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SUMMARY

High speed craft has become prominent in maritime industry. Sophisticated electronic navigation equipment on bridge increases mental demands of high speed craft navigator. In the present study, mental workload of high speed craft navigators has been assessed in terms of bridge navigation operations. For this purpose, the pairwise comparison of the effects of Electronic Chart Display and Information System, Automatic Radar Plotting Aid, Automatic Identification System and autopilot on mental workload and Revised NASA Task Load Index questionnaires were carried out. High speed craft navigators sorted berthing, unberthing, navigation in coastal waters, navigation in restricted waters, and navigation on open sea operations according to their mental workload levels. In addition, they indicated the factors mostly affecting mental workload and the remarkable suggestions to keep the optimum level of mental workload. As result of these findings, considerations have been made for increasing the safety of high speed craft navigation.
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NOMENCLATURE

ACVAir cushion vehicle

ADAuditory demand

AISAutomatic Identification System

ALHAir lubricated hull

ARAdjusted rating

ARPAAutomatic Radar Plotting Aid

BFBeaufort force

CCPRTCommunication Centre of Presidency of the Republic of Türkiye

COCCertificate of competence

COLREGsInternational Regulations for Preventing Collisions at Sea

dDegree of accuracy

DALIDriving Activity Load Index

DASDriver Advisory Systems

EEffort

ECDISElectronic Chart Display and Information System

ECGElectrocardiogram

EDAElectro-Dermal Activity

EEGElectroencephalogram

EFAExploratory factor analysis

EMGElectromyography

FLFrustration level

fNIRSFunctional Near Infrared Spectroscopy

HMIHumane Machine Interface

HSCHigh speed craft

HSCPFHigh speed catamaran passenger ferry

HSCPSHigh speed catamaran passenger ship

IBM SPSSInternational Business Machines Corporation Statistical Package for the Social Sciences

ISAInstantaneous Self-Assessment

knKnot

m/sMetre per second

MCHModified Cooper-Harper

MDMental demand

MWLMental workload

NASA-TLXNational Aeronautics and Space Administration Task Load Index

NSSNecessary sample size

PPerformance

PDPhysical demand

PPPopulation proportion

PSPopulation size

RRate

RADARRadio Detection and Ranging

RNASA-TLXRevised NASA-TLX

RSMESubjective Mental Workload Rating Scale

SESSurface effect ship

SOFISwedish Occupational Fatigue Inventory

SSSea-state

SURG-TLXSurgery Task Load Index

SWATSubjective Workload Assessment Technique

SWATHSmall waterplane area twin hull

SWORDSubjective Workload Dominance

TAS-DSTractor Air-Seeder Driving Simulator

TDTemporal demand

TMFTurkish Merchant Fleet

TORTake-over requests

VDVisual demand

VTS-OsVessel Traffic Services Operators

WWeight

WPVWave piercing vessel

WRWeighted rating

∇Volume of displacement corresponding to the design waterline in unit of m3

DKolmogorov-Smirnov test

HKruskal-Wallis test

KKurtosis

MThe mean of a population of scores

pSignificance level

rPearson’s correlation coefficient

SSkewness

SDThe standard deviation in a population of data

UMann-Whitney test

WShapiro-Wilk test

αCoefficient alpha

τKendall’s tau-b coefficient

χ2Chi-square

1.INTRODUCTION

Navigation is the application of science, technology and art that deals with methods and rules necessary to take any marine vehicle from one position to another as soon as possible with safe and efficient. It includes the planning, managing, executing and monitoring stages. The fundamental elements of navigation are position, direction, distance, time and speed (Bowditch, 2002). Navigation is a joint process between humans and technology. Electronic systems and automation cover all ships and therefore bridges. Despite the latest technology and systems, navigation still continues to be complex and risky process.

Navigation depends on navigator’s experience and judgment, has been transferred from traditional methods to modern systems. The role of navigator has changed radically in this process. The navigator is the most important factor on the bridge in order to prevent any undesirable event, eliminate uncertainty and maintain safety of navigation (Kartoğlu & Kum, 2017).

High speed craft (HSC) is a vessel capable of maximum speed equal to or exceeding shown in Eq. 1 (International Maritime Organization, 2014). Whilst HSC is supported by force of buoyancy at low speeds, she takes advantage of aerodynamic forces and hydrodynamic structures to increase her speed and reduce water resistance at high speeds. By means of her new technologies and advantages, she is used for many different purposes from sports-entertainment activities to military-commercial areas (Sajedi & Ghadimi, 2020). HSC is categorized into two types as; air supported and displacement. Types of air supported HSC are air cushion vehicle (ACV) (also known as hovercraft), surface effect ship (SES), and foil supported craft. Types of displacement HSC are monohull, catamaran (double hull), trimaran (triple hull), small waterplane area twin hull (SWATH), wave piercing vessel (WPV) and air lubricated hull (ALH) (Ghassabzadeh & Ghassemi, 2012).
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Mental workload (MWL) is a versatile and complex concept, and it is the level of cognitive ability that emerges in relation to the task being performed (Tavares & Eva, 2013). In addition, it is the load that occurs as a result of processing the memory in a limited time interval (Horat et al., 2016). MWL is directly proportional to the difference between resources required by the task and resources available to the person (Kum et al., 2007). It affects employee’s success, well-being, and occupational safety. When the level of MWL is high, fatigue and lack of performance occur. On the other hand, low level of MWL causes negative situations such as distraction and boredom. In order to prevent these circumstances, MWL should be kept at an optimum level based on the task requirements (Kartoğlu & Kum, 2017).

HSC navigation is more risky task compared to other ship types navigation due to its high speed (Hareide & Ostnes, 2017). HSC navigator sails in ever-changing environmental, organizational and operational conditions. S/he manoeuvres in a small amount of time and space. S/he is in continuous interaction with the bridge and the ship’s surroundings. S/he must act quickly with the right decisions by interpreting and combining the whole situation in the complex bridge environment. Navigation environment and modern technology on the bridge challenge HSC navigator’s abilities and increase the mental demands rather than physical ones (Benedict et al., 2014). HSC navigator who has inappropriate MWL is able to make wrong decisions, and then negative consequences of this slightest mistake may lead to more dangerous and harmful situations.

The main objective of this paper is to analyse MWL of Turkish HSC navigators in terms of bridge navigation operations. Section 2 gives literature review, and Section 3 explains methodology of this study. Section 4 presents results and discussion. Final section includes conclusions for increasing the safety of HSC navigation.

2.LITERATURE REVIEW

MWL has become an important issue in many industries, primarily in transportation, and numerous studies have been conducted on MWL. For the purpose of reviewing the literature, “mental workload” was chosen as the main key word. ScienceDirect, Springerlink, Sage, Emerald Insight, Cambridge Core and Taylor & Francis databases were examined for the time period of 2000-2024. Totally 220 papers including journal articles, conference papers, technical reports, etc. were reviewed. A summary of literature review which provides the most related studies are given in Table 1.
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Murai et al. (2004) tried to find characteristics of navigator’s MWL. They analysed heart rate variability. The results showed that MWL for ship handling differed from each navigational area. Kum et al. (2008) aimed to determine MWL level of Vessel Traffic Services Operators (VTS-Os). They applied National Aeronautics and Space Administration Task Load Index (NASA-TLX) to Turkish and Japanese VTS-Os. They found that MWL was independent from operators’ profile variables such as; age, marital situation, sea experience, experience at VTS centre and education level. Bashiri & Mann (2013) investigated the effects of vehicle steering, implement monitoring and control automation on MWL of semi-autonomous agricultural vehicle drivers. They conducted experiments using Tractor Air-Seeder Driving Simulator (TAS-DS) and Driving Activity Load Index (DALI). They determined low MWL of the operators in highly automated situation. Kartoğlu & Kum (2017) researched electronic navigation equipment’s effect on MWL of navigators. They used Revised NASA-TLX (RNASA-TLX) and the pairwise comparison of the effects of Radio. Detection and Ranging (RADAR), Automatic Radar Plotting Aid (ARPA), Electronic Chart Display and Information System (ECDIS), Automatic Identification System (AIS) and autopilot on MWL questionnaires. They concluded that the level of navigators’ MWL was acceptable for keeping proper attention and MWL sequence of electronic navigation equipment usage was (from the most to the least) ECDIS, ARPA, RADAR, AIS, and autopilot respectively. Lochner et al. (2018) analysed MWL of ship masters, marine pilots and tug masters during standard and emergency scenarios using Subjective Workload Assessment Technique (SWAT), Instantaneous Self-Assessment (ISA), communication patterns and Electro-Dermal Activity (EDA). They monitored high level of MWL in emergency manoeuvres. Yang et al. (2020) examined the effect of the directional road sign displayed on multi and single-board signs on driver MWL. They used eye tracker and electroencephalogram (EEG). Their findings showed that when the number of place names was less than or equal to 7, the multi-board sign generated more MWL than the single-board sign did. Midha et al. (2021) investigated the sensitivity of functional Near Infrared Spectroscopy (fNIRS) for measuring MWL variations in representations of everyday reading and writing tasks. Their results supported fNIRS measuring the prefrontal cortex activation in differentiating among MWL levels for reading tasks but not writing tasks. Verstappen et al. (2022) assessed the impact of Driver Advisory Systems (DAS) levels (route context information and coasting advice) on MWL of train drivers; by using eye tracking, Subjective Mental Workload Rating Scale (RSME) and simulator data. They found that DAS could decrease MWL when the functionalities meet the requirements of the situation. Özsever & Tavacıoğlu (2022) measured MWL of the operators according to the increasing workload during simulated ship navigation. They conducted experiments using NASA-TLX, eye tracker and scene video recorder. The results showed that MWL of the participants increased as the task load increased and their performance decreased. Chen et al. (2023) compared the driver’s reaction and MWL of different take-over requests (TOR) modalities concerning driver characteristics. They collected NASA-TLX, driver characteristics and eye-tracking metrics. They found that driving style affected driver’s MWL and reaction sequence in visual TOR alert situation. Ma et al. (2024) investigated the effects of co-pilot display engagement on drivers’ visual workload, cognitive workload, and driving performance. They used driving simulator, eye tracker and auditory detection response task. Their results showed increased driver visual workload and cognitive workload in the conditions of co-pilot display engagement.

Various methods are used for the assessment of MWL. In the subjective methods, questionnaires and scales are utilized through self-assessment (Peterson & Kozhokar, 2017). Among the subjective methods, NASA-TLX, SWAT, Subjective Workload Dominance (SWORD) Technique, Cooper-Harper Scale, Modified Cooper-Harper (MCH) Scale, and Bedford Scale are applied frequently (Grabisch et al., 2006; Estes, 2015). The performance-based methods assess an individual’s mental ability to perform a given task (Bazzano et al., 2017). These methods are based on the assessment of person capacity in primary task, secondary task or both (Yakobi, 2018). In the psychophysiological methods (also known as physiological methods), physiological responses of the body are assessed (Bazzano et al., 2017). These responses are measured by changes in activities of cardiac, brain, respiration or eyes. Changes in speech pattern or body temperature can be also utilized (Shakouri et al., 2018; Charles & Nixon, 2019).

3.METHODOLOGY

In this section, two different questionnaires and data collection methodology will be explained. The first questionnaire is related to pairwise comparison among navigational electronic equipment as follows;

3.1PAIRWISE COMPARISON OF THE EFFECTS OF ECDIS, Z, AIS AND AUTOPILOT ON MWL

ECDIS, ARPA, AIS and autopilot have special importance in navigation operation. Turkish HSC navigators were asked “Which one is the most effective electronic navigation equipment that affects your mental workload in high speed craft bridge navigation operations?” as shown in Table 2.
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3.2REVISED NASA-TLX

NASA-TLX is a subjective MWL measurement method that has been widely applied in many studies and various cases. It is suitable for the use of assessing MWL of operators who work with different human-machine systems. The measurement is performed as retrospective evaluation after the task is completed. Its validity, sensitivity, reliability and diagnostics are at the high levels. It is easy to implement in terms of cost and time (Mélan & Cascino, 2014; Das et al., 2020).

NASA-TLX was developed by the Human Performance Group at NASA’s Ames Research Centre in the early 1980s (Hart, 2006). It consists of six dimensions which are mental demand (MD), physical demand (PD), temporal demand (TD), performance (P), effort (E), and frustration level (FL). The first three dimensions determine what the task requires from the person (related to the task). The next three dimensions are the evaluation of the person’s own behaviour (related to the person) (National Aeronautics and Space Administration, 1986; Nikulin et al., 2019).

Innovations in navigational technologies have changed the role of navigator. Planning and supervision tasks of the navigator have come forward. Most of tasks on the bridge are carried out automatically during the navigation. These tasks are not relevant to the PD dimension. Evaluation of the P dimension by the person performing task can cause inconsistencies in the assessment of MWL. In addition, NASA-TLX does not contain any concepts related to the senses of sight and hearing which are used for obtaining information from the environment (Pachunka et al., 2019).

The navigator finds position, direction, distance, time and speed during an ordinary her/his watch shift. S/he is on the lookout both visually and audibly by all available appropriate means at all times. S/he detects and follows targets and prevents any risky situation. The navigator mostly uses electronic navigation equipment in these operations. However, eyes and ears of the navigator are primary source of information.

Senses of sight and hearing are dominant among the human senses. Tasks performed with these senses cause cognitive demands and affect MWL of the navigator considerably (Chen et al., 2020). Visual and auditory activities are important in HSC navigation which is performed with high concentration. In order to measure navigator’s MWL more conveniently in the bridge navigation operations, RNASA-TLX is designed. Visual demand (VD) and auditory demand (AD) superseded PD and P dimensions of NASA-TLX (Kartoğlu & Kum, 2017). Questions and descriptions of RNASA-TLX’s six dimensions are shown in Table 3.
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RNASA-TLX is carried out in two parts as defined by original NASA-TLX form. In the first part, there are 15 possible pairwise comparisons of six dimensions. Dimensions that contributed more to workload of navigator in bridge navigation operations are selected (Table 4). The total number of selections is the weight (W) of each dimension. In the second part, numerical rate (R) for each dimension that reflects the magnitude is selected. A score between 0 (low) and 100 (high) is given by the navigator.
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W of each dimension is multiplied by its R and adjusted rating (AR) is determined, then AR values are summed. Weighted rating (WR) is calculated by dividing the sum by 15. Thus, the level of MWL is measured (Kartoğlu & Kum, 2017) (Eq. 2).
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3.3DATA COLLECTION

In order to determine the population size (PS) and necessary sample size (NSS as the minimum number of participants) of this study, the number of ship masters and deck officers who have the qualifications to navigate HSC in the Turkish Merchant Fleet (TMF) was needed. This information was requested from Communication Centre of Presidency of the Republic of Türkiye (CCPRT). The information request was answered as “No records are kept.” Therefore, it was decided to use the number of HSCs in the TMF in order to determine the PS and NSS. According to the information received from CCPRT, there are 37 HSCs in the TMF. It has been accepted that navigators of HSCs work in 3 shifts and an extra 1 shift is a reserve. In this way, the PS of the study was determined as 148 navigators. Eq. 3 was used for determining NSS (Krejcie & Morgan, 1970). The parameters in Eq. 3 were chosen as population proportion (PP) was 99%, χ2 value at the confidence interval of 95% was 3.84, and the degree of accuracy (d) was 0.05 (Field, 2018). So, NSS was calculated as 14 persons whilst 38 Turkish HSC navigators were consulted in this study. Finally, the number of participants was sufficient to represent the population in the TMF.
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Purposive (deliberate) and snowball (chain-referral) sampling methods were utilized. In purposive sampling, the researcher chooses the people to whom s/he can get answers to the research questions. Snowball sampling is used when the margins and members of the population are not known precisely. In snowball sampling, the researcher contacts a person with certain characteristics. Then s/he contacts the other person with the help of the contact person and then the other person with the similar method. The data was obtained through face-to-face interviews and the website “https://forms.gle/4NLQWm91NFAce8mB7”.

First of all, HSC navigators were informed and were a volunteer participating in this study. HSC navigators replied demographic and navigational information such as; gender, age, marital status, education level, competency, experience, vessel type, voyage duration, sea-state (SS), Beaufort force (BF), marine traffic status, etc. After this part, s/he marked the pairwise comparison of the effects of ECDIS, ARPA, AIS and autopilot on MWL. After pairwise comparison, HSC navigator carried out weighting and rating procedures of the RNASA-TLX. In addition, s/he sorted navigation operations (berthing, unberthing, navigation in coastal waters, navigation in restricted waters and navigation on open sea) from the highest MWL to the lowest. Finally, HSC navigator indicated the five most affecting factors to MWL and the five most prior suggestions on MWL.

4.RESULTS AND DISCUSSION

International Business Machines Corporation Statistical Package for the Social Sciences (IBM SPSS) v.25.0 program was used for analysing data, and original data of this study are available at Mendeley Data (http://dx.doi.org/10.17632/fn5tz9cnc3.1). First of all, validity and reliability analysis of the questionnaire are examined, and then descriptive statistics, analysis of difference and correlation are given in the following section.

4.1VALIDITY AND RELIABILITY ANALYSIS

The pairwise comparison of the effects of ECDIS, ARPA, AIS and autopilot on MWL was significantly determined as independent of each other. Each pairwise comparison was the only question that scrutinizes the effect of different electronic navigation equipment. Therefore, the exploratory factor analysis (EFA) was not performed. The reliability analysis Cronbach α value of the pairwise comparison was determined as 0.83 at the high level.

In the weighting part of RNASA-TLX, each pairwise comparison is the only question that scrutinizes the effect of different dimension. In the rating part of RNASA-TLX, rating of each dimension consists of a single question. For these reasons, EFA was not performed in both parts. The reliability analysis Cronbach α value of the RNASA-TLX weighting part was determined as 0.58 and the rating part was determined as 0.88, both of them are at the acceptable levels within the statistical researches.

4.2DESCRIPTIVE STATISTICS

All HSC navigators participated in the study are male and have oceangoing master (unlimited) certificate of competence (COC). 71.1% of the participants are between 40 and 49 years old. 21.1% of them are between 30 and 39 years old. This is followed by 50 years old and more range with 7.9%. 92.1% of the participants are married and 7.9% of them are single. Considering the education level; 86.8% of the participants have bachelor’s degree and 7.9% of them have master’s degree. 5.3% of the participants have doctoral degree.

50% of the participants are experienced on ships for 20 years and more. 23.7% of them are experienced between 10 and 14 years. 21.1% of the participants have 15–19 years of experience on board and 5.3% of them have 5–9 years. According to ship experience with the last seafarer COC, the ranges of 5–9 and 10–14 years are equal with same percentages of 28.9. These are followed by 18.4% for less than 5 years, 15.8% for 15–19 years, and 7.9% for 20 years and more. Employed company experience is less than 5 years with 36.8%, 5–9 years with 28.9%, 10-14 years with 21.1%, and 20 years and above with 7.9%. Only 5.3% of them are experienced between 15 and 19 years in the employed company.

All participants have ship master rank on HSC types. 76.3% of them previously navigated only high speed catamaran passenger ship (HSCPS). 23.7% of them navigated both HSCPS and high speed catamaran passenger ferry (HSCPF). 47.4% of the participants have less than 5 years’ experience and 31.6% of them have 5–9 years’ experience on HSCPS. These are followed by 10–14 years’ experience with 13.2% and 15-19 years’ experience with 7.9%. 13.2% of the participants have less than 5 years of experience and 5.3% have 5–9 years of experience on HSCPF. After these, 2.6% have 10–14 years and 15–19 years of experience.

84.2% of ship type that the participants navigated is HSCPS and 15.8% is HSCPF in the last shift. The last navigated voyage area experience is less than 5 years with 52.6%, 5–9 years with 23.7%, 10–14 years with 21.1%, and 15–19 years with 2.6%. 47.4% of the participants navigated for 1 hour-1 hour 59 minutes between departure and arrival points in the last shift. 31.6% of them navigated for less than 1 hour and 15.8% of them navigated for 2 hours–2 hours 59 minutes. 5.3% navigated for 3 hours and more in the last shift.

The SS in the last shift was moderate (SS: 4) with 42.1%, slight (SS: 3) with 39.5%, and smooth (SS: 2) with 7.9%. After these, 5.3% were rough (SS: 5) and calm (ripples) (SS: 1). In the last shift, the wind was moderate breeze (BF: 4) with 55.3%, gentle breeze (BF: 3) with 21.1%, fresh breeze (BF: 5) with 13.2%, light breeze (BF: 2) with 7.9%, and light air (BF: 1) with 2.6%. 36.8% navigated in the moderate marine traffic in their last shift. 26.3% navigated in intense marine traffic and 23.7% navigated in light marine traffic. The marine traffic was very light with 7.9% and very intense with 5.3% in the last shift.

The participants’ overall average RNASA-TLX score is obtained as M = 82.27 (SD = 21.14). VD has the highest average value as shown in Table 5, and the others are followed by MD, FL, TD and E, whilst AD is the lowest dimension among them.
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In the analysis of pairwise comparison of the effects of ECDIS, ARPA, AIS and autopilot on MWL, negative values refer to the effect of the electronic navigation equipment given in the first column and positive values refer to the effect of the electronic navigation equipment in the last column (Table 2). All values from the scale were counted in analysis by decreasing 1, so that “Equal effect is represented by 1” value given in the scale did not affect the results. Furthermore, an example of recoding values is shown in Table 6.
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In the comparison among the effects of ECDIS, ARPA, AIS and autopilot on MWL; ARPA-Autopilot comparison is the most different among others (Figure 1). It is considered as ARPA is used continuously during navigation. There is no need to look at the autopilot after the course and other necessary settings. ARPA-Autopilot comparison is followed by comparison of ARPA-AIS. ECDIS-AIS and ECDIS-Autopilot comparisons have the same means. After these, there is AIS-Autopilot comparison. Finally, comparison between ECDIS and ARPA has the lowest difference. ECDIS and ARPA have similar characteristics in terms of monitoring and following the ship position on the screen, visual/auditory warnings, and usage features.
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To find the ranking of ECDIS, ARPA, AIS and autopilot according to the effects on MWL, the mean analysis values obtained in pairwise comparisons were converted to absolute values and then summed to obtain final effecting score as shown in Table 7. The order of highest to lowest effect on MWL is ARPA, ECDIS, AIS and autopilot. HSC navigator frequently uses ARPA and ECDIS. S/he can make sudden manoeuvres to avoid collision in heavy traffic areas. Also, s/he cruises for short distances. Therefore, the use of autopilot is relatively not preferred. ARPA has higher effect on MWL than AIS due to International Regulations for Preventing Collisions at Sea (COLREGs) advises RADAR and not AIS for preventing collision.
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To sort the navigation operations based on the MWL values/levels, the answers of the HSC navigators were examined. Their assessment scores were given according to the priority of being stated in their answers. Assessment score of 5 were given to the navigation operation indicated in the 1st order and assessment score of 4 were given to the 2nd order. Assessment score of 3 were given to the 3rd order and assessment score of 2 were given to the 4th order. Lastly, assessment score of 1 was given to the navigation operation indicated in the 5th order. The higher the assessment scores are, the higher the MWL levels.

According to types of navigational operations, the highest MWL level is obtained for berthing operations as shown in Table 8. The reasons are the manoeuvring characteristics of HSC, the risks of hitting/hard lapping of HSC to quay/pier, the condition of quay/pier, and time pressure. Hereafter, navigation in restricted waters, navigation in coastal waters and unberthing are obtained. Navigation on open sea has the lowest level of MWL. It is interpreted that HSC navigators are relatively comfortable in the operation of open sea navigation.
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To sort the five most prior factors affecting MWL and the five most important suggestions bringing MWL to optimum level, rank scores were given to factors and suggestions according to the priority of being stated in the answers (Table 9). Each rank score was multiplied by its priority frequency of factor/suggestion. The sum of multiplications indicates the final effect and suggestion score.
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According to this, meteorological condition is the most prior factor as shown in Table 10. HSCPS and HSCPF have light structures, low draughts and large windage areas. Therefore, the changes in meteorological condition trigger MWL of HSC navigator. The second one is marine traffic. HSCPS and HSCPF are mostly used for passenger/vehicle transportation over short distances and in coastal/restricted waters. In this regard, the marine traffic in voyage area affects MWL. The third factor is HSC condition. Ship condition should be improved by timely maintenance and troubleshooting operations. Number of voyages and number of passengers/vehicles are the fourth order. It is considered that both factors have positive relationships with MWL. The fifth factor is fatigue. In this study, it was stated that MWL increased as fatigue increased. HSC navigator should be ensured to perform tasks in well-rested manner.
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Based on the navigators’ individual opinion, decreasing of the bridge watch period is the first suggestion and increasing of the week break period is the second one as shown in Table 11. These two recommendations show that HSC navigator has an intense working tempo and s/he needs to relax by easing this tempo. The third suggestion is about decreasing the number of voyages (similar to the former suggestions). Suggestion of working with sufficient number of qualified crew is also in the third order. The human factor stands out in this suggestion. More number of qualified crew on board can make the things going on better. This has positive effect on MWL of HSC navigator. In the fourth order, suggestions are made to improve HSC condition and carry out the maintenance operations of HSC in a timely/complete manner. In these suggestions, not only the importance of equipment but also the importance of maintenance and replacement of that equipment is emphasized. The fifth suggestion is to be rested. The perception, thinking and decision making of the fresh navigator will be better than the tired navigator. Resting will therefore optimize MWL.
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4.3ANALYSIS OF DIFFERENCE

Although FL was determined by normal distribution (S = 0.06, K = -1.02, D(38) = 0.11, p = 0.20, W(38) = 0.95, p = 0.11), the rest of all data were obtained by non-normal distribution (all p < 0.05) where each data has categorical variables. For these reasons, non-parametric Kruskal-Wallis H and Mann-Whitney U tests were utilized for assessing of any differences among the parameters (Field, 2018). For better interpretation of the difference analysis, values of RNASA-TLX and its dimensions were recoded as shown in Table 12.

The results of analysis demonstrated that previously navigated HSC type has significant effect on RNASA-TLX (H(1) = 3.20, p = 0.042) and TD (H(1) = 4.64, p = 0.031). RNASA-TLX levels of previously navigated only HSCPS are significantly higher than those navigated both HSCPS and HSCPF. In terms of TD, levels of navigated only HSCPS are significantly higher than those navigated both HSCPS and HSCPF as shown in Table 13 and Table 14.
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RNASA-TLX levels are also significantly affected by navigated HSC type in the last shift (H(1) = 7.04, p = 0.008). RNASA-TLX levels of navigated HSCPS in the last shift are significantly higher than levels of those navigated HSCPF (Table 13 and Table 14). The reason is that HSCPS sails at more frequent intervals and is more affected by environmental conditions than HSCPF.

Significant effect of VD on RNASA-TLX is determined (H(3) = 11.05, p = 0.011). It is understood that HSC navigators mostly use their visual abilities to obtain information from the environment and electronic navigation equipment. It is interpreted that they need auditory abilities less. In this context, visibility conditions of bridge and user interfaces of electronic navigation equipment should be made more efficient. Bonferroni correction was applied to Mann-Whitney U test for pairwise comparisons and adjusted p value was calculated as 0.008. RNASA-TLX levels of HSC navigators with very low VD levels are significantly lower than those with high VD levels. There are no significant 

differences of RNASA-TLX levels in very low-low, very low-optimum, low-optimum and optimum-high VD levels comparisons (all p > 0.01, Table 13 and Table 14).

4.4ANALYSIS OF CORRELATION

Kendall tau-b coefficient was used in the correlation analysis due to non-parametric data (Field, 2018). There is a significant negative relationship between the educational status and E levels of HSC navigators as shown in Table 15. As the level of education increases, it seems that HSC navigator’s point of view, way of thinking, solving problems, making decisions and taking action are more comfortable.
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A significant positive correlation is determined between the ship experience with the last seafarer COC and FL. FL is significantly positively related to the experience in the employed company. There is also a significant positive relationship between the last navigated voyage area experience and FL (Table 15). Significant negative correlations are expected for the last seafarer COC and employed company experience with FL. Many incidents have happened to experienced navigator previously. 
S/he thinks more about what situations s/he may encounter during navigation. Therefore, it is considered that stress (discomfort and pressure) level increases.

FL of the participants is significantly positively correlated with the SS, BF and the marine traffic as shown in Table 15. The deterioration of meteorological conditions increases the discomfort of navigator in ensuring the safety and peace of HSC. The meteorological reports of the voyage area should be thoroughly examined. The increase in marine traffic also leads to an increase in stress. In this case VTS might provide an assistance service for marine traffic situation.

The levels of TD and E are significantly negatively correlated with previously navigated HSC type. The time requirement and effort of the participants who had navigated both HSCPS and HSCPF decreases significantly compared to those who had navigated only HSCPS previously. TD and E levels are also significantly negatively related to the experience on HSCPF due to the fact that HSCPF sails for longer distance/duration than HSCPS and she has better manoeuvrability characteristics than the other (Table 15).

RNASA-TLX levels of the participants are significantly positively related to the levels of MD, VD, TD and E as shown in Table 15. Mental process, visual/auditory activities, effort, compliance with the expedition timetable and task pace increase MWL of HSC navigator. There is a significant positive relationship between E and FL because of excessive operations during navigation (Table 15). Extra crew should be available on bridge to carry out management’s requests, routine navigational operations and lookout task.

5.CONCLUSIONS

Safety of navigation is the paramount importance. The navigator is the most important factor on the bridge in order to prevent any undesirable event and to maintain safety of navigation. HSC navigator who has inappropriate MWL is able to make wrong decisions in terms of navigational safety. In this study, it is considered that the level of Turkish HSC navigators’ MWL is high. The findings and practical implications obtained from the analysing HSC navigators’ MWL can be summarized as follows:


•VD has the highest value in the RNASA-TLX dimensions. In addition, VD has a significant effect on RNASA-TLX. HSC navigators mostly use their visual abilities to obtain information from the environment and electronic navigation equipment. The lowest dimension is AD.

•RNASA-TLX levels of HSC navigators are significantly positively related to the levels of MD, VD, TD and E. There is also a significant positive relationship between E and FL of the participants. The reason could be excessive operations during navigation.

•HSC type has a significant effect on MWL of navigator. RNASA-TLX and TD levels of the participants navigated only HSCPS previously are significantly higher than those navigated both HSCPS and HSCPF. TD and E levels of navigated both HSCPS and HSCPF previously decreases significantly compared to those who had navigated only HSCPS. In addition, RNASA-TLX levels navigated HSCPS in the last shift are significantly higher than levels of those navigated HSCPF. It should be ensured that HSC masters work on both types of ships and increase their experience.

•There is a significant negative relationship between the education and E levels of HSC navigators. FL increases significantly as ship experience with the last seafarer COC, the employed company experience, and the last navigated voyage area experience increase. FL is also significantly positively correlated with the sea state, Beaufort force and the marine traffic.

•The highest MWL level is obtained for berthing operations. Navigation on open sea has the lowest level of MWL. Meteorological condition is the first factor that affects MWL the most. The last factor is fatigue. Decreasing of the bridge watch period is the first suggestion that brings MWL to optimum level. The last suggestion is to be rested.

•Comparison among the effects of ECDIS, ARPA, AIS and autopilot on MWL shows that ARPA and autopilot has the highest difference. ECDIS-ARPA comparison has the lowest difference. The order of highest to lowest effect on MWL is determined as ARPA, ECDIS, AIS and autopilot.



There are some limitations of the presented research. In order to eliminate these limitations, studies should be conducted on HSC types other than HSCPS and HSCPF. Measurements should be made in various voyage areas with navigators of different nationalities. In future research, other MWL measurement methods can be applied comparing with RNASA-TLX. In addition, relationships of MWL, situational awareness and safety culture affecting the HSC navigators will also be assessed.
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Figure 1. The comparison of ECDIS, ARPA. AIS. and
autopilot effects on MWL
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‘Table 13. Medians and mean ranks
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‘Table 12. Recoding for values of RNASA-TLX and its dimensions
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Table 15. Kendall tau-b statistics
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‘Table 14. Mann-Whitney U statistics
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‘Table 11. Top five suggestions that bring HSC navigators’ MWL to optimum level
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Decreasing of the 25 4 9 4 1 13
bridge watch period
Increasing of the

s 5
week break period 4 3 4 0 3
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number of voyages
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qualified crew
Lmproving o HSC 15 8 0 6 0 2
condition
Canrying out
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manner
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‘Table 10. Top five factors that aftect HSC navigators MWL
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Table 9. Rank scores for indication order of factors and
suggestions

Indication order Rank score

First 5
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‘Table 6. Recoding example for the pauwise
comparison of the effects of ECDIS, ARPA. AIS and

autopilot on MWL
Description Scale value A:;"’l:is

Extreme effect of ECDIS 5 -4
Strong effect of ECDIS 4 3
Moderate effect of ECDIS 3 2
‘Weak effect of ECDIS 2 -1
Equal effect of ECDIS-ARPA 1 0
‘Weak effect of ARPA 2 1
Moderate effect of ARPA 3 2
Strong effect of ARPA 4 3
Extreme effect of ARPA 5 4
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‘Table 5. Average values of RNASA-TLX dimensions

Dimensions M SD
VD 20.31 9.97
MD 17.64 8.82
FL 16.41 10.19
TD 11.37 9.48

E 9.29 8.17

AD 7.25 7.06
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‘Table 8. MWL levels according to types of navigation

operations
Types of navigation operations M SD
Berthing 3.92 119
Navigation in restricted waters 3.89 101
Navigation in coastal waters 324 1.05
Unberthing 271 121

Navigation on open sea 124 0.49
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‘Table 7. Effect values of ECDIS, ARPA. AIS and autopilot on MWL

ECDIS-ARPA  ECDIS-AIS ECDIS- ARPA-ATS ARPA-  AIS-Autopilot  Effect value
Autopilot Autopilot
ECDIS 0.68 145 145 0 0 0 3.58
ARPA 0 171 211 0 3.82
AIS 0 0 0 0 0 1.08 1.08
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Table 1. Summary of hiterature review

Reference Research method Main objective

Hisamune et al.. 2003 Video-pictures and heart rate Comparing MWL of the officers and quartermasters on
conventional vessels and HSCs bridges

Murai et al.. 2004 Heart rate Finding characteristics of vessel navigator’s MWL

Grabowski & Dhami, 2005 NASA-TLX Examining the impact of AIS adoption

Kum et al.. 2008 NASA-TLX Determining MWL level of VTS-Os

Gould et al.. 2009 NASA-TLX. heart rate and skin Examining MWL in high-speed ship navigation

conductance
Bashiri & Mann, 2013 DALI Examining the effects of vehicle steering. implement
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Designing a workforce scheduling that consider worker

NASA-TLX workload
Jazani et al.. 2016 NASA-TLX Measuring the effects of hot and humid weather on the
level of MWL
Fallahi et al.. 2016 Electrocardiogram (ECG). Evaluating operators’ MWL while monitoring traffic
Electromyography (EMG) and density in a city traffic control centre
NASA-TLX

Kartoglu & Kum. 2017

RNASA-TLX and pairwise
comparison of electronic navigation
equipment questionnaires

Explaining the fundamental information for understanding
the electronic navigation equipment's effect on MWL

Lochner etal.. 2018

SWAT. ISA. EDA and communication
patterns

‘Analysing MWL of ship masters. marine pilots and tug
‘masters during standard and emergency scenarios

Wanyan et al., 2018

Accuracy rate, reaction time.

Investigating the pilot’s pre-attentive processing under

mismatch niegativity and eye blink different MWL conditions
rate
Yan et al.. 2019 Eye response indices, NASA-TLX  Considering the relationship between operators’ MWL
and SWAT and eye responses in the task of operating marine engine

interface

Yang et al., 2020

Eye tracker and EEG

Examining the effect of the directional road sign displayed
on multi and single-board signs on driver MWL

Abd Rahman et al.. 2020

NASA-TLX. EEG. number of
traffic violations, speed variability
and reaction time of peripheral
detection task

Developing an integrated model which quantifies MWL
on the driving performance of ageing drivers

Bitkina et al.. 2021

Exye tracker and NASA-TLX

Classifying and predicting driving perceived MWL using
a set of eye-tracking metrics

Midha et al.. 2021

NIRS and NASA-TLX

Establishing whether fNIRS can differentiate variety
within common office-like tasks

Lobjois et al.. 2021

Blink frequency, response time to a
subsidiary task and NASA-TLX

Examining whether driving behaviour and MWL level
differed between driving a simulator and driving on roads

Verstappen et al., 2022

Eye tracker, RSME and simulator
data

Aiming to gain insight in the impact of DAS levels on
train driver MWL

Ozsever & Tavacioglu, 2022

NASA-TLX. eye tracker and scene
video recorder

Aiming fo contribute to the clarification of upper redline
of task demands

Chen et al.. 2023

NASA-TLX. driving style
questionnaire, work-load sensitive
questionnaire and eye tracker

Comparing the driver’s reaction and MWL of different

Jalali et al.. 2023

SURG-TLX. job performance
questionnaire and SOFI
questionnaire

Testing the effect of MWL on the work performance of
surgeons

Lisanne et al.. 2024

Eye tracker and Raw-TLX

Examining whether specific eye movement measures are
suitable for measuring MWL in the healthcare setting

Ma et al.. 2024

Driving simulator, eye tracker and
auditory detection response task

Investigating the effects of co-pilot display engagement
on drivers” visual workload, cognitive workload. and
driving performance
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‘Table 4. Pauwise comparison of RNASA-TLX

Case Pairwise comparison
1 Mental Demand Temporal Demand
2 Temporal Demand Auditory Demand
3 Mental Demand Frustration Level
4 Effort Auditory Demand
5 Mental Demand Visual Demand
6 Visual Demand Frustration Level
7 Temporal Demand Effort
8 Mental Demand Auditory Demand
9 Temporal Demand Frustration Level
10 Visual Demand Temporal Demand
11 Auditory Demand Frustration Level
12 Visual Demand Effort
13 Effort Frustration Level
14 Mental Demand Effort
15 Visual Demand Auditory Demand
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‘Table 3. Questions and descriptions of RNASA-TLX's
six dimensions

Dimension Question and description

‘How much mental and perceptual
activity was required in bridge navigation
operations? (Thinking, deciding, calculating,
remembering, looking. searching, etc.)

How much visual activity was required
in bridge navigation operations? (Visual
D lookout, display of information and
explanations on the screen, screen brilliance,
lightening, visual warnings, etc.)

How much auditory activity was required
in bridge navigation operations? (Auditory
lookout. auditory warnings. internal/external
communication sounds, etc.)

How much time pressure did you feel in
™ bridge navigation operations? (In the pace of
task and in menu selection, etc.)

‘How hard did you have to work (mentally and
E physically) in bridge navigation operations?
(Too many operations, hardworking. etc.)

‘How insecure, discouraged, irritated, stressed.
and annoyed versus secure, gratified, content.
relaxed. and complacent did you feel in bridge
navigation operations? (Pressure, anxiety, efc.)






