_port8, rpm_port9,
rpm_port10 skewed to the left; rpm_port10, rpm_portl1 —
skewed to the right; rpm_port5 — symmetric; rpm_port2,
rpm_port3 — very tight placement (Fig. 10).

Speed of the main screw

R

Tl

pm_gort

tee

Figure 10 — Boxplot plot of the rpm_port parameter

The interquartile range does not visually differ too
much in the samples rpm_port4, rpm_port6, rpm_port8,
rpm_port9, rpm _portl0. The samples rpm_port2,
rpm_port3, rpm_port7 have a lot of outliers.
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So, having been delivered results do indicate a clear
difference in the navigators’ behavior models. For exam-
ple, the rpm_port speed parameter and its change along
the trajectory of the routes are presenting significant dif-
ferences. In order to achieve the target of finding the
groups having alike patterns of behavior a confidence
interval diagram was decided to be navigator.

It would be highly appreciated due to reflecting the
presence of common points of intervals for the following
groups of samples: rpm_portl, rpm_port2, rpm_port7,

rpm_port8; rpm_portl, rpm_port3, rpm_port9;
rpm_port3, rpm_port6, rpm_port9; rpm_port4,
rpm _port5, rpm port6, rpm portl0, rpm portll;

rpm_portS, rpm_port6, rpm_port9, rpm_port10. Average
items closely spaced for the following groups of samples:

rpm_portl, rpm_port2; rpm_portl, rpm_port3;
rpm_port2, rpm_port7, rpm_port8; rpm_port4,
rpm_port5, rpm_port6, rpm_portl0, rpm portll;

rpm_port6, rpm_port9, rpm_port10 (Fig. 11).
Subsequently, to determine the homogeneity of vari-
ances, the Bartlett Test of Homogeneity of Variances and
Computes Levene’s test for homogeneity of variance
across groups centered on the median are considered to be
of great assistance.
Bartlett test of homogeneity of variances
data: rpm_port by type
Bartlett’s K-squared = 428.15, df = 10, p-value < 2.2¢-16
Levene’s Test for Homogeneity of Variance (center = median)
DfF value Pr(>F), group 10 39.493 <2.2e-16 ***
Signif. codes: 0 “***”0.001 “***0.01 “*>0.05°>0.1 " 1

pm_part
—

Figure 11 — Diagram of confidence intervals for the
rpm_port

Accordingly, based on the results of both completed
tests, we are definitely to discard the null hypothesis of
equality of variances (since with F10,2992 = 39.493 p-
value < .05). This issue indicates the evidence of vari-
ances to be different being admitted as solid proof that the
populations from which the data is selected are not to be
regarded as identical. Further, we are on the point of per-
forming ANOVA aiming to compare the average samples.
As a result, the number F10,2992=20.23, p<2e-16. was
obtained. The conclusion can be made, this issue means
that there are statistically significant differences between
the average samples of the rpm_port parameter. This item
is believed to be the ground to have the hypothesis of the
study of shaping navigator’s behavior models with indi-
vidual characteristics generally confirmed. Further, let's
do posteriori comparisons with an aim to identify differ-
ences between the samples. As the test for equality of
variances is noticed to have uncovered statistically sub-
stantial differences, the Games-Howell one being used for
pairwise comparison of normally distributed samples with
unequal variances is proposed to be introduced. The ob-
tained results are presented in Table 1.

It is vividly seen that after having carried out analysis
of the table five types of navigators’ behavior models are
highly likely to be identified.

Therefore, each of these issues represents the maxi-
mum number of samples between having no statistically
significant differences [41-43]. To be precisely, no dif-
ferences were able to have been observed in the middle of
each behavior model.

Moreover, at least one statistically significant differ-
ence between the behavior models do exist. Groupl in-
cludes: rpm_portl-8; group3: rpm_portl, rpm_port3—9;

group4: rpm_portd—6,  rpm_portl0-11; groups:
rpm_port5, rpm_porto6, rpm_port9, rpm_port10
(Fig. 12 a, b).

Hence, the analysis of the diagrams as well as the ap-
plication of subsequent techniques delivered a beneficial
opportunity for us to succeed in having the navigational
watches grouped. No. 1-11 (Fig. 12 b).

Table 1 — The difference is a statistically significant difference between the sample

rpm_ rpm_ rpm_ rpm_ rpm_ rpm_ rpm_ rpm_ rpm_ rpm_
portl port2 port3 port4 port5 port6 port7 port8 port9 portl0

rpm_port2 —

rpm_port3 - -

rpm_port4 differ differ differ

rpm_port5 differ differ differ -

rpm_port6 — differ — — —

rpm_port7 - - differ differ differ differ

rpm_port8 - - - differ differ differ —

rpm_port9 — differ — differ — — differ differ

rpm_port10 differ differ differ - - - differ differ -

rpm_portl1 differ differ differ — — — differ differ differ —
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Figure 12 — Diagram of the groups of statistically significant
difference between the behavior models: a — boxplot diagram of
the groups of samples of the rpm_port parameter between which
statistically significant differences were revealed; b — diagram of

confidence intervals for the groups of samples of the rpm_port

parameter between which statistically significant differences
were revealed

group

Besides, the having been developed questionnaires
contributed into process of getting empirical data obtained
for each formed group.

Data processing with RStudio and “SPSS” v. 23.0
turned out to be favorable enough to apply to Spearman’s
statistical correlation methods, the Promax component
rotation one and etc. So, to calculate the minimum,
maximum, arithmetic mean of the parameters and stan-
dard deviations became highly likely to be done.

5 RESULTS

The calculated results were a huge assistance of allow-
ing us to correlate the survey data and the navigators’
mental motivational states (Table 2).

Thus, the conclusion can be made that the having been
proposed approach assumes indirect navigators’ MMS
determination by means of the parameters of the vessel’s
movement. Then, with respect to the level of goal-setting,
we define the model of the motivational factor influence
on the water transport operation:

Z(t,+1)=Z(1,)\D, (1, +1)U 4, (1, +1) if 0<E(r)<oo,
vt Z(t)=2Z" (t)uZ(¢),

Dy (1, +1)& A, (1, +1) = arg opty Ky (1, +1),

Zpian (12 +0) = Zpyyy (1. +O) {Z ~tasky,,
T2(t.)=[Z(1.) > Chaos(t, +1-A_,A.) ], A, — min,

E(t+1) = Fun(E(),Z(1).{F (1)}, Mpg,_, (t)).

Moreover, despite being a success, this approach is to
be taken only at the initial stages of psychological diag-
nostics [44]. Much further analysis of likewise conclu-
sions is sure to presume the involvement of a highly
qualified specialist. This will allow the development of an
intelligent assessment of diagnostics of experimental data
in real time [45].

Table 2 — Mental motivational states of navigators

Commands

Mental motivational states of cadets

2,8,7

F3 “Motivation for obtaining” is considered to be a reflection of significant motivation levels to compete and motivation to
succeed without having positive reassessment of the real situation. The motivational mental state of this group of cadets is
having a lot to do with craving to achieve the desired result at any cost.

F6 “Affiliation motivation” is said to be characterized as the desire of the individual to be better than others. The subject is
being implicated into constant retrieval to perform complex tasks of professional activity seeking social support and encour-
agement in the environment sometimes in the eyes of beholder close friends.

1,3

F2 “Confrontational motivation” is the individual’s confrontational regulatory ability to do something by his own initiative,
to confront avoiding the search of other alternatives to cope with the problem as well as shirking the responsibility and posi-
tive reassessment of the situation.

F4 “Pragmatic motivation” is said to be planning for solving a problem with having it not accompanied by a positive reas-
sessment of the real situation. This motivational mental state needs to be defined mostly as the search for approval, a desire
to hold on to one’s point of view and beliefs.

9,6

F1 “Ego-motivation” is said to reflect the dependence of the individual components of the personality’s motivational struc-
ture, to be directly, internal and cognitive motive, volitional effort, assessment of one’s potential, the intended level of efforts
mobilization. The significant negative correlation with confrontation and self-control in the context of professional activity
performing is definitely to be taken into consideration. The effect of this factor seems to be characterized by internal and
cognitive activity in professional activity.

F7 “Motivation for responsibility” depicts the idea of getting all motivational mental states accompanied by the desire to
perform all assigned tasks from the simplest to the most difficult ones appropriately. Such a motivational mental state is
being thought about as inherited peculiarity for being prone towards order, and discipline in everything.

4,5,10,11

F5 “Motivation for avoidance” includes variables, the psychological content of which is aimed at mirroring the desire to
escape from responsibility, initiative and whatever. It seems to have a negatively evaluated significant relationship with the
assessment of the level of achieved results. Such individuals have a tendency to totally circumvent no way having to deal
with anything. They get used to being apt to “keep your head down”.
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Hence, the proposed approaches are believed to have
been implemented and tested in the course of an experi-
ment using the Navi Trainer 5000 navigation simulator.
They managed to have demonstrated the potential and the
effectiveness of the proposed above research hypotheses.
The experimental data, as well as the developed psycho-
logical methods for analyzing sea-going navigators’ men-
tal motivational states while performing complex maneu-
vers and navigation tasks, facilitate to find out important
dependencies and come up as a result of scientific re-
search.

As a result of the study, the expediency of the psycho-
logical and informational approaches used, as well as the
principles of the formation of models of behavior of navi-
gators in difficult conditions was confirmed.

Thereby, the psychological and formal-analytical ap-
proaches presented in the study, as well as the developed
software tools, are named to be worth being delivered to
apply the classification of the navigators’ mental motiva-
tional states in the form of a geometrically defined space
of states. Accordingly, the results of the study might be of
great interest and assistance for the sake of predicting and
preventing catastrophic consequences in maritime trans-
port due to the human factor.

CONCLUSIONS

We analyzed formal approaches to the practical as-
pects of the decision theory application in situations of
stochastic uncertainty and resource constraints. As a re-
sult, an approach was proposed that is closest to the prob-
lem of research based on the models formation of motiva-
tion when making decisions by navigators in human-
machine systems.

On the basis of the indicated approach, the principle of
vessel controlconverting information parameters from the
ECDIS server was determined. This made it possible to
structure the data on the motivation the navigator on the
basis of geometric product of groups G' =G, G, .

A 3D information model the structural motivation of
navigators was formed based on the Cayley’s graph ele-
ments: a’, b°, ¢®. This made it possible to identify the ex-
tremum points of motivation, to determine the degree of
importance in relation to MMS.

On the basis of electronic simulator data the periods of
extrema were synchronized with respect to the speed-
power parameters of the vessel’s control. This made it
possible to form the characteristic spaces of motivation
the MMS navigator: LNE, LPC, LNEc, LAEc, LEAc,
LERc.

To achieve the main goal of the study, an experiment
was carried out, as a result of which data were collected
on the motivational models of navigators when perform-
ing a maneuver of entering the harbor of Istanbul. The
data were obtained in the course of automated analysis of
NTPRO 5000 navigation simulator log files with subse-
quent processing by statistical ANOVA methods in RStu-
dio. As a result of calculations, a motivation map for

navigators was built based on Ward’s dendrogram and
MMS points.

On the basis of experimental data, motivational mod-
els of decision-making F1-F7 of navigators teams were
determined.

The obtained motivational models will make it possi-
ble to identify the class of decision-making by navigators
in difficult situations to ensure the safety of water trans-
port control.

Thus, this study made it possible to significantly ap-
proach the solution of the problems to identifying motiva-
tional models of water transport navigators to ensure
safety.
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AHOTAULIA

AKTyasIbHiCTB. Y CTaTTi 3aIIpOIIOHOBAHO MiIXiJ] aBTOMATH30BaHOI iieHTH]iKaIi{ MOTHBAIIHHOT MOJIETI HaBIraToOpiB NpH yIpaB-
JHHI MOPCHKHM TPAHCIIOPTOM. 3alpoIIOHOBAHO aJTOPUTMU BIUIYYEHHS JAHHUX B PE3yJIBTATi JIIOJMHO-MAIIMHHOTO B3a€MOJIi HaBira-
TOpa 3 eIEKTPOHHUMHU CHCTEMaMH YIIPaBIIiHHS CyJHOM IIPY BUKOHAHHI HaBirauiifHUX omeparii miBHIIeHOT CKJIaJHOCTI.

Meta. MeTor0 TOCTIIKECHHS € 3aCTOCYBaHHS (hOPMATBHOTO 1 aITOPUTMIYHOTO TiIXO/IB 0 BHIYUYCHHS JaHUX MOTHBAIITHOT MO-
nerti HaBiratopa Juist 3armo0iranHs aBapiii Ha BOXHOMY TPAHCIOPTI.

Merton. [IporonyeTtbes ineHTrdiKaiis AeTepMiHOBAHHUX MIPOSBIB PO3yMOBOI AisUIbHOCTI HaBIraToOpiB 3a JOMOMOTOI0 Bi3yalbHOL
KOHIIENIii reoMeTprudHoi Teopii rpyn. Takuii migxix 3a0e3nednB HAOUHE CUCTEMO-JIOTIUHE MOEAHAHHS AIarHOCTHYHUX METOMIB IO
CIpsSIMOBaHI Ha BU3HAYECHHS MOTHBALIHUX IIEHTPIB MITypMaHa i MPOIECciB MpoQeciitHol AisTbHOCTI, HAPUKIIAI IIPU BUKOHAHHI Ma-
HeBpiB. KiIl04OBHM TOKa3HHUKOM ifeHTH(IKalil BBaKAEThCS MapaMeTp aKTUBHOCTI IUTypMaHa «rpm_port», IO BIUIMBAE HA IIBH[-
KICTh CyJJHA 1 € MapKepOM TIOCWIICHHS Horo (i3ionoriuHol akTuBHOCTI. Takuil miaxin KopucHHMIT Ut ineHTHdIKamil THMYacoBUX (a3
IIPY MaHEBPYBaHHI, 110 SBHO BKa3yIOTh Ha 3MiHy MOTHBALiHHOTO cTaHy HaBiraropa. JlaHuii acnekt OyB HOBEAEHMI Ha MiACTaBi pe-
3yJIBTATIB JEHAPOTpaMMH Y 0pJia, KiTbKOX CTAaTUCTHYHUX METOIB i MIPUKJIAQJHOTO MpOrpaMHoro 3adesnedenus. OTpumani pesynbra-
TH JIOCJIIJUKEHb JO3BOJIAIOTH IPOrHO3YBaTH MOTHBALlIMHI CTAHH HaBiraTopa y KPUTHYHUX CUTYaLlisiX.

Pe3yabTat. 3 METOO MiATBEPHKEHHS 3alPOIIOHOBAHOTO (JOPMABHO-AITOPUTMIYHOTO MiIX0ay OyB MPOBEACHHUI SKCIIEPUMEHT 3
BHKOPUCTAaHHSIM HaBiramiitHoro cumyistopa Navi Trainer 5000. ABToMaTH30BaHHI aHAIi3 €KCIIEPUMEHTAIFHUX TaHUX TO3BOJIUB
chopMyBaTH MOTUBAIIMHY KapTy HaBiraropa i BU3HAYUTH MOJEINb MPUHHSTTS PIlICHb IO BIUIMBAIOTH HA MPOLECH YIPABIIHHS CYA-
HOM Y CKJIQHUX CHUTYAaIisX.

BucHOBOK. 3anponoHOBaHi MiIXOAH JIOCIHIKEHHS JO3BOJIMIN aBTOMATH3yBaTH IPOLECH BIIIyYEHHS JaHUX IO BKa3yIOTh Ha
NPUHIUNN OPUAHATTS pillieHb HaBiratopoM. Pe3ysbTaTHBHICTH 3alPOIOHOBAHOTO MiAXoqy Oyia OOIpyHTOBaHA 3a pe3yJbTaTaMH
ABTOMAaTH30BaHOI 00POOKH EeKCIIEPUMEHTAIBHUX JaHUX 1 HOOYJOBAaHUX 03HAKOBUX JEPEBOIONIOHMX MIPOCTOPIB MPUIHATTS PillICHb.

KJIFOYOBI CJIOBA: cucremu ineHTudikaiii MOTHBaLIi, CHCTEMH aBTOMaTH30BaHOI OOPOOKH JaHHMX, MOJICIIOBAHHS MOJICICH
MPUIHATTS pillieHb, KOMIT IOTEPHI CTUMYJISITOPH, aHAITI3 JIFOACHKOro (hakTopa, aBTOMAaTU30BaHi CHCTEMH YIIPaBIIiHHSI.
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AHHOTALUA

AKTYyaJIbHOCTB. B cTaThe mpeiokeH MOAX0J aBTOMATH3MPOBAHHON WICHTU(UKAIIMH MOTHUBAIIMOHHOW MOJICIH HABHTaTOPOB
MPU YIPABIEHUH MOPCKUM TpaHCIOpTOM. [IpeaioxeHbl anropuTMbl 3BJIEUYCHUS JAHHBIX B pe3yJIbTaTe 4eJI0BEKO-MAIIMHHOIO B3au-
MOJEHUCTBHS HABUIAaTOPa C JIEKTPOHHBIMH CHCTEMAaMH YMPABICHUS CyJHOM IIPU BBIIOJIHEHWM HABUTAIIMOHHBIX ONEPALi HOBBI-
LIEHHOW CII0’KHOCTH.

Heas. Llenpro uccaenqoBaHuA SBISETCS MPUMEHEHHE (OPMATBHOTO U alTOPUTMHYECKOTO MOAXO00B K U3BICYCHHUIO TaHHBIX MO-
THUBAIMOHHON MOJIEIN HABUTATOPA IJIS IPEJOTBPAILCHHS aBapHiA Ha BOIHOM TPAaHCIIOPTE.

Merton. [Ipennaraercs naeHTH(GUKAIMS ETEPMUHHHAPOBAHHBIX MPOSBICHIA MBICIHTEIFHON IEATEIFHOCTA HABUTATOPOB C TI0-
MOIIBI0 HANIAHOW KOHICTINH TeOMETPUUECKON Teopuu rpymi. Takoi moaxoa oOecreuns HarsIHOe CHCTEMAaTHKO-TIOTHIECKOEe
COYCTaHHE JUATHOCTHYCCKUX METOJIOB, HAMIPABJICHHBIX HA ONMPECIICHHE MOTHBAIMOHHBIX IICHTPOB IITYpMaHa U MPOIECCOB Mpodec-
CHOHAJILHOM JICSITEIEHOCTH, HAIPUMED MPU BBIMOJIHEHHH MaHEBPOB. KIT0UeBbIM MOKa3aTesieM HACHTH()UKAIIMKA CUATACTCS MapaMeTp
AKTUBHOCTH LITypMaHa «rpm_porty», BAUAIOUIMNA Ha CKOPOCTh CyIHA U SIBISIOIIUIICS MapKepOM YCHUJICHHUS €ro (hPM3MOJIOTHYECKON
akTHUBHOCTU. Takoi MoAxox moJe3eH sl uaeHTH(OUKALUKY BpeMeHHON (a3bl IPU MAaHEBPHUPOBAHUH, YTO SBHO yKa3bIBaeT HA H3Me-
HEHHE MOTHUBAIIMOHHOTO COCTOSHUS HaBHratopa. JlaHHbIH acieKT ObLI JOKa3aH Ha OCHOBAaHHWHU PE3YJIBTaTOB ACHAPOrpaMMEI Y opaa,
HECKOJIBKHX CTATUCTUYECKUX METOMOB W NMPHKIAJHOTO MPOrpaMMHOI0 obecneueHus. [lomydeHHbIE pe3yabTaThl HCCIEAOBAHUI 1M0-
3BOJISIIOT IIPOTHO3UPOBATh MOTUBALIMOHHBIE COCTOSIHUSI HABUTATOPA B KPUTUYECKUX CUTYaIHSIX.

PesyabTat. C 1eipr0 MOATBEPIKICHUS TPEATI0KEHHOTO (POPMATEHO-AITOPUTMUIECKOTO MOIX0/1a ObLT IPOBECH SKCIIEPHUMEHT C
WCIOJIb30BAaHUEM HaBUTAIMOHHOTO cumyiistopa Navi Trainer 5000. ABTOMaTH3MPOBAHHBIA aHAIN3 YKCIICPUMEHTAIBHBIX JAHHBIX
MO3BOJIMIT C(HOPMHUPOBATH MOTHBALIMOHHYIO KapTy HABUraTopa U ONMPEICIUTh MOJCIb NMPUHATHS PEIICHUN BIHSIONIMX HA MPOIIECCHI
YIOPaBJICHUS CYAHOM B CJIOKHBIX CUTYaLUAX.

BriBon. [IpennoxeHHble MOIX0ABI UCCIIEAOBAHUS TIO3BOJIMIN aBTOMAaTH3UPOBATh MPOLECCHl U3BJICUCHUS JaHHBIX YKa3bIBAIOIIUX
HA TMPUHIUIGI IPUHATHS PELICHHH HABUTaTOPOM. Pe3ylbTaTHBHOCTH MPEAJIOKEHHOTO MoaX0/a Oblia 000CHOBaHA MO Pe3ysbTaTaM
aBTOMAaTHU3MPOBAaHHOW 00pabOTKM 3KCIIEPUMEHTAIBHBIX JAHHBIX W MOCTPOSHHBIX MPH3HAKOBBIX APEBOBUIHBIX MPOCTPAHCTB HMPUHS-
TUS PEILICHUH.

KJIIOYEBBIE CJIOBA: cucreMs! nieHTH(GUKANINE MOTHBAINN, CHCTEMbI aBTOMAaTH3HPOBAHHOH 00pabOTKN NaHHBIX, MOJEIH-
poBaHHE MOjeJeH MPUHATHS PEUICHHU, KOMIBIOTEPHBIC CUMYJISITOPBI, aHAITU3 YEIOBEYECKOro (hakTopa, aBTOMATU3UPOBAHHBIC CHC-
TEMBbI YIIPaBJICHHUSI.
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