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ABSTRACT: The presented research program investigates the association between working conditions aboard 
High-Speed Craft (HSC) and its outcomes in terms of acceleration exposure and crew health and systems 
performance respectively. The aim is to identify the related risk factors and further, to use them to improve the 
assessment criteria in a simulation-based-design framework. 
 The investigation initially document a seaborne population by a web-based questionnaire tailored for High-
Performance Marine Craft Personnel (HPMCP) and similar populations. Then data is collected during regular 
service by measuring craft acceleration and through another questionnaire especially resolute on perceived 
work-exposure, health and performance. Exposure and performance data is collected daily and health data 
weekly, depending on seaborne frequency. The population repeats the prevalence questionnaire about a year 
later enabling a longitudinal follow-up for identifying long-term effects of exposure. 
 The paper reports the two questionnaires´ development and pilot test as well as the first application for 
baseline data collection in the target group. The results indicate health and performance characteristics of the 
study population and data shows a promising correlation between the self-reported subjective exposure and the 
measured objective acceleration. Data indicates a comparatively higher prevalence of musculoskeletal pain in 
the study population than that of the general population. 

1 INTRODUCTION 

1.1 Background 

In attempts to incorporate human factors in the 
design of High-Performance Marine Craft 
(HPMC), it has become evident the deficiency of 
the knowledge on how the crew is influenced by the 
working conditions in terms of health risk and work 
performance. The latter is expected to jeopardize 
the system performance as well as safety at sea. 

In 2009, the Swedish Coast Guard (SCG) 
initiated a study, in collaboration with KTH Royal 
Institute of Technology (KTH), on working 
conditions aboard HSC, which showed exceedance 
of statutory vibration exposure limits after a short 

period (Directive 2002 and Garme et al. 2011). 
Today the crews get exposure-severity-feedback 
based on acceleration measurements. Nevertheless, 
the links are weak between mechanical exposure 
and impaired health and work performance (ISO 
1997). In a framework of simulation-based-design, 
initially for loads and motions, a simulation model 
for planning craft in waves has been linked to a 
numerical crew seat model (Garme 2005 and 
Olausson and Garme 2014). In this context, the 
uncertainties in evaluation of human exposure are 
presently in most need for improvement. 

Therefore, the ongoing study program 
investigates the relationship between working 
conditions in terms of vibration exposure and the 



outcomes concerning systems performance and 
occupants’ health. The objective is to identify risk 
factors and further, to use them to improve the 
assessment criteria in the simulation-based-design 
framework. 

In this program, the study population is first 
documented in terms of demography, life-style, 
work exposure, health and performance by a web-
based questionnaire tailored for cross-sectional 
investigation (de Alwis et al. 2016) of work-related 
health and performance in HPMCP and similar 
populations. Then data is collected on a sample of 
HPMC crews, recruited from the study population, 
during their regular service, by measuring craft 
acceleration and by letting them answering another 
questionnaire specially designed for longitudinal 
investigations (Lo Martire et al. 2017) focusing on 
perceived work-exposure, health and performance. 
Exposure and performance data is collected daily 
and health data weekly, for a period of about 10 to 
15 weeks depending on seaborne frequency. The 
study population repeats the cross-sectional study 
about a year later enabling a longitudinal follow-up 
for identifying long-term effects of exposure. 

This paper reports on the initial steps of the 
research program commenced by KTH in 
collaboration with Karolinska Institutet (KI), SCG 
and Institute of Aviation Medicine Norway (IAM). 
It enunciates the development of web-based 
questionnaires for cross-sectional and longitudinal 
investigation of health and performance in HPMCP, 
pilot test of the questionnaires in a population of 
military personnel and the first cross-sectional 
investigation of musculoskeletal pain and 
performance among a selected population of 
seaborne personnel.  

The research program has been approved by 
the Regional Committee for Medical Research 
Ethics (Dnr.2015/576-31), Stockholm, Sweden 
(Ethics 2015). 

2 METHODS 

2.1 Development of questionnaires 

Two web-based questionnaires were developed 
during the first phase of the study program and 
validated for relevance and simplicity (de Alwis et 
al. 2016 and Lo Martire et al. 2017), hereinafter 
referred to as Q1 and Q2 respectively. 
 The questionnaires were designed for collection 
of data on exposures and outcomes in order to 
cross-sectionally and longitudinally investigate 
health and risk factors for adverse health and 

performance impairments in HPMC crews and 
similar populations. In these questionnaires, 
exposures are measured as land-based and sea-
based activities and conditions, characterized by 
their nature, dose and duration, and the associated 
health-related outcomes as musculoskeletal pain 
episodes and perceived general, physical and 
mental health conditions. The performance 
outcomes are captured by items with respect to 
fatigue symptoms, duration of work at sea, 
subjective severity of working conditions aboard 
different types of craft, reasons for reducing craft 
speed in rough sea conditions, availability of shock 
mitigation facilities and ergonomics of the craft as 
performance indicators. 
 Q1 is a comprehensive questionnaire that 
measures demography, life-style, work-exposure, 
health and performance data on seaborne personnel 
allowing quantification of the prevalence of adverse 
health and performance effects and their association 
with work exposure. 
 Q2 is a complementary, more succinct, 
questionnaire tool with higher resolution in order to 
isolate the causal effects of work-exposure on 
health and performance in HPMCP. 
 The questionnaires were initially developed by 
a consensus panel and systematically validated by 
expert raters for content relevance and simplicity in 
three consecutive stages, each iteratively followed 
by a consensus panel revision. The item content 
validity index (I-CVI) was computed as the 
proportion of experts rating an item as relevant and 
simple, and the scale content validity index (S-
CVI/Ave) as the average I-CVI across items, with 
the thresholds for an acceptable content validity of 
0.78 and 0.90, respectively (Polit and Beck 2006). 

2.2 Pilot test 

After developing the questionnaires, they were pilot 
tested in order to assess their feasibility and the item 
properties. The pilot test was designed to correlate 
physical and perceived working conditions 
identifying performance and health related risk 
factors by collecting objective and subjective work-
exposure data and subjective performance 
indicators and heath data. In the event objective and 
subjective data correlate, either can be used to level 
the severity of the working conditions aboard. 
Moreover, if risk factors can be linked to condition 
severity it will be possible to depict risk related to 
the conditions perceived and measured onboard or 
predicted at the design stage. The latter can be used 
to adopt the design operational limitations as a 
function of exposure conditions to human health 



and performance, while the former to crew 
guidance during operations, as recommended in 
IMO (2008), by indicating maximum allowable 
speed in relation to exposure conditions in terms of 
signboards in the wheelhouse.  

2.2.1 Study design 

The pilot test set-up was designed as a field research 
on HPMC crew in operation. The sample was eight 
Norwegian Special Operations Command officers 
studied during an eight weeks exercise where 
HPMC were operated as a part of the program. Craft 
acceleration and GPS data was objectively recorded 
by vibration measurement systems installed 
onboard while work related exposure, performance 
and health data was subjectively collected via the 
web-based questionnaires. 

2.2.2 Instrumentation and data collection 

Four HPMC, 11.25m rigid inflatable boats (RIBs), 
were instrumented as shown in Figure 1. Two craft 
were fitted with two measurement systems, one in 
the driver and navigator area and the other one in 
the passenger area. The remaining two craft were 
installed with one measurement system each due to 
the limited availability of instruments. The six 
measurement systems (MARec, Research 
Electronics AB, Siljansnäs, Sweden), Figure 2, 
specifically designed for the purpose, were 
prototypes consisting of one tri-axial 
accelerometer, two single-axis accelerometers, 
GPS antenna and a data acquisition unit. The 
system records acceleration and GPS data at 600Hz 
and 1Hz respectively and stores on a local memory. 

Figure 1. Instrumentation of craft. 

 Tri-axial accelerometers were fitted on the floor 
at the centerline, one in between coxswain and 
navigator seats and the other in the passenger area 

closer to the longitudinal center of gravity, as 
shown in Figure 1. The two single-axis 
accelerometers, measuring vertical accelerations, 
were mounted each on the coxswain, navigator and 
passenger seat frames below the cushions. GPS 
antenna, logging longitudes, latitudes, speed, 
course-over-ground and coordinated universal time 
stamp, was installed on the mast. The data 
acquisition unit was secured inside a waterproof 
cover on the base of the mast. The accelerometers 
were calibrated before the installation and 
considered reliable. 

Figure 2. Vibration measurement system. 

 Although the measurements were intended to be 
started as the craft ignition key is turned on, in this 
test, a separate switch was installed due to some 
technical confidentiality concerns. 
 Self-reported data was collected by Q1 and Q2. 
Q1 was answered at the beginning of the study by 
every subject as a base-line questionnaire and 
considered as a reference data set. Q2 consists of 
two modules of which one module (Q2-D) 
measuring work exposure and performance 
indicators was answered daily after each work shift 
and the other module (Q2-W) for musculoskeletal 
pain was answered weekly during the exercise. Q2-
D was answered regardless their activities, i.e. 
seaborne or not. All the questionnaires were 
completed on the subjects’ personal smartphones. 
The data was collected for two months. 

2.3 Cross-sectional study 

Following the pilot test, a cross-sectional study was 
started targeting the whole population of SCG. Two 
hundred and ninety four coastguard officers 
anonymously completed Q1 during their quarterly 
meetings. The data collection was conducted during 
the first quarter of 2017, at eighteen coast guard 

Single-axis 
Tri-axial 



stations and onboard three coast guard vessels, on 
standardized tablets (TAB 2 A7-30H MT 60076, 
Lenovo, Morrisville, NC) in silent conference 
rooms, invigilated by two representatives from 
KTH and KI. Forty-eight subjects who were absent 
at the station meetings completed Q1 via an e-
mailed web link.  

2.4 Analysis of data 

The subjective health impairments are assessed in 
terms of prevalence and incidence of 
musculoskeletal pain. Prevalence, i.e. existence of 
pain, was determined under ten major body areas 
and expressed as the number of subjects having 
pain during the past six months and past seven days. 
Incidence, i.e. occurrence of new pain events during 
a specific period, is scrutinized, e.g. weekly, and 
then expressed as the number of subjects incurred 
new pain events during the entire investigation 
period. Musculoskeletal pain data, collected using a 
high-resolution pain areas scheme having 18 
different zones, is merged and presented under ten 
major body areas as shown in Figure 3. 

Figure 3. Pain areas scheme, with 18 zones, merged into ten 
major body areas inspired by Kuorinka et al. (1987). 

 The subjective performance impairments are 
evaluated using a fatigue symptoms based 
aggregated scoring system developed in de Alwis et 
al. (2016) and Lo Martire et al. (2017), and 
presented as the number of fatigue symptoms. The 
fatigue symptoms based aggregated score system 
was developed considering the correlation of six 
fatigue symptoms: tiredness, concentration 

difficulties, decision-making complications, 
headache, memory-recalling issues and motion 
sickness with the perceived ride quality. The item 
“memory-recalling issues” was not included in Q2-
D. 
 The subjective vibration exposure was mainly 
measured as perceived ride quality by 4-point 
ordinal Likert rating scale quantizing perceived ride 
quality as 1 = Very smooth (good comfort with no 
or very few bumps), 2 = Smooth, 3 = Rough, 4 = 
Very rough (considerable discomfort or strain as a 
result of sea state, vessel speed, or both). 
 The objective vibration exposure, measured as 
acceleration, is quantified by daily equivalent static 
compression dose (Sed), (ISO 2004). This method 
considers adverse effects on the lumbar spine as the 
dominating health risks of exposure to vibration 
containing repeated shocks. 

3 RESULTS 

3.1 Development of questionnaires 

Q1 and Q2 were developed and validated as 
dynamic web-based questionnaires, Q1 with 36 
main items having S-CVI/Ave of 0.89 and 0.96 for 
relevance and simplicity respectively and Q2 with 
30 main items yielding 0.97 and 1.00. 
 Q1 and Q2 were modified based on the inputs 
received from the pilot test. Items were resorted on 
priority basis and the dynamic capabilities were 
enhanced. Some questionnaire items were 
rephrased. 

3.2 Pilot test 

The eight subjects have answered Q1 and Q2-D 
where only six have answered Q2-W. The response 
sequence can be seen in Table 1. 

Table 1. Response sequence of Q2. 

Respondent 
ID 

Number of Responses 

Q2-D 
Q2-W 

At sea Not at sea %����

P1 6 0 15.0 1 
P2 1 0 2.50 2 
P3 1 1 5.00 0 
P4 6 0 15.0 3 
P5 12 5 42.5 1 
P6 2 1 7.50 0 
P7 14 11 62.5 2 
P8 11 9 50.0 6 

���� Individual response rate per 40 days - Calculated considering 

Norwegian occupational regulations demanding an average two-day 

rest per week. 

Q2-D – Answered daily after each work shift. 

Q2-W – Answered weekly.



 Of 80 responses, 27 are related to non-seaborne 
activities. 

3.2.1 General health status 

According to the data collected by Q1, 7 out of 8 
subjects claimed musculoskeletal pain in different 
body areas considering the past six months period 
whereas a majority of them, 5 out of 7, having neck 
and lower back pain. Prevalence of musculoskeletal 
pain in different body areas considering past 6 
months and 7 days is provided in Table 2. 

Table 2. Prevalence of musculoskeletal pain in different body 
areas considering past 6 months and 7 days. 

Pain Area 

Number of Subjects 

6 months 7 days 

Nos. % Nos. % 

Over all 7 87.5 1 12.5 
Neck 5 62.5 0 0 
Lower back 5 62.5 0 0 
Head 2 25.0 1 12.5 
Knee 2 25.0 0 0 
Lower leg 2 25.0 0 0 
Shoulder 1 12.5 0 0 
Upper back 1 12.5 0 0 
Elbow 0 0 0 0 
Forearm and wrist 0 0 0 0 
Hip and thigh 0 0 0 0 

 It can be seen from the results that only one 
person was having head pain during the past 7-days. 
The occurrence of new pain events during the eight-
week exercise program are shown in Table 3. 

Table 3. Occurrence of new pain events during eight-week 
exercise program. 

Pain Area Number of Subjects 

Neck 5 
Lower back 4 
Head 1 
Knee 2 
Lower leg 0 
Shoulder 1 
Upper back 4 
Elbow 1 
Forearm and wrist 2 
Hip and thigh 0 

 Four subjects believed that the cause for their 
pain events was work at sea. Table 4 shows the 
measured and perceived vibration exposure and the 
performance indicators during the first four weeks 
of the exercise. 
 Subjective data is not available on certain days. 
Vibration levels on the craft floor indicate about the 
exposure without a shock mitigation seat. 

Table 4. Measured and perceived vibration exposure and the 
performance indicators during the first four weeks. 
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W1-D1 C2 1.6 0.6 
0.5 P7 D VS 1 

0.5 - N - - 

W1-D1 C5 2.2 0.7 
0.8 P5 D S 1 

0.5 P8 N VS 2 

W1-D5 C2 0.6 2.1 
1.9 P7 D VS 0 

1.7 - N - - 

W1-D5 C5 0.5 2.2 
1.8 P5 D R 1 

1.9 - N - - 

W1-D6 C5 0.4 0.8 
0.8 - D - - 

0.9 - N - - 

W1-D7 C5 0.3 0.3 
0.2 P7 D VS 1 

0.3 - N - - 

W3-D3 C1 8.2 6.5 
5.4 P5 D VR 2 

6.9 P8 N R 3 

W3-D4 C1 5.3 5.4 
4.2 P5 D VR 2 

5.5 P8 N R 3 

W4-D2 C3 1.3 1.7 
1.1 - D - - 

1.2 - N - - 

W4-D5 C3 3.0 1.1 
0.7 - D - - 

0.7 - N - - 

W4-D6 C5 1.5 1.2 
1.2 - D - - 

1.2 - N - - 

���� W – Week, D – Day of the week 

D – Driver, N – Navigator

S – Smooth, VS – Very smooth, R – Rough, VR – Very rough

���� Number of fatigue symptoms

– Data not available

 Perceived ride quality shows a correlation with 
the measured acceleration exposure as can be seen 
in Figure 4. 

Figure 4. Acceleration exposure relative to self-reported ride 
quality. 
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 Figure 5 shows that, although no subject has 
experienced more than three fatigue symptoms, 
there is a correlation between the fatigue score and 
the measured acceleration exposure. 
 

 
 
Figure 5. Acceleration exposure relative to fatigue score. 
 
 The response of the fatigue symptoms based 
aggregated scoring system to the perceived ride 
quality is shown in Figure 6. 
 

 
 
Figure 6. Response of the fatigue symptoms based aggregated 
scoring system to the perceived ride quality. 
 
 The results show that the number of subjects 
with 0-5 fatigue symptoms scores is proportional to 
the self- reported ride quality. 
 
3.3 Cross-sectional study 

Three hundred and forty two SCG officers 
answered Q1 in the baseline data collection, of 
which 289 were male, 52 female and one other. All 
the subjects passed the inclusion criteria, i.e. work 
at sea and the English language comprehension.  
 Of 342 subjects, 242 had experienced pain 
events during the 6 months period before answering 
Q1. Table 5 shows prevalence of musculoskeletal 

pain in different body areas considering past 6 
months and 7 days. 
 
Table 5. Prevalence of musculoskeletal pain in different body 
areas considering past 6 months and 7 days. 

Pain Area 

Number of Subjects 

6 months 7 days 

Nos. % Nos. % 

Over all 242 70.7 173 50.6 

Lower back 165 48.2 81 23.7 

Neck 93 27.2 32 9.4 

Shoulder 76 22.2 40 11.7 

Knee 66 19.3 28 8.2 

Upper back 50 14.6 16 4.7 

Head 45 13.2 12 3.5 

Hip and thigh 25 7.3 10 2.9 

Elbow 23 6.7 11 3.2 

Lower leg 20 5.8 9 2.6 

Forearm and wrist 9 2.6 4 1.2 

 
 Lower back pain was the most prevalent pain 
event among the population, 165 subject 
concerning past 6 months and 81 for past 7 days. 
The study results also indicated that 95 subjects 
have sought for health care and 115 received 
treatments for the pain during the past 6 months. 
Eleven subjects (3.2% of the study population) 
answered that the pain during the past 6 months 
reduced their workability for a large extent while 
for 122 (35.7%) up to some extent. Seven subjects 
(2.0%) had permanently changed their work task. 
Thirty-two subjects (9.4%) believed that the pain 
was due to work at sea.  
 Fatigue symptoms experienced during the work 
shifts considering the past 6 months can be seen in 
Table 6.  
 
Table 6. Fatigue symptoms experienced during the work shifts 
considering past 6 months. 

Fatigue Symptom 

Number of Subjects 

Weekly 
Daily 

Once Few 

Headache 70 18 3 

Concentration difficulties 100 42 2 

Decision-making complications 100 22 1 

Memory-recalling issues 132 53 5 

Tiredness 94 141 71 

Motion sickness 67 3 0 

 
 Table 7 shows that no subject has experienced 
more than three fatigue symptoms during the daily 
work shifts for the past 6 months. 
 

0

1

2

3

4

5

6

7

8

0 1 2 3 4 5

S
e

d
 [

M
P

a
]

Number of fatigue symptoms

0

2

4

6

8

10

Very Smooth Smooth Rough Very Rough

N
u

m
b

e
r 

o
f 

su
b

je
ct

s

0 1 2 3 4 5 [Number of fatigue symptoms]



 
Table 7. Fatigue score during the work shifts considering past 
6 months. 

Number of Fatigue 
Symptoms 

Number of Subjects 

Weekly 
Daily 

Once Few 
1 103 124 70 
2 82 42 3 
3 50 15 2 
4 25 5 0 
5 8 1 0 
6 1 0 0 

 
 
4 DISCUSSIONS 

4.1 Development of questionnaires 

Web-based questionnaires were developed and 
validated for cross-sectional (Q1) and longitudinal 
(Q2) investigation of risk factors for adverse health 
effects and reduced performance among HPMC 
crews and similar populations. 
 In Q1, musculoskeletal pain prevalence was 
investigated over a period of 6 months since work 
tasks of the target populations are strongly 
dependent on annual seasons. Pain occurrences 
were measured under three categories viz. single, 
recurring and constant pain. The total pain duration 
was not examined considering the recall bias, which 
substantially mitigates the accuracy due to the 
relatively long periods. In contrast, average pain 
intensity was measured over a period of 7 days, as 
it was considered relatively stable. 
 In Q2-W, pain occurrence was considered as the 
main variable characterized by pain location, pain 
intensity, pain frequency and physical functioning 
impairment. Pain occurrence was measured by a 
daily scheme, dichotomized into day and night, 
allowing quantification of pain sequences and their 
association with work-exposure. Pain occurrence 
was measured weekly considering that the seven-
day recall bias is within an acceptable level and 
accuracy of the estimation in terms of frequency of 
occurrence (Rockwood 2015 and Stone et al. 2004).  
In contrast, work-exposure and related fatigue-
symptoms were measured daily, in Q2-D, 
considering their comparatively shorter recall 
period (Broderick et al. 2008). 
 It is difficult to measure performance outcomes 
only by a questionnaire survey due to the complex 
attributes of man-machine-working conditions 
interactions. Therefore, performance degradation 
was indirectly captured by mental fatigue 
symptoms, which reflect psychophysical influence 
of highly demanded tasks in HPMCP (Åhsberg 
2000 and Mehta and Agnew 2012).  

 A potential floor effect was observed in the 
response options distributions of the fatigue-
symptoms items in both Q1 and Q2. Therefore, the 
order of the response options were restructured and 
tested for their psychometric properties before 
occupying the questionnaires in the pilot test.  
 
4.2 Pilot test 

Eight Norwegian special operations command 
officers answered two web-based questionnaires 
providing data mainly on work exposure, 
musculoskeletal pain and performance indicators 
during a period of two months. Simultaneously 
acceleration data was also measured aboard the 
craft they operated. 
 Pain prevalence data during past 6 months 
shows that the body area based pain prevalence 
distribution differs from the general population, 
(Brattberg et al. 1989, Fejer et al. 2006 and Hoy et 
al. 2012). Prevalence of neck and lower back pain 
is higher than that of the general population. Since 
in Q1, the subjects reported that they had not 
experienced any pain during the past 7 days, it was 
decided that they had no prevailing pain, except 
head pain, at the time of starting the exercise. Most 
of the subjects got neck pain during the exercise 
followed by upper and lower back pain. 
 An important observation regarding the fatigue 
symptoms was that no subject had experienced 
motion sickness during the HPMC rides. Since this 
might be dependent particularly on this study 
population, the motion sickness-related 
questionnaire item needs to be further investigated 
on the other HPMC populations. 
 Some of the subjects had taken pain-relief 
medicines during the exercise, which directly 
affects the pain occurrence. A question was added 
to Q2-W in order to capture the pain-relief 
medication events. 
 Since Figure 4 and 5 indicates that the 
subjective ride quality and the performance 
indicators (fatigue score) correlate with the 
measured acceleration exposure, the perceived ride 
quality can be used to grade the exposure severity 
as well as performance degradation, in the absence 
of measured acceleration data. 
 It is observed, in Table 4, that in most occasions, 
despite the fact that driver and navigator had used 
shock mitigation seats, their vibration exposure 
levels (Sed) exceed the upper limit for the lifetime 
exposure, i.e. 0.8 MPa considering 240 annual 
exposure days, (ISO 2004). This implies that there 
might be a relationship between vibration exposure 
and the health impairments in HPMCP, since the 



 

pain incidence is high. This relationship could 
further be investigated using a summary score of 
weekly vibration exposure with pain incidence or 
pain intensity data. 
 It is interesting to see, in Table 4, that perceived 
ride quality of the navigator is lower than that of the 
driver operating the craft. This might be due to 
individual perception differences or the different 
work tasks, for example, navigator concentrating on 
the navigation panel. A similar trend is observed in 
the other exposure categories such as sea 
conditions, wind conditions, noise level, 
temperature, sea spray and visibility. In certain 
cases, Sed levels on seat are higher than the levels on 
craft floor, a reason for which could be the varying 
body posture found by Q2-D, i.e. mainly sitting, but 
standing in rough sea conditions. This problem 
could be addressed by introducing a sensor to the 
measurement system for indicating the occupant’s 
posture, such as, sitting or standing, which will 
provide information on another objective and 
subjective relationship, i.e. body posture. 
 It was found that the vibration measurement 
systems lack the requisite robustness to withstand 
the rugged environments. Some of the devices 
stopped recording data after experiencing large 
impacts and two systems completely broken during 
the first four weeks of operation. The objective data 
collection was affected by this issue since the craft 
installed with these defective instruments had been 
used for the exercises in many occasions. In certain 
cases, self-reported data suggests that the duration 
of operation was about seven to ten hours per day 
where the measurement systems have recorded data 
for less than an hour. Moreover, GPS data 
confirmed that the subjective data was correct. 
Furthermore, it was identified that the objective 
vibration data was not available, in some occasions, 
as the crew had forgotten to switch-on the 
measurement system. 
 Another problem was the confidentiality of the 
population, which hindered identifying the actual 
reasons for missing data, for instance, the days 
when objective data is available but the subjective 
data is not and vice versa. It was also revealed that 
the subjects were not allowed to access their phones 
during several weeks due to which the study lost a 
large amount of subjective data. Availability of 
cellular network was also another critical issue with 
the data collection when the subjects spend multiple 
days out in the sea or forests. 
 During the eight-week exercise program, the 
study subjects had participated not only in HPMC 
operations, but also in other activities such as 

running, diving and parachute jumping, which 
could significantly affect their health and 
performance. It was difficult to account these 
effects in the analysis since their training schedules 
were confidential. 
 Even though the number of subjects was only 
eight, the results indicate correlations between the 
subjective and objective data, which could be 
further improved by studying larger populations.  
 
4.3 Cross-sectional study 

Taking into consideration all the above aspects, the 
main study has now been started for the 
investigation of work exposure, health and 
performance of HPMCP and quantifying their 
association using measured vibration 
environments. Q1 and Q2 have been updated based 
on the inputs received from the pilot study and more 
robust instruments have been occupied based on the 
lessons learnt. The SCG has been selected as the 
study population. They are mainly involved with 
sea going activities and the other activities affecting 
their health and performance are comparatively 
less. The population is sufficiently large and the 
mission-confidentiality is relatively low.  
 The most prevalent pain event, i.e. low back 
pain, in this study population is comparatively high 
(Ensign et al. 2000 and Hoy et al. 2012).  
 It is interesting to see that 132 subjects (38.6% 
of the study population) have experienced memory-
recalling issues at least once per week. Although 
“memory-recalling issues” item was excluded from 
Q2-D, from the results shown in Table 6, it can be 
seen that five subjects (1.5%) have experienced 
memory-recalling issues daily during the past 6 
months period. This indicates the importance of 
including this item into Q2 in the future work. 
 
 
5 CONCLUSIONS 

In this study, two dynamic web-based 
questionnaires were developed and validated for 
cross-sectional and longitudinal investigation of 
health and performance in High-Performance 
Marine Craft Personnel and similar populations. 
Experts accepted the levels of the questionnaire-
items’ relevance and simplicity for the intended 
purpose. 
 Although the amount of data collected is not 
sufficient to draw direct conclusions on the 
relationships between subjective and objective data 
and identification of related risk factors, the pilot 
test suggests that the set-up and the method are 



 

feasible. The inputs received, experiences gathered 
and the lessons learnt strengthened the main study, 
which has already been started. 
 It was evident, from the cross-sectional study 
that musculoskeletal pain and mental fatigue are 
prevalent among the study population and 
musculoskeletal pain prevalence is comparatively 
higher than that of the general population and 
similar populations. A detailed study in this regard 
will be published in future. 
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