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Disclaimer 
 
The information contained in this report is subject to change without notice and should not be 
construed as a commitment by any members of the FAROS Consortium.  In the event of any 
software or algorithms being described in this report, the FAROS Consortium assumes no 
responsibility for the use or inability to use any of its software or algorithms. The information is 
provided without any warranty of any kind and the FAROS Consortium expressly disclaims all 
implied warranties, including but not limited to the implied warranties of merchantability and 
fitness for a particular use. 
 

Ò COPYRIGHT 20012-2015 The FAROS Consortium. 
 
This document may not be copied, reproduced, or modified in whole or in part for any purpose 
without written permission from the FAROS Consortium. In addition, to such written permission 
to copy, acknowledgement of the authors of the document and all applicable portions of the 
copyright notice must be clearly referenced. 
 
All rights reserved. 
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Abstract 
 
A set of naturalistic virtual reality based experimental scenarios were designed around 
the engine room area of a virtual 200m RoPax vessel. The aim was to investigate the 
influence on human performance of deck layout features, including frequencies of 
watertight door crossings as a function of compartment layout and hazard proximity as a 
function of engine room passageway widths, in both low and high time pressure 
conditions. Results indicated that reducing door-crossing frequency is associated with a 
lower incidence of watertight door non-closure, particularly in condition of low time 
pressure. Reducing door-crossing frequency is also associated with reduced unsafe 
crossings made when the door was not fully opened and reduced time on task in terms 
of navigation through the environment and operating doors. Reducing the frequency of 
door crossings during the design stages of arranging engine room compartments may 
therefore potentially reduce societal and personal injury risks. Results from hazard 
scenarios indicated that increasing engine-room passageway widths in areas where 
hazardous objects are located might be likely to reduce proximity to and collisions with 
hazardous objects, thereby reducing personal risk.  
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Executive Summary 

Problem Definition  

Maritime crew behaviour may at times contravene regulations leading to both increased 
personal risk and increased societal risk. Global design aspects of vessels may 
exacerbate the tendency to contravene regulations and/or lead directly to personal 
safety being compromised. For example, if crew members contravene regulations by 
failing to close a watertight door (WTD) or pass through a WTD when it is only partially 
opened, this may be viewed as a violation of good practice. Yet, if the frequency of 
doors being crossed exacerbates this tendency when crew members are under time 
pressure to complete tasks, then global design factors may interact with human factors 
to culminate in an increased risk of personal injury (in respect of a crew member being 
caught in a WTD as it closes) or of societal risk (if the watertight integrity of a 
compartment is compromised).   
A further way in which deck layout may compromise personal safety is if the passing 
distance with regard to a hazardous object is insufficient for crew members to safely 
pass the object as they navigate around a space, particularly in poor weather conditions 
where there may be significant rolling of the vessel. Although care should always be 
taken when passing potentially dangerous objects, the arrangement of these objects in 
relation to passing distances may not always be designed with the needs of a distracted 
crew member in mind.  
 
During FAROS WP4 a set of virtual reality (VR) experiments were thus conducted to 
test the effect of the deck layout in terms of engine room compartments and associated 
spaces by measuring dependant variables which may be related to personal crew safety 
and societal risk. The results of the experiments suggested indeed that deck layout 
could influence both personal and societal risks, but were only tentative as the low 
sample size did not allow to statistically verify the research hypotheses. Further 
experiments were thus designed and conducted to validate and verify preliminary 
results, and investigate these issues more in depth during WP 7.  

Technical approach 

Nineteen experienced Ropax Engineers were recruited to participate in a set of virtual 
reality experiments designed to test the effects of the deck layout on human 
performance, where crew failure may contribute to personal and societal risks.  
Twelve experimental scenarios were designed to investigate the effect of WT door 
crossing frequency (as a function of compartment layout) and time pressure. These 
were conducted in a CAVE virtual reality platform. Factors manipulated in the WTD 
scenarios included compartment layout around the engine room (i.e., the relative 
locations of the control room and the workshop), which was varied on three levels, the 
type of WT doors, with manually operated and automatic door closure WT door 
mechanisms, and the level time pressure (high and low).  
A further six experimental scenarios were conducted using a Head Mounted Display 
(HMD) platform. The aim of these experiments was to investigate the influence of 
engine room passage widths on both collisions with, and proximity to hazards, both in 
high and low time pressure conditions. Essentially the question addressed here was the 
likelihood of crew members to use additional passing space when it was available. 
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Results 

Results of the virtual reality experiments fully confirmed the tentative findings from WP 4 
experiments. Results in fact shows that reducing door crossing frequency is associated 
with a lower incidence of watertight door non-closure, particularly in condition of low time 
pressure. Reducing door-crossing frequency is also associated with reduced unsafe 
crossings made when the door was not fully opened and reduced time-on-task in terms 
of navigation through the environment and operating doors. Reducing the frequency of 
door crossings during the design stages of arranging engine room compartments may 
therefore potentially reduce societal and personal injury risks. Results from hazard 
scenarios indicated that increasing engine room passageway widths in areas where 
hazardous objects are located might be likely to reduce proximity to and collisions with 
hazardous objects, thereby reducing personal risk. 

Contribution to FAROS objectives 

The primary objective of the virtual reality experiments conducted within FAROS WP 7 
was validate, verify and extend the previous findings from WP 4 about the relationship 
between global ship design factors and crew behaviour related to personal and societal 
safety. Conducting virtual reality based experiments with human participants has 
enabled the environment to be controlled in a way that provides each participant the 
same standardised experience so that we can be confident that any effects observed 
are due to the independent variables that were being tested.  
The data collected during WP 4 experiments highlighted several trends, in that the 
frequency of watertight doors crossings were inversely related to the percentage of 
participants who closed all doors and passed through doors only when they were fully 
open as well as time taken to navigate round the environment. Furthermore, passage 
widths in the engine rooms were inversely related to the percentage of collisions to 
hazardous objects and to the proximity of objects to the participant while passing them. 
Due to low sample size, however, these trends could not be subjected to statistical 
analysis and given that there were considerable individual differences in some cases, it 
was concluded that the results should be viewed only as an indicative of a potential 
trend that would warrant an investigation that is more comprehensive. Moreover, due to 
time limitations, it was not possible to test the contributory effect of the sleep deprivation 
on crew behaviour as it was originally planned.  
 
The results of the experiment designed and conducted during WP 7 confirmed all these 
trends, and the bigger sample size has allowed to statistically verify that they are not 
due to chance. The watertight door scenarios showed that compliance regarding closure 
of watertight doors is indeed negatively affected by door crossing frequency, and that 
this is particularly the case in low time pressure conditions, as it was possible to verify 
including both high and low time pressure scenarios. Thus, compliance may be 
increased by requiring crew members to make as few watertight door crossings as is 
practically possible to maintain watertight integrity. This may be aided by a redesign of 
compartments enclosing the shipôs main and auxiliary machinery. The hazard scenarios, 
moreover, provided clear evidence that providing wider passage widths could reduce 
collisions with hazardous objects, and thus suggest that considering this aspect in 
engine room designs would be beneficial to personal safety on board. 
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1 General methodological approach and participants 
 
The scenarios were performed for a Ropax ship only and focussed on investigating the 
influence of the deck layout in terms of WT doors crossing and the effect of the layout of 
engine room areas in terms of proximity to trip hazards. Ropax Engineers were provided 
by Tallink Grupp AS to fulfil the role of participants in the experiments. It was originally 
planned that 28 participants would complete the virtual reality tasks but the operators 
could supply only 19 participants in the end. The experiments were conducted by Deep 
Blue and GAIN at the Axencia Galega de Innovacion (GAIN). The 3D CAD models for 
the VR simulations were provided by Naval Architecture Progress (NAP) to produce 
realistic looking compartments, watertight doors and hazards. Ethical approval was 
provided by the University College London (UCL) Ethics Committee. Beside running the 
virtual reality scenarios, at the end of the experiment participants were asked to fill-in a 
questionnaire designed to gather demographic information, information concerning work 
experience and ratings about the perceived realism of the scenarios.   
 
 

2 Watertight doors 
 
The aim of the first experiment was to investigate whether the likelihood of unsafe 
behaviours relative to crossing of watertight doors (WTD) in the area around the engine 
room could be affected by the frequency of door crossing, during routine tasks and in 
time pressure conditions. The results of an experiment conducted during WP4 to 
investigate these issues, had suggested that the frequency of unsafe behaviours such 
as failing to close WT doors after crossing them, or crossing them when not fully open 
could be positively affected by the frequency of door crossing. and thus that these 
behaviours could be reduced by design choices, like arranging the rooms in ways that 
minimize the number of WT doors that have to be crossed to carry out tasks on board. 
These results, however, could not be formally tested in statistical analyses, due to the 
low number of participants in the experiment. 
 
The CAVE experiment was conducted first to test the hypothesis that the frequency of 
non-compliance in closing WT doors would tend to increase with the number of doors to 
be crossed. A second tested research hypothesis, derived from the previous 
experiments, is that unsafe door crossing (i.e. crossing doors that are not fully open) 
would be exacerbated by automatic door closure. In addition to these research 
questions, the present experiment was also designed to verify further hypotheses 
related to the influence of time pressure on safe behaviours. More specifically, it was 
predicted that under time pressure unsafe behaviours such as leaving WT doors open 
and crossing them when not fully open would be more frequent. We also wanted to 
verify whether the relationship between unsafe behaviours and door crossing frequency 
would change or not according to time constraints. To test these hypotheses all the 
scenarios were performed twice, once in a low time pressure condition and once in a 
high time pressure situation. 
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2.1 Methods 

2.1.1 Participants 

Nineteen RoPax male engineers participated to the experiment. The age of participants 
ranged between 30 and 58, with a mean age of 42 (sd=11.4). All participants were 
engineers with a considerable experience working at sea, having worked at sea on 
average for 15,7 years (sd=9,5 years). Currently 29% of the participants held the 
position of Chief Engineer, 21% of 2nd Engineer, 14% of 3rd Engineer, 7% of 4th 
Engineer, 14% of Electrical Engineer and 14% of Refrigeration Engineer.  The average 
number of days of sea time they had in the last twelve months was 182 (sd=21 days).  
25% of participants had previous experience with a shipôs engine room simulator, and 
25% reported that they play Action videogames (e.g. 1st or 3rd person shooters).  

2.1.2 Apparatus 

WT door scenarios were presented in the CAVE system (Figure 1 to Figure 3), which is 
a visualization system which consists of 4 screens (3 walls and floor) and provides an 
immersive environment where users are surrounded by virtual images. Special glasses 
provide high quality stereoscopic visualization and a tracking system attached to one 
pair of glasses provides a perspective adapted to the position of the research 
participant. A joystick allows viewers to move around in the simulated environment and 
interact with it.  
 

 

Figure 1. Participant in CAVE performing WTD scenario 
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Figure 2. Watertight door CASE 1 

 

 

Figure 3. Watertight door CASE 2 (elevation upstairs  
was achieved automatically by a keypad press) 

2.1.3 Design and stimuli 

Twelve scenarios were designed for the experiment, corresponding to all the possible 
combination of the levels of three factors: the layout of the deck (three levels: rare, 
moderate and frequent door crossing), the type of WT door (Manual/Automatic) and the 
time pressure during the task (low pressure or high pressure).   
The stimuli used in the experiment were high fidelity 3D models of the area around the 
engine room of a 200m RoPax vessel, which included the following rooms: the Auxiliary 
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Engine Room (AER), the Workshop (WS), and the Engine Control Room (ECR). The 
deck layout was presented in three main variations, which differed in the arrangement of 
the rooms relatively to each other, so that moving around the space to perform the 
designated task involved different paths and required to cross a different number of 
watertight doors. The floor plans of the simulated decks are presented in Figure 4 in a 
schematic from and in Figure 5 to Figure 7. For each layout (i.e. rooms arrangement) 
two different versions were devised, one having only manual WT doors, and the other 
having only automatic WT doors. Overall, thus, the total number of stimuli used in the 
CAVE experiment was six.  
 
 

Separator room  Workshop AE 
 

ER 

ECR 
 

Engine compartment configurations Case 1 (7 crossings: infrequent) 
 

Separator room  AER WS 
 

ER 

 

ECR 
 

Engine compartment configuration Case 2(13 crossings: moderate) 
 

AE Separator room ECR 
 

ER 

Workshop 
 

Engine compartment configurations Case 3 (25 crossings: frequent) 

 

Figure 4. Engine compartment configurations  
(further illustrated in Figure 5 to Figure 7 below) 

ER ECR AER WS AER WS AER ECR AER WS AER ECR AER ECR

WT doors  

Ordinary doors  
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Figure 5. Plant view of the layout for low door frequency scenario. 

 

 

Figure 6. Plant view of the layout for the moderate door frequency scenario 
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Figure 7. Plant view of the layout for the high door frequency scenario 

 
The time pressure factor was manipulated by providing a different framing of the task 
and situation to the mariners.  
In the low-pressure conditions, at the beginning of the task, engineers were told: ñThe 
vessel is midway through its six hour voyage, one auxiliary engine is online. An 
inspection of the auxiliary engine room is required as part of your routine dutiesò.  
In the high-pressure conditions, instead, they were told: ñThe vessel is on standby, in 
the channel approaching the port, two auxiliary engines are online.  An inspection is 
required due to the sudden, combined presence of a high differential pressure on No. 1 
& 2 auxiliary engine fuel oil filters, and running issues with both engines due to a 
contaminated fuel supply problem.ò 
 
Each participant was tested three times per day in the CAVE, for four consecutive days. 
In each day the door type and the time pressure were kept constant (i.e. in a given day 
participants were tested either only with manual or only with automatic doors, and either 
only with high pressure or only with low pressure), while the order of presentation of the 
three layouts was counterbalanced across participants, using a 3x3 balanced Latin 
square. The order of testing relatively to the two blocking factors (i.e. door type and time 
pressure) across the four days was also counter-balanced across participants using 
further balanced Latin squares. These counterbalancing schemes were adopted in order 
to minimize the potential influence of learning and boredom on the measures of interest 
(i.e. the behaviour of the mariners with respect to crossing and closing of WT doors). 
 

2.1.4 Procedure and task 

Engineers were instructed to attend to predefined locations read out to them by the 
experimenter as if they were going to carry out a hypothetical task at these locations. 
Participants used a joystick to simulate movement round the route and open and close 
doors. In each target location participants were asked to perform a mathematical 
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cognitive load task, which consisted of being asked to sequentially, add a series of three 
digit numbers presented on a series of gauges (Figure 8) along the engine compartment 
route.  
The route involved movement from the ECR to the AER and then to the workshop and 
back to the AER for a series of steps before going to the ER. In the rare crossing 
condition, WTD were crossed going from ER to ECR and from the AER to the WS (and 
back). In the moderate frequency, in addition, also moving from the ECR to the AER 
required to cross a WTD. In the frequent crossing, condition both going from AER to WS 
and from ECR to AER required to cross two consecutive WTD.  
 
The cognitive task involved participants having to remember the number displayed on 
the first gauge and then add the number displayed on the second gauge to form a new 
number and repeat this sequence in each compartment space that they were repeatedly 
instructed to attend. They had to add a new three-digit number to the previously 
remembered number. The final four-figure sum score of all of the three digits numbers 
on all gauges visited was then reported at the end of the experiment. Therefore, the task 
involved numerical computations and memory resources, which shifted focus from the 
experimental objectives of the experiments in order to emulate a more natural 
behaviour. 
 

 

Figure 8. Gauge upon which a three-digit number was presented, which was to be 
remembered each time the gauge was encountered on the route 

 

2.1.5 Data preparation 

The computer controlling the scenario presentation was programmed to record, for each 
WT door crossing: 

¶ Participant ID; 

¶ Case (1, 2 or 3); 

¶ Time pressure (high or low); 

¶ Door type (manual or automatic); 

¶ Run (1, 2 or 3); 

¶ Day (1, 2, 3 or 4 in a given week); 

¶ Percentage of door aperture when crossed; 

¶ Whether the door was crossed when fully open or not (1/0); 

¶ Whether the door was closed after it was crossed (1/0 - only for manual doors); 

¶ Door id (WTD1, 2 or 3); 

¶ Time of crossing. 
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At the end of the scenario, the participant had to report the result of the mental addition 
task, and the experimenters recorded the results to compare it to the correct gauge 
number total. The computer controlling the experiment recorded also the total time it 
took to complete the task in each scenario. 

 

 
 

Figure 9. Participant in CAVE scenario with navigation instructions from experimenters 

2.1.6 Data analysis 

Data were analysed with Linear and Generalized Linear Mixed Effects models. All the 
analyses were performed using the statistical computing software R (version 3.1) [4], 
using the functions provided by the package ñlme4ò [5].  
 

2.2 Results of WT door scenarios 

2.2.1 Noncompliance with door closures on manual operation 

It was hypothesized that the frequency of doors crossing would be inversely related to 
the number of doors closed. Scenarios with the least number of crossings (7 crossings) 
were predicted to be associated with a greater compliance of door closing, greater 
percentage of door aperture before the participant passes over the threshold and a 
faster navigation time to complete the tasks, thus providing the optimal design of those 
presented. 
Doors were coded as being left open if they were not closed at all or only closed when 
the participants returned to the door after initially leaving the area. The frequencies of 
doors closed for each participant are presented in Table 1. The results show that 12 
participants out of 19 (63%) left at least one WT door open while performing the task. 
The absolute frequency of not closing doors in low pressure scenarios was higher than 
in high pressure ones and also the number of participants that left at least one door 
open (low pressure: 9/19; high pressure 6/19). One engineer (E15) left all the doors 
opened in one condition (moderate crossing frequency and high time pressure). The 
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experimenterôs notes revealed that this happened when he was doing the task in the 
CAVE for the first time (i.e. he was run in that scenario in his first trial on that day), and 
that the mariner had explicitly stated that if there is high pressure he ñdoes not waste 
time closing doorsò. Data from this participant were thus excluded from further analysis 
of compliance to closing of doors. 
 

Table 1. Frequency of doors not closed in manual door operation scenarios 

 
High time pressure Low time pressure 

Participant 7 doors 13 doors 25 doors 7 doors 13 doors 25 doors 

E1 * 0 1 NA 0 7 6 

E2 0 0 0 0 0 5 

E3 0 0 0 0 0 3 

E4 0 0 0 0 0 1 

E5 0 0 0 0 0 6 

E6 0 1 2 1 2 0 

E7 0 0 0 0 0 2 

E8  0 0 1 0 0 0 

E9 0 1 1 0 0 0 

E10 0 0 0 0 0 0 

E11 0 0 0 0 0 0 

E12 0 0 0 0 0 0 

E13 0 0 0 0 0 0 

E14 0 0 0 0 0 0 

E15  1 13 0 0 0 0 

E16 0 0 0 0 0 0 

E17 0 1 4 2 1 7 

E18 0 0 0 0 0 0 

E19 0 0 0 0 0 3 

Mean % door closure **  100% 98.3% 98.1% 97.6% 95.7% 92.6% 

* This mariner was mistakenly run twice in the 7 doors scenario with high pressure and 
never in the 13 doors scenario.  
** Computed removing data from E15. 

 



Deliverable 7.1 
 
 

 

18 / 57  

 

Figure 10. Mean proportions of doors closed in manual door operation scenarios, as 
function of frequency of doors and time pressure.  

The mean proportion of doors closed (averaged across participants) is plotted in Figure 
10, as function of frequency of door crossings and time pressure. As it can be seen the 
proportion of doors closed tended to decrease with the number of doors crossed in the 
scenario, at least in low time pressure conditions. The proportions recorded in the high 
pressure scenarios are higher, and their range is smaller, and not fully consistent with 
the hypothesis that the higher is the door crossing frequency, the higher is the 
probability of leaving the doors open, although the highest compliance to door closure 
was found in the low door frequency scenario.  
 
We analysed the manual WT door closure data using Generalized Linear Mixed-Effects 
(GLME) regression models, an extension of the Generalized Linear Model, indicated 
when responses are gathered repeatedly from the same participants in different 
conditions (i.e. repeated-measures design), or in general when observations are 
clustered by one or more grouping unit. These models, in facts, allow including random 
by-subject adjustments to the estimated coefficients for the intercept and the slopes of 
factors, providing variance estimates of the individual variability for all the effects that 
are being tested. The count of doors left open in each conditions was computed and 
modelled using negative binomial regression, which is more suitable than Poisson 
regression with over-dispersed data (i.e. data that contain a large number of zeros). As 
in Poisson regression the coefficients of the fitted models are estimates of the changes 
in the risk of a given response/event (in our case leaving a WT door open after crossing 
it) associated to changes in the values of the independent variables (in our case the 
deck layout and time pressure). The exponentiated coefficients are in fact estimates of 
the relative risk ratio associated with each independent variable.  
 
Given that high and low time pressure scenarios were tested in different days (i.e. time 
pressure was blocked within the day of testing), and that due to changes in the original 
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testing schedule counterbalancing for day order of time pressure was not perfect, we 
included a factor coding whether the level of time pressure in each scenario was tested 
in a day before (-1/2) or after (1/2) the one in which the other level was tested, in order 
to control for the potential influence of this factor. The predictors that were inserted in 
the model were a binary variable that was 0 if time pressure was low and 1 if it was high, 
and two binary variables representing the Helmert contrasts of the door frequency 
factor2 and respectively testing: a) whether the risk of leaving a door open in the 
frequent door crossing condition is significantly higher than in the other conditions with 
less frequent doors (combined); b) whether the risk of leaving a door open in the 
moderate door crossing condition is significantly higher than in the rare crossing 
conditions.  
 
 

Table 2. Summary of the mixed effects negative binomial model of the number of doors 
not closed in scenarios. 

Predictors Coef B SE (B) z p 

Intercept -4.20 0.48 -8.81 <.0001 

Day -1.03 0.33 -3.09 <.01 

Door Frequency: 25 crossing vs less 1.56 0.48 3.24 <.01 

Door Frequency: 13 crossing vs less 0.91 0.62 1.47 0.14 

Time pressure (=high) -1.34 0.37 -3.61 <.001 

Random effects Var Sd   

Intercept 1.25 1.12   

N. observations= 107, N. subjects = 18, AIC=163.3, BIC=182, log Likelihood=74.7 

 
 
The results of the analysis are presented in Table 2, as a table of the estimated 
coefficients and random effect variance. The analysis first of all confirmed that day of 
testing had a negative effect in the risk of not closing the doors, and that when a 
condition was repeated for the second time with a different time pressure (in a different 
and successive day) the number of doors left open was 64% smaller (RR = exp(B)= 
0.36; p<.0001). More importantly, the results also show that the risk of failing to close 
WT doors was significantly affected by both deck layout and time pressure. More 
specifically in the frequent door crossing condition (25 crossing) the number of doors left 
open is estimated to be 374% higher (p<.01) than in the conditions with less frequent 
door crossings (combined). Moreover, the number of doors left open in the 13 doors 
scenarios (moderate frequency) was 148% higher than in the 7 door scenarios, although 
the difference was not statistically significant (p=0.14). Further analysis, conducted 

                                       

 
2 In regression categorical predictors with n>2 levels , such as Deck layout , must be coded in n - 1 binary 

variables. Depending on the cod ing scheme adopted , t he interpretation of the meaning of the estimated 

coefficients changes. Helmert contrasts are orthogonal contrast used for ordered variables , in which each 

predictor is compared to the average of the previous levels.  
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using different coding schemes for the deck layout factor,3 showed that the number of 
doors not closed in the high frequency conditions was 406% higher than in the rare 
frequency ones (B=1.61; se=0.59; p<.01), and 104% higher than in the moderate 
crossing condition (B=0.71; se=.32; p<.05). In the rare crossing condition the number of 
doors left open is estimated to be 82% smaller than in the other conditions with higher 
door frequency (B=-1.69; se=.78; p<.05). Finally, the results showed that the number of 
doors left open in the high time pressure scenarios was 74% smaller than in low 
pressure scenarios (p<.001).  
 

 

Figure 11. Individual percentages of door closed in manual door scenario at low time 
pressure. The dashed red line represents the proportion of participants that did leave at 
least one door open 

                                       

 
3 The model was r efit twice. In one case , the door frequency factor was coded with treatment coding taking 

the seven doors as reference condition to which the other conditions are compared. In this analysis the 

coefficients of the two binary variables are estimates of the difference between the risk in the reference 

category and, each of the other door frequency conditions (i .e. 14 doors vs 7 doors, and 25 doors vs 7 

doors).  In a further analysis, we used reverse Helmert coding.  
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Figure 12. Individual percentages of door closed in manual door scenario at high time 
pressure. The dashed red line represents the proportion of participants that did leave at 
least one door open.   

 
The plots of the individual rates of compliance to door closing are presented in Figure 11 
and Figure 12, respectively for low and high time pressure scenarios. In the low-
pressure scenarios, there is a greater degree of individual variability, but a negative 
trend as function of doors frequency is quite clear. Moreover, as the dashed red line in 
the plot shows, in the 25 crossing (high frequency) scenarios the proportion of 
participants (in the sample) which failed to close 100% of doors (i.e. leaving at least one 
door open during the run of a given scenario) was almost 3 times higher than in the 13 
crossing (moderate frequency) scenarios (8 participants vs 3 participants), which in turn 
was higher than in the 7 crossing (low frequency) scenarios (2 participants).  
 
To test the hypothesis that the likelihood of not closing at least one WT door in a 
scenario is related to the door crossing frequency we used again GLME models, in the 
form of logistic regression. The dependent variable was a binary variable, which was 
coded as ñ1ò if the participant, in a given scenario, had failed to close 100% of the doors 
he crossed, and ñ0ò if he closed all the doors. The predictors were the same used in the 
analysis of the number of doors left open. The results of the analysis showed that the 
likelihood of leaving at least one door open is affected by door crossing frequency. The 
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odds of leaving at least one door open in the high door frequency scenario were 
estimated to be 13.02 times higher than in the low door frequency scenarios, and 5.6 
time higher than in the other scenarios (combined), although the difference in both case 
was only marginally significant (p<.06 and p<.07). No significant difference was found 
between the rare and the moderate door frequency scenarios, although at least the 
direction of the effect was consistent with the research hypothesis. It should be however 
noticed that this analysis was conducted on a relatively small dataset, given that for 
each participants each scenario provided a single data point (N=107). Therefore, it is 
possible that the analysis simply did not have enough statistical power to fully catch the 
effect of door frequency.  
 
Overall the results of the present experiment seems to confirm the hypothesis that there 
is an inverse relationship between the frequency of doors and the likelihood of leaving 
them open. The results of the mixed effects negative binomial regression showed that 
the number of doors left open in the rare door frequency conditions is significantly lower 
than in the other conditions, where doors are more frequent.   
 
These findings imply that it would be beneficial for safety to optimize ships design in 
ways that minimize the number of doors that have to be crossed when performing 
routine tasks. Regarding the hypothesis that a smaller door frequency could decrease 
the likelihood of a leaving a single door open while moving around the ship to perform a 
task, however, the data collected so far only partially support it. Only in the comparison 
between the scenarios with the highest frequency of doors and those with less doors, in 
facts, the effects was statistically significant, the likelihood of a single error across the 
route was significantly higher than in the minimum door frequency scenarios, but the 
magnitude and direction of the effects estimated in the model at least suggest that there 
might be a true difference also between the rare and the moderate crossing frequency 
cases. Further investigation with a larger sample should be thus conducted on this very 
more important measure in terms of crew behaviour, since it only takes one WT door to 
be left open at the wrong time to compromise the water integrity of the vessel. 
 
The results also showed that the proportion of doors left open in the high time pressure 
scenarios was much smaller than in low pressure conditions (routine tasks), and that 
this difference was significantly different. This is the opposite of what we had predicted,  
reasoning that the urgency to act and move quickly would have brought mariners to 
leave more doors open under time pressure, not less. It is possible that the perception 
of a potential risk inherent in the situation described for the high time pressure scenario 
could have prompted mariners to pay more attention to safety procedure in these 
conditions.   
 
It should be also noted that the door closure compliance rate observed in the sample 
was quite high. As it was suggested in the report of the previous experiment, this could 
be the result of a cultural adherence to the rules in the particular shipping company that 
was tested. It is also possible that despite the reassurances of the experimenters, those 
participants had some concerns about their performance being reported back to their 
company and this will have influenced their door closure compliance rates. In addition 
the extremely low sample size may have resulted in an over representation of diligent 
crewmembers that may not be representative of the marine engineer population, 
although in the present experiment the sample size was increased.  
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2.2.2 Unsafe door crossings 

It was predicted that mariners would pass through doors that were not fully opened to a 
greater degree when the engine compartments configuration resulted in higher 
frequency door crossings. It was also hypothesized that this would be particularly 
exacerbated by doors being closed automatically. Scenarios with the least number of 
crossings (7 crossings) were predicted to be associated with a greater percentage of 
door apertures before the participant passes over the threshold and a faster navigation 
time to complete the tasks, thus providing the optimal design of those presented. Partial 
evidence in support of these predictions was provided by the results of the experiment 
conducted during FAROS WP4 [3]. 
 
Passing through doors was coded as being unsafe if the participants passed when the 
door was not 100% open. Participants passed through WT doors when they were fully 
open 80% of the times. This proportion is smaller than the one recorded during previous 
experiments [3], and so is the difference between the frequency recorded in manual and 
automatic doors scenarios. In automatic door scenarios, in fact, participants passed 
through doors when they were fully opened 76% of the times compared to 84% for 
manual operation scenarios, averaging across time pressure. In the previous 
experiment, both these proportions were higher, respectively 87% and 97%. However, 
as it can be seen in the plots in Figure 13, reporting the average percentages of doors 
crossed not fully open as function of time pressure and layout, the percentage of safe 
crossings seems to vary with time pressure. This is particularly the case for manual 
doors scenarios, where the difference between percentages of doors crossed not at 
100% aperture in high and low time pressure scenarios is around 15 percent points. 
There are not instead clear trends in the proportions as function of the frequency of 
doors crossed in the scenarios.  
 
The average percent of aperture recorded in the scenarios is also displayed in Figure 13 
by the size of the dots. The average aperture of door when doors were crossed not fully 
open ranges between 70 and 90%. This level of door aperture (80% on average) is also 
considerably lower than what previously found (around 99%). This means that 
sometimes the doors were crossed at an aperture level that would definitely present a 
threat for mariners, as witnessed also by the smallest door apertures recorded which 
ranged between 41% (in the 13 and 25 doors scenarios) to 44% (in the 7 doors 
scenario). Surprisingly, the average door aperture level seems greater in the automatic 
door scenarios, while again no clear pattern is visible across the different layouts. 
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Figure 13. Average proportion of doors crossed when not fully open, as function of door 
type and door crossing frequency.  The size of the dots represents the average 
proportion of door apertures in each condition, so that smaller dots represent doors 
crossed less open 

 
The frequency of doors crossed when not fully open by each participant is presented in 
Table 3 and Error! Reference source not found.Table 4, respectively for automatic 
and manual door scenarios. The corresponding plots of the corresponding proportions 
of doors crossed not open are presented in Figure 14 to Figure 17. As it is pretty clear 
from these tables, and even more from the plots, the degree of individual variability in 
the likelihood of crossing doors unsafely was quite extreme, with a few participants 
which crossed all or almost all the doors when not fully open. The variability seems 
somehow smaller in the manual doors scenarios, and particularly in low-pressure 
conditions. In addition, the overall proportion of participants who did cross at least one 
door not 100% open was smaller in the manual doors scenarios (56%) than in the 
automatic door ones (94%) consistent with the hypothesis that passing door not fully 
open is more likely with automatic door than with manual doors. No clear trend instead 
is visible concerning the relationship between door frequency and unsafe door crossing.    
 

Table 3. Frequency of doors crossed not 100% open in automatic door scenarios 

 
High time pressure Low time pressure 

Participant 7 doors 13 doors 25 doors 7 doors 13 doors 25 doors 

E1 6 13 24 7 13 24 

E2 1 13 12 0 1 2 

E3 0 0 0 0 0 0 

E4 0 0 2 0 0 0 

E5 3 2 3 0 1 0 

E6 0 0 1 0 0 0 

E7 0 0 2 1 0 3 

E8 * NA 0 0 0 4 0 

E9 0 0 0 4 2 0 

E10 0 0 0 0 0 1 

E11 0 1 3 0 0 0 

E12 0 1 0 0 1 3 

E13 1 0 1 0 0 2 
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E14 0 0 0 1 0 3 

E15 7 13 24 1 10 7 

E16 7 13 25 7 11 18 

E17 5 10 19 3 10 17 

E18 0 0 3 0 3 2 

E19 2 7 4 1 7 4 

* This mariner was mistakenly run twice in the 13 doors scenario with high pressure, and 
never in the 7 doors scenario. 

 

Table 4. Frequency of doors crossed not 100% open in manual door scenarios 

 
High time pressure Low time pressure 

Participant 7 doors 13 doors 25 doors 7 doors 13 doors 25 doors 

E1 * 6 13 NA 0 0 15 

E2 1 3 0 0 0 0 

E3 0 0 0 0 0 0 

E4 0 0 0 0 0 0 

E5 0 0 0 0 0 0 

E6 0 0 0 0 0 0 

E7 0 0 1 0 0 1 

E8 0 2 0 0 0 0 

E9 0 1 1 0 0 1 

E10 7 13 24 3 5 2 

E11 0 0 2 0 0 0 

E12 0 0 0 0 0 0 

E13 0 0 0 0 0 0 

E14 0 0 0 0 0 0 

E15 7 12 25 7 13 25 

E16 7 13 25 0 1 0 

E17 1 7 10 1 5 12 

E18 0 0 0 0 0 0 

E19 0 0 0 0 0 0 

* This mariner was mistakenly run twice in the 13 doors scenario with high pressure, and 
never in the 25 doors scenario. 
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Figure 14. Proportion of doors that were crossed not fully open in the automatic doors 
scenarios under high time pressure 

 

Figure 15. Proportion of doors that were crossed not fully open in the automatic doors 
scenarios under low time pressure 
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Figure 16. Proportion of doors that were crossed not fully open in the manual doors 
scenarios under high time pressure 

 

Figure 17. Proportion of doors that were crossed not fully open in the manual doors 
scenarios under low time pressure 
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The probability of crossing a door when less than 100% open was analysed with mixed 
effects logit models. 
The dependent variable was a binary variable coding, for each single door crossing 
made by participants, whether the door had been crossed safely or not. 
The model included as predictors 3 binary variables coding respectively a) whether 
there was high or low pressure, b) whether the doors were automatic or manual, c) 
whether there was both high pressure and the doors were automatic. The door 
frequency factor was coded, in separate analysis, either with two binary variables 
representing the Helmert contrast between the levels of the door crossing frequency 
factor, or with treatment coding, using the 7 doors crossings as the reference category. 
The random effect structure of the model included adjustments for the intercept, and, 
given the wide individual variability previously discussed, also for the slope of type 
pressure, door type and their interaction. We included also two control variables, coding 
the day of testing and the (log) time within the exercise. The latter predictor was 
included because we had observed that participants tended to pass more often doors 
not fully open at the beginning of a run than toward the end. We thus reasoned that 
controlling for this variability would have allowed having more statistical power to 
investigate the effects we were really interested in. 

 

Table 5. Summary of the mixed effects logit model of the probability of crossing a WT 
door when not fully open. 

Fixed effects Coef B SE (B) z p  

Intercept -7.33 1.75 -4.20 <.0001  

Day  -0.97 0.31 -3.08 <.01  

Log(time within scenario) -0.53 0.08 -6.28 <.0001  

Time pressure: (high vs low) 4.31 2.32 1.86 <.07  

Door type (automatic vs manual) 4.38 1.46 3.01 <.01  

Door type * Time pressure -3.63 2.47 -1.47 0.14  

Door Frequency: (13 doors vs 7 doors) 1.17 0.25 4.62 <.0001  

Door Frequency: (25 doors vs 7 doors) 0.84 0.24 3.46 <.01  

      

Random effects Var Sd Corr   

Intercept 34.9 5.92    

Door type  18.5 4.31 -0.93   

Time pressure 25.5 5.05 -0.44 0.59  

Door type * Time pressure 34.8 5.90 0.59 -0.68 -0.93 

N. observations= 3396. N. subjects=19; AIC=1335.9, BIC=1446.2, -log Likelihood =-649.9 

 
The results of the analysis are reported in The probability of crossing a door when less 
than 100% open was analysed with mixed effects logit models. 
The dependent variable was a binary variable coding, for each single door crossing 
made by participants, whether the door had been crossed safely or not. 




























































