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This document presents supplementary material for Azizpour, et al., [S1] relating to the 

experimental donning trials, the experimental methodology employed in the study, the packaging 

of the thermal protective immersion suit (TPIS), the participant questionnaire and the response to 

the participant questionnaire.  

 

 

S1: The Trial Procedures 
The donning trials were conducted at two shore-based facilities, the ARCOS safety centre in 

Tromsø and the ResQ safety centre in Haugesund. In total, 84 volunteers participated at the 

ARCOS safety centre and 24 at the ResQ safety centre. Upon the arrival of the participants at the 

trial location, participants went through a registration process which included completing the pre-

trial questionnaire and consent form, and participants were then given a group safety briefing.  At 

registration, each participant was issued a unique identification number which was used to track 

their performance.  Participants were also instructed to remove coats and jackets and to leave all 

personal belongings behind, prior to being escorted to the trial area. 

 

During the registration process, the air temperature within each test facility was noted and was 

found to be in the range of 18 ° to 22°𝐶. Once the registration process was completed, 

participants were escorted to the trial location and positioned within a square area of 3𝑚 × 3𝑚 

marked on the floor. To ensure that the minimum space requirement in SOLAS was met 

(0.35 𝑚2/person) [S2], a maximum of 15 participants were allowed to don the TPIS inside the 

aforementioned area although in practice, the number of participants in the square varied between 

1 to 13 persons at a time (see Figure S1). The TPIS within its carry bag was placed on the floor in 

front of each participant. Once the participants were positioned, a member of the trial team set the 

scene for the trial and provided the trial instructions using a pre-defined script.  Participants were 

instructed to imagine that they were at sea on board a passenger ship sailing in polar waters and 

the evacuation alarm had just been sounded. The participants were told that they had to don the 

suit as quickly and as correctly as possible so that they would be ready to safely evacuate the 

vessel. The task would start once the instructor yelled “GO” and the end point was defined as the 

time that the participant raised their arms above their head, indicating that they had completed the 

task and donned the suit as best as they could (see Figure S1b).  

 

Prior to starting the trials, a sub-group of randomly selected participants were shown a two-

minute instructional video demonstrating the correct donning procedure. In total 19 participants 

were shown the video demonstration. The donning process was undertaken by a professional 

instructor demonstrating how to unpack a brand-new suit and don it quickly and correctly. This 
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sub-group consisted of 10 male and 9 female participants aged between 18 to 72 years.  

 

In addition, written instructions (provided by the manufacturer) were available to all participants 

through a laminated sheet located prominently on the suit carrying cover (see Figure S3). 

Participants were not permitted to read the instructions prior to the start of the trial. The 

participant’s donning performance was recorded throughout donning trial using two GoPro Hero 

cameras (frame rate of 25 FPS). The cameras were positioned to capture the performance of 

participants in two opposite directions (see Figure S1). A range of quantitative and qualitative 

data was collected during the trials through video footage and questionnaires. Demographic data 

and information relating to prior experience of the participants were collected through the pre-trial 

questionnaire while qualitative data concerning the participants perception of the ease of donning 

and suggestions to improve the TPIS design were collected through a post-trial questionnaire (see 

Figure S4). Quantitative data concerning donning correctness and speed of donning was collected 

through analysis of the video footage. 

 

 

  
(a): Location of cameras and participants  (b): View from one of the cameras 

Figure S1: Position of cameras and participants in the 3𝑚 × 3𝑚 square in the room 

 

 

Presented in Figure S2 are example frames extracted from the trial video footage highlighting 

important behaviours noted during the donning trials. The images demonstrate examples of 

participant behaviour as they read the instructions (Figure S2.1), unpack the TPIS (Figure S2.2 to 

Figure S2.4) and attempt to don the suit (Figure S2.5 to Figure S2.15). 

 

 

    
2.1. Reading the instructions 

 
2.2. Start of the donning process with 

participant touching the zipper 
2.3. Carry bag is opened, the start of the 
process to remove TPIS  from the sealed 

plastic bag 
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2.4. End of removing TPIS from the 

plastic bag 

2.5 Donning while seated on the floor 2.6. Participant looking at others for 

guidance while attempting to don 

   

2.7. Participant preparing long hair prior 

to donning hood 

2.8. Removable neoprene gloves 

 

2.9. Adjusting internal length straps 

     
2.10. Pulling up the zipper 2.11. A participant wearing glasses 

attempting to pull up the zipper over the 
chin area 

2.12. Adjusting wrist  straps 

 
  

2.13. Chest buckle (undone) 

 

2.14. Ankle straps correctly adjusted 

 

2.15. End of donning process 

Figure S2: Examples of participant behaviour during donning trials 

 

Prior to the start of the experiments, an application for ethical approval for the research was sent 

to the Norwegian Centre for Research Data (NSD). All appropriate measures were taken to ensure 

the safety and anonymity of participants. Participation in the trials was completely voluntary and 

the participant could withdraw from the trials at any time.  

 

S2. TPIS donning instructions  
Presented in Figure S3 are the instructions for the TPIS which can be found on the packaging for 

the TPIS.  
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Figure S3: The donning instruction which was laminated on the suit carrying cover and available to all participants 

 

 

S3. Participant post trial questionnaire.  
On completion of the trial, participants were requested to complete a short questionnaire designed 

to identify their previous experience in donning TPIS and also their experience of donning the 

TPIS during the trial (see Figure S4).  
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Figure S4: Post-trial questionnaire used in donning trials 

 

S4. Importance of the donning error associated with shoe removal.  
To quantify the impact of background and randomised variables (see Table 4 in [S1]) on the 

probability of removing shoes (PRS), binary logistic regression [S3] was used.  Only the 

preparation time, PT (𝑥1), method of instruction (𝑥2) and experience (𝑥3) were found to be 

significant.  Furthermore, as previously suggested, video instruction (VI) had the most significant 

influence on PRS while experience (E) was the second most significant variable. In addition, 

duration of the preparation time also appeared to have significant impact on the PRS. The result 

of the log-logistic regression (𝑅2 = 23.5%) is presented in Eq. S1) while presented in Table S1 is 

the description and effect of the significant variables according to their corresponding coefficient 

in Eq. S1). 
 

𝑃𝑅𝑆 =
1

1+𝑒𝛾
 , where 𝛾 = 1.27 − (0.15 ∗ 𝑥1) − (3.7 ∗ 𝑥2) − (1.07 ∗ 𝑥3)             (S1) 

Table S1: Contributing factors and change in the PRS given one unit increase in each of the influencing variables (when all other 

variables are fixed) 

Variable Coefficient 
Standard Error 

of Coefficient 

Increase in PRS per unit 

increase of 𝑥𝑖  when all 𝑥𝑖 

initially set to 0 

P-value 

𝑥1 -0.15 0.07 
Approximately +3% per 

second preparation time  
0.03 

𝑥2 -3.7 1.1 
+70% with Video 

Instruction 
0.001 

𝑥3 -1.07 0.46 
+22% with donning 

experience 
0.02 

 

From Eq. (S1), a group of people exposed to written instruction (WI) (𝑥2 = 0), with no 

experience (NE) (x3 = 0) and a PT of 𝑥1 = 0 s (i.e., insufficient time to read instructions) will 
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have a PRS of 22% (PRS =
1

1+exp(1.27)
= 0.22 from Eq. (S1)). However, if the same group has a 

PT of 10 s (i.e., has more available time to read the instructions), then they are expected to have a 

PRS of 56% (PRS =
1

1+exp(1.27−1.5)
= 0.56). Furthermore, to achieve a 95% probability of 

removing their shoes, the WI group with NE requires at least 28 s preparation time.  

 

The variation of PRS with preparation time for various groups as determined by Eq. S1 is 

depicted in Figure S5. As can be seen from Figure S5, for a given preparation time those with WI 

and NE always have a lower PRS on average than those with VI and NE.  For a PT of up to 20 s, 

the PRS for the VI and NE group is considerably larger than that for the WI and NE group.  While 

having experience improves the PRS for the WI group, the improvement is marginal.  The same 

caveats should be noted when interpreting S5 as those for Figure 8 in [S1].  Furthermore, for the 

VI group none of the participants has a preparation time of greater than 2 s and so the curve is 

essentially a model extrapolation (hence shown as a dashed line).  However, Figure S5 shows the 

considerable advantage of VI for those with NE in terms of ensuring that participants remove 

their shoes prior to donning.   

 

 
Figure S5: Probability of removing shoes prior to donning as a function of preparation time for various methods of instruction and 

experience   

 

Concerning the impact of WI on the propensity for participants to remove their shoes prior to 

donning, it is assumed that participants will read the written instructions during the preparation 

phase. As described in Section 4.3 of [S1], the average time spent in the preparation phase was 

short, being only 2.3 s, with a range from 1 s to 35 s, with most participants merely glancing at 

the instructions placard prior to beginning to open the carry bag. Nevertheless, all participants had 

the opportunity to read the written instructions and so could have read the instructions prior to 

attempting to don the TPIS. Furthermore, we cannot judge the level of thoroughness of the 

reading, or the level of comprehension achieved by those who may have read the instructions. All 

that can be determined with certainty is the amount of time each participant spent during the 

preparation phase. It could be argued that this type of behaviour is typical of how many people 
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tend to respond, with few attempting to thoroughly read instructions prior to operating a new 

device, especially if the operation of the device appears intuitive, e.g., putting on a pair of 

coveralls. Thus, the results relating to the performance of the ‘written instruction’ group could be 

argued to be representative of reality.  

 

S5. Participant post trial questionnaire.  
Following the trials, 108 participants completed the post-trial questionnaire, representing a 100% 

completion rate. Question 1 related to establishing whether the participants had prior experience 

of donning a TPIS, the results of which are discussed in [S1].  Questions 2-5 were closed 

questions related to the experience of the participants while donning the TPIS while questions 6 

and 7 where open questions.  

 

The first question relating to the donning experience concerned the ease of donning (see question 

2 in Figure S4).  The vast majority of the male participants (47.9% or 34) said that the TPIS was 

Easy/Very Easy to don, with only 18.3% (13) suggesting that it was Difficult/Very Difficult (see 

Table S2).  This is in contrast to the female participants, the majority (37.8% or 14) of which 

suggested it was Difficult/Very Difficult with only 18.9% (6) saying it was Easy/Very Easy (see 

Table S2).  The difference between the male and female response was determined to be 

significant using a Kruskall-Wallis test (P-value = 0.004). These results are consistent with the 

observations that the net donning time (NDT) was related to gender, with males donning the TPIS 

some 29% quicker than females on average (see [S1], section 4.3).  This is further supported 

through a Mann-Whitney test that showed that those who found the suit Easy/Very Easy to don 

manged to don the suit significantly faster than those who found it difficult to don (P-value < 

0.001).  

 
Table S2: Response to question 2 related to ease of donning  

Influence 

 

        Gender 

Very Difficult Difficult Neither 

Difficult nor 

Easy 

Easy Very Easy 

Males 1.4% (1) 16.9% (12) 33.8% (24) 42.3% (30) 5.6% (4) 

Females 2.7% (1) 35.1% (13) 43.3% (16) 16.2% (6) 2.7% (1) 

Total 1.9% (2) 23.2% (25) 37.0% (40) 33.3% (36) 4.6% (5) 

 

The second question relating to donning experience concerned the method of instruction and 

enquired if verbal, visual or physical instruction would have been helpful during the donning 

process (see question 3 in Figure S4).  Approximately 80% (88) of participants felt that a (live) 

visual demonstration would have been helpful and almost two thirds (66.4% or 71) felt that verbal 

instructions during the donning process would have been helpful, while half (50% or 54) 

suggested that physical assistance would have been helpful (see Table S3).  In each case, females 

were more in favour of the additional method of instruction than the males.   

      
Table S3: Response to question 3 related to alternative methods of instruction  

Method of 

instruction 
Gender Yes No  I don’t know 

Verbal 

instruction 

Males 64.8% (46) 21.1% (15) 14.1% (10) 

Females 69.4% (25) 16.7% (6) 13.9% (5) 

Total 66.4% (71) 19.6% (21) 14% (15) 

Visual 

demonstration 

Males 76.1% (54) 5.6% (4) 18.3% (13) 

Females 91.9% (34) 2.7% (1) 5.4% (2) 

Total 81.5% (88) 4.6% (5) 13.9% (15) 

Physical 

assistance 

Males 46.5% (33) 40.8% (29) 12.7% (9) 

Females 56.8% (21) 24.3% (9) 18.9% (7) 

Total 50% (54) 35.2% (38) 14.8% (16) 
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The high rate of request for additional methods of instruction reflects the inherent difficulty 

experienced by the participants in donning the TPIS. Furthermore, the higher proportion of 

females requesting the additional method of instruction reflects the greater difficulty experienced 

by females in donning the TPIS – which is reflected in the longer donning times experienced by 

females.  This suggests that in practice passengers should not be left to their own devices to don 

the TPIS, additional instruction over that provided by the written and video instruction is 

desirable.    

 

The donning trials were conducted in ideal laboratory conditions, without the impact of a pitching 

deck or adverse vessel orientation (heel or trim) that could be expected in an emergency situation.  

Participants were asked about their opinion of whether their donning performance would be likely 

to be negatively impacted by such adverse conditions (see question 4 in Figure S4).  Virtually all 

the participants (95.3% or 103) thought that their donning time would be increased, with almost 

half (48.1% or 52) suggesting that their donning time would increase significantly, i.e., more than 

double (see Table S4).  This opinion reflects the inherent difficulty that the participants 

experienced in donning the TPIS.  

 
Table S4: Response to question 4 related to participant perception of impact of rough weather on the donning performance 

Influence 

 

     Gender 

Increase significantly 

(more than double) 

Increase slightly 

(less than double) 

No 

influence 

I don’t know 

Males 40% (28) 53% (38) 4.3% (3) 2.7% (2) 

Females 64% (24) 36.0% (13) 0% (0) 0% (0) 

Total 48.1% (52) 47.2% (51) 2.8% (3) 1.9% (2) 

 

Participants were also asked about their opinion concerning whether they felt that wearing the 

TPIS would impact their walking speed (see question 5 in Figure S4).  Virtually all the 

participants (78.5% or 84) thought that the TPIS would impact their walking speed, with more 

females (86.5%) than males (74.3%) believing that the suit would have an impact (see Table S5).  

This is probably due to the ill-fitting nature of the one-size fits all TPIS and the poor fitting of the 

footwear associated with the suit (see response to questions 6 and 7 below).  It is also worth 

noting that the perception of the participants is supported by experimental analysis, where 

wearing a TPIS of the type used in the donning trials reduced walking speeds by 6.1% at 0o of 

heel, increasing to a reduction of 24% at 20o of heel [S4].  Furthermore, females were more 

severely affected than males, with the reduction in walking speeds for females being 6.8% more 

severe than that for males at 0o of heel [S4]. 

 
Table S5: Response to question 5, participant perception of the impact of the TPIS on walking speed 

Gender Yes No  I don’t know 

Males 74.3% (52) 20% (14) 5.7% (4) 

Females 86.5% (32) 8.1% (3) 5.4% (2) 

Total 78.5% (84) 15.9% (17) 5.6% (6) 

 

In addition, participants were requested to suggest how the TPIS design could be improved (see 

question 6 in Section S3) or if they had any other comments concerning the TPIS and the donning 

process (see question 7 in Section S3). Their responses are collated and summarised below. These 

comments provide useful insight into issues concerning the design of the particular TPIS tested 

that detrimentally impacted donning and which should be addressed to improve donning ease. 

 

(a) Issues associated with the hood 

The TPIS hood is designed to cover the whole neck and head including ears, forehead, cheeks, 

and jaw. The hood has a rubber seal which sits around the face. Female participants with long hair 

commented on the difficulty of tucking their hair into the hood while men commented on the 
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difficulties with the face seal. 18.9% of females struggled with tucking their hair in the hood 

while this was not issue for any of the male participants.  

 

b) Issues associated with the gloves 

Many participants commented that they struggled putting on the gloves due to the friction 

between their skin and the inner layer of the gloves.   

 

c) Issues associated with ankle straps and TPIS shoes 

Due to the universal size of the TPIS design, the suit shoe is very large. The ankle straps are 

intended to keep the shoe in place. However, participants (particularly females) commented that 

as the shoe was too large, their feet would easily slip in the shoe while walking, creating a misstep 

hazard. Furthermore, participants commented that the Velcro fasteners were inadequate, often 

coming undone and getting entangled, potentially creating a trip hazard.   

 

d) Issues associated with the zipper 

While the zipper appeared to be a familiar and easy device to operate, it proved challenging for 

many of the participants particularly females. 19.7% of males struggled with pulling up the zipper 

while 37.8% of the females struggled with pulling up the zipper. Participants had difficulty in 

manipulating the zipper tracker and often had to bend at the abdomen to locate the tracker due to 

the bunching of the suit material. From the video analysis it appeared that participants had 

difficulty in pulling the tracker and sealing the suit when in this semi-bent position. Furthermore, 

video analysis suggested that participants experienced difficulty in pulling the tracker to seal the 

suit if the zipper threads where not aligned (see Figure S2.10). In addition, participants noted that 

it was difficult to pull the zipper over their chin due to the tight fit of the face seal (Figure S2.11).  

 

e) Issues associated with the wrist straps 

The wrist straps are required to tighten the rubber seal around the wrists. Two straps were 

provided on each sleeve. One for tightening the wrist rubber seal and the second to secure the 

gloves. Participants found it too complex as the Velcro on the straps kept tangling up, causing 

inconvenience during donning. Even though it was not clear in the written instruction that the 

hand straps needed to be fastened (see Section S2), many of the participants fastened the wrist 

straps by intuition. About 47% of males and 32% of females failed to fasten the wrist straps. 

 

f) Issues associated with the inside straps 

Due to the universal size of the TPIS design, the suit had two internal straps (located on each side) 

enabling the wearer to adjust the length of the suit.  Participants who did not adjust the size of the 

suit using the internal straps, complained that the suit was too large which adversely impacted 

their mobility.  Some of those who adjusted the length of the suit using the internal straps, 

commented that the bunched fabric around their gusset and thigh made walking difficult. Many of 

the participants also commented that the internal straps were not easy to see and in low light 

conditions would be almost impossible to locate.  Participants suggested incorporating a reflective 

patch on the straps to make them more visible.   

 

g) Issues associated with the donning instructions 

Donning instructions were in Danish, English, and Icelandic together with instructions for 

maintenance, packaging, service, and repair as well as inspection, all on a large single page 

secured to the TPIS carry bag (see Section S2).  Participants commented that the donning 

instructions were difficult to identify and read due to the small font size, small pictograms, and 

large amount of irrelevant material.  They also noted that the need to remove shoes prior to 

donning was not highlighted and felt that this should be emphasised.   
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