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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. 

Objective. 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 
ECDIS is an Electronic Chart Display and Information 

System; 
ARPA is an automatic radar plotting aid; 
AIS is an Automatic Identification System; 
GPS is a Global Positioning System; 
NTPRO 5000 is a navigation simulator “Navi 

Trainer 5000”; 
ANOVA is an Analysis of Variance; 
MMS is mental motivational states; 
LNE is a level of navigator expectations; 
LPC is a level of personality claims; 
LNEc is a level of the navigator’s expectations; 
LAEc is a level of awareness of expected events; 
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. 

 

NOMENCLATURE 
s is a motivational influencing factor; 
S is a set of factors; 
y is a control actions; 
Y is a set of control actions; 
x is a navigational situations; 
X is a set of navigation situations; 

a
navw  is a navigator action utility function; 

R is a navigation results space; 
navy′  is a navigator behavior alternatives; 

max
a
navw  is a maximum expected usefulness for the 

navigator; 
xt is a moment of making decisions; 
Gv ↑  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; 
δ  is a structural diagnostics; 
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δ  is a functional diagnostics; 
er is a stock of resources for decision making; 
Fr is a fragment to define MMS; 
I is an information structure of the MMS identification 

task; 
( )0β S  is a prior distribution on the set of states; 
,uq γ  is a structure transition function; 

φn  is a safe vessel handling strategy; 

1π
n  is a decision making strategy; 

1τ
n  is a strategy for choosing alternatives; 
ςi  is an alternatives of states; 
x′  is a comparison x with MMS; 
RS is a state space; 
θn  is a navigation risk criterion; 
Rb is a binary relation; 
Γ(xp) is a preference function; 
Ω is a set matrix; 
sp is a complexity of the project; 
uq is an utility function; 
af is an expectation level; 
f is a subjective probability; 
μ  is a selective probability; 
xex is an expenses; 
v is a scaling factor; 
γ  is a reference level; 

( )fΔ  is a decision checkpoint function; 

( )* pP s  is a probability measure; 

HX  is a better alternative; 

( )exxℑ  are maximum values of the quality criterion 
relative to the strategy xex; 

optℑ  is an optimal solution; 

XΩ  is an area of agreement and compromise; 
Λ  is an importance of criteria; 

xiUP  is a probability of the expected utility of a solu-

tion; 

( )x xi iC UP
≥

 is a probability of the decision being useful 

is greater than initially expected; 
ψt  is an element of random behavior; 
a3, b2, c6 are words of the mathematical system; 
G1, G2 are represent a group, for MMS; 
G′  is a producing a new group; 
ei is a starting point of the motivation identification 

system report; 
g1, g2 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; 
Zin(t) is an inner emotional experience; 
Zex(t) is an external reactions, behavior model; 
E(t)<∞ is a shortage of time resources; 

tz is a discrete variable step; 
ZPlan is a how many tasks to be solved; 
○  is a future tense symbol; 
DZ is a how many targets to be deleted; 
АZ is a lots of added goals; 
KZ is a bounded rationality ratio; 

ZΔ  is a bifurcation period of the motivation model; 
Fun is an input processing method; 

1 7...F FM  is a navigator 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). 

 

 
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 

1 2G G G′ = D . 
3. To form a 3D information model of the navigators 

structural motivation of  based on Cayley’s graph elements: 
2|Cay b b e= , 3|Cay a a e= , 6|Cay c c 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∈ , y Y∈ , x X∈  to X S≤ such that, 

( )ς :navw Y S X R× × →  in terms of situational control 
[13, 14]. 

An additional condition for identification is maximiza-
tion ( )ς

max : *, *
t

nav sw x y X Y∈ ×  within the framework  

such that ( ) ( )ς ς
max , , , ,nav navy y w y s x w y s x′ ′⇔ >; . 

Identification is limited by terminal factors 

( )ς
max|t navx w : 

( ) ( )Re | δ, δ |t t tx x K x K∀ = → →  

( ) ( )( ) ( )( )( )Re δ δ δ .ee Gv e Fr Gv= ↑ ⊗ ↓  

 in conditions: 
( ) [ ] [ ]{

( ) ( )( ) }
0

ς ς

,β , , , , , , ,

, | , ,ς .

s x

nav

I S S X X X s S Y Y Y x X

A q S S Y w Y S X A

= ⊂ ∈ ⊆ ∈

× × × ∈
 

 
The output variable is a ( )ς,δ | Mq S S Y×  and depends 

on M and ( ), | 1Con x x K x x′ ′= ⇔ = : sX X⊂ , xY Y⊆ . 

The main criterion of the task is a ( )1 1 1θ δ | π , τn n n
n  in 

the space SR , which will determine the dependence 
ς
navw  on θn within the MMS scale. 
The resulting factor is the navigation safety strategy 

( )1 1 δ
φ π | τ maxn n

n → , in the form of a scale: 

( ) ( ){ }1δ : δ ,Mx s S s x S x X− = ∈ = ⊂ ∈∪ . 
 

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 Rb is proposed. Moreover, Γ(xex), 
determines the most preferable solutions from Ω. 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 si. In this case, it is important to accu-
rately determine the factors determining uq. 

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. 

 
( )( )1

fa v Ev f−= , 

( ) ( ) ( ) ( )
( )sup μ

,μ γ μf ex f
x

U f v a u x a x
∈

= + −∑ . 

 
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 ( )fΔ  and 

( )* pP s , which in our case predetermines the dependence 
on motivational factor: 

 
( ) ( )( )

( )
( )

( )( )
( )

( )
sup *

sup μ

,μ *

μ .

p p
s P

ex ex
x

U f v f s P s

u x f x

∈

∈

= +

+ − Δ

∑

∑
 

 
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: 

 
( )arg max .H exX x= ℑ  

 
In this case, the optimality of decision taken is re-

duced to solving the chain of local goals, which forms the 
current strategy: 

 

( ) ( ) , .
X

opt opt
X

X opt X
∈Ω

ℑ = ℑ = ℑ Λ⎡ ⎤⎣ ⎦  

 
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: 

( )

( )

( )

( ) ( )

if

then 0 ψ 1

or if

then ψ 1 .

xi x xi i

xi x xi i

xi x xi i

x xi ix x x xi i i i

U C U

t U C U

U C U

U t UC U C U

P P

P P

P P

P P P 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 – G1 and – G2. Simultaneous participation of 
the methods will be presented as a product of these 
groups, producing a G′  [26]. 

Since there are: a3, b2 and c6 in the group 
1 2G G G′ = D  and each one is a geometric structure, we 

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

       
Figure 3 –  The words: a3, b2 and c6 in the group 
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Then group 3 2 6
1 2 , , |G G G a b c a b c e′ = = = = =D , 

meaning that Cayley’s graph of a free product implies 
“agglutination” of two graphs G1 and G2. 

In order to create Cayley’s graph of the group G1 we 
proceed from the following logic: G1 has two generatrixes, 
i. e. The number of edges equals to a doubled product of 
the generatrixes – 4, but as far as b2 is a biangle and “agglu-
tinates” in one section, we have three edges – sections. 
Therefore, we put one edge b2 (in sum – three) from each 
point of the apex (of the triangle) a3 and have Cayley’s 
graph for G1 (see Fig. 4 a, b). 

 

 
a 

 
b 

Figure 4 – The formation of Cayley’s graph for G1:  
a – composition of generators for G1; 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 G1 by G2, 
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” b2. Conse-
quently, the products 1 2G G G′ = D  will have Cayley’s 
graph depicted in Fig. 5. 

Each point ei, 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 е1 originates from the ap-
plication of the “motivational core” c6, 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 е2, begin-

ning with “LNE”, without LNEc and further moves to the 
“motivational core” c6, and then to LNEc. This group can 
be represented in a 3D projection for visualization (see 
Fig. 6). 

 
a 

 
b 

Figure 5 –  Cayley’s graph of the desired group G′ :  
a – fractal space of 1 2G G G′ = D ; 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 Сi (see Fig. 7). For instance, there is the above-
mentioned trajectory b2аb, followed by the strategy b–1 
“planning to move a rudder blade”, that is evident in the 
pause in the vessel route and a radical change in the course. 

 
Figure 7 –  Determining the influence of the points Сi 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, i. 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, g1 and g2 are 
connected by the edge if 2 1;a A g g a∃ ∈ = ⋅  or 

1 2g g 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]. 

 

 
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_port1, rpm_port2, rpm_port3). Sample data 
rpm_port1, rpm_port6, rpm_port7, rpm_port8, rpm_port9, 
rpm_port10 skewed to the left; rpm_port10, rpm_port11 – 
skewed to the right; rpm_port5 – symmetric; rpm_port2, 
rpm_port3 – very tight placement (Fig. 10). 

 

 
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_port10. 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_port1, rpm_port2, rpm_port7, 
rpm_port8; rpm_port1, rpm_port3, rpm_port9; 
rpm_port3, rpm_port6, rpm_port9; rpm_port4, 
rpm_port5, rpm_port6, rpm_port10, rpm_port11; 
rpm_port5, rpm_port6, rpm_port9, rpm_port10. Average 
items closely spaced for the following groups of samples: 
rpm_port1, rpm_port2; rpm_port1, rpm_port3; 
rpm_port2, rpm_port7, rpm_port8; rpm_port4, 
rpm_port5, rpm_port6, rpm_port10, rpm_port11; 
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 < 2.2e-16 
Levene’s Test for Homogeneity of Variance (center = median) 
Df F value    Pr(>F), group   10  39.493 < 2.2e-16 *** 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

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. Group1 in-
cludes: rpm_port1–8; group3: rpm_port1, rpm_port3–9; 
group4: rpm_port4–6, rpm_port10–11; group5: 
rpm_port5, rpm_port6, 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_ 
port1 

rpm_ 
port2 

rpm_ 
port3 

rpm_ 
port4 

rpm_ 
port5 

rpm_ 
port6 

rpm_ 
port7 

rpm_ 
port8 

rpm_ 
port9 

rpm_ 
port10 

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_port11 differ differ differ – – – differ differ differ – 
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a 

 
b 

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 
 

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:  
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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 1 2G G G′ = D . 

A 3D information model the structural motivation of 
navigators was formed based on the Cayley’s graph ele-
ments: a3, b2, c6. 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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АНОТАЦІЯ 

Актуальність. У статті запропоновано підхід автоматизованої ідентифікації мотиваційної моделі навігаторів при управ-
лінні морським транспортом. Запропоновано алгоритми вилучення даних в результаті людино-машинного взаємодії навіга-
тора з електронними системами управління судном при виконанні навігаційних операцій підвищеної складності. 

Мета. Метою дослідження є застосування формального і алгоритмічного підходів до вилучення даних мотиваційної мо-
делі навігатора для запобігання аварій на водному транспорті. 

Метод. Пропонується ідентифікація детермінованних проявів розумової діяльності навігаторів за допомогою візуальної 
концепції геометричної теорії груп. Такий підхід забезпечив наочне системо-логічне поєднання діагностичних методів що 
спрямовані на визначення мотиваційних центрів штурмана і процесів професійної діяльності, наприклад при виконанні ма-
неврів. Ключовим показником ідентифікації вважається параметр активності штурмана «rpm_port», що впливає на швид-
кість судна і є маркером посилення його фізіологічної активності. Такий підхід корисний для ідентифікації тимчасових фаз 
при маневруванні, що явно вказують на зміну мотиваційного стану навігатора. Даний аспект був доведений на підставі ре-
зультатів дендрограмми Уорда, кількох статистичних методів і прикладного програмного забезпечення. Отримані результа-
ти досліджень дозволяють прогнозувати мотиваційні стани навігатора у критичних ситуаціях. 

Результат. З метою підтвердження запропонованого формально-алгоритмічного підходу був проведений експеримент з 
використанням навігаційного симулятора Navi Trainer 5000. Автоматизований аналіз експериментальних даних дозволив 
сформувати мотиваційну карту навігатора і визначити модель прийняття рішень що впливають на процеси управління суд-
ном у складних ситуаціях. 

Висновок. Запропоновані підходи дослідження дозволили автоматизувати процеси вилучення даних що вказують на 
принципи прийняття рішень навігатором. Результативність запропонованого підходу була обґрунтована за результатами 
автоматизованої обробки експериментальних даних і побудованих ознакових деревоподібних просторів прийняття рішень. 

КЛЮЧОВІ СЛОВА: системи ідентифікації мотивації, системи автоматизованої обробки даних, моделювання моделей 
прийняття рішень, комп’ютерні стимулятори, аналіз людського фактора, автоматизовані системи управління. 
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АННОТАЦИЯ 
Актуальность. В статье предложен подход автоматизированной идентификации мотивационной модели навигаторов 

при управлении морским транспортом. Предложены алгоритмы извлечения данных в результате человеко-машинного взаи-
модействия навигатора с электронными системами управления судном при выполнении навигационных операций повы-
шенной сложности.   

Цель. Целью исследования является применение формального и алгоритмического подходов к извлечению данных мо-
тивационной модели навигатора для предотвращения аварий на водном транспорте. 

Метод. Предлагается идентификация детермининированных проявлений мыслительной деятельности навигаторов с по-
мощью наглядной концепции геометрической теории групп. Такой подход обеспечил наглядное систематико-логическое 
сочетание диагностических методов, направленных на определение мотивационных центров штурмана и процессов профес-
сиональной деятельности, например при выполнении маневров. Ключевым показателем идентификации считается параметр 
активности штурмана «rpm_port», влияющий на скорость судна и являющийся маркером усиления его физиологической 
активности. Такой подход полезен для идентификации временной фазы при маневрировании, что явно указывает на изме-
нение мотивационного состояния навигатора. Данный аспект был доказан на основании результатов дендрограммы Уорда, 
нескольких статистических методов и прикладного программного обеспечения. Полученные результаты исследований по-
зволяют прогнозировать мотивационные состояния навигатора в критических ситуациях. 

Результат. С целью подтверждения предложенного формально-алгоритмического подхода был проведен эксперимент с 
использованием навигационного симулятора Navi Trainer 5000. Автоматизированный анализ экспериментальных данных 
позволил сформировать мотивационную карту навигатора и определить модель принятия решений влияющих на процессы 
управления судном в сложных ситуациях. 

Вывод. Предложенные подходы исследования позволили автоматизировать процессы извлечения данных указывающих 
на принципы принятия решений навигатором. Результативность предложенного подхода была обоснована по результатам 
автоматизированной обработки экспериментальных данных и построенных признаковых древовидных пространств приня-
тия решений.  

КЛЮЧЕВЫЕ СЛОВА: системы идентификации мотивации, системы автоматизированной обработки данных, модели-
рование моделей принятия решений, компьютерные симуляторы, анализ человеческого фактора, автоматизированные сис-
темы управления. 
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