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ABSTRACT

The aim of this study is to quantify the impact of selected factors on seafarers’ satisfaction with ergonomics in the work 
environment. A sample of N=45 experienced seafarers were asked to complete a validated and reliable questionnaire to 
assess their perception of their working conditions, the application of ergonomic principles, the presence of health issues 
related to ergonomics, and the need for further education on this topic. A linear multiple regression analysis showed 
that none of the factors examined here had a statistically significant impact on seafarers’ satisfaction with ergonomics 
(p > 0.05). The perception of ergonomic conditions had the highest non-significant positive effect (b = 0.34, b* = 0.35, t 
= 1.76, p = 0.09). This study analyses the most recent stage of integration of ergonomic practices among seafarers and 
highlights the importance of enhancing education and raising awareness among seafarers regarding the application 
of ergonomic principles. The results contribute to a better understanding of ergonomic challenges in the maritime 
industry, and offer initial insights that may support future improvements to the working conditions on board ships.
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INTRODUCTION

As an interdisciplinary field, ergonomics is gaining in 
importance among researchers of working conditions, 
particularly in sectors with high physical and mental demands, 
such as the maritime industry [1]. Seafarers operate under 
demanding conditions that include long shifts, work within 
confined and restricted spaces, and exposure to vibrations, 
noise, and extreme weather conditions. These factors not 
only affect their physical health, but also impact their mental 
well-being, work efficiency, and long-term safety [2]. Previous 
research has shown that the proper application of ergonomic 
principles can significantly improve working conditions, 
reduce fatigue and injuries, and increase productivity [3]

[4][5]. However, in practice, significant obstacles hinder the 
implementation of ergonomic solutions, particularly on ships, 
where the organisational structure, space constraints, and 
available resources often limit the ability to adapt the work 
environment to optimal ergonomic standards [6].

Traditional approaches to maritime ergonomics are 
based on international guidelines and standards, such as 
ISO 11226:2000, which define criteria for evaluating static 
working postures, acceptable levels of force exertion, repetitive 
tasks, and limits for biomechanical strain [2]. ISO 6385:2016 
provides general ergonomic principles for the design of work 
systems, and emphasises human-centred approaches that take 
into consideration workload management and environmental 
conditions [7]. In addition to ISO standards, the guidelines 
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and codes issued by the International Maritime Organization 
(IMO), American Bureau of Shipping (ABS), and other 
classification societies also emphasise ergonomic factors 
related to ship design, bridge layout, and crew safety. Examples 
include the IMO MSC/Circ.982 Guidelines on Ergonomic 
Criteria for Bridge Equipment and Layout [8], the ABS 
Guidance Notes on Ergonomic Design of Navigation Bridges 
[9], and ISO 8468:2007 Ship’s Bridge Layout and Associated 
Equipment—Requirements and Guidelines [10]. Although 
these standards are widely accepted, their implementation 
depends on the perception and commitment of employers, 
as well as their willingness to invest in improving working 
conditions [11]the hull with superstructure and the internal 
ship spaces, as well as the functional arrangement of different 
ship’s equipment. Shipbuilding architecture includes the 
design of ship’s hull and the interior shipbuilding architecture. 
According to the provisions of the International Convention 
for the Safety of Life at Sea (SOLAS. The perceptions of 
employers, together with seafarers’ awareness and knowledge 
of ergonomics, represent a key factor shaping the actual 
impact of ergonomic measures on employee satisfaction [12].

Despite the growing awareness of the importance of 
ergonomics, research suggests that its implementation often 
fails to deliver the expected results, due to organisational 
barriers, lack of enforcement, and inconsistent approaches 
to training [2]. Studies of the maritime sector indicate that 
although ergonomic measures are regarded as beneficial, their 
practical application is frequently prevented by regulatory 
obstacles, employer resistance, and operational constraints 
[13]. Seafarers may have access to basic ergonomic guidelines, 
but without effective training or employer support, the 
application of ergonomic principles remains limited [14].

Furthermore, research suggests that seafarers often do not 
directly associate their health problems with poor ergonomics, 
but instead perceive them as an inevitable part of the job [15]. 
This highlights the need for further education and a better 
understanding of the relationship between ergonomic factors 
and job satisfaction.

Ergonomic conditions on board are usually analysed based 
on various factors, typically including perceptions of the 
employer’s commitment to ergonomics, the frequency of 
application of ergonomic principles, the presence of health 
problems associated with working conditions, and the 
need for additional education [12][15]. Previous research 
indicates that satisfaction with ergonomics is not necessarily 
a result of the mere presence of ergonomic measures, but 
depends on the employees’ subjective perception of their 
effectiveness [16]and indicates the importance of further 
research into risk factors and preventive interventions at sea. 
This chapter gives an overview of the key issues relating to 
seafarer fatigue. A literature study was conducted aimed at 
collecting publications that address risk factors for fatigue, 
short-term and long-term consequences for health and safety, 
and options for fatigue mitigation at sea. Due to the limited 
number of publications that deal with seafarers, experiences 
from other populations sharing the same exposures (e.g. shift 
work. It is therefore essential to identify the factors that most 

significantly influence seafarers’ satisfaction with ergonomic 
conditions in order to guide future improvements in this area.

To clearly assess the impact of these factors, this study 
involved multiple regression analysis, an advanced statistical 
method that enables the precise identification of key predictors 
of employee satisfaction. Multiple regression allows for the 
simultaneous examination of the relationships between 
multiple independent variables and a dependent variable, 
providing detailed insights into which aspects of ergonomics 
have the greatest influence on seafarers’ perception of their 
working environment [17].

For the purposes of this study, key aspects of ergonomics 
relevant to the maritime environment were considered. The 
questionnaire used in the study was previously validated 
through pilot testing (N=10), as described in a separate 
validation study presented at the IMSC 2025 conference 
[18]. The primary objective of this pilot study is to test the 
applicability of the proposed methodology for examining 
the factors that may influence seafarers’ satisfaction with 
ergonomic conditions on board ships. The aim is to explore 
preliminary patterns and to assess the potential of this 
approach in terms of informing future large-scale studies 
and improvements to ergonomic standards in the maritime 
industry.

Ultimately, this study emphasises the importance of 
a  systematic approach to ergonomics, and particularly 
of raising awareness among seafarers and strengthening 
employers’ commitment to ergonomic improvements. 
Continuous monitoring of health outcomes may be beneficial 
in terms of identifying the long-term effects of working 
conditions. This approach could not only generate greater 
employee satisfaction and improved productivity but also 
contribute to the long-term safety and sustainability of the 
maritime industry.

RESEARCH METHODOLOGY

SAMPLE OF PARTICIPANTS

In this research, N=45 seafarers were asked to complete an 
online questionnaire. All participants were active deck officers 
employed on commercial cargo vessels, with at least one year 
of sea service. To provide insight into the varying levels of 
professional experience, respondents were stratified into three 
groups: Group 1: less than five years (n=10); Group 2: five to 
10 years (n=15); and Group 3: more than 10 years (n=20). The 
study was conducted in accordance with the highest ethical 
standards, in order to protect participants and their data. 
Special attention was paid to ensuring respondent anonymity 
and the confidentiality of the collected information [19]. 
Before participating, respondents received a clear explanation 
of the purpose and objectives of the research, with assurance 
that their data would be used exclusively for scientific 
purposes. The study strictly followed the guidelines outlined 
in the Helsinki Declaration, thus ensuring transparency in 
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the research process and the protection of participants’ rights. 
Each respondent had the right to withdraw from the study 
at any time, without any consequences [20].

QUESTIONNAIRE

A  customised questionnaire was developed for this 
study that covered ergonomics issues in the maritime work 
environment. The questionnaire consisted of 10 items, 
which were formulated based on previous research and the 
available scientific literature [21]which are the predominant 
factors in maritime accidents, and the various attempts 
that have been made to reduce human errors by identifying 
the existing challenges. Advanced techniques for human 
and organizational factor modelling, including human 
error identification in accident investigation, human error 
probability quantification in risk analysis, and human and 
organizational factor analysis for emergency situations, are 
comprehensively analysed and discussed. The most widely 
used modelling technique for human error identification 
is the Human Factors Analysis and Classification System 
(HFACS[22]considering the influential factors of dynamic 
cognitive human behavior and complex interactions among 
core risk factors. The HFACS-MA structure consists of five 
levels of human factors based on the International Maritime 
Organization (IMO. Nine questions were structured on a five-
point Likert scale, ranging from one (“strongly disagree”) 
to five (“strongly agree”), while the final question was open-
ended to allow respondents to share personal experiences 
or suggestions relevant for future research. The questions 
covered the following topics: satisfaction with ergonomic 
conditions, perceptions of employer’s commitment to 
ergonomics, the impact of ergonomic practices on health 
and work efficiency, and the need for additional training in 
ergonomics. It included the following items: familiarity with 
ergonomic principles and practices onboard (Q1), frequency 
of application of ergonomic principles at work (Q2), proper 
ergonomic standards and awareness ensured by employer 
(Q3), health problems caused by poor ergonomics (Q4), 
awareness of the proper setup of an ergonomic workstation 
(Q5), the need for additional ergonomic training to improve 
efficiency and safety (Q6), the impact of poor ergonomics 
on work efficiency (Q7), frequency of fatigue or exhaustion 
after work (Q8), and overall satisfaction with ergonomics on 
board (Q9) [18].

The reliability and validity of the questionnaire were 
assessed in a previous study [18]. The questionnaire was found 
to have high internal consistency and test-retest reliability, 
thus confirming its suitability for measuring perceptions of 
ergonomics among seafarers. The test-retest reliability analysis, 
conducted on a subsample of n=10 respondents over a 15-day 
interval, showed acceptable internal consistency (ranging 
from r=0.68 to r=0.98, p<0.05), indicating stability in the 
responses over time. The highest reliability was observed for 
Q3 (r=0.98, p<0.01), which highlighted strong consistency in 
perceptions regarding employers’ commitment to ergonomics. 
Similarly, high reliability scores were recorded for awareness 

and application of ergonomic principles (Q1: =0.90, p<0.01; 
Q5: r=0.91, p<0.01). 

The values of the coefficient of determination (r²) ranged 
from 0.27 to 0.96, confirming that a substantial proportion of 
the variance was explained by repeated measurements. A factor 
analysis using Varimax rotation identified two primary 
factors that together explained 57% of the total variance. 
The first factor, knowledge and application of ergonomic 
principles (33%), included variables related to the awareness 
and practical implementation of ergonomic measures, 
indicating that familiarity with ergonomic principles is 
closely linked to their application. The second factor, health 
problems and efficiency (24%), encompassed variables 
associated with ergonomic deficiencies, health concerns, 
and perceived work efficiency, highlighting the impact of poor 
ergonomics on seafarers’ well-being and performance [18]. 
These findings confirm that ergonomic knowledge and health-
related challenges represent distinct but critical dimensions 
of the maritime work environment, emphasising the need for 
effective training and stronger engagement from employers in 
ergonomic improvements. These findings provide preliminary 
support for the questionnaire’s structure and relevance in 
regard to assessing ergonomic conditions on board, and may 
serve as a foundation for further methodological refinement 
in future studies.

STATISTICAL ANALYSIS

The collected data were analysed using Statistica  14 
software, and a multiple regression analysis was conducted 
to ensure a comprehensive understanding of respondents’ 
response patterns in relation to their satisfaction with 
ergonomics on board ships [23]. In the multiple regression 
analysis, β coefficients and b coefficients were calculated 
together with their standard errors. A model was developed 
using the coefficients of multiple correlation, multiple 
determination and F value [24]. Descriptive statistics were 
used to evaluate the fundamental parameters, including the 
mean, median, mode, response frequencies, minimum and 
maximum values, and standard deviation (Table 1). Measures 
of distribution asymmetry (skewness) and kurtosis were 
calculated to assess the normality of the data. 

DATA COLLECTION

The study was conducted using online surveys, to enable 
a broader outreach to respondents [25][26]. Data were collected 
between January and April 2024. To ensure a higher response 
rate and improve data reliability, respondents were invited to 
participate voluntarily, and clear instructions were provided 
regarding the purpose and confidentiality of the study. The 
survey was designed to be mobile-friendly, allowing seafarers 
to complete it at their convenience using smartphones, tablets, 
or laptops while at sea or during shore leave. Reminders were 
sent regularly to reduce non-response bias. The questionnaire 
was designed to be concise (10–15 minutes) to minimise 
disruption to daily routines. Response validation was applied 
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to prevent incomplete entries and ensure the consistency of 
the collected data.

MATERIALS AND METHODS

DESCRIPTIVE STATISTICAL ANALYSIS

To provide a  comprehensive overview of seafarers’ 
perceptions of ergonomics, descriptive statistical analyses 
were conducted, including mean, median, mode, and 
frequency distributions (Table 1). The sample consisted 
of seafarers with varying levels of experience: 22% (n=10) 
had less than five years of work experience, 33% (n=15) had 
between five and 10 years, while the majority, 45% (n=20), had 
more than 10 years of service at sea. This distribution provides 
valuable insight into how long-term exposure to shipboard 
working conditions influences perceptions of ergonomics. The 
prevalence of highly experienced seafarers enables a deeper 
understanding of how ergonomic conditions change over 
time and the challenges associated with their implementation. 

The mean values indicated a generally positive perception 
of ergonomics, particularly in regard to knowledge of 
ergonomic principles (Q1, M=3.89, SD=0.98) and awareness 
of proper ergonomic workplace setup (Q5, M=3.62, SD=0.98). 
However, responses related to health problems caused by 
poor ergonomics (Q4, M=2.31, SD=1.22) had lower scores, 
suggesting that seafarers may not fully associate health issues 
with inadequate ergonomic conditions. 
Tab. 1. Results for descriptive statistics

Variables Mean ± 
Std. Dev. Median Min-Max Skewness Kurtosis

Q1 3.89±0.98 4.00 1.00–5.00 −0.82 0.51

Q2 3.67±0.88 4.00 1.00–5.00 −0.54 0.77

Q3 3.20±1.08 3.00 1.00–5.00 0.26 −0.80

Q4 2.31±1.22 2.00 1.00–5.00 0.46 −1.12

Q5 3.62±0.98 4.00 1.00–5.00 −0.66 0.67

Q6 3.89±1.07 4.00 1.00–5.00 −0.70 −0.22

Q7 3.69±1.06 4.00 1.00–5.00 −0.64 0.15

Q8 3.38±1.09 4.00 1.00–5.00 −0.60 −0.32

Q9 3.38±1.05 4.00 1.00–5.00 −0.71 −0.04

The median values reinforce these findings, with most 
responses clustering around higher agreement levels 
(median=4) for statements supporting ergonomic awareness 
and training needs (Q5, Q6, Q8). The median value for Q4 
(median=2) suggests low agreement that poor ergonomics 
significantly affects health.

Similarly, a mode analysis revealed that the most frequently 
selected response was 4, indicating strong agreement 
with statements related to knowledge and application of 

ergonomics. However, the mode value of 1 for Q4 (health-
related variables) suggests that many seafarers do not perceive 
ergonomic deficiencies as a significant cause of their health 
issues. 

A response frequency analysis highlighted the need for 
enhanced training and awareness programs, as a considerable 
number of respondents (n=16) expressed interest in 
additional ergonomic training (Q6, mode=5). In addition, 
the minimum and maximum values (ranging from 1 to 5) 
reflected a wide range of opinions, particularly regarding 
employer commitment to ergonomics (Q3, M=3.20, SD=1.08), 
indicating a diverse variety of experiences based on factors 
such as work environment and years of service at sea. 

The distribution of responses was assessed using skewness 
and kurtosis measures. Most variables exhibited a slight 
negative skew, indicating a tendency toward higher agreement 
levels; the exception was Q3 (employer commitment to 
ergonomics, skewness=0.26), which showed a slightly positive 
skew. The kurtosis was generally close to normal, with minor 
deviations from the expected range.

CORRELATION ANALYSIS 
AND MULTICOLLINEARITY CHECK

To ensure the appropriateness of a multiple regression 
analysis, a correlation analysis was conducted to assess 
the potential for multicollinearity among the independent 
variables (Q1–Q8). Pearson correlation coefficients were 
calculated, and the results are presented in Table 2. Most 
correlations were low to moderate, with the highest being 
r=0.6848 (between Q1 and Q5). No correlation exceeded 
the commonly accepted threshold of r=0.80, indicating that 
multicollinearity is not present in this dataset.
Tab.. 2. Pearson correlation matrix for variables Q1–Q8

Variables Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Q1  

Q2 0.6669

p<0.01

Q3 0.4505 0.5752

p=0.002 p<0.01

Q4 0.0674 0.0353 −0.1

p=0.660 p=0.818 p=0.513

Q5 0.6848 0.5081 0.4798 0.1379

p<0.01 p<0.01 p<0.01 p=0.366

Q6 0.2257 0.2012 0.0787 0.3572 0.175

p=0.136 p=0.185 p=0.607 p=0.016 p=0.250

Q7 0.3147 0.2759 0.2341 0.269 0.3635 0.5085

p=0.035 p=0.067 p=0.122 p=0.074 p=0.014 p<0.01

Q8 −0.0024 0.0158 −0.0655 0.3866 0.0512 0.3862 0.3775

p=0.988 p=0.918 p=0.669 p=0.009 p=0.738 p=0.009 p=0.011
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MULTIPLE REGRESSION ANALYSIS

A multiple regression analysis was conducted to examine 
the key factors influencing seafarers’ satisfaction with 
ergonomics on board ships. This approach enabled the 
identification of the most significant predictors and their 
respective contributions to overall ergonomic satisfaction. 
Analysing the relationships between independent variables 
and the dependent variable enabled us to quantify the extent 
to which factors such as ergonomic awareness, employer 
commitment, and perceived health impacts shape seafarers’ 
evaluations of workplace ergonomics.

A multiple regression model was used to predict satisfaction 
with ergonomics (Y) based on eight independent variables. 
The general multiple regression equation used in this study 
was as follows [27]:

 p=0.988 p=0.918 p=0.669 p=0.009 p=0.738 p=0.009 p=0.011  
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To reduce the complexity of the formulation, the 
transformation variables z  and w were introduced. The 
regression function values Y* and Xi* then took the following 
form:

{ 𝑧𝑧𝑧𝑧 =  𝑦𝑦 ∗ 𝑚𝑚 + 1 −  𝑦𝑦 ∗ 𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓 𝑚𝑚 = 1,2, . . . , ʆ −  1
𝑤𝑤𝑖𝑖𝑘𝑘 =  𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖 ∗ 𝑘𝑘 + 1 − 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖 ∗ 𝑘𝑘 𝑓𝑓𝑓𝑓𝑓𝑓 𝑘𝑘 = 1,2, . . . , ʆ𝑖𝑖 –  1 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖 = 1,2, . . , 𝑛𝑛 (5) 

  

The transformation variables are the initial settings of the nonlinear problem (Eq. 4). In this 
formulation and with the new settings, both variables are formulated as a linear multiple regression 
problem. Consequently, the transformation variables are defined in the following linear form[28]: 

{
 

 𝑌𝑌∗𝑚𝑚  =  ∑ 𝑧𝑧𝑡𝑡
𝑚𝑚−1

𝑡𝑡=1
 𝑓𝑓𝑓𝑓𝑓𝑓 𝑚𝑚 =  2,3, . . , ʆ     

𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖∗𝑘𝑘 =∑ 𝑤𝑤𝑖𝑖𝑖𝑖
𝑘𝑘−1

𝑡𝑡=1
  𝑓𝑓𝑓𝑓𝑓𝑓 𝑘𝑘 = 2,3, . . . , ʆ𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖 = 1,2, . . , 𝑛𝑛 

 (6) 

  

By applying Eq. 6 and assuming that seafarer j has expressed overall satisfaction ytj and partial 
satisfaction xtij using the ordinal scales Y and Xi, the ordinal regression (Eq. 4) can be reformulated 
as: 

∑ 𝑧𝑧𝑚𝑚
𝑡𝑡𝑡𝑡−1

𝑚𝑚=1
=∑ 𝑤𝑤𝑖𝑖𝑖𝑖–  σ + + σ−, ∀𝑗𝑗

𝑡𝑡𝑡𝑡𝑡𝑡−1

𝑘𝑘=1
  (7) 

  

Accordingly, the final formulation of the linear optimisation problem within this model is as follows: 

[𝑚𝑚𝑚𝑚𝑚𝑚]𝐹𝐹 =∑ (𝜎𝜎𝐽𝐽+
𝑀𝑀

𝑗𝑗=1
+ 𝜎𝜎𝐽𝐽−) (8) 

  
The model calculates ai−1 variables w for each criterion i, along with a−1 variables z representing 
the overall satisfaction. In cases where the values of ai are identical across all criteria, the model 
requires a minimum of (ai−1) n+a−1 seafarers' evaluations. In line with the study’s objective, the 
regression model was applied to examine the influence of selected predictors on ergonomic 
satisfaction among seafarers. For each evaluated criterion, it was possible to obtain relative weights 
to reflect its perceived importance. The resulting values were normalised to the interval [0, 100] and 
corresponded to the actual satisfaction levels recorded on both the global Y and partial Xi scales [28]. 
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along with a−1 variables z  representing the overall 
satisfaction. In cases where the values of ai are identical 
across all criteria, the model requires a minimum of (ai−1) 
n+a−1 seafarers’ evaluations. In line with the study’s objective, 
the regression model was applied to examine the influence 
of selected predictors on ergonomic satisfaction among 
seafarers. For each evaluated criterion, it was possible to 
obtain relative weights to reflect its perceived importance. 
The resulting values were normalised to the interval [0, 100] 
and corresponded to the actual satisfaction levels recorded 
on both the global Y and partial Xi scales [28].

 
Fig. 2. Overall results for seafarers' satisfaction with different levels of demand 

RESULTS 

The linear value function for seafarers who rated ergonomics as neutral (neither satisfied nor 
dissatisfied) has a flat shape that is clearly defined if the seafarers are more satisfied, and less 
pronounced if the seafarers are less satisfied. The linear value function for seafarers who are 
extremely satisfied with the ergonomics on board has a convex shape, while for seafarers who are 
extremely dissatisfied it takes on a concave shape. To determine the values for the linear function, 
it is important to determine the ratio of the weight of the criterion to the importance of the 
ergonomics criterion (Fig. 2).   
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 The regression coefficients (𝛽𝛽) were estimated using the ordinary least squares (OLS) 
method, in which the sum of squared residuals is minimised to produce the best linear unbiased 
estimates. The statistical significance of each predictor was assessed using the t-test, while the 
overall model fit was evaluated using the coefficient of determination (𝑅𝑅2) and the F-test. Table 4 
presents the results of the multiple regression analysis, showing the standardised (𝑏𝑏∗) and 
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Intercept   2.82 0.93 3.03 <0.01 
Q1 −0.03 0.24 −0.03 0.26 −0.12 0.91 
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Q8 −0.13 0.18 −0.13 0.17 −0.75 0.46 

Fig. 2. Overall results for seafarers’ satisfaction with different levels of demand

RESULTS

The linear value function for seafarers who rated 
ergonomics as neutral (neither satisfied nor dissatisfied) has 
a flat shape that is clearly defined if the seafarers are more 
satisfied, and less pronounced if the seafarers are less satisfied. 
The linear value function for seafarers who are extremely 
satisfied with the ergonomics on board has a convex shape, 
while for seafarers who are extremely dissatisfied it takes 
on a concave shape. To determine the values for the linear 
function, it is important to determine the ratio of the weight 
of the criterion to the importance of the ergonomics criterion 
(Fig. 2).	  
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Q5 0.15 0.22 0.16 0.24 0.69 0.49

Q6 0.11 0.19 0.11 0.18 0.61 0.55

Q7 0.01 0.19 0.01 0.19 0.08 0.94

Q8 −0.13 0.18 −0.13 0.17 −0.75 0.46

The regression coefficients (𝛽) were estimated using the 
ordinary least squares (OLS) method, in which the sum of 
squared residuals is minimised to produce the best linear 
unbiased estimates. The statistical significance of each 
predictor was assessed using the t-test, while the overall 
model fit was evaluated using the coefficient of determination 
(𝑅2) and the F-test. Table 4 presents the results of the multiple 
regression analysis, showing the standardised (𝑏∗) and 
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unstandardised (𝐵) coefficients, their standard errors, t-values, 
and significance levels for each predictor variable.  

A moderate correlation was found between the independent 
variables and the dependent variable. The dependent variable 
Q9 (satisfaction with ergonomics) had a correlation coefficient 
(r) of 0.41, while the coefficient of determination (r²) was 0.17. 
This indicates that the model explains only a small portion 
of the variability in the dependent variable. Although this 
correlation is moderate, an F-test (F(8,36)=0.92, p<0.51) 
showed that the model is not statistically significant, meaning 
that the independent variables cannot sufficiently explain 
the variability in satisfaction with ergonomics. These results 
confirm the limited explanatory power of the model, a finding 
that is consistent with the exploratory nature of this pilot 
study.

The intercept of the model, representing the average 
level of satisfaction with ergonomics among respondents, 
was 2.82 (std. err=0.93; t(36)=3.03; p<0.01). This suggests 
that seafarers generally report a moderate satisfaction level 
regarding onboard ergonomics, although there is considerable 
variation between individuals. The statistical significance of 
the intercept confirms that some level of satisfaction exists 
within the sample, despite the relatively low explanatory 
power of the model.

Each variable in the regression model had a different 
impact on the dependent variable (Fig. 3). No significant 
effect was found for knowledge of ergonomic principles 
(Q1) and their application (Q2). This finding indicates that 
merely being aware of ergonomic measures is insufficient to 
improve satisfaction, unless this is accompanied by supportive 
workplace conditions and management engagement, a finding 
that is in line with previous studies suggesting that systemic 
changes and organisational support are crucial for the 
effective implementation of ergonomics.
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Employer commitment (Q3) emerged as the strongest 
predictor, with the most positive effect on satisfaction 
(b*=0.35; b=0.34; p=0.09). Although this finding is on the 
threshold of statistical significance, it highlights the critical 
role of organisational support in achieving higher ergonomic 
satisfaction. Seafarers who perceived active employer 

engagement reported higher satisfaction, highlighting the 
importance of management-driven initiatives, as previously 
established in related studies of high-risk industries.

Significant impacts on satisfaction were not found for 
other variables such as health problems (Q4), awareness of 
workstation ergonomics (Q5), the need for additional training 
(Q6), the impact of ergonomics on efficiency (Q7), and fatigue 
due to ergonomic conditions (Q8). These results suggest that 
although seafarers recognise ergonomic issues, these factors 
alone do not significantly influence their satisfaction.

INTERPRETATION OF MULTIPLE REGRESSION 
ANALYSIS RESULTS

This multiple regression analysis provided a detailed insight 
into the relationship between satisfaction with ergonomics on 
board ships and selected independent variables. The results 
indicated that employer commitment to ergonomics (Q3) was 
the only variable that had a slight positive association with 
satisfaction (p=0.09). Although not statistically significant, 
this may suggest an aspect that could be further examined 
in future research, particularly regarding how perceptions 
of employer engagement affect ergonomic satisfaction. This 
observation is consistent with previous research that has 
examined links between perceived employer engagement and 
employee satisfaction and productivity (Fig. 4).
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In contrast, variables such as awareness of ergonomic 
principles (Q5) and the need for additional education (Q6) 
did not have a statistically significant effect on satisfaction 
with ergonomics. Although these findings are not statistically 
confirmed, they may indicate that an awareness of ergonomic 
rules alone is insufficient for improving satisfaction, and that 
the practical application of these principles in daily work is 
crucial. For instance, although seafarers may be familiar with 
the proper setup of their work environment (Q5), a lack of 
appropriate equipment or employer support may hinder its 
implementation.

The lack of significant results related to health issues 
(Q4) and work efficiency perceptions (Q7) may indicate 
a  tendency towards normalising discomfort and health 
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issues by seafarers, possibly due to their long-term adaptation 
to demanding maritime environments. Previous research 
within maritime and other high-risk occupational contexts 
has pointed to similar patterns, and authors have noted that 
workers commonly perceive occupational discomfort and 
health challenges as inherent to their profession rather than 
preventable ergonomic deficiencies.

Lastly, the variable representing fatigue after work tasks 
(Q8) also showed no significant predictive value for ergonomic 
satisfaction. This lack of statistical significance may indicate 
that seafarers attribute their fatigue primarily to their 
occupational conditions, such as extended working hours, 
shift irregularities, and physically demanding tasks, rather 
than directly linking fatigue to ergonomic inadequacies. 

DISCUSSION

These findings are aligned with those of research in other 
high-risk industries, where employees often normalise 
physical discomfort and fail to recognise the long-term 
consequences of poor ergonomics [30]. Similar patterns 
have been observed in aviation and manufacturing, where 
compliance with ergonomic standards is largely dependent 
on employer-driven initiatives rather than individual 
awareness of ergonomic principles [15]. This suggests that even 
when seafarers are familiar with ergonomics (Q1) or apply 
certain ergonomic practices (Q2), a lack of employer-driven 
intervention reduces the likelihood of sustained improvement 
in working conditions.

Our analysis further reinforces the critical role of 
employer commitment (Q3), which emerged as the most 
impactful variable inf luencing seafarers’ ergonomic 
satisfaction. This result reinforces the notion that seafarers’ 
perceptions of workplace ergonomics are influenced more 
strongly by management engagement than by their own 
knowledge or experiences with ergonomic measures. This 
finding is consistent with those of studies in other high-
risk industries, where employees tend to view safety and 
ergonomic improvements as the responsibility of management 
rather than individual initiatives [13]. In industries where 
regulatory systems are well-established and ergonomic 
training is delivered in a systematic way, employee satisfaction 
with workplace conditions is significantly higher [13][16]
and indicates the importance of further research into risk 
factors and preventive interventions at sea. This chapter 
gives an overview of the key issues relating to seafarer 
fatigue. A literature study was conducted aimed at collecting 
publications that address risk factors for fatigue, short-term 
and long-term consequences for health and safety, and options 
for fatigue mitigation at sea. Due to the limited number of 
publications that deal with seafarers, experiences from other 
populations sharing the same exposures (e.g. shift work, 
suggesting that compliance with ergonomic standards is 
most effective when supported by systematic policies rather 
than relying solely on individual awareness or training. 

In contrast, health-related concerns (Q4) and the perceived 
impact of poor ergonomics on work efficiency (Q7) were 
not found to be significant predictors of satisfaction. This 
result could indicate that seafarers tend to attribute physical 
discomfort and fatigue to the nature of their job rather than 
to ergonomic deficiencies. This aligns with broader trends in 
high-risk professions, where long-term exposure to physically 
demanding tasks leads to cognitive adaptation mechanisms, 
making workers less likely to link discomfort to modifiable 
workplace conditions.

Fatigue (Q8) did not significantly influence satisfaction 
with ergonomics, which may reflect its complex role in 
seafaring work environments. Further research is needed to 
clarify this relationship. The nature of seafaring is such that 
factors including irregular sleep patterns, extended work 
shifts, and high physical demands are likely to influence 
fatigue independently of ergonomic conditions. This may help 
explain why improvements in ergonomics do not necessarily 
lead to higher satisfaction in this domain.

Since the regression model explains only a  limited 
portion of the variance (17%), future studies should first 
aim to test the model on a larger and more representative 
sample. Organisational culture, leadership engagement, ship 
design constraints, and the autonomy of seafarers in regard 
to modifying their workspaces could play a more significant 
role in shaping perceptions of ergonomic effectiveness. An 
expansion of this research to include qualitative insights from 
seafarers could provide a more comprehensive understanding 
of how they perceive and interact with ergonomic measures 
at sea.

During the course of this study, several challenges arose, 
including limited access to seafarers and constraints on 
reaching a larger and more diverse sample. These limitations 
affected the overall generalisability of the results and the 
strength of the conclusions; nevertheless, the findings offer 
valuable insights into ergonomic satisfaction among seafarers, 
and can serve as a foundation for future research.

PRACTICAL IMPLICATIONS

Although statistical significance was not found for any 
predictors, the observed patterns suggest that the perception 
of ergonomic conditions may play a  role in seafarers’ 
satisfaction, whereas the other analysed factors did not 
have a significant impact. Although it was expected that the 
perceived application of ergonomic principles and health 
problems related to working conditions would be stronger 
predictors, the data suggest that employees primarily value 
employer commitment to ergonomics.

These observations highlight possible practical 
considerations in the maritime industry, particularly 
regarding workplace improvements and raising awareness 
of ergonomics. One potential implication is the importance 
of a more active role of employers in ergonomic initiatives. 
Employees’ perceptions of management engagement could 
influence their satisfaction with ergonomic conditions, and it 
is therefore recommended that organisations not only support 
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the use of ergonomics verbally but also demonstrate real 
commitment through investment and concrete measures. 
Improvement in education and training programs is equally 
important, as our results suggest that many seafarers may 
not fully understand the link between ergonomic conditions 
and their health. Targeted, specific training programs could 
enhance employees’ understanding of the long-term benefits 
of applying ergonomic principles and encourage proactive 
behaviour. 

Monitoring and evaluating health outcomes should 
form an essential part of workplace management strategies 
on board. Although ergonomics-related health problems 
were not found to be statistically significant predictors of 
satisfaction, long-term monitoring could reveal additional 
causal relationships between working conditions and the 
well-being of employees. 

These results suggest that seafarers may not directly 
associate their health issues and fatigue with ergonomic 
conditions but instead perceive them as an unavoidable 
aspect of the job. Similar findings have been reported in 
other high-risk industries, where employees often normalise 
discomfort and fail to recognise the long-term consequences 
of poor ergonomics [30]. Studies suggest that overcoming 
these challenges requires organisational commitment to 
ergonomics, regular risk assessments, and the engagement 
of employees in safety practices [13]. 

Although direct studies on the ergonomic satisfaction of 
seafarers are limited, research in aviation and manufacturing 
industries has found similar trends; for instance, compliance 
with ergonomic standards is strongly linked to employer 
engagement in safety measures rather than to individual 
awareness of ergonomic principles [15]. In industries with 
enforced regulatory frameworks and structured ergonomic 
training programs, employee satisfaction with working 
conditions is significantly higher [13][16]and indicates the 
importance of further research into risk factors and preventive 
interventions at sea. This chapter gives an overview of the 
key issues relating to seafarer fatigue. A literature study was 
conducted aimed at collecting publications that address risk 
factors for fatigue, short-term and long-term consequences 
for health and safety, and options for fatigue mitigation at 
sea. Due to the limited number of publications that deal 
with seafarers, experiences from other populations sharing 
the same exposures (e.g. shift work. Similar patterns have 
been observed in research in the area of maritime safety, 
where strong management commitment to a safety culture 
is correlated with improved compliance and crew well-
being [12]. These parallels indicate that enhanced regulatory 
enforcement and targeted training interventions could 
improve seafarers’ experiences and ensure better ergonomic 
integration in shipboard environments. 

Improving ergonomic satisfaction among seafarers 
requires a multi-level approach. Employers should incorporate 
structured ergonomic training programs into onboard 
safety briefings, provide mandatory workplace assessments 
for high-risk tasks, and implement feedback mechanisms 
via which crew members can report ergonomic concerns. 

Regulatory bodies should ensure that ergonomic guidelines 
are incorporated into ship safety audits to track compliance 
with best practices.

LIMITATIONS OF THE STUDY

This study has several limitations that should be 
acknowledged. The sample size was relatively small (N=45), 
thus restricting the statistical power and generalisability of 
the findings. The distribution of respondents was not fully 
balanced in terms of work experience, and the test–retest 
reliability was explored with only 10 participants. Although 
none of the predictors achieved statistical significance, one 
result (Q3, p=0.09) was close to the conventional threshold, 
suggesting a potential association that warrants further 
investigation. The regression model explained only 17% 
of the variance in satisfaction, indicating that additional 
unmeasured factors may also be relevant. Future research 
should include a  larger and more diverse sample, and 
should consider broader contextual variables to improve 
the robustness and applicability of the findings.

RECOMMENDATIONS FOR FUTURE RESEARCH

Future research should focus on expanding the sample 
and incorporating more diverse groups of seafarers to ensure 
greater representativeness of the results. A longitudinal 
approach could provide deeper insights into the impact of 
ergonomic interventions on satisfaction and health outcomes 
over time. Qualitative methods, such as interviews or focus 
groups, could help in gaining a  better understanding 
of seafarers’ attitudes and perceptions of ergonomics. 
Furthermore, analyses of cultural factors, vessel types, and 
organisational policies could provide additional insights into 
the factors influencing satisfaction with ergonomics.

CONCLUSION

This study has provided valuable insight into seafarers’ 
perceptions of ergonomic conditions on board ships, and 
has examined the factors that influence their satisfaction 
with ergonomics. Through a multiple regression analysis, the 
key role of employer commitment to ergonomics (Q3) was 
highlighted as a mild but important predictor of satisfaction. 
Although this result was not statistically significant at the 
conventional level (p=0.09), it suggests that seafarers who 
perceive their employer as attentive to ergonomic issues tend 
to be more satisfied with their working conditions. These 
findings are aligned with those of previous research indicating 
that organisational culture and management support play 
a crucial role in shaping employees’ perceptions of workplace 
ergonomics: when employees feel that their employer is 
committed to their well-being, it can positively impact their 
satisfaction and motivation. 

None of the analysed predictors (Q1–Q8) had a statistically 
significant effect on satisfaction with ergonomics, although 
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slight differences in the strength of association were observed. 
These results suggest that seafarers may not directly associate 
their health issues and fatigue with ergonomic conditions, 
but may instead perceive them as an inevitable part of the 
job. For instance, back pain or fatigue may be regarded as 
a normal consequence of demanding work on board, rather 
than a result of poor ergonomics. This highlights the need 
for additional education and awareness-raising initiatives 
to change perceptions and encourage the application of 
ergonomic principles in daily tasks. 

In view of related findings in high-risk industries and 
the broader ergonomic literature, we suggest that shipping 
companies should consider a  three-tiered approach to 
improving ergonomic conditions: (1) implementing real-time 
ergonomic monitoring systems to identify high-risk work 
areas; (2) mandating periodic ergonomic training sessions 
tailored to specific maritime tasks; and (3) offering financial 
incentives to crews who participate in safety and ergonomic 
compliance programs. These measures are aligned with best 
practices in high-risk industries such as aviation, where 
structured ergonomic interventions have significantly reduced 
musculoskeletal disorders among pilots and cabin crew. The 
organisation of regular ergonomics training programs could 
help seafarers better understand the importance of properly 
applying ergonomic principles, particularly in real working 
conditions. In addition, the introduction of a system for 
monitoring ergonomics-related health issues could help in 
identifying key risks and implementing preventive measures, 
such as regular medical check-ups and anonymous surveys 
on health concerns.

Ergonomics plays a critical role in improving working 
conditions, productivity, and safety in the maritime 
industry. This study confirms that seafarers’ satisfaction with 
ergonomics is primarily influenced by employer commitment 
rather than individual knowledge or training. Although 
awareness of ergonomic principles is essential, its impact 
remains limited unless it is supported by management-
driven interventions and systemic workplace improvements. 
These findings highlight the importance of structured 
ergonomic policies, continuous education, and proactive 
risk management in creating a safer and more comfortable 
working environment at sea.

Through the integration of real-time ergonomic monitoring, 
targeted training programs, and management-led engagement 
strategies, shipping companies can significantly improve 
ergonomic conditions on board, enhance the well-being of the 
crew, and foster a culture of safety and efficiency in maritime 
operations. Future research should build on these findings to 
develop evidence-based strategies for enhancing ergonomic 
standards and ensuring improvements in seafarers’ working 
conditions.

REFERENCES

1.	 Österman C, Rose L. Assessing financial impact of maritime 
ergonomics on company level: a case study. Marit Policy 

Manag 2015, vol. 42, pp. 555-70. https://doi.org/10.1080/0
3088839.2014.904946.

2.	 Grech MR, Horberry TJ, Koester T. Human factors 
in the maritime domain. CRC Press; 2019. https://doi.
org/10.1201/9780429355417.

3.	 American Bureau of Shipping (ABS). Guidance Notes on 
the Application of Ergonomics to Marine Systems. New 
York: 2013.

4.	 MSC.1/Circ.1598 - Guidelines on Fatigue. International 
Maritime Organization - IMO; 2019.

5.	 Delleman N, Boocock M, Kapitaniak B, Schaefer P, Schaub 
K. ISO/FDIS 11226: Evaluation of static working postures. 
Proc XIVth Trienn Congr Int Ergon Assoc 44th Annu Meet 
Hum Factors Ergon Assoc ’Ergonomics New Millenn 2000, 
pp. 442–3. https://doi.org/10.1177/154193120004403512.

6.	 Reilly T. Ergonomics in sport and physical activity: 
Enhancing performance and improving safety. London: 
Routledge; 2010.

7.	 ISO 6385:2016—Ergonomics principles in the design of work 
systems. International Organization for Standardization; 
2016.

8.	 MSC/Circ.982—Guidelines on Ergonomic Criteria for 
Bridge Equipment and Layout. International Maritime 
Organization - IMO; 2000.

9.	 Guidance Notes on Ergonomic Design of Navigation 
Bridges. Houston: American Bureau of Shipping; 2018.

10.	ISO 8468:2007 Ships and marine technology – Ship’s 
bridge layout and associated equipment – Requirements 
and guidelines. ISO; 2007.

11.	Kasum J, Vladislavić K. Shipbuilding architecture and 
bridge ergonomics. In: Proceedings of the GIS Conference 
2006; 2006 Jan 1; Šibenik, Croatia.

12.	Kongsvik T, Vedal Størkersen K, Antonsen S. The 
relationship between regulation, safety management 
systems and safety culture in the maritime industry. In: 
Steenbergen RDJ et al., eds. Safety, Reliability and Risk 
Analysis: Beyond the Horizon. London: Taylor & Francis 
Group; 2013.

13.	Zaib A;, Yin J;, Khan RU, Zaib A, Yin J, Khan RU. 
Determining Role of Human Factors in Maritime 
Transportation Accidents by Fuzzy Fault Tree Analysis 
(FFTA). J Mar Sci Eng 2022, Vol 10, Page 381 2022;10:381. 
https://doi.org/10.3390/JMSE10030381.



POLISH MARITIME RESEARCH, No 3/2025 181

14.	Österman C, Rose L, Osvalder AL. Exploring maritime 
ergonomics from a bottom line perspective. WMU J 
Marit Aff 2010, vol. 9, pp. 153–68. https://doi.org/10.1007/
BF03195172.

15.	Oldenburg M, Baur X, Schlaich C. Occupational risks 
and challenges of seafaring. J Occup Health 2010, vol. 52, 
pp. 249-56. https://doi.org/10.1539/JOH.K10004.

16.	Jepsen JR, Zhao Z, Pekcan C, Barnett M, Van Leeuwen 
WMA. Risk factors for fatigue in shipping, the consequences 
for seafarers’ health and options for preventive intervention. 
In: Barnes MR, Boyesen M, editors. Maritime Psychology: 
Research in Organizational and Health Behavior at 
Sea. Cham: Springer; 2017. p. 127–150. https://doi.
org/10.1007/978-3-319-45430-6_6.

17.	 Field A. Discovering statistics using IBM SPSS Statistics. 
4th ed. London: SAGE Publications Ltd; 2009.

18.	Krstinić N, Medić D, Jelaska I, Bakota M. Reliability and 
validity of the questionnaire for examining the integration 
of ergonomic practice among seafarers. 11th Int. Marit. 
Sci. Conf., Split: 2025.

19.	Bryman A. Social research strategies. 6th ed. Oxford: 
Oxford University Press; 2021.

20.	Declaration of Helsinki—WMA—The World Medical 
Association n.d. Retrieved from https://www.wma.net/
what-we-do/medical-ethics/declaration-of-helsinki/ 

21.	Wu B, Yip TL, Yan X, Guedes Soares C. Review of 
techniques and challenges of human and organizational 
factors analysis in maritime transportation. Reliab Eng 
Syst Saf 2022, vol. 219, p. 108249. https://doi.org/10.1016/J.
RESS.2021.108249.

22.	Adumene S, Afenyo M, Salehi V, William P. An adaptive 
model for human factors assessment in maritime 
operations. Int J Ind Ergon 2022, vol. 89, p. 103293. https://
doi.org/10.1016/J.ERGON.2022.103293.

23.	TIBCO® Data Science Service for TIBCO Spotfire® 14.1.0 
n.d. Retrieved from https://docs.tibco.com/products/
tibco-data-science-service-for-tibco-spotfire-14-1-0 

24.	Hair J, Black WC, Babin BJ, Ralph E. Anderson S. 
Multivariate data analysis. 8th ed. Andover: Cengage 
Learning; 2018. 

25.	Dillman DA, Smyth JD, Christian LM. Internet, phone, 
mail, and mixed‐mode surveys: The tailored design 
method. 4th ed. Hoboken, NJ: Wiley; 2014. https://doi.
org/10.1002/9781394260645.

26.	Couper MP. Web surveys: A  review of issues and 
approaches. Public Opin Q 2000, vol. 64, pp. 464–94. 
https://doi.org/10.1086/318641.

27.	Hatcher L. Advanced statistics in research: Reading, 
understanding, and writing up data analysis results. 
Russellville, AR: Shadow Finch Media; 2013.

28.	Bubalo T, Rajsman M, Škorput P. Methodological approach 
for evaluation and improvement of quality transport service 
in public road passenger transport. Teh Vjesn  2022, vol. 29, 
pp. 139-48. https://doi.org/10.17559/TV-20201031104641.

29.	Grigoroudis E. Preference disaggregation for measuring 
and analysing customer satisfaction: The MUSA method. 
Eur J Oper Res 2002, vol. 143, pp. 148-70. https://doi.
org/10.1016/S0377-2217(01)00332-0.

30.	Guastello SJ. Human factors engineering and ergonomics: 
A systems approach. CRC Press; 2023.


