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ABSTRACT
Background: Human factor has become a critical issue due to the fact that all operational processes in 
maritime transportation have been accelerated with technological innovations. Irregular and long working 
hours, rapid change of working environments and other organisational and/or individual factors have negative 
impact on the performance of the seafarers as well as other transportation workers and/or shift workers. 
Seafarers working under the influence of these stressor factors, naturally, are affected from psychophysiolo-
gical and cognitive aspects, which in return decrease their overall performances. The study mainly aimed to 
investigate which of the above mentioned affecting factors had greater impact on seafarers’ performances. 
Materials and methods: For this purpose, data for 14 healthy male seafarers on board different vessels was 
collected. The collected data included the number of port visits, frequency of change of circadian rhythm, total 
working hours and watchkeeping periods in the recent month. In order to analyse the psychophysiological 
effect of working period, electrodermal activity and heart rate variability measurements for arousal mood 
and data from 2-choice reaction time tests for cognitive performance were collected from the seafarers. 
Results: Obtained data was analysed in SPSS software programme applying multiple regression with factor 
analysis to model the dependence between psychophysiological states of seafarers and working periods. 
Conclusions: According to the results, it was determined that the change of circadian rhythm is the main 
determinant factor for seafarers. The results showed that when seafarer’s circadian rhythm is changed 
more frequently, they experience more drowsiness.

(Int Marit Health 2018; 69, 2: 84–93)
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INTRODUCTION
Human factor became a more critical issue with the 

acceleration of all operational processes in maritime trans-
portation. This acceleration causes directly or indirectly 
decreased port stays, short sailing periods between ports, 
in other words time pressure, fewer crew on board and 
long-lasting sleeplessness periods. In early studies, it has 
been clearly stated that irregular and long working hours 
have negative effects on physical, emotional and mental 
fatigue. Grandjean [1] emphasised that fatigue can not 
only be comprehended as a  physical fact but also as 
a mental fact which is one of the most important causes 
of incidents and injuries. It has also been indicated that 
shift work system and long working hours have caused 

serious psychophysiological effects on workers [2–8]. In 
the light of their studies, sleeplessness and excessive 
workload have not only caused fatigue in workers, but 
also affected them cognitively which in turn decrease their 
overall performances. Long working hours, as a parameter 
of working period, are one of the most important factors 
that cause fatigue and drowsiness [9–12]. Rengamani and 
Murugan [13] indicated that International Convention on 
Standards of Training, Certification and Watchkeeping for 
Seafarers (STCW) regulation, which says “seafarers have 
to rest 10 hours minimum in a day”, allows long working 
hours. Minimum rest periods for seafarers, as mentioned 
on STCW, does not correspond especially with vessels 
making frequent port visits. In addition to long working 
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hours, the shift work system is another main cause of 
fatigue [11, 14–17]. 

Recent studies on the topics of fatigue, stress and emo-
tional states have been focused on biometrical measure-
ments to detect fatigue or emotional states [18–20]. Shar-
ma and Gedeon [21] mainly classified the measurements 
and computational techniques for stress recognition. They 
specified that the biometrical measurements such as elec-
trodermal activity (EDA), heart rate variability (HRV), brain 
activity could be modelled by computational techniques 
such as Bayesian classification, artificial neural networks 
etc. for stress recognition. Additionally, authors focused on 
the statistical predictions of emotional states by psycho-
physiological signals [22, 23].  Chueh et al. [24] tested the 
statistical methods on measured physiological signals to 
develop emotion recognition system and they found that 
regression analysis and MANOVA could significantly improve 
the system. The multivariate statistical techniques such as 
multivariate regression, factor analysis, and multivariate 
variance analysis have been implemented to lots of psy-
chophysiological research cases.

In this context, this study aims to analyse the effects 
of working period on seafarers and develop the statisti-
cal prediction of psychophysiological effects arising from 
working period. In order to analyse the psychophysiological 
effect of working period; EDA and HRV measurements for 
arousal mood and data from 2-choice reaction time tests for 
cognitive performance were collected from the seafarers. 
The figures were collected during the port period on board 
different container vessels both at the beginning and at 
the end of the cargo watches. Also, working period data of 
seafarers were collected. The collected data include the 
number of port visits, frequency of change of circadian 
rhythm, total working hours and watchkeeping periods in 
the recent month. All data were analysed in SPSS software 
programme applying multiple regression with factor analysis 
to model the dependence between psychophysiological 
states of seafarers and working periods.

RelATeD wORk
Shift work and frequent port visits can cause seafarers 

to work for long hours. In early studies, long working hours 
has been found as the main risk factor of maritime accidents 
[25, 26]. Accordingly, following parts of this chapter include 
the factors that cause cognitive and psychophysiological 
defects, the findings and suggestions on this issue.

FINDINgS IN mARITIme DOmAIN
Numerous studies show that shift work system is one 

of the key parameters for fatigue [11, 15, 16]. When watch 
schedules change, total actual sleep durations of seafarers 
decrease compared to seafarers who have fixed watch 

schedules [27]. Due to this change, the seafarers with 
a fixed watch schedule were found to be more rested than 
those without. Awareness and attention decrease along with 
sleeplessness and fatigue [28–30]. Besides, watchkeeping 
officers tend to fall asleep at the end of the watch, most-
ly between 00:00 and 06:00. Working/resting hours and 
mealtimes are disrupted due to change of circadian rhythm 
of seafarers and their awareness and vitality are affected 
by shift work [10, 31]. These results show that changing of 
sleep period and circadian rhythm highly affects cognitive 
abilities and psychophysiological states of seafarers.

Decreased port stays and short sailing periods between 
ports have caused fatigue in seafarers [11, 32]. Having 
small number of crew on board as well as short sailing 
periods between ports is a significant reason of fatigue in 
seafarers [13, 33]. 

Long working hours is one of the most significant fac-
tors generating fatigue and sleeplessness [9, 10, 12, 34]. 
The STCW regulation allows long working hours especially 
for vessels which make frequent port visits by putting into 
words as “seafarers have to rest 10 hours minimum in 
a day”. Frequent port visit has negative effect on ratings 
due to difference of the tasks and watch schedules in ports 
and at sea [13].

Examining the reasons of the accidents that occurred 
between 1991 and 2000, Phillips [35] indicated that 39% 
was related to sleep/falling asleep, but very few of them 
were related to fatigue. Indeed, working in low alertness 
atmosphere could cause acute fatigue [10]. Its symptoms 
can appear as drowsiness and lack of attention.

All crew who works in small bulk carriers and container 
ships which make coastal navigation, is getting more tired 
in comparison with other type of vessels [36–39]. On the 
other hand, ratings experience more injuries related to 
fatigue or lack of attention than officers [40, 41]. There-
fore, vessel type and seafarer’s  rank are determinative 
for fatigue.

DevelOpmeNTS IN FATIgUe DeTeCTION
Researchers have worked on development of fatigue de-

tection systems. Many detailed literature data are available 
about research on fatigue detection in drivers, pilots and 
astronauts. In one of these researches, multiple regression 
analysis of electroencephalography (EEG) data, was used to 
detect driver fatigue and to develop a fatigue countermea-
sure device [5]. Fatigue and anxiety were related to each 
other in fatigue detection. Similarly, to detect vigilance of 
pilots, EDA and HRV were combined and an algorithm was 
created for assessment of the adaptation to task demands 
[42]. Collecting EEG and electrooculography (EOG) data, the 
fatigue monitoring system has been developed for astro-
nauts. These data were correlated with psychomotor vigi-
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lance tasks that evaluated the sleepiness of astronauts [43].  
Singh et al. [19] successfully implemented the Layer Recur-
rent Neural Networks for stress level detection on drivers by 
collecting EDA and photoplethysmogram (PPG) data. Such 
computational systems can develop the safety systems to 
detect fatigue.

The studies which analyse the effects of stressor fac-
tors on seafarers are not sufficient but there are even less 
reports on biometrical measurements. Maurier et al. [28] 
took measurements from officers and engineers at Horizon 
Project in a 6 on 6 off shift system with a seven-day naviga-
tion process in the bridge, engine room and cargo control 
room simulators. According to the observations of seafarer 
behaviours, awareness and attention decreased with fa-
tigue and residence times increased in designated areas. 
Similarly, sleepiness and fatigue states of watchkeeping 
officers on vessels, which make coastal navigation, were 
evaluated by EEG, heart rate and SpO2 measurements in 
bridge simulator [30]. In respect to the findings, awareness 
and attention decreased along with sleeplessness and fa-
tigue. Tac et al. [44] observed the effects of temperature, 
noise and motion on the cognitive abilities of seafarers 
particularly in engine room. These effects were observed by 
using EEG and cognitive tests. At the end of the watch, the 
cognitive ability was decreased and needed brain activity 
was increased to solve tests.

Although physical, psychological and cognitive research-
es have been described in literature, modelling cause and 
effect relationship for fatigue and developments of fatigue/ 
/stress detection systems were in research phase in mar-
itime domain. Lützhöft and Sri [45] developed a Fatigue 
Management Tool Kit, and created MARTHA software which 
is to be used on board. It is a mathematical calculation tool 
that is to figure out circadian rhythm by entering work/ 
/rest times. They recommended waiting at least 5–6 days 
before the change of watch schedules for seafarers’ cir-
cadian rhythms. The weak side of this software is that 
only working and resting hour data can be entered. There 
is no biometrical assessment or actual sleeping times. 
Yet, it has been stated that sleep quality and actual sleep 
duration are disturbed due to change of circadian rhythm 
in previous studies.

mATeRIAlS AND meTHODS
Fourteen healthy male seafarers participated in the 

study. All subjects declared having no chronical, neuro-
logical or psychiatric illness. Measurements were taken at 
Ambarlı Port (Istanbul, Turkey) calls of 6 different container 
ships which have different routes and different working 
schedules. The study was approved by the Health and En-
gineering Sciences Human Researches Ethical Committee 
of Istanbul Technical University.

DATA COlleCTION FOR CIRCADIAN RHyTHm
A circadian rhythm is a behavioural and physiological 

24-hours cycle which is created by one or more internal bi-
ological clocks. Circadian rhythm controls the body’s sleep/ 
/wake condition, hormone levels and periodic changes of 
body temperature in a 24-hour cycle under the influence of 
these biological clocks. Light is one of the most important 
factors which affect this cycle. Being apart from light, exer-
cise, social stimulants, nutrition, and heat also affect the 
circadian rhythm [46]. When the ship’s working conditions 
are considered, change of watchkeeping periods at ports, 
rotations on watch schedules and working in a light-free en-
vironment negatively affect the circadian rhythm of the body.

Working period was described as the number of port vis-
its, the frequency of change of circadian rhythm, total working 
hours and watchkeeping periods of seafarers. Watchkeep-
ing periods are scheduled as 00:00–04:00 together with 
12:00–16:00, 04:00–08:00 together with 16:00–20:00 
and 08:00–12:00 together with 20:00–24:00 for seafarers. 
In this context, work/rest hours schedules that included the 
detailed manoeuvring times, port durations and other issues 
for recent month were collected for each participant.

eleCTRODeRmAl ACTIvITy meASURemeNT
Emotional sweating, also known as galvanic skin re-

sponse or EDA, which is only affected by the sympathetic ner-
vous system, is one of the stress indicators in the body [47].  
Conductivity with increasing tendency of the humidity allows 
the measurement while individual is stressed. Thus, when 
the stress increases, the EDA increases. Electrodermal 
activity has also been correlated with stressors such as 
mental workload and work performance [48]. The stress 
levels were classified as relaxed, moderate, and stressful 
by measuring the EDA to determine drivers’ stress levels 
[19, 49, 50]. The response of eccrine sweat bland, which 
indicates EDA, was observed in cases of increased attention, 
increased consciousness, sudden stoppage in understand-
ing, problem solving and anxiety [42].

After the vessels were alongside and the cargo opera-
tions were commenced, the activation levels of body and 
the arousal states of seafarers were observed in operation 
process by taking EDA measurements at the beginning and 
at the end of the watches for 10 minutes. Electrodermal 
activity was measured according to the skin conductivity 
between 0.5 microsiemens (μS) and 20 μS by two alumin-
ium electrodes with the measurement device presented 
in Figure 1.

HeART RATe vARIABIlITy meASURemeNT
Heart rate variability is a stress indicator. It also shows 

how individual adapts to changes. HRV is an increase or 
decrease in heart rate relative to normal heart rate. For 
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example, an average of 60 heartbeats per minute does 
not mean that it beats once per second. The heart rate is 
between 0.5 and 2 seconds. However, stress is determined 
according to the parameters based on frequency rather than 
those based on time. The fluctuations in the heart rate are 
resolved into numerical powers within certain frequencies. 
The low-frequency to high-frequency (LF/HF) ratio is an 
evaluation parameter and shows a sympathetic-parasym-
pathetic balance. Increase in rate means the sympathetic 
activation while decrease in rate means the parasympa-
thetic activation [51]. Adding to their specifications, the 
synchronisation of EDA and HRV shows the arousal and 
activation state [52]. EDA and HRV were used together to 
detect the vigilance or activation states of pilots, seafarers 
and automotive drivers [3, 19, 42].

The HRVs of seafarers were monitored simultaneously 
with EDA in the study. Heart rate variability was measured 
with the aid of plastic electrodes on the belt with the mea-
surement device presented in Figure 2.

TwO-CHOICe ReACTION TIme TeST
The reaction time refers to the duration from the acti-

vation of stimulation until the response to stimulation. The 
reaction time is divided into a simple stimulus versus a sim-
ple reaction time for which simple movement is expected 
and an optional reaction time at which desired movement 
is expected according to the type of stimulus [53]. According 
to Madden [54], the reaction time is a measure of the data 
processing speed of the central nervous system. When it is 
evaluated in terms of long working hours and the resulting lack 

Figure 1. A. Electrodermal activity measurement device; B. Data collection in operation process

Figure 2. A. Heart rate variability measurement device; B. The 
use of the device

A

A B
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of sleep, it is stated that sleep deprivation leads to a reduction of 
about 50% in learning cognitive and procedural knowledge [55].

In this study, the 2-Choice Reaction Time evaluation 
test of Automated Neuropsychological Assessment Metrics 
(ANAM) Version 4 was used to evaluate the cognitive perfor-
mance of the seafarers. This evaluation test was performed 
by a seafarer before he/she commenced the watch and 
after he/she completed the watch. In this respect, it allowed 
observation on the change in reaction time of the seafarer 
during the port operation.

mUlTIvARIATe ANAlySIS
Dependent and independent variables were determined 

to model the dependence between psychophysiological 
states of seafarers and working period. Due to the fact that 
the model consists on the effect of working period on psy-
chophysiological states of seafarers, dependent variables 
are the psychophysiological measurements consisting of 
EDA, HRV and reaction time. Correspondingly, independent 
variables are the number of port visits, the frequency of 
change of circadian rhythm, total working hours and the 
watchkeeping periods of seafarers.

The correlation between EDA values and HRV values 
(ry1y2 = 0.505) confirms the Thayer’s [52] model of syn-
chronisation; these two measurements indicate activation 
states or arousal moods of individual. Besides, there are 
high correlations between EDA and reaction time values 
(ry1y3 = –0.650) and between HRV and reaction time 
values (ry2y3 = –0.534). They point out that when EDA 
and HRV (arousal mood) of seafarer decrease, reaction 
time prolongs. Therefore, factor analysis is implemented to 
dependent variable for regression analysis. Factor analysis 
is a technique used to reduce a great number of variables, 
considered to be related to each other, to fewer irrelevant 
basic dimensions (factors) by examining the relationship 
between them [56]. In this context, Figure 3 represents the 
structural model of factor analysis for this study.

After factor analysis, regression analysis is implement-
ed to analyse the effects of independent variables, which 
are the number of port visits, the frequency of change of 
circadian rhythm and total working hours of seafarers, on 
dependent variable. Regression analysis is used for pre-
dicting values of one or more dependent variables from an 
addition of independent variable values [57]. In this context, 
regression analysis has the following form:

YDrowsiness = b0 + b1X1 + b2X2 + b3X3 + e                     (1)

where bi are the coefficients of independent variables, e is 
random error and X1, X2, X3 are respectively the number of 
port visits, the frequency of change of circadian rhythm and 
the total working hours of seafarers. All values and variables 

were statistically analysed in SPSS (Statistical Package for 
Social Sciences) programme.

ReSUlTS

expeRImeNTAl ReSUlTS
According to the measurements, there were differences 

between the values at the beginning of the watch and those 
at the end of the watch. Figure 4 represents the difference 
of the values for one participant. There can be seen an 
increase in arousal mood and activation state of seafarer 
at the beginning of the watch. However, the needed level 
of activation did not occur at the end of the watch. The 
participant showed lower activation for the same work at 
the end of the watch. There is also a synchronization of EDA 
and HRV which occurs after 180 seconds. 

After obtaining the experiment results, statistical analy-
sis was carried out in order to assess which working period 
variables were determinative in changes of psychophysio-
logical states.

STATISTICAl ANAlySIS
First of all, MANOVA was carried out in order to analyse 

the effect of watchkeeping period to psychophysiological 
states of seafarers in SPSS programme. Box’s test of equal-
ity of covariance matrices (Table 1) and Levene’s  test of 
equality of error variances (Table 2) was carried out for 
applicability of multivariate analysis.

Even though the multivariate analysis is applicable for 
these data, none of the watchkeeping periods affected the 
psychophysiological states of seafarers (the value of Wilks’ 
Lambda = 0.486; sig = 0.306, p < 0.05).

Secondly, factor analysis (presented in Figure 3) was 
carried out to reach one dependent variable represented 
as drowsiness. Table 3 is the correlation matrix that shows 
the correlation among the dependent variables. According 

The difference of
reaction time [ms] 

z

Drowsiness

Y1 Y2 Y3

d1 d2 d3

The difference 
of electrodermal 

— acticity [µS] 

The difference of heart rate variability  
(LF/HF ratio) 

Figure 3. A structural model for factor analysis representing the 
dependent variablesl; LF/HF — low-frequency/high frequency
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Figure 4. The change of electrodermal activity (EDA) (A) and heart rate variability (HRV) (low-frequency to high-frequency [LF/HF] ratio); 
(B) values of one participant during the watch

Table 1. Box’s test of equality of covariance matrices

Box’s M 7.158

F 0.328

df1 12

df2 399.296

Sig. 0.984

Table 2. Levene’s test of equality of error variances

F df1 df2 Sig.

EDA diff. 0.860 2 11 0.450

RTt diff. 0.929 2 11 0.424

LF/HF diff. 0.846 2 11 0.455
EDA — electrodermal activity; RTt — reaction time; LF/HF — low frequency to high frequency; diff. — the differences of the psychophysiological states between beginning of 
the watch and end of the watch of participants

Table 3. Correlation matrix

eDA diff. RTt diff. lF/HF diff.

Correlation EDA diff. 1.000 0. 0.505

RTt diff. –0.650 1.000 –0.534

LF/HF diff. 0.505 –0.534 1.000

Sig. (1-tailed) EDA diff. 0.006 0.033

RTt diff. 0.006 0.025

LF/HF diff. 0.033 0.025
Abbreviations — see Table 2

to this, EDA and HRV (stated in Table 3 as LF/HF diff.) are 
positively correlated which indicates the parallel effect from 
sympathetic-parasympathetic nervous system. Besides, 
EDA and reaction time (stated in Table 3 as RTt diff.) have 
negatively correlated. So, it means the decrease of EDA 
activity is the increase in reaction time of given response 
to 1 case. This result indicates that cognitive ability can 
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Table 4. Kaiser-Meyer-Olkin and Bartlett’s test

Kaiser-Meyer-Olkin measure of sampling adequacy 0.691

Bartlett’s test of sphericity:

    Approx. Chi-Square 10.581

    df 3

    Sig. 0.014

Table 5. Total variance explained

Component Initial eigenvalues Extraction sums of squared loadings

Total % of variance Cumulative % Total % of variance Cumulative %

1 2.129 70.960 70.960 2.129 70.960 70.960

2 0.523 17.433 88.392

3 0.348 11.608 100.000
Extraction method: principal component analysis.

Table 6. The descriptive statistics of working period’s variables

mean Standard deviation N

Number of port visits 11.57 3.435 14

Frequency of change of circadian rhythm 5,36 4.634 14

Total working hours 240.79 10.297 14

Table 7. Regression model summary

model R R square Adjusted 
R square

Standard  
error of the 
estimate

Change statistics Durbin-Watson

R square 
change

F change df1 df2 Sig. F  
change

1 0.804 0.646 0.540 0.7850343 0.646 6.079 3 10 0.013 1.834

Table 8. ANOVA

model 1 Sum of squares df Mean square F Sig.

Regression 8.396 3 2.799 6.079 0.013*

Residual 4.604 10 0.460

Total 13.000 13
*Predictions: (Constant), total working hours, frequency of change circadian rhythm, number of port visits.

be affected by autonomic nervous system. The outcome 
conforms to the previous studies in existing literature which 
argues that sleeplessness, change of circadian rhythm and 
fatigue have a  negative impact on individual’s  reaction 
time [17, 55, 58].

Table 4 represents the applicability of factor analysis to 
these dependent variables (sig = 0.014, p < 0.05).

Table 5 represents the total variance explained by the 
component which is formed via factor analysis. According 
to analysis presented in Table 5, the component explains 
70.96% of total variance for dependent variables.

Finally, regression analysis was implemented to math-
ematically examine the effects of the working period’s vari-
ables. Table 6 represents the descriptive statistics of work-
ing period’s variables.

The regression model (presented in Table 7) can explain 
moderately the relationship between working period and the 
psychophysiological states of seafarers (R square = 0.646, 
adjusted R square = 0.540). Table 8 represents the signifi-
cance of regression model with ANOVA (sig = 0.013, p < 0.05).

The coefficients of working period’s variables are need-
ed to state in regression formula (1) to examine the effects 
of working period’s variables on psychophysiological states 
of seafarers. These coefficients of independent variables 
are presented in Table 9.

According to the coefficients and their significance values, 
the significant factor is only the frequency of change of cir-
cadian rhythm from working period’s variables (sig = 0.002,  
p < 0.05). Other variables have lower impact and significance 
on the psychophysiological states of seafarers. Regression 
formula can be stated with final coefficients as follows:
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Table 9. The coefficients of working period’s variables

model 1 Unstandardised  
coefficients

Standardised 
coefficients

t Sig.

B Standard error Beta

Constant 5.535 5.812 0.952 0.363

Number of port visits 0.063 0.070 0.217 0.904 0.387

Frequency of change of circadian rhythm 0.193 0.048 0.895 4.039 0.002

Total working hours –0.030 0.027 –0.312 –1.141 0.280

Drowsiness = 5.535 + 0.63 × (number of port visits)      
(2) 

 
+ 0.193 × (frequency of change of circadian rhythm)  
– 0.030 × (total working hours)

According to the equation (2), the increase in frequency 
of change of circadian rhythm for seafarers causes more 
drowsiness during their cargo watches. In this study, the 
working period’s variables, except the frequency of change 
of circadian rhythm, have no impact or very low impact on 
their psychophysiological states. It can be said that the 
change of circadian rhythm is the main determinant factor 
of drowsiness of a  seafarer. When seafarer’s  circadian 
rhythm changes more frequently, he/she experiences more 
drowsiness.

The findings of the other studies on shift work system 
are similar that it causes more sleeplessness, lower vigi-
lance and more fatigue for seafarers [11, 14–17]. Besides, 
authors stated that circadian rhythm is the most significant 
factor in fatigue, which is consistent with the findings of 
this study [10, 31, 58]. On the other hand, short sailing pe-
riods between ports and long working hours have negative 
effects on seafarers [11, 59, 60]. However, the number 
of port visits and total working hours had lower impact on 
psychophysiological states of seafarers in this study. The 
differences of the psychophysiological states between be-
ginning of the watch and end of the watch of participants, 
who have experienced more port visits but less change of 
circadian rhythm, was not greater than the others. These 
findings is in line with the findings of Arulanandam and Ts-
ing [27] that seafarers who have fixed watch schedule, both 
in ports and at sea, experience less fatigue than the others.

CONClUSIONS
The study attempted to make a comprehensive research 

on the working periods of the seafarers who work on shift 
system. Although negative effects of shift work system have 
been known in maritime transportation area, empirical 
studies are still not sufficient to determine what factors 
are more appropriate to measure the negative effects. The 
recent data on the subject has shown that ratings as much 
as officers make mistakes during cargo operations because 

of the factors such as long working hours, decreased port 
stays, short sailing periods between ports, time pressure, 
having small number of crew on board, long-lasting sleep-
lessness periods and finally because of fatigue. This study 
focused on the root cause of drowsiness taking ratings’ 
working periods as the main input. Moreover, this study 
attempted to make a humble contribution to the existing 
literature on the following issues: In order to assess individ-
ual’s arousal mood and activation state, synchronization of 
EDA and HRV can be effectively used; statistical prediction of 
psychophysiological data is also applicable to assess overall 
state of an individual. The correlation between reaction 
time and EDA/HRV is an important indication that shows 
cognitive ability is affected by autonomic nervous system. 
This outcome conforms to the previous studies in the ex-
isting literature which argues that sleeplessness, change 
of circadian rhythm and fatigue have a negative impact on 
individual’s reaction time.

The study showed that watchkeeping periods didn’t 
affect the psychophysiological states of seafarers. Besides, 
the number of port visits and total working hours had lower 
impact on the psychophysiological states of seafarers. How-
ever, the frequency of change of circadian rhythm caused 
a substantial difference in the psychophysiological states 
of seafarers. When seafarer’s circadian rhythm is changed 
more frequently, they experience more drowsiness. Actually, 
an increase in the number of port visits means an increase 
in the frequency of change of circadian rhythm, especially 
for ratings due to the fact that ratings normally work on 
08:00–17:00 watch schedule at sea but they turn to work 
on shift work system at ports. Within the course of this 
study, the frequency of change of circadian rhythm was not 
high even when the number of port visits was increased. 
The main reason of this outcome was that the above men-
tioned daily work schedules were not used by captains of 
some vessels involved in this study. Thus, the drowsiness 
of seafarers on these vessels was not observed as much 
as that of the others.

In the light of the above findings, keeping the number 
of changes for watchkeeping periods low and making the 
watchkeeping periods the same both at sea and at ports 
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can be a preventive measure to avoid maritime casualties 
even if the number of port visits is high.

For future researches, in order to develop fatigue de-
tection systems for maritime transportation working envi-
ronment, it is advisable to have more enhanced empirical 
studies with a larger group of seafarers. More computational 
techniques and algorithms including more biometrical mea-
surements will contribute to understanding of the shortcom-
ings and also lead way to overcome the problems.
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