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ABSTRACT 

 

The studies presented in this thesis were conducted to develop two minimum 

fitness standards, one for the Maritime and Coastguard Agency and the second for 

the Oil and Gas Industry. This provided the opportunity to compare across the 

essential tasks and resultant standards.  

The following stages were used for both the Maritime and Coastguard Agency and 

Oil and Gas Industry: a. Review the tasks requiring a significant physical fitness 

component (Task Analysis); b. Determine the importance of the physically 

demanding tasks and identify those which are critical for success and safe work 

(Task Assessment); c. Establish the method of best practice (Technique) for 

undertaking the essential tasks; d. Establish and agree the minimum performance 

standard for the essential tasks (Task Performance) when performed using the 

method of best practice; e. Assess the physical and physiological demands of 

these tasks (Task Quantification); f. Design and validate a simple-to-administer  

minimum fitness standard. 

The essential tasks and fitness requirements of the Maritime and Coastguard 

Agency fell into three groups, these were: Group 1 (All Operations): achieve a 

maximum aerobic score of at least 31 mL.kg-1.min-1 based on the aerobic demand 

of 21.8 mL.kg-1.min-1 required to carry a stretcher at the head-end 200 m at a 

speed of 3.2 km.h-1; continuously lift a 3 kg sledge hammer 10 times above 

shoulder height, based on hammering a stake into the ground; pull a rope, with a 

resistance of 35 kg, and maintain this load for 15 s based on manning a main 

rescue-line; carry a 19 kg hand-held load 200 m in 3 min 45 s allow 3 min 45 s 

rest, then carry a 25.5 kg hand held load, 200 m in 3 min 45 s, based on the ability 

to carry a stretcher (89 kg) as part of a four person team. Group 2 (Rope 

Technicians) should complete all the tasks as Group 1, plus pass all the technical 

competencies currently in place for Rope Technicians. Group 3 (Mud Technicians) 

as Group 1, plus achieve a predicted maximum aerobic score of at least 39 mL.kg-

1.min-1 based on the aerobic demand of 27.4 mL.kg-1.min-1 required to pull a 

stretcher across the mud at 0.8 km.h-1, (this equates to covering 200 m in 15 

minutes), prior to performing a simulated mud rescue.  

The essential tasks and the minimum fitness requirements of the Oil and Gas 

Industry were:  Stair and Ladder-Climbing, achieve a predicted  maximum aerobic 
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score of at least 31 mL.kg-1.min-1 based on the aerobic demand of 23.4 mL.kg-

1.min-1 required to climb a flight of stairs at a rate of 80 steps.min-1 and 23.6 mL.kg-

1.min-1 to climb a ladder at 24 rungs.min-1; Manual Handling, based on the 

requirement to climb a flight of stairs at a rate of 80 steps.min-1 for a minute 

carrying a load of 10 kg, 20 kg or 25 kg; Valve Turning, based on the requirement 

to continuously turn a medium size valve (25.4 cm diameter) set at a torque of 8.3 

N.m, for 5 min;  Emergency Response Team,  achieve a predicted  maximum 

aerobic score of at least 41 mL.kg-1.min-1, based on the aerobic demand of 30.7 

mL.kg-1.min-1 required to pull a trailer/foam monitor at a speed of 5 km.h-1. If 

trailer/foam monitors are not used achieve a predicted maximum aerobic score of 

at least 39 mL.kg-1.min-1 based on the aerobic demand of 28.9 mL.kg-1.min-1 

required to climb a ladder at 34.5 rungs.min-1. Stretcher carry 89 kg either in a two 

or four person lift (dependant on the facility), rope haul the heaviest anticipated 

load (10 kg first aid kit) up 10 m gantry, roll out a 23 m fire hose. There were no 

time constraints recommended for hauling kit and rolling out a hose.  

For those essential tasks that could not be assessed by a direct task 

measurement or a direct task simulation, a Predictive selection test was 

recommended and validated. Prediction intervals were used to take into account 

the inherent error between the predictive tests and the direct measurements, to 

determine “Pass”, “Borderline” and “Fail” categories.  

As a result of this work a modular approach was adopted in which individuals only 

undertake those test applicable to their job, with a combination of direct task 

measurements, direct task simulations, and Predictive selection tests 

recommended. It is suggested that, where possible, the use of a direct task 

measurement or simulation should either be progressive e.g. stretcher-carrying, or 

performed after a Predictive selection test, in order to reduce the risk of injury 

when the individuals proceed to undertake the direct task measurement or 

simulation e.g. manual handling. This approach has meant that consideration is 

given to the health and safety of the individuals undertaking the fitness standard 

whilst maintaining a high level of face validity.  
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ABBREVIATIONS & TERMINOLOGY 

A  

ALB    All Weather Lifeboats 

ATP    Adenosine Triphosphate 

B 

BIS   Department of Business Innovation and Skills (London, UK) 

BF%   Percentage Body Fat  

C 

CI   Confidence Intervals 

CIPD   Chartered Institute of Personnel and Development  

CRS   Coastguard Rescue Service 

CRO   Coastguard Rescue Officers 

CV   Coefficient of Variation 

D 

DTM   Direct Task Measurement 

DTS   Direct Task Simulation 

DWP   Department for Work & Pensions (London, UK) 

EMG    Electromyography  

E 

EI   Energy Institute 

EI HTC  Energy Institute Health and Technical Committee 

EOC    Equal Opportunities Commission 

ERT    Emergency Response Teams 

Essential tasks Components of the job requiring a significant physical fitness 
component; these include both generic and critical tasks 

EHHQ   Exercise Health History Questionnaire  
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F 

Fitness standard Encompasses assessments for all the physical and 
physiological components of the identified essential tasks to 
determine an individual’s suitability for employment  

Fitness tests  The individual assessments that constitute the final fitness 
standard 

H 

HB30to60  Heart beat count 30 seconds to 60 second post-exercise  

HSE    Health and Safety Executive 

HR    Heart Rate 

HRM   Heart Rate Maximum 

I 

ILB   Inshore Lifeboats 

J 

JSI    Job Severity Index 

L 

LoA    Limits of Agreement 

M 

MCA   Maritime and Coastguard Agency 

MOBP   Method of Best Practice 

N 

NIOSH  National Institution for Occupational Safety and Health 

O 

O2   Oxygen 

OGI   Oil and Gas Industry 

P 

PCr   Phosphocreatine  

PHRM   Predicted Heart Rate Maximum 

PST   Predictive Selection Test 
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Q 

QEC   Quick Exposure Checklist 

R 

REBA   Rapid Entire Body Assessment 

RER    Respiratory Exchange Ratio 

RH10GE  10 second Right Hand Grip Endurance 

RH30GE  30 second Right Hand Grip Endurance 

RHMGS  Right Hand Maximum Grip Strength 

RIDDOR  Reporting of Injuries, Disease and Dangerous Occurrences 
Regulations  

RNLI    Royal National Lifeboat Institution 

RN    Royal Navy 

RPE   Rate of Perceived Exertion  

RRT    Rope Rescue Technician  

S 

SAS   Static Arm Strength 

SD   Standard Deviation 

SEM   Standard Error of the Mean 

SM   Sector Manager 

W 

WTmax   Maximum Work Time 

V 

��O2   Rate of Oxygen uptake   

��O2max  Maximum Rate of Oxygen uptake 
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CHAPTER 1 INTRODUCTION  

 

In the UK, tasked-based fitness standards have been introduced by the Military 

(Rayson & Holliman, 1995; Rayson et al., 2000a; Allsopp et al., 2003) Fire and 

Rescue Service (Scott et al., 1988 cited by Stevenson, 2007) and the Royal 

National Lifeboat Institution (Reilly et al., 2006a; Reilly et al., 2006b; Reilly, 2007), 

to ensure that employment selection is fair and unbiased, where there is a known 

physical demand. These standards generally base the suitability for employment 

on the physical and physiological components associated with the safe and 

successful completion of tasks that are considered to be generic and critical, and 

therefore essential, for a specific job, thus guaranteeing employment is free from 

age and sex discrimination. Ensuring that individuals are capable of performing the 

job, by means of a fitness standard, can lead to an increased quality and quantity 

of work, reduce injuries and absenteeism and subsequently improve employee 

lifestyle (Klein et al., 1986; Anderson, 1981; Rayson, 2000b).  

Two organisations approached the University of Portsmouth to design and 

recommend fitness standards for their volunteers and employees. The first was 

Her Majesty’s Maritime and Coastguard Agency (MCA) which operate an 

Emergency Response service that is ready to respond to emergency calls 24 

hours a day, 365 days a year for the UK coast and surrounding waters. A 

minimum fitness standard was required for the MCA’s Coastguard Rescue Service 

(CRS). Coastguard Rescue Officers (CRO) can be either employees of the MCA 

or volunteers. Historically, the MCA policy was for trainee Coastguards to be put 

onto a six month training probation period, at the end of which the Sector Manager 

(SM) determined the suitability of the individual to become a CRO. There were no 

set guidelines to follow for determining suitability, with selection being based solely 

on the subjective opinion of the Sector Managers.  

The second organisation was the Energy Institute (EI) which wanted to 

recommend a minimum fitness standard to the Oil and Gas Industry (OGI) 

worldwide. The EI is a separate organisation within the OGI that provides support 

to Oil and Gas companies in a number of areas concerned with health, safety, 

environmental, and technical issues. The OGI covers both onshore and offshore 

facilities, owned and managed by commercial organisations such as Exxon Mobil, 

Shell and BP. Within these organisations it is currently the occupational medical 
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departments that determine the suitability of individuals to work in the OGI, using 

medical examinations and basic health assessment tools. Selection is therefore 

based on “medical” fitness, with no consideration given to “physical” fitness 

criteria.  

Both fitness standards followed the same methodology in their development, with 

a series of direct task measurements (DTM), direct task simulations (DTS) and 

predictive selection tests (PST) being establish and used to predict performance 

on the essential tasks identified for the occupation. The parallel development of 

these two fitness standards has led to the three aims addressed in this thesis.   

 

AIMS 

The three aims of the work described in this thesis were to: 

1. Design two, valid and reliable minimum fitness standards, one for the MCA 

and the second for the OGI. 

2. Determine whether any of the essential tasks of the MCA and OGI could be 

modified to reduce the physiological strain associate with the performance 

essential tasks.  

3. Compare across the essential tasks and resultant standards of the MCA 

and OGI.  

 

RESEARCH BACKGROUND 

Fitness standards are becoming more common within organisations and include 

measures of strength, endurance, anthropometrics, flexibility, motor skills and 

cardiovascular and metabolic fitness (Stevenson et al., 1992; Rayson et al., 

2000a; Anderson et al., 2001; Allsopp et al., 2003; Reilly et al., 2006a; Reilly et al., 

2006b; Reilly, 2007; Jamnik et al., 2010a). 

The reasons for introducing a fitness standard into the workplace are to: 

• Minimise the potential for employing physically unfit individuals in physically 

demanding jobs; this can be costly, both in human and economic terms 

(Rodgers, 1988; Hodgdon & Jackson, 2000). 

• Ensure that an employee is physically capable of completing the essential 

tasks of a job to at least the minimum acceptable standard, and provide 
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employees and potential employees with a target to reach and sustain 

(Reilly, 2007). 

• Decrease the potential for injury, thereby providing a “duty of care” for all 

employees (Rodgers, 1988). 

• Ensure selection is based solely on ability to complete essential tasks and 

is therefore fair and unbiased towards age or sex (Reilly, 2007). 

• Base retirement on capability rather than an arbitrary age (Davis & Dotson, 

1987).  

• Provide feedback on rehabilitation and return to work (Anderson, 1981; 

Rayson, 2000b). 

• Encourage self-training, self-evaluation and a healthier lifestyle (Anderson, 

1981; Rayson, 2000b). 

• Increase confidence of individuals and teams (Rayson, 2000b; Shephard & 

Bonneau, 2002). 

By setting a valid minimum fitness standard, employers should maximise the 

number of employees who are able to complete essential tasks. If the standards 

are too low, employers will increasingly recruit individuals who are incapable of 

meeting the job demands. If they are too high, a proportion of individuals will be 

rejected who would have been capable of doing the job (Biddle & Shepherd-Sill, 

1999). Therefore, a minimum standard should select, as accurately as possible, 

individuals who can perform the essential tasks of a job to at least to the minimum 

requirement. 

To be valid and defensible a fitness standard should be based on the most 

common (generic) and critical tasks that are essential for operational performance 

of the job. These are defined as the most physically demanding, essential (i.e. 

critical and generic) components of the job; some have called such tasks “criterion 

based” (Rayson, 2000a; Jamnik et al, 2010c). These tasks are identified by 

evaluating an occupation to determine the frequency, importance and nature of the 

tasks involved (Greenberg & Berger, 1983; Anderson et al., 2001; Taylor & 

Groeller, 2003; Gumieniak et al., 2011).  

The methodology used in the determination of the fitness standards for the MCA 

and EI is similar to that developed by Reilly (2007), in the design of the fitness 

standard for the Royal National Lifeboat Institution (RNLI) lifeboat crew and those 

for the RNLI beach lifeguards (Reilly et al., 2006a; Reilly et al., 2006b) and 
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incorporates general methodologies recommended by Constable and Palmer, 

(2000); Taylor and Groeller, (2003); and Gumieniak et al. (2011).  The following 

requirements were found to be fundamental to the establishment of a valid 

minimum fitness standard: 

• The physical tasks should be generic and/or critical to the successful 

completion of the job. 

• The method of best practice (MOBP) to undertake each task must be 

established and sanctioned by the employer.  

• A minimum acceptable level of performance for each generic, essential task 

must be established and sanctioned by the employer. 

• The physical demands of performing the essential tasks, using the MOBP, 

to the minimum acceptable level should be established and used as the 

basis for the fitness standard.  

By following the above procedures the fitness standards will be based on both 

subjective and objective measurement. Whilst designing a fitness standard is 

highly objective (based directly on data collected at the work site or data available 

in the literature), a number of subjective decisions are required throughout the 

process. For example, decisions about the minimum pace at which a task should 

be performed (Taylor & Groeller, 2003; Reilly, 2007). There may also be occasions 

where decisions are formed with a low evidence base (i.e. MOPB stipulated by 

subject-matter experts) or a relatively high evidence base, with data coming from 

other studies or first principles.  These aspects are reviewed in this thesis. 

The tests that constitute a fitness standard can be either DTM or a DTS that 

closely mimics the essential task, in which case simple “Pass/Fail” criteria can be 

applied. If it is not possible for individuals to either undertake the essential task 

directly or perform an appropriate simulation i.e. it is too difficult, or too expensive 

to set-up, or environments cannot be standardised, then simple to measure tests 

that predict performance with an acceptable degree of accuracy on the essential 

task can be developed. These PST can also be used to ensure that individuals are 

fit enough to undertake the fitness tests that employ simulations (Reilly et al., 

1979; Arnold et al., 1982; Jackson et al., 1984).   

Two consequences arise from the fact that no prediction is perfect. Firstly, 

statistical analyses have to be used with PST to determine the strength of the 
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relationship and thus, accuracy of the prediction.  Secondly, simple “Pass/Fail” 

criteria should not be used. Instead, the inaccuracies inherent in the PST are 

accommodated by the inclusion of a “Borderline” category. The divisions between 

“Pass/Borderline/Fail” are determined by calculating prediction intervals (Reilly, 

2007). 

Once developed, a fitness test should be validated with a different cohort of 

volunteers from the same population to ensure that the tests are reproducible and 

generally applicable to the target population (Reilly et al., 1979; Washburn & Safrit, 

1982; Rayson et al., 2000a).   

 

SUMMARY OF INDIVIDUAL CHAPTERS 

This introductory chapter provides the background and framework for this thesis. 

In Chapter two the relevant literature is reviewed, to provide a rationale and 

background to work physiology and fitness standards, with particular focus on the 

approaches used previously for the quantification of physically demanding 

occupations and the use of suitable PST.  

In Chapter three the general methods are presented, and details the equipment 

and procedures employed in all of the studies in this thesis. Specific methods used 

in the individual studies are presented in each chapter as appropriate.  

Chapters four to eight detail the process described on page 6, which was reported 

as fundamental to the establishment of a valid fitness standard.    

The general discussion and the assumptions and delimitations of the work 

presented in this thesis are discussed in Chapters nine and ten respectively.  

Chapter eleven, details the suggestions for further research that have emerged 

from the work described in this thesis. The final chapter, Chapter 12 presents 

subsequent work undertaken with the MCA. 
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CHAPTER 2   REVIEW OF LITERATURE 

 

The purpose of this review is to examine the methods used to design and 

implement a valid and legally defensible fitness standard. The first section details 

the literature review process that was undertaken. The subsequent sections 

review the rationale for an occupational fitness standard, discuss their importance 

within the work place, and consider the impact sex, age and injury have in the 

development of such standards. The latter sections of the review are focused on 

the methodologies used in designing and validating a fitness standard, and 

examine a number of studies that have attempted to measure the physical and 

physiological demands of various occupational tasks.  

 

METHODS 

A comprehensive search of electronic databases and cited references was 

undertaken. The electronic search included Google Scholar, MEDLINE/PubMed 

and the University of Portsmouth’s Electronic library. The electronic searches 

included key words such as fitness standards; physical employment tests; 

employment standards; injury at work; sex difference and physical activity; age 

differences and physical activity; predictive fitness tests; physiological demand; 

energy demand; energy cost; load carriage; manual handling; valve turning; 

ladder-climbing; stair-climbing; step tests; reliability and validity; and blood lactate 

accumulation. All relevant articles were retrieved and the reference lists scanned 

for the relevant citations to expand the database. The following details the criteria 

used for the inclusion or exclusion of articles: 

1. The article reported results on at least one of the areas of interest as 

detailed above.   

2. The article used the appropriate methodologies for the data analysis. 

3. The study reported relationship data, means and standard deviations or 

provided enough information to calculate means and standard deviations 

for each condition. 

4. The article was written in English. 

5. For separate studies that used the same data (e.g. a dissertation and a 

journal article based on the same dataset), only the study with the most 
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comprehensive reporting was included to avoid the over-representation of a 

particular set of data. 

 

THE REQUIREMENT FOR A FITNESS STANDARD  

Fitness standards are becoming common practice within industry and the 

emergency services. Such standards are used by the Police, Fire and Rescue 

Services, the Royal National Lifeboat Institution (RNLI), Military, and Prison 

Service (Stevenson et al., 1992; Rayson et al., 2000a; Anderson et al., 2001; 

Allsopp et al., 2003; Reilly et al., 2006b, Reilly, 2007; Jamnik et al., 2010b; Terrell, 

2010). The aim of such standards is to address the occupational health and safety 

requirements within the workplace, responding to the employers need to uphold a 

duty of care by ensuring that employees are capable of performing the job in a 

safe and successful manner (Payne & Harvey, 2010). 

The case for a task-based minimum fitness standard is strengthened further by the 

phasing out of the default retirement age which came into effect in the UK in 

October 2011 (Department of Business Innovation & Skills [BIS] & the Department 

for Work & Pensions [DWP], 2010) and that the development of a task-based 

fitness standard would also ensure that the standard produced is “sex and age 

free” (i.e. a fitness standard based on performance required to undertake an 

essential task, with males and females of all ages being expected to achieve the 

same standard). Thus, fitness standards will become more common as the means 

of determining an individual’s suitability for a specific task irrespective of age or 

sex, particularly for those jobs where there is a physical demand. 

The next three sections of this review will discuss age, sex and injury and provide 

the rationale for matching the physical requirements of a job with the physical 

capabilities of the employee, in the development of a fitness standard that is sex 

and age free. It will also show that improved physical fitness is one of the main 

factors attributed to an increase in working life, whilst reducing musculoskeletal 

injuries within an occupational setting.  

The ageing workforce 

In the early 1980s the Equal Employment Opportunity Commission began to 

enforce the first Age Discrimination Employment Act (Davis & Dotson, 1987). As a 

consequence, job performance testing started to become more common as an 
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alternative to retirement based solely upon age (Davis & Dotson, 1987). Linked 

with the recent UK government phase-out of the default retirement age, it has 

become increasingly important to ensure that job selection and retention are 

based on an individual’s ability to do a job. Recent guidance from the Chartered 

Institute of Personnel and Development (CIPD, 2010) on employing older workers 

states that after the abolition of any default retirement age, employers will only be 

able to make age-related employment decisions where there is objective evidence 

regarding the requirement of the job to support such a decision (CIPD, 2010). 

Therefore a fitness standard based on the performance of work-related tasks that 

are essential to completing the job enables selection to be based solely on an 

individual’s ability to undertake these tasks. Thus, retirement can be based on 

capability rather than an arbitrary age; this also ensures that workers of all ages 

can still fulfil the necessary occupational demands (Davis & Dotson, 1987).  

The potential for ageing to reduce productivity and increase the frequency of 

musculoskeletal injuries has been linked to a reduction in physiological 

capabilities, such as aerobic capacity (Dehn & Bruce, 1972), muscular strength 

(Aoyagi & Shephard, 1992), and thermoregulatory ability (Shephard, 1999). 

However, large individual variations exist for physical fitness, which is not only 

affected by age, but also by genetic factors, lifestyle factors, and the environment 

in which individuals live and work. This explains why highly trained older 

individuals are often able to outperform those who are younger (Kenny et al., 

2008): this has led to what is termed the “healthy worker effect” (Kenny et al., 

2008). This effect shows that healthier workers in general, tend to work longer 

than those of poorer health, who retire or transfer to jobs that are less physically 

demanding. Davis and Dotson (1987) demonstrated that when age was correlated 

to measures of job performance of Marines, Police Officers and Fire-fighters, low 

correlations of 0.25, 0.27 and 0.36 respectively were found.  Davis and Dotson 

(1987) concluded that, at best, when these scores were taken in isolation they 

explain only 13 % of the variation in job performance, with 55 % to 60 % being 

explained by fitness alone. Thus, age alone is not a definitive predictor of the 

performance of individuals engaged in physically demanding occupations, and 

fitness appears to be a much stronger predictor of job performance.  

It has been acknowledged that undertaking regular physical activity can slow the 

loss of aerobic fitness as one gets older (Heath et al., 1981). However, the 
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physical and physiological demands of the job itself may be inadequate to 

maintain required fitness. Therefore to ensure that individuals remain healthier and 

stronger as they progress through their working life, it is recommended that for 

physically demanding occupations a physical fitness training programme be 

integrated into the lifestyles of employees to maintain cardio-respiratory and 

muscular fitness (Davis & Dotson, 1987; Kenny et al., 2008).   

Gall and Parkhouse (2004) assessed changes in physical capacity with age in 

power-line technicians. The study was designed to reflect the essential tasks of 

these workers. The study reported that there was relatively little difference in 

physical capability between the younger (≤39 years of age) and the older (50+ 

years of age) power-line technicians working at the same public power company. 

Significant differences (p<.05) were found in maximum aerobic capacity (��O2max), 

with the 50+ age group having approximately a 30 % lower ��O2max than the ≤39 

year olds. The 40 to 49 age group; also had approximately 20 % lower 

��O2max
 compared to the ≤39 years of age. Grip strength of both the left and right 

hands was found to be nearly 10 kg less in the 50+ group compared to the ≤39 

age group. However, the performance on the direct task simulations, were not 

significantly different between the age groups or below the minimum operating 

requirement.  

It was concluded that the older workers met and exceeded the physical 

requirements of the essential tasks of the trade, and that heavy manual work may 

maintain task specific physical capability as age progresses. The study appeared 

to demonstrate a good level of content validity (degree to which the job content 

was reflected in the tests) and construct validity (level to which the physical 

characteristics of the job were demonstrated in the test battery adopted), with each 

test representing the physical and physiological characteristics identified in the 

task analysis. A total of 11 tests were performed, assessing the essential tasks of: 

manual handling, hoisting, climbing, lifting/rigging, removal and/or instillation of 

lines and hardware. A sub-maximal test was used to estimate ��O2max, whilst the 

remainder of the tests were either maximal isometric tests or direct task 

simulations (DTS). However, only a small cohort of participants was used: with 40 

people being unevenly distributed across the three age groups. It was also 

apparent that some individuals were unable to perform a particular test due to 

injury or health-related concerns. With this being the case, it is debatable whether 
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they should have been allowed to undertake any of the test battery. Having 

participants excluded from tests that simulated their current employment, raises 

the question of whether the sample was reflective of the population (workforce), 

and throws some doubt on the broader conclusion that the older workers met and 

exceeded the physical requirements of the essential tasks; this may have only 

happened because participants were able to opt out of the tasks they felt they 

would fail or be injured undertaking.  

Taking these findings together, suggests that retirement from a job based on 

chronological age does not provide a reliable or valid reason for ceasing 

employment (Davis & Dotson, 1987; Gall & Parkhouse, 2004; Kenny et al., 2008). 

One argument that has been suggested as a legitimate reason for an upper age 

limit in physically demanding occupations is the increase of incidence of 

cardiovascular disease with age. However, if this argument is followed through, a 

mandatory retirement age of 35 years old would be needed to ensure that no 

individual would suffer a myocardial infarction based on data presented by the 

National Fire Protection Agency for deaths in the fire service (Davis & Dotson, 

1987). Therefore it has been recommended that regular medical screening and 

assessment of the physical parameters that predict job performance are 

implemented throughout working life, and not just as the basis to acquire 

employment (Davis & Dotson, 1987). An additional ruling by the Federal Aviation 

Administration recommends an exclusion criteria based on what is considered to 

be an “acceptable risk” as determined by the “1 % rule” which is applied to the 

medical fitness of pilots (Mitchell & Evans, 2004).  The “1 % rule” states that a 1 % 

per annum risk of medical incapacitation is the threshold between acceptable and 

unacceptable. Therefore the “1 % rule” would result in an airline pilot being denied 

a medical certificate if their risk of a medical incapacitation (e.g. heart attack, 

convulsion, stroke, faint etc) was determined as being greater than 1 % during the 

year. Based on age alone the average 60 to 65 year old would reach a 1% level of 

risk. This is a somewhat arbitrary ruling based on the same risk calculated for an 

accident occurring due to mechanical failure (Mitchell & Evans, 2004). It has been 

reported that the “1 % rule” is out of date and that a 2 % ruling maybe more 

applicable (Mitchell & Evans, 2004). This further highlights the need for continued 

assessment throughout an employees working life time.  
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Sex differences 

There has been a large increase in the number of women who are employed in 

occupations that used to be male-dominated, such as the military, emergency 

services, and industry where the absolute load to be encountered is the same for 

females as it is for males (Vogel et al., 1980; Rayson, 2000a; Bilzon, 2002; Reilly, 

2007). Yet, the general consensus is that females tend to have significantly lower 

maximal aerobic capacity, anaerobic power, muscular strength and endurance 

than males of the same age (Åstrand & Rodahl, 1986). This might be partially 

explained by the observation that women are, on average, smaller and have lower 

mass than males of the same age and therefore in terms of absolute capacity are 

comparatively limited (McDowell, 2005). There is also a trend for males of the 

same height to be heavier, which in general can be attributed to a greater 

proportion of lean body mass and a lower body fat content. Reference data 

reported by McArdle et al. (2007) show that mean body fat percentage is 15 % for 

males aged 20 to 24 with a stature of 174.0 cm and body mass of 70.0 kg and 27 

% for females aged 20 to 24 with a stature of 163.8 cm and body mass of 56.7 kg. 

This equates to a lean body mass of 85 % (59.5 kg) for the observed males and 

73 % (41.4 kg) for the observed females, thus the average male had 30 % more 

lean muscle mass than average female of the same age, as a result males, in 

general, are stronger than women, in absolute terms of bodyweight (McArdle et al, 

2007).   

When considering the ability to perform the physical demands of an occupational 

task, strength requirements to perform the task can only be expressed as the 

ability to move a fixed mass, and therefore the average female will have greater 

difficulty in moving the same absolute load, compared to the average man. 

However, when strength is reported relative to the cross sectional area of muscle 

performance differences were found to become insignificant (Miller et al., 1993), 

suggesting that small males with a lower muscle cross sectional area would also 

face the same strength deficits as females compared to larger males. Thus, when 

considering the ability to undertake a physically demanding task perhaps it should 

be strength associated with the proportion and size of lean body mass that is the 

key determinant, and not sex per se.  

Population norms have shown that UK and US women have 17 % and 19 % lower 

absolute and relative ��O2max compared to men respectively (Shvartz & Reibold, 
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1990; Wilmore & Costill, 2004). These data were compiled by Shvartz and Reibold 

(1990) using an extensive literature search and included 141 participants (n = 98 

male; n = 43 females) aged 6 to 75 years old. It was reported that only values that 

were direct measures of ��O2max were incorporated into the study, whilst the 

methodologies and modes of assessment varied, it was stated that the need to 

correct for this difference was not necessary as 55 participants completed more 

than one type of ��O2max assessment with no more than a 0.04 L.min-1 difference 

between modes. Whilst it is useful to refer to these data it should be considered 

that the sample number is relatively low for this kind of analysis and that the 

relevance of the data at the extremes of the age limits is questionable due to the 

low participant numbers (whilst exact participant numbers cannot be attributed to 

these categories the figures presented by Shvartz & Reibold, (1990) would 

suggest this to be the case). It should also be noted that those data presented by 

Wilmore & Costill, (2004) were reported in a text book with no reference given for 

the original data source. 

A lower ��O2max would mean an individual having to work at a higher percentage of 

their ��O2max when compared to an individual with a higher ��O2max performing the 

same occupational task assuming they are undertaking the task with the same 

degree of efficiency. For example Shwom et al. (1996) reported an average 

oxygen consumption of 26.0 mL.kg-1.min-1 was required to climb a stair-master at 

57 steps.min-1. If two individuals are compared undertaking this task, one with a 

��O2max  of 35 mL.kg-1min-1 and the other with a ��O2max  of 50 mL.kg-1min-1, this 

would equate to the individuals working at 74 % and 52 % of their ��O2max 

respectively assuming identical efficiency. Thus, the activity would have a greater 

relative physical demand for the less aerobically fit individual, and would probably 

result in an earlier onset of fatigue (Coyle et al., 1988). This has been shown 

during a series of simulated fire fighting tasks undertaken by the Royal Navy 

(Bilzon et al., 2001). Participants (n = 34 male; n = 15 female) were required to 

perform five tasks, each of four minutes duration. The females were reported to 

have a lower mean [SD] ��O2max (43.0 [8.1] mL.kg-1.min-1 compared to the males 

52.6 [5.2] mL.kg-1.min-1) this equated to the females on average working between 

55 (10)% to 86 (12) % of their ��O2max, whereas the male participants worked 

between 43 (10) % to 82 (11) %. In the task where females were reported to have 

worked up to 86 (12) % only 4 of the 15 females successfully completed the task. 
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The task equated to 80 % ��O2max for the females that completed the task with their 

average ��O2max reported to be 54 mL.kg-1.min-1 (Bilzon et al., 2001). Thus, this 

particular study demonstrated that it was females with lower ��O2max that had 

difficulty in completing certain tasks. 

One study that highlights the relationship between sex, physiological 

characteristics, and performance on an occupational task, is that of Bahambhani 

and Maikala, (2000). They found significant differences (p<.05) between males 

and females when carrying loads (carried bilaterally at chest level in a manner that 

was most comfortable) of 15 kg and 20 kg after four minutes of comfortable self-

paced walking on a treadmill. Relative ��O2max (mL.kg-1.min-1) was 22 % greater in 

the 11 male participants compared to 11 female participants. There was no 

significant difference in relative ��O2 between males and females when carrying 15 

kg (19.8 mL.kg-1.min-1 and 19.1 mL.kg-1.min-1 respectively). However, a significant 

difference in relative ��O2 was reported when carrying 20 kg (22.8 mL.kg-1.min-1 

and 23.8 mL.kg-1.min-1 respectively). It should be noted that this significant 

difference was only 1 mL.kg-1.min-1 which, coupled with the data analysis 

performed (three-way repeated measures ANOVA [MANOVA], with Post hoc 

analysis using the Scheffe method), and the low participant numbers, would 

suggest that a Type I error (reporting a difference when there is not) may have 

been made.  When relative ��O2 values were expressed as a percentage of ��O2max 

the females were found to be working 8 % harder than the males carrying the 15 

kg load and 13.3 % harder carrying the 20 kg. Another complication was that the 

walking speed for this study was set at the “most comfortable” walking velocity, 

with the male participants walking significantly faster than the females (4.17 km.h-1 

and 3.14 km.h-1 respectively), thus it is not possible to compare absolute work 

intensities without considering the difference in speed.  

It is clear from the study of Bhambhani and Malikala (2000) that the males were 

more economical, as they were able to carry the same load, faster with a lower 

��O2. The authors suggest that insufficient lifting style, due to poor grip strength, 

increased relative workload of the females. It was stated in the article that the 

females transferred a significantly greater amount of the load to the body as a 

result of reduced grip strength; however, support for this comment was lacking.  

The source of the reduced efficiency reported for the females was unclear, and 

could be due to differences in anthropometrics, and/or fitness as these were not 
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controlled in the study. Thus the study highlights the importance of standardising 

methodological procedures such as work rate when comparing across subject 

groups. The paper also demonstrated that females were able to complete the task 

successfully albeit at a lower speed.  

The ability of females to successfully undertake and complete essential tasks, 

whether it be at a slower pace or a reduced maximal force production compared to 

their male counter-parts, formed the basis of the 2010 fitness standard for 

correctional officers (Jamnik et al., 2010a). It was found that the female officers 

used less force than the male officers during restraining activities by as much as 

17 kg, but were still successful in completing the task. As a result the fitness 

standard was based on the minimum acceptable performance standards achieved 

by female correctional officers completing the essential tasks safely and efficiently 

(Jamnik et al., 2010a).  

 

A fitness standard can either be “sex free” or “sex fair”. A “sex free” fitness 

standard bases performance on the requirement to undertake an essential task, 

with males and females being expected to achieve the same standard. A “sex fair" 

test takes into consideration the physiological differences between males and 

females and adjusts the standard accordingly. For example, all three UK Armed 

Services have, at some stage applied different test standards for men and women. 

The aim being to adopt a “sex fair” approach by reflecting the difference between 

the sexes in terms of physical strength, in an attempt to overcome some 

recruitment issues with women (Royal Navy n.d.). 

The British Army have since analysed every post on the basis of the essential task 

requirements and identified specific fitness standards accordingly, resulting in a 

system of “sex free” physical fitness selection tests for army recruits that has 

operated since April 1998 (Rayson et al., 2000a). The Equal Opportunities 

Commission (EOC) believes this system should be extended to all parts of the 

Services (House of Commons, 2001). However, the Royal Navy (RN) still have 

different physical fitness standards for women. The task of onboard fire-fighting 

was deemed to be the essential task that all RN personnel should have the 

physical and physiological capability to undertake. This task was found to require 

an aerobic capacity of 41 mL.kg-1.min-1 (Bilzon et al., 2001; Bilzon et al., 2002). 

Based on the “sex fair” ethos of the RN, run times used to predict the 
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��O2max required to successfully complete the essential task, are a minimum of 2 

minutes slower for females than they are for males in the same age category, with 

all of the female run times failing to equate to the minimum standard of 41 mL.kg-

1.min-1. The EOC has suggested that this could constitute discrimination against 

men (House of Commons, 2001), especially as promotion and advancement is 

dependent on a person having passed their RN Fitness Test (RN, n.d.).  

“Sex free” physical fitness tests can meet the primary criterion of ensuring 

operational effectiveness, as this must remain the overriding consideration. The 

EOC regard appropriate “sex free” tests to be those that assess the actual 

requirements of a job and test potential recruits on this basis (House of Commons, 

2001). Thus, a “sex free” standard is not only defensible in a court of law, but 

could be considered as more ethical in regard to health and safety of the 

workforce than a “sex fair” approach. 

 

Work-related injuries 

Despite the increase in the use of automated equipment and ergonomic 

assessments in many occupations that reduce the physical demand upon 

employees, a number of occupations still include physically demanding aspects, 

with musculoskeletal injury rates remaining high (Health and Safety Executive 

[HSE], 2010). The physical occupations that still report high musculoskeletal 

injuries are agriculture, process plant workers and heavy machine operatives 

(HSE, 2010).  

The HSE statistics 2009/10, reported that in the UK 123,430 injuries were 

recorded through the Reporting of Injuries, Disease and Dangerous Occurrences 

Regulations (RIDDOR), and 233,000 injuries were reported in the Labour Force 

Survey (HSE, 2010), between 2009 and 2010. Of the injuries reported through 

RIDDOR, 34,333 were directly linked to accidents caused by handling, lifting or 

carrying, representing approximately 28 % of all injuries. Although the cause of 

accidents was unknown for those reported as part of the Labour Force Survey, 

from the years 2001/02, 2004/05 and 2009/10 there was a reported decrease in 

the annual musculoskeletal disorders recorded per 100,000 employed, from 750, 

to 650 and finally to 630 respectively (HSE, 2010).  These injuries resulted in 5.1 

million work days lost due to workplace injury in 2009/10. Thus, whilst in recent 
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years a decrease in musculoskeletal injuries has been shown, the economic cost 

to organisations is still great and as such remains a high priority of the HSE.  

A direct link has been made between increased risk of work-related 

musculoskeletal injuries and incorrect manual handling (Monnington et al., 2002). 

One suggested method to reduce such injuries is to ensure that all employees 

have the physical capability to complete a job by implementing a fitness standard 

(Rodgers, 1988), however the evidence to support such claims is lacking. A 

number of “inspection tools” for manual handling risk assessments exist to quantify 

the loads that it is suitable for employees to handle. These include the Quick 

Exposure Checklist (QEC) (Li & Buckle, 1999), the National Institution for 

Occupational Safety and Health (NIOSH) Lifting Equations (Nelson et al., 2008), 

the Psychophysical Lifting and Carrying Tables produced by Liberty Mutual (Snook 

& Ciriello, 1991), the Job Severity Index (JSI) (Liles et al., 1984), the Rapid Entire 

Body Assessment (REBA) (Hignett & McAtamney, 2000) and the Manual Handling 

Risk Assessment (Monnington et al., 2002). Each one recommends maximum 

manual handling loads, orientations and durations based on an assessment of the 

task and environment.  

An important factor to ensure employees can adhere to these recommendations is 

“fitness to work”, that is employees have sufficient physical and physiological 

attributes to perform the required tasks (Shephard, 1989; Rayson 2000b). The 

promotion of this idea has also led to an increased quality and quantity or work 

whilst reducing injuries and absenteeism, and subsequently improved employees’ 

lifestyles (Klein et al., 1984; Anderson, 1981; Rayson, 2000b; Shephard & 

Bonneau, 2002).  

It has been found that when employees were required to work above 75 % of their 

maximum work capacity the risk of musculoskeletal injury was increased 

significantly (Chaffin et al., 1978), indicating relationship exists between injury 

rates and physical fitness. Similarly, Allsopp et al. (2003) studied the prevalence of 

lower limb injuries in RN trainees and found that lower limb injury was directly 

related to the physical fitness of female trainees. Of the 1,287 males and 354 

females that took part in the study 21 % (337) incurred a lower limb injury. A trend 

for both sexes was identified between estimated ��O2max and injury. The reported 

incidence of lower limb injury found in 48 % of the females classified as “least-fit” 

(i.e. an estimated ��O2max of <37.4 mL.kg-1.min-1) compared to 10 % in the “most-
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fit” male group (i.e. an estimated ��O2max of >42.7 mL.kg-1.min-1). These data 

showed that individuals who were less fit compared to their colleagues incurred a 

greater proportion of injuries.   

 

DEVELOPING A FITNESS STANDARD 

Traditional fitness standards were developed by a process of normative 

referencing (i.e. based on the fitness scores achieved by a specific work 

population currently undertaking the essential tasks) and were generally 

established on the basis of sex and/or age. However, this approach did not take 

into account the job itself or the ability of the individual to meet the physical 

demands of the job (Chahal et al., 1992). Due to operational requirements and 

Human Rights Legislation it is recommended that the development of fitness 

standards should be task-related and be independent of age and sex (Chahal et 

al., 1992). Thus, performance standards should be founded on job performance, 

not on the physical characteristics of the participants, and should be the same for 

all employees (Gumieniak et al., 2011). 

 A task-based approach is considered essential to ensure the prevention of injury 

and optimise the productivity of workers (Chahal et al., 1992).  More recent 

methodologies used to establish fitness standards have tended to use a task-

related approach; however, differences have occurred in the methods used in the 

establishment of performance standards, test selection and pass criteria (Vogal et 

al., 1991; Stevenson et al., 1992; Bonneau & Brown, 1995; Rayson et al., 2000a; 

Anderson et al., 2001; Allsopp et al., 2003; Reilly et al, 2006a; Reilly et al., 2006b; 

Henderson et al., 2007; Reilly, 2007; Jamnik et al., 2010b).   

Several authors have recommended templates for developing and validating job 

specific physical fitness protocols and performance standards as bona fide 

occupational requirements (Chahal et al., 1992; Taylor & Groeller, 2003; 

Gumieniak, et al., 2011; Tipton et al., 2012). These include: justifying the need for 

such a standard; forming a project management team; job familiarisation including 

the review of professional manuals, reports and interviewing subject-matter 

experts; task analysis; analysing a representative subset of the physically 

demanding tasks; characterisation of the tasks (simulated); development of a test 

protocol which comprises either a job simulation, related fitness component, or 

combination thereof; standardisation of test protocol/s; establishing the scientific 
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accuracy of the test/s; development of a performance standard; implementation of 

the standard; and finally the ongoing review of a standard to accommodate the 

changing workforce and work demands. These points summarise the common 

traits of current fitness standards. Thus a fitness standard should be based on the 

most physically demanding tasks of an occupation and be designed to reflect both 

the physiological and physical components of the task and should not be based 

upon other factors such as age or sex.  

Accordingly, the following requirements were considered to be fundamental to the 

establishment of a valid minimum fitness standard and will form the sub-headings 

to be addressed in this section (Tipton 2012): 

• Task analysis - Review the components of the job requiring a significant 

physical fitness component, and determine the importance of these tasks to 

identify those which are essential, (common and/or essential tasks) for the 

successful completion of the job. 

• Establish the method of best practice (MOBP) – Determine the MOBP to 

undertake each task. 

• Agree on an acceptable minimum level of performance - Establish the 

minimum level of performance on the essential tasks when performed using 

the MOBP as sanctioned by the employer. 

• Task quantification - Establish the physical and physiological demands 

associated with the essential tasks and decide upon the most appropriate 

descriptive statistical measure (e.g. the minimum, maximum, mean, 

percentile, mode, median etc.) to maximise employability, without sacrificing 

the ability to perform the critical task. 

• Determine the safe relative workload - e.g. the percentage of an individual’s 

maximum work capacity it is reasonable to expect them to work at. 

• Designing a fitness standard - Establish the appropriate selection criterion 

and design a simple-to-administer minimum fitness standard. 

• Validation of the fitness standard - Validate the work undertaken. 

 

Task analysis  

A thorough task analysis is considered to be “the fundamental building block upon 

which all later decisions in the employment process must rest” (Truxillo et al., 

2004, pg.33).  Task analysis can identify those tasks specific to an occupation that 
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are physically demanding in nature, and represents the components of a job that 

are considered to be the most essential (Greenberg & Berger, 1983; Rayson, 

1998; Rayson, 2000b; Shephard & Bonneau, 2002; Payne & Harvey, 2010). 

Through task analysis, the interaction between individuals and equipment can be 

evaluated, at the same time determining how the task is performed, and the 

physiological attributes required for successful completion (Jamnik & Gledhill, 

1992; Rayson, 1998; Rayson, 2000b; Taylor & Groeller, 2003; Payne & Harvey, 

2010). It is important not to overlook those tasks that are not regularly performed 

as these could be critical when they are required to be completed (Payne & 

Harvey, 2010). For example, whilst it is widely accepted that a beach lifeguard 

should have the ability to swim, task analysis found this to rarely occur, due to the 

use of boats, jet skis, and paddle boards in the majority of rescues. However, on 

the rare occasions a beach lifeguard has to perform a swim rescue unaided, the 

ability to swim becomes critical for all beach lifeguards to be able to perform and 

therefore is an essential task (Reilly et al., 2006a).  

Different occupations have been found to have varying criteria for the 

determination of an essential task. Jamnik et al. (2010a) based the fitness 

standard for correctional officers on the most physically demanding and frequently 

occurring tasks. Whereas fitness standards for the emergency and rescue 

services, such as the Police and RNLI, have been based on essential tasks, that 

ensure the safety and well-being of the public, fellow workers and the individual 

(Shephard & Bonneau, 2002; Reilly, 2007). In contrast, the Royal Navy 

determined essential tasks to be those tasks which, failure to perform to an 

acceptable standard could endanger the crew, individual and vessel (Bilzon, et al., 

2002).  

The elements of task analysis are determined through objective evidence (based 

on facts that can be proved through measurement, observation and other means) 

and subjective evidence (based on opinion) analysis, and requires the importance, 

difficulty, intensity, duration and frequency of task performance to be identified and 

quantified (Rodgers, 1988; Jamnik & Gledhill, 1992; Rayson, 1998; Taylor & 

Groeller, 2003; Reilly, 2007).  Subjective analysis involves gathering perceptual 

data of current and experienced employees and subject-matter experts within the 

field of employment. This can be achieved through interview, survey and 

questionnaire or a combination of the all three (Reilly et al., 1979; Greenberg & 
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Berger, 1983; Rodger, 1988; Jackson, 1999; Anderson et al., 2001; Shephard & 

Bonneau, 2002; Payne & Harvey, 2010). An example of a thorough task analysis 

was that undertaken to determine the essential tasks of the RNLI lifeboat crew, 

this involved the project team and RNLI subject-matter experts developing 

questionnaires. These questionnaires were distributed to 233 lifeboat stations 

throughout the UK. The questionnaire focussed on the relative importance of the 

essential tasks to the job and how often they occurred. They quantified subjective 

data by establishing frequencies, durations and intensities to provide an objective 

outcome. In addition, materials such as job descriptors, written procedures and 

training manuals were examined, along with interviews of existing crew members 

and observations of rescue scenarios to determine those tasks that were deemed 

to be “essential” (Reilly, 2007). It has also been suggested that, where possible 

and safe to do so, researchers should undertake the essential tasks to completely 

understand the physical demands they are investigating (Davis & Dotson, 1987; 

Reilly, 2007).  

One of the associated problems of task analysis is over complication, whereby 

researchers may arrive at an unmanageable number of tasks for a particular 

occupation. A key factor in task analysis has been reported to be recognising 

when to stop the analysis (Taylor & Groeller, 2003). This should occur in 

conjunction with the subject-matter experts of the occupation; when the tasks 

analysed are no longer essential, or if the task involves repetition of the physical 

attributes already determined (Taylor & Groeller, 2003).   

Table 2.1 demonstrates that since 1976 the methodology used to determine the 

essential tasks of physically demanding occupations has changed very little. 

Based on the studies documented in Table 2.1 it is clear that with the exception of 

two studies (Rayson, 2003; Bos et al., 2004) more than one method of analysis 

has been used in determining the essential tasks. This would appear optimal, as 

much of the data obtained is subjective and by cross referencing the 

methodologies a comprehensive and valid task analysis can be performed. Of the 

two studies that only reported one method, one chose to base task selection solely 

on observation of a field study carried out during 84, 24 hour shifts in a random 

selection of fire stations (Bos et al., 2004). Whilst this method involved the 

measurement of 273 fire-fighters across all job roles in 20 stations, Bos et al. 

(2004) failed to cross reference this with subject-matter experts to establish 
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whether these data were representative of the population, nor did they quantify the 

duration and frequencies of the tasks observed. Instead they reported the 

physiological demand across a 24 hour shift, the problem with this approach was 

that over the 24 hours the intensity and frequency of these tasks varied greatly, 

thus the standard deviations reported were as large, or larger, than the 

physiological demand measured to undertake the task. This highlights the need to 

standardise the essential tasks prior to physiological measurement to ensure that 

a suitable fitness standard can subsequently be developed.   

The second study to only use one method of analysis undertook a comprehensive 

literature search (Rayson, 2003); however, this on its own is not sufficient. Whilst a 

literature review may analyse literature regarding the same occupations and 

provide an insight into probable essential tasks, the population assessed, the 

standard operating procedures critiqued, and the equipment available may all vary 

over time and countries.  

Bonneau & Brown, (1995) provided an overview of physical abilities and fitness in 

the Canadian Police Force, using a task analysis that had been performed nearly 

20 years earlier by Osborn (1976, cited by Bonneau & Brown, 1995). Bonneau & 

Brown (1995) admitted that in the preceding 25 years there had been a change in 

Police work. Whilst there are no recommendations in the current literature 

concerning how often a task analysis should be re-validated, the task analysis for 

the Canadian Police Force was subsequently re-validated in 1985 (Bard, et al., 

1985 cited by Bonneau & Brown, 1995), 1986, (Farenholtz & Rhodes, 1986 cited 

by Bonneau & Brown, 1995) and 1988 (Bonneau, 1986 cited by Bonneau & 

Brown, 1995). However, it still appears inappropriate that tests developed to 

assess physical ability and fitness were based on a task analysis that was 

effectively, 10 years old.  

Thus the preferred approach to undertaking a task analysis is to combine two or 

more of the methodologies documented to establish the essential tasks and the 

task analysis should be revalidated periodically to ensure that no changes to the 

essential tasks have occurred.  

It has been observed that the results of task analyses have been reported either 

by characterising tasks according to physical attributes e.g. pushing, pulling, lifting, 

carrying, (Doolittle et al., 1998; Osborn, 1976 cited by Bonneau & Brown, 1995; 
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Anderson et al., 2001; Bos et al., 2004); or by the actual task being undertaken 

e.g. hose running, casualty drag, sandbag carry (Stevenson et al., 1992; Gledhill & 

Jamnik, 1992; Smith, 1998 cited by Bilzon et al., 2002; Rayson et al., 2003; Reilly 

et al., 2006a; Reilly, 2007; Jamnik et al., 2010a). However, the essential tasks 

reported are all similar in terms of being either being predominantly aerobic or 

anaerobic in nature and/or requiring some sort of strength component. It is 

interesting to observe that the essential tasks reported in Table 2.1 are similar 

across occupations, in terms of attributes such as lifting and carrying, it is 

therefore the further analysis of intensity, frequency and duration which makes the 

tasks specific to the occupation.   
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Table 2.1. Summary of task analysis methods and subsequent essential task selection for a range of occupations. 

Occupation Essential tasks 
Methodology used to determine 
essential tasks 

Interviewed & Questionnaire 
Participants 

Author/s 

Lineworkers 

Lifting 
Pushing 
Pulling 
Carrying 
Hoisting 

 
Interviews 
Questionnaires 
Observation 

Job experts, including; line workers, 
apprentices, helpers and supervisors 
Subsequently the entire workforce 
completed a questionnaire (numbers 
unknown)   

Doolittle et al. (1988) 

Armed 
Forces 
(Canada) 

Land evacuation (casualty handling) 
Sea evacuation (casualty handling) 
Entrenchment dig 
Sandbag carry 
Low/High crawl 

Literature review 
Pilot testing/observation N/A Stevenson et al. (1992) 

Fire-fighters 
(Canada) 

Carrying equipment up stairs in a high-rise 
Advancing charged fire hoses 
Breaking down doors, walls, ceilings, and 
roofs 
Raising Ladders 
Working overhead with a pike pole or 
other equipment 
Rescuing victims 

Literature review 
Interviews 
Discussions 
Observation 
Survey 
Questionnaires 

57 experienced fire-fighters. Individuals 
from personnel, employment and equity, 
and occupational health departments 
were also interviewed (numbers 
unknown) 
 
(Discussions were held with 
Municipality’s fire-fighter committee and 
the province’s Human Rights Office) 

Gledhill & Jamnik, (1992) 

Police Force 
(USA) 

Running  
Jumping 
Crawling  
Balancing 

Vaulting 
Climbing 
Lifting 
Carrying 

Pushing 
Pulling 
Fighting 
Dragging 

Observation  
Questionnaires 
Interview 
Focus group 

200 highway patrollers Osborn, (1976) cited by  
Bonneau & Brown, (1995)  

Army 
(UK) 

Single lift carry 
Repetitive lift 
Loaded march 

  
Job analysis (specifics unknown) 
Subject-matter opinion (Specifics 
unknown) 

Subject-matter experts (number, rank, 
trade unknown) Rayson, (1998) 

Royal Navy 
(UK) 

Extinguisher carry 
Drum carry 
Boundary cooling 

Hose running 
Ladder-climbing 

Questionnaires 
Observation Unknown Smith, (1998) cited by 

Bilzon et al. (2002) 
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Table 2.1 (continued). Summary of task analysis methods and subsequent essential task selection for a range of occupations. 

Occupation Essential tasks  
Methodology used to determine 
essential tasks 

Participants interviewed Author/s 

Police 
(Canada) 

Walking & Running  
Climbing stairs 
Manipulating objects 
Twisting/turning 
Pushing/pulling 

Bending 
Squatting 
Kneeling 
Lifting and 
carrying 

Questionnaires 
Observation 
 

267 serving officers Anderson et al. (2001) 

Fire-fighters 

Ladder manipulations, carrying raising 
and lowering 
Stair-climbing  
Hose running, dragging and operating 
Casualty search and rescue 
Victim carry 
Hot house operations in personal 
protective clothing 
Overhaul 
Pike/Hallingan tool operations 
Chopping operations 

Literature search N/A Rayson, (2003) 

Fire-fighters 
(Dutch) 

Lifting and carrying 
Stooping 
Kneeling/squatting 
Pulling/dragging 

Walking (stairs) 
Running 
Pushing 
Crawling 

Observation 
 N/A Bos et al. (2004) 

RNLI Beach  
Lifeguards 

Casualty handling 
Paddling with a casualty 
Beach running 
Sea swimming whilst towing a casualty 
Setting up the beach 
Boat/jet ski launch 

Survey 
Interviews 91 beach lifeguards Reilly, et al. (2006a) 

RNLI Boat 
Crew  

Man over board recovery 
Salvage pump handling 
Casualty handling 
Re-entering the boat from the water 
Anchor recovery 

Questionnaires 
Interviews 
Observation 
Manuals/Standard operating procedures 

47 lifeboat station interviewed 
(number of personnel within each 
station unknown) 
Approximately 1714 questionnaires 
from RNLI boat crew 

Reilly, (2007) 
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Table 2.1 (continued). Summary of task analysis methods and subsequent essential task selection for a range of occupations. 

Occupation Essential tasks 
Methodology used to 
determine essential tasks 

Participants interviewed Author/s 

Correctional 
Officers 

Cell search 
Expeditious 
response 
Body control 

Arm restraint  
Inmate 
relocation 
 

Focus groups 
Questionnaires 190 experienced front-line correctional officers Jamnik, et al. (2010a) 
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Establishing the method of best practice (MOBP)  

To quantify the physical and physiological demands of the identified essential 

tasks the MOBP should be determined (Reilly, 2007). The MOBP is the 

standardised method by which an essential task should be performed, and is 

quantified in terms of the duration of the task, the speed at which the task is to be 

performed and, if appropriate the load and manner in which an object is to be 

carried or moved. The determination of the MOBP and performance levels can be 

established during and/or in conjunction with the task analysis. Performance of the 

essential task using the MOBP ensures that the test/s that constitute a fitness 

standard assess or replicate the physical demands of the job (Reilly et al., 1979; 

Arnold et al., 1982). Thus, for a fitness standard to be valid and defensible an 

organisation must demonstrate that the identified performance level and MOBP 

are critical for doing the job (Shephard & Bonneau, 2002; Reilly, 2007), as it is 

these performance requirements that the fitness test must measure or predict. 

Failure to do so can invalidate any test that is developed (Reilly, 2007).  

According to Rodger, (1988) and Taylor & Groeller, (2003) there a number of key 

variables which need to be determined through physical measurements to ensure 

that the level of task performance and associated MOBP truly reflect the essential 

task (Table 2.2). 
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Table 2.2. Physical measurements to be considered during task analysis (adapted 

from Taylor & Groeller, 2003; presented in Tipton et al., 2012). 

Parameter Examples 

Equipment • Dimensions  
• Mass 
• Carrying position 
• Modifications that could improve the economy of 

the task 

Load movement  • Range of movement associated with the 
essential task 

• Velocity at which the load is moved 
• Stability of the load during movement 
• Load movement relative to the operators body 
• Height of the load movement  
• Distance over which the load is to be 

manoeuvred 

Environment • Dimensions and accessibility of the work space 
• Posture 
• Terrain 
• Protective clothing 
• Urgency of the task 
• Temperature, humidity 
• Location e.g. indoors/outdoors 

 

In determining the MOBP and the physical requirements of the essential tasks it is 

recommended to record individuals undertaking the occupational requirements 

using both video and still photography, so that key movements and muscle groups 

can be identified (Rodgers, 1988; Hall, 1995). It has been suggested that more 

advanced techniques such as electromyography (EMG) be used to assist with this 

task (Taylor & Groeller, 2003). The use of EMG would record changes in the 

electrical potential of muscle fibres that are associated with the essential tasks 

(Burden, 2008). However, whilst this method could be used to supplement the 

information gathered through video, photography, perceptual and physiological 

analysis, it is not clear how the data recorded could be transformed into a 

measurable and usable selection test that is easy to administer, interpret and be 

an economically viable tool within a fitness standard for an end-user organisation. 



55 
 

It follows that failure to standardise the MOBP will also be a source of variability 

when assessing people undertaking the essential tasks; this will eventually be 

reflected in variability in the data used to establish a fitness standard (Tipton et al., 

2012). Some have chosen not to control the rate at which an essential task was 

performed (i.e. to the minimum acceptable rate) when determining the 

physiological demand of that task, using instead self-selected work rates. For 

example, Stevenson, et al. (1992) in the determination of the physical demands of 

the Canadian Armed Forces requested that participants undertook the essential 

tasks as quickly as possible. Whilst distances and loads were stipulated for all the 

essential tasks, only one task had a designated time limit, yet participants were 

still advised to go as quickly as possible. However, there was no justification given 

as to why these tasks needed to be completed in such a manner. Similarly Jamnik, 

et al. (2010b) established one of the essential tasks of correctional officers to be 

the ability to undertake an emergency response circuit, the rate at which this task 

was to be completed was not standardised with individuals recording times 

ranging from 70.1 s to 168.5 s. This failure to standardise work rates could result 

in greater variation in the data collected, particularly as in testing situations some 

of those being assessed will tend to work faster and harder than they normally 

would, simply because they are being monitored. 

 

Agree on an acceptable minimum level of performance  

Some thought needs to be given to the consequence of the selection of a rate of 

work for the MOBP of each essential task. If the standard is designed to be a 

“minimum fitness standard”, those determining the MOBP and rate of work should 

be able to justify the technique required and the slowest rate regarded as 

acceptable in terms of health, safety, capability and work performance (Tipton et 

al., 2012). This has important consequences, because the work rate chosen 

directly translates into the requirement for a “Pass” in a fitness standard. 

Setting a performance level of essential tasks has to take into account a number of 

factors including the health and safety of the employee and those around them; in 

organisations such as the emergency services this also includes the well-being of 

the public. This could motivate some organisations to opt for the selection of the 

“best of the best” (Biddle & Shepherd-Sill, 1999). However, consideration should 

be given to how much physical performance really contributes to the job; this will 

inform decisions on the percentage of maximal effort an individual should be 
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required to produce when performing an essential task. Reilly et al. (2006a) 

determined the minimum pace a beach lifeguard should be able to paddle 400 m, 

or swim 200 m, based on the time it would take for a casualty to drown. This was 

based on the work by Fainer et al. (1951); Conn et al. (1995); and Golden et al. 

(2002) that suggests it takes approximately 2 minutes for a casualty to die having 

been face down in sea water. Reilly et al. (2006a) noted that the 2 minute window 

is extended should the casualty be observed experiencing difficulties, initially, 

thereby increasing the potential rescue time. However, this would be limited due to 

panic and fatigue, it was concluded that in this scenario there is a 3 to 4 minute 

rescue window. Thus, the 400 m paddle and 200 m swim to reach the casualty 

should be covered in 3.5 min.   

In instances such as Reilly et al. (2006b) it is possible to base minimum levels of 

performance on casualty survival times. However, not all essential tasks will have 

such clear rationales. In these cases the minimum acceptable pace must be 

justified by other means, such as subject-matter expert consensus (Reilly, 2007). 

Some have chosen not to stipulate a minimum performance level to individuals 

performing the task and base performance levels on the mean plus or minus 

(dependant on the variable in question) 1 SD of the cohort tested (Jamnik et al., 

2010b). The problem with this method is by not stipulating a minimum 

performance level the variation in physical and physiological data collect during 

the task quantification phase is increased.   

By setting a performance level too high or fast, organisations are at risk of litigation 

for unfair dismissal (Biddle & Shepherd-Sill, 1999) or rejection of a proportion of 

individuals who were capable of doing the job. Conversely, setting a performance 

level too low could endanger employees as they would not possess the physical 

requirements to undertake the essential task, thus endangering themselves and 

those around them. Thus, by setting a valid minimum performance level and as a 

consequence introducing a minimum fitness standard, employers should maximise 

the number of employees who are able to complete the essential tasks.  

 

Task quantification 

Having completed a task analysis, determined the MOBP and the minimum 

performance standard of the essential tasks, the physical and physiological 

demands of the task should be quantified (Reilly, 2007; Gumieniak et al., 2011). 
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These data may include measures of oxygen consumption, muscle EMG activity, 

muscle strength, endurance, flexibility etc. Several considerations should be given 

to the measurement and presentation of these data. These include: 

• Understanding the physiological mechanisms underpinning the essential 

tasks. 

• Measuring the physiological demands of a tasks and determine the best 

method to deal with variation within the physiological data collected 

when performing the essential task using the MOBP. 

• Deciding upon the most appropriate descriptive statistical measure (e.g. 

the minimum, maximum, mean, percentile, mode, median etc) to 

maximise employability, without sacrificing the ability to perform the 

critical task.  

• If the final test is likely to be predictive in nature rather than a simulation, 

data should be collected with people performing above, at, and below 

the minimum acceptable work rate; this would allow the relationship 

between work rate and physiological demand on a given essential task 

to be established. These data may be useful in the future if revised 

standards are thought necessary (Rayson, 2000a, Reilly, 2007). 

The physiological mechanisms underpinning the essential tasks 

To determine the physical and physiological demand of the essential tasks, one 

first needs to understand the physiological mechanisms that support the 

completion of such work. Since the 1920s it has been reported that the superior 

physical performance of athletes and the ability to maintain heavy physical work 

over prolonged time, lies in the ability to meet the demand for oxygen by the 

working muscles, thus performance is dependent on an individual’s aerobic 

fitness, which is best measured as ��O2max (Bock et al., 1928; Åstrand, 1956).   

All physical activity requires the muscles to produce force, for this to occur there is 

a requirement for energy. To meet the muscles demand for energy three 

mechanisms function together in a closely integrated process (Gastin, 2001). The 

anaerobic energy system comprises of the alactic (lactic acid is not formed) and 

lactic pathways. The first of these processes provides the immediate energy in the 

initial stages of intense exercise, splitting the high-energy phosphagens and 

phosphocreatine (PCr) which together with adenosine triphosphate (ATP) stored 

within the cell are split into free energy (approximately 7.3 kcal per mole of ATP 
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[McArdle et al., 2007]). The second process requires carbohydrate (mainly in the 

form of muscle glycogen) to be broken down to pyruvic acid and then lactic acid 

through glycolysis in the absence of Oxygen (O2). The anaerobic pathways are 

capable of producing ATP at high rates, but are limited by the amount of energy 

that can be released in a single bout of high intensity exercise. Whilst these 

pathways are able to support high muscle power outputs, the rapid reduction of 

stored PCr and the build up of lactic acid and associated reduction in pH, results in 

either the reduction of work output or cessation of exercise. In contrast, in the 

presence of O2, the third process of aerobic (oxidative) metabolism has an 

enormous capacity to provide energy through the breakdown of carbohydrate, fat 

and in some instances protein. However, the rate at which this energy can be 

delivered to the working muscle is slower than that of the anaerobic systems due 

to the limits of oxidative phosphorylation and the delivery of O2 to the muscle 

through the respiratory and cardiovascular systems, but can produce more moles 

of ATP and thus more energy. 

The interaction and relative contribution of the three energy systems has received 

a great deal of attention over the years. Gastin (2001) suggests that early work led 

to two common misconceptions, the first being that the three energy systems 

responded sequentially in response to demands of intense exercise; whilst the 

second was that the aerobic system responds slowly to these energy demands, 

thus playing little role in determining performance over short distances. Gastin 

(2001) used iterative curve fitting techniques to determine the aerobic contribution 

to cumulative periods of exhaustive exercise (Table 2.3).  
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Table 2.3. Estimates of anaerobic and aerobic energy contribution during selected 

periods of maximal exercise (adapted from Gastin, 2001)  

Duration of exhaustive 

exercise (seconds) 

% Anaerobic % Aerobic 

 

10 94 6 

15 88 12 

20 82 18 

30 73 27 

45 63 37 

60 55 45 

75 49 51 

90 44 56 

120 37 63 

180 27 73 

240 21 79 

 

It follows that the mode, intensity and duration of any given activity will determine 

the combination of energy sources required to support it. For example, the task-

related tests for beach lifeguards (Reilly et al., 2006b) requires them to perform a 

25 m underwater swim immediately followed by a 25 m surface swim completed in 

under 50 seconds. Based on the work by Gastin (2001), this would suggest that 

between 63 % and 55 % would be derived from the anaerobic systems and 37 % 

to 45 % would be supplied by aerobic. For the 200 m swim element of the fitness 

test that is to be completed in less than 3.5 minutes, the provision of energy is 

likely to be approximately 27 % anaerobic and 73 % aerobic, assuming individuals 

were working maximally.  

Measuring the demand of essential tasks 

The measurement of oxygen consumption and/or heart rate has been used in a 

number of studies to determine the cardiovascular and metabolic strains of an 

activity. These methods have subsequently been used to determine an individual’s 

capability to perform an actual job or a simulation of an actual job (Åstrand & 
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Rodahl, 1986; O’Connell, 1986; Gledhill & Jamnik, 1992; Shwom et al., 1996; 

Bilzon et al., 2002; Reilly et al., 2006b; Reilly, 2007).  

However, essential tasks are not only aerobic in nature, thus in considering 

occupational job roles that have an strength demand i.e. essential tasks that could 

have a lifting, turning, pulling or pushing component, physical measures such as 

dynamic and isometric strength should be considered. Whilst tasks which are  

predominantly aerobic in nature i.e. tasks which are performed using large muscle 

groups, continuously in excess of 3 minutes, measures of aerobic capacity should 

be considered. 

Numerous studies have measured the physiological cost of generic tasks across a 

range of occupations. Åstrand and Rodahl, (1986) classified in general guidelines 

the severity of work load and cardiovascular response for average males aged 20 

to 30 years (Table 2.4).  

Table 2.4. Severity of work, classified in terms oxygen uptake and heart rate. 

Adapted from Åstrand and Rodahl (1986). 

In terms of oxygen uptake 

Light work Up to 0.5 L.min-1 

Moderate work 0.5 to 1.0 L.min-1 

Heavy work 1.0 to 1.5 L.min-1 

Very heavy work 1.5 to 2.0 L.min-1 

Extremely heavy work Over 2.0 L.min-1 

In terms of heart rate response  

Light work Up to 90 beats.min-1 

Moderate work 90 to 110 beats.min-1 

Heavy work 110 to 130 beats.min-1 

Very heavy work 130 to 150 beats.min-1 

Extremely heavy work 150 to 170 beats.min-1 

 

Åstrand and Rodahl, (1986) based categories of work severity on absolute work 

rate, however, this failed to take into account the relative cost of work normalised 

for variations in body weight. Heart rate scores, in addition to indicating work load, 
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will also reflect emotional factors, heat, and the size of the muscles engaged in the 

activity and therefore should be viewed with caution (Taylor & Groeller, 2003).  

Early studies investigating workloads tended to report the demand of essential 

tasks in terms of energy expended (kcal.min-1). By measuring the volume of O2 

(��O2) required and carbon dioxide (��CO2) expired during exercise and calculating 

the respiratory exchange ratio (RER [��CO2/��O2]), the total energy requirement 

(kcal.min-1) can be calculated using indirect calorimetry. For low to moderate sub-

maximal activities one litre of O2 consumed equates to 4.92 kcals, assuming RER 

is kept constant at approximately 0.90 (McArdle et al., 2007). Thus for simplicity 

and comparison the physiological demand of essential task presented in early 

studies will be compared to more recent studies by multiplying O2 L.min-1 by 4.92, 

where possible. It was reported that for occupations such as the building industry, 

iron and steel industries, agriculture and the armed services, occasionally energy 

demand reached 7.5 kcal.min-1 (1.52 L.min-1). However, higher energy demands 

were found for occupations such as miners, fishermen, foresters, and dock 

labourers where energy demands were reported to exceed 10 kcal.,min-1 (2.03 

L.min-1) (Åstrand & Rodahl, 1986). 

With the ability to carry loads and manual handle being identified as an essential 

task for a number of occupations (Doolittle et al., 1988; Stevenson et al., 1992; 

Gledhill & Jamnik, 1992; Osborn, 1976, cited by Bonneau & Brown, 1995; Rayson, 

1998; Smith, 1998, cited by Bilzon et al., 2002; Anderson et al., 2001; Rayson et 

al., 2003; Bos et al., 2004; Reilly, et al., 2006a; Reilly, 2007) the energy 

expenditure during such activities has been studied and compared to non-load 

carrying tasks. It has been reported that load can alter the energy cost of 

prolonged exercise (Epstein et al., 1988) with the position the load is carried 

having a significant effect on the energy cost of a simple task such as walking 

(Soule & Goldman, 1969; Abe et al., 2004). Soule and Goldman, (1969) assessed 

the cost of load carried on the head, hands and feet and concluded that the 

limiting factor when carrying loads on the head and in the hands was the 

mechanical load which could be tolerated by the musculature. Whereas the 

limiting factor of load carried on the feet was due to the six-fold increase in the 

energy required per kg of weight on the foot as opposed to the torso.    

More recent work by Abe et al. (2004) examined the effects of load, load position 

and walking speed on the energy cost of walking per unit distance (mL.kg-1.m-1). 

The rationale for this study was that an energy saving effect might occur when the 
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mass is carried on the torso, due to an interaction between rotative torque (rotative 

torque = radius of rotation x load weight) around the centre of mass, which does 

not occur when load is carried at the hands of feet.  This theory differs from the 

literature that has shown that the load carried increased the energy cost of 

activities such as climbing stairs due to the increased work load of trunk and leg 

muscles to support the additional load (O’Connell et al., 1986; Shwom et al., 

1996). Abe et al. (2004) showed that the energy cost of walking with load around 

the ankles was significantly higher than load carried on the back or in the hands at 

any speed, supporting the earlier work by Soule and Goldman (1969). 

Furthermore the study reported that the average energy cost of carrying loads on 

the back (of 9 kg and 12 kg) were significantly decreased compared to the non-

loaded conditions up to speeds of 80 m.min-1 (4.8 km.h-1); between the speeds of 

90 m.min-1 (5.4 km.h-1) and 120 m.min-1 (7.2 km.h-1) no differences were reported 

across any of the loaded and non-loaded conditions. The results of this study also 

found a similar occurrence when carrying loads of 3 kg and 6 kg in the hands, with 

significantly lower energy costs being reported at slower speeds compared to non-

loaded conditions.  

Abe et al. (2004) calculated energy cost per unit distance covered which was 

calculated as the “ratio of the steady-state ��O2 above resting value (Cw = net��O2 / 

walking speed)” (Abe et al., 2004 pg 331). It would appear that the resting ��O2 

was only measured for the first condition tested, but not at the beginning of any of 

the other scenarios that occurred on separate days. In addition ��O2 data were 

normalised with respect to body mass (BM) and the load (L) carried (Cw; mL.[BM + 

L]kg-1.m-1). It is questionable why the authors would include load into the equation 

as this would artificially lower the supposed ��O2 requirement for a given load. For 

example, an individual weighing 75 kg walking at a constant rate of 4 km.h-1 might 

have a relative ��O2 of 20 mL.kg-1.min-1 and thus an absolute 
��O2 requirement of 

1.5 L.min-1. If, by adding the external load of 12 kg it is assumed that the absolute 

work load increased to 1.8 L.min-1, the relative work load would increase to 24 

mL.kg-1.min-1. However, if the load was included into the calculation of relative 

workload, as has been done by Abe et al. (2004), the relative ��O2 requirement at 

1.8 L.min-1 would be reduced to 20.6 mL.kg-1.min-1.  Thus, whilst Abe et al. (2004) 

wished to assess if carrying a load on the torso was more economically efficient, 

by including the load into the equation the assumption was already made that load 
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on the torso, hand and ankles becomes synonymous with the individual, and is 

therefore incorrect.   

It was also stated within this study that when the load was increased above 12 kg 

participants were unable to reach steady state work rate as measured by ��O2 and 

complete the task, which is relevant as most of the loads carried in occupational 

roles have been in excess of 20 kg (Gledhill & Jamnik, 1992; Rayson, 1998; 

Smith, 1998 cited by Bilzon et al., 2002), thus the impact of carrying loads over a 

prolonged period of time should not be overlooked. Finally, the differences 

reported as significant were very small (approximately 0.02 mL.kg-1.m-1) which 

would suggest that, due to the large number of independent variables analysed 

and the low participant numbers, a Type I error could have occurred. 

Nevertheless, this study highlights the importance of assessing the impact of load 

carriage correctly and not assuming it to be synonymous with the individual.  

It has been commonly reported that there are occupational requirements for 

individuals to carry loads up stairs (Gledhill & Jamnik, 1992; Smith, 1998 cited by 

Bilzon et al., 2002; Rayson et al., 2003). O’Connell et al. (1986) measured the ��O2 

and heart rate associated with stair-climbing as a job-related task in fire-fighting. 

Seventeen fire-fighters were assessed whilst performing a simulated stair-climb at 

a rate of 60 steps.min-1 on a stair master (20.3 cm [8 in] steps) for five minutes 

with, and without, fire uniform and equipment (39.2 kg). A ��O2max assessment was 

undertaken, so that the metabolic strain of stair-climbing tasks could be reported 

as a percentage of ��O2max. The results, presented as mean (SD) showed that the 

aerobic requirement to climb the stairs was 21.6 (2.1) mL.kg-1.min-1 with a reported 

mean (SD) heart rate in the final minute of exercise of 133.2 (19.3) beats.min-1. 

With the addition of kit the physiological demand of stair-climbing was increased to 

a mean (SD) aerobic requirement of 38.6 (2.8) mL.kg-1.min-1 with a reported mean 

(SD) heart rate in the final minute of exercise of 177.8 (10.2) beats.min-1.  When 

converted into kcal, this equated to an energy expenditure of 8.8 kcal.min-1 for 

unloaded stair-climbing and 13.5 kcal.min-1 for loaded stair-climbing. The study 

reported the percentage of ��O2max for stair-climbing as 45.5 % ��O2max unloaded 

and 80.3 % ��O2max when loaded. However, these scores should be viewed with 

some caution, as the mode of exercise used in the measurement of ��O2max was 

cycling and did not therefore reflect the different muscle recruitment patterns of 

stair-climbing exercise (Ben-Ezra & Verstraete, 1988).   
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Another study (Shwom et al., 1996) reported that a mean (SD) ��O2 of 26.0 (1.6) 

mL.kg-1.min-1 was required for stepping at a rate of 57 steps.min-1 on a stair-

master (20.3 cm [8 in] steps) with a heart rate of 139 (18) beats.min-1. It is 

interesting to note the ��O2 reported by Shwom et al. (1996) was 4.4 mL.kg-1.min-1 

higher compared to O’Connell et al. (1986) despite a 3 steps.min-1 slower stepping 

rate. Three possible explanations for the differences observed are that the 

methods and equipment used to determine the ��O2,
 were significantly different 

from each other; the clothing worn by the participants was significantly different 

(Shwom, et al., [1996] did not report the clothing worn); or the fire-fighters were 

more economical in their movement patterns.    

Shwom, et al. (1996) also looked at the energy costs of carrying 5 kg, 10 kg and 

15 kg, both bilaterally and unilaterally, when climbing stairs at a rate of 57 

steps.min-1 on a stair-master (20.3 cm [8 in] steps) and whether any difference 

occurred between sexes. The results showed that there were no significant 

differences between carrying load and sex. To carry 5 kg, 10 kg and 15 kg by the 

side required a mean (SD) ��O2 of 28.0 (1.7) mL.kg-1.min-1, 31.3 (1.9) mL.kg-1.min-1, 

and 32.8 (2.0) mL.kg-1.min-1 respectively.    

Gledhill and Jamnik, (1992) assessed the ability of twelve fire-fighters to carry up 

to 18.14 kg of equipment up high-rise stairs, this was reported to take 2 minutes 

35 seconds. The stepping rate and height were not reported, nor was it mentioned 

what clothing was worn to carry out the task. However, it is assumed that the fire-

fighters were wearing personal protective equipment (PPE) and self contained 

breathing apparatus (SCBA) equating to an additional 22.0 kg to be carried during 

task completion. Which would explain the mean (SEM) increase in ��O2 to 43.8 

(1.9) mL.kg-1.min-1 compared to the work of Shwom et al. (1996) and O’Connell et 

al. (1986). Based on Gledhill & Jamnik, (1992) maximum recommended work rate 

of 85 % ��O2max  for fire-fighters performing short duration (< 2 minutes) work bouts, 

this would equate to a ��O2max requirement of 54.8 mL.kg-1.min-1 which is 

approximately 10 mL.kg-1.min-1 greater than the current UK standard of 45 mL.kg-

1.min-1 for fire-fighters (Scott et al., 1988 cited by Stevenson, 2007). The three 

studies discussed above reported a large variation in ��O2 when performing the 

same essential task of climbing stairs loaded and unloaded. This demonstrates the 

importance of standardising and reporting the clothing worn, step height and rate 

at which the task is being performed.  
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Similar to stair-climbing, ladder-climbing is another generic task that is common in 

a number of occupations, such as the Fire Service and Royal Navy. However, 

there is only limited literature available that details the physiological demands of 

ladder-climbing. The available literature examined ladder-climbing with reference 

to fire-fighting, and therefore it would be likely that the rate of climbing would be 

greater than in those occupations where the task was not performed in an 

emergency situation or wearing PPE and SCBA. Gledhill and Jamnik, (1992) 

reported that the metabolic requirements of fire-fighters ascending a ladder for 2 

minutes 57 seconds, required a mean (SEM) ��O2 of 30.6 (0.3) mL.kg-1.min-1 and a 

mean (SEM) HR of 166 (10) beats.min-1. Only eight participants were tested, 

neither the rate at which they climbed the ladder nor the rung distance was 

reported. It is assumed again that 22 kg of PPE and SCBA were worn.  

Bilzon et al. (2001) examined the physiological demands of ladder-climbing as one 

of the essential tasks of shipboard Royal Navy fire fighting. The physiological 

demand of ladder-climbing was measured as part of a fire-fighting scenario lasting 

for four minutes whilst wearing full fire-fighting ensemble with a backpack of 11 kg 

to represent the load associated with carrying breathing apparatus. The climbing 

rate was at a fixed pace reported as representing the minimum acceptable 

performance for ladder-climbing, although the rate was not reported. The ladder 

climb involved descending a 2.8 m vertical ladder, through a hatch, whilst 

supporting a 10 kg charged hose under one arm. The participants then released 

the hose, walked 14 m and ascended a sloping ladder of a vertical height of 2 m 

back to the start position; this was repeated six times in the four minutes. The 

results showed that the mean (SD) metabolic strain of this task simulation was 

38.0 (5) mL.kg-1.min-1. Based on the mean data reported by Bilzon et al. (2001) it 

was calculated that the male participants were working at approximately 72 % of 

their ��O2max (which had been calculated directly using the Bruce protocol) and the 

females at approximately 88 % of their ��O2max with 20 % of those females 

reporting the pace to be “uncomfortably fast”. Bilzon et al. (2001) did not assess 

ladder-climbing in isolation nor did they look at an unloaded ladder climb, therefore 

comparisons cannot be drawn between this work and that of Gledhill and Jamnik, 

(1992).  

The essential tasks of electrical transmission line-workers were reported as having 

a high physical demand. The physical and physiological demands were quantified 



66 
 

in terms of forces and energy expenditure (Doolittle et al., 1988).  The lifting and 

carrying tasks were commonly found to range between 34 kg and 44 kg with a 

force requirement ranging from 160 N to 445 N (Doolittle et al., 1988). In addition 

to high force requirements, Doolittle et al. (1988) determined the ��O2 requirement 

whilst climbing and working on the poles to be 22 mL.kg-1.min-1. Based on Table 

2.4 this would equate to a “very hard” work load (Åstrand & Rodahl, 1986).  

Occupational situations can often involve the pushing and pulling of loads as well 

as lifting. Juhani et al. (1986), determined the physiological demand required by 

skiers to transport varying weight at a constant speed on a sledge. Speed was 

maintained at 3.6 km.h-1 the loads used were 30 % (mean [SD] 24 [3.3] kg), 70 % 

(56 [7.8] kg) and 100 % (80 [11.1] kg) of the total weight of each participant in 

skiing kit. It should be noted that this meant each participant was carrying a 

different load which is unlikely to occur under normal occupational circumstances. 

The physiological demand of pulling the sled of various loads are presented in 

Table 2.5 and are expressed and ��O2 (mL.kg-1.min-1) and as a percentage of 

��O2max. 

Table 2.5. The physiological demand required to pull a sledge of varying loads 

whilst skiing on level ground for 15 minutes at 3.6 km.h-1  (n = 10).  

Load 0 30 % 70 % 100 % 

��O2 (mL.kg-1.min-1) mean (SD) 16.8 (2.2) 19.5 (1.1) 24.8 (2.3) 27.0 (3.3) 

%  ��O2max 38 % 44 % 56 % 61 % 

NB: Table 2.5 has been adapted from data presented by Juhani, et al. (1986). 

It is interesting to note that in this study the participants with a mean (SD) ��O2max 

of 44 (8.1) mL.kg-1.min-1 were able to maintain and achieve a steady state ��O2
 for 

15 minutes whilst working at approximately 61 % ��O2max. The results 

demonstrated that individuals were not unduly fatigued after the 15 minutes, 

suggesting that for essential tasks lasting up to 15 minute individuals of an 

average fitness can sustain work outputs of 60 % ��O2max and potentially more if 

the duration of the task was reduced. 

Subsequent work by Garcin et al. (1996) evaluated the difference between 

pushing and pulling loads on a treadmill. An interesting aspect of this paper was 

that the authors chose to look at two populations; the first was a sedentary group 
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whilst the second was classified as endurance trained, although the ��O2max of 

these individuals was not reported. Also, the speeds and loads at which the two 

groups were required to push and pull differed. As such, no direct comparisons 

could be made between groups. The endurance trained participants were asked to 

pull and push loads of 6 kg, 8 kg, 9 kg and 10 kg, whilst walking on a treadmill for 

7 minutes at speeds of 3.7 km.h-1 and 4.7 km.h-1. The results showed that to push 

the load on a treadmill was more demanding than pulling the load using a hauling 

belt around the waist on a treadmill, with the difference between the two becoming 

greater as the load and speed was increased. It is interesting to compare the 

physiological demand of pulling a load of 10 kg at speeds of 3.7 km.h-1 (23.7 [3.58] 

mL.kg-1.min-1) and 4.7 km.h-1 (29.5 [3.80] mL.kg-1.min-1) on a treadmill compared to 

that reported by Juhani et al. (1986) of 16.8 (2.2) mL.kg-1.min-1 to 27.0 (3.3) mL.kg-

1.min-1 for hauling a sledge secured to the participant using a backpack with 

multiple attachment points, across snow at 3.6 km.h-1 which weighed between 14 

kg to 70 kg more than the 10 kg hauled in Garcin et al, (1996). These marked 

differences highlight the impact that terrain can have on the physiological demand 

of an essential task and the importance of ensuring that simulations of essential 

tasks are true representations of the essential task in question.  

A number of occupational tasks are performed on unstable surfaces. Human 

energy expenditure has been examined when walking on a moving platform to 

determine whether working on board a ship is more strenuous than a comparable 

work load ashore (Heus et al., 1998).  Twelve participants were asked to walk at 1 

m.s-1 (3.6 km.h-1) for five minutes to obtain a steady state ��O2, before 

measurements were recorded. The results were expressed not in ��O2 

(mL.kg-1.min-1), but as a metabolic rate of walking; where the economic cost of 

walking was calculated ([metabolic rate – resting metabolic rate] / distance 

[W.kg-1.m-1]) The study concluded that a greater muscular effort is required to 

maintain balance when walking on a surface that is pitching or rolling, thus a 

significantly (p<.05) higher work load was reported compared to walking on a 

stable or heaving (movement with vertical acceleration) floor. It is difficult to 

compare the severity of these tasks to other generic walking tasks, as no detail 

was provided of the aerobic demand in terms of ��O2  (mL.kg-1.min-1). The heart 

rate data provided fell into the moderate (90 beats.min-1 to 110 beats.min-1) to 

heavy (110 beats.min-1 to 130 beats.min-1) workload categories of the Åstrand and 

Rodahl, (1986) guidelines stated in Table 2.4. However, this paper highlights the 
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need to assess the stability of the surface on which occupational tasks are 

conducted on.  

Whilst the determination of the physiological demands discussed thus far have 

looked at the direct measurement of aerobic demand, others have used prediction 

equations to estimate energy cost based on the metabolic rate (kcal.h-1) of tasks 

such as walking (Givoni & Goldman, 1971; Pandolf et al., 1977). These prediction 

equations used the independent factors of terrain, body weight, external load, 

walking speed and gradient, to predict metabolic rate. In these predictions 

metabolic cost is reported as a function of body weight, plus clothing, plus any 

load. Whilst these equations may have some use if a direct measurement cannot 

be performed, care should be taken in their application as it would be 

inappropriate to use them for tasks which are for example performed vertically 

such as ladder-climbing or a load is external i.e. hauled or carried on the 

extremities rather than a load carried on the back.  

Many jobs still have activities that involve strenuous lifting and carrying, one such 

task that is generic across a number of occupations is the requirement to carry a 

stretcher. Reilly, (2007) reported that a stretcher carry performed by two 

individuals (lifting from either end of the stretcher), should equate to an individual 

carrying half the load. In this case the mass of the casualty was set to 70 kg, thus 

the individual load carriage requirement was 35 kg. It is interesting to note that the 

average mass for the population reported by the National Health Service (NHS) is 

currently 83.9 kg for male and 70.2 kg for females (Whitlock, 2009), which 

highlights the need to review fitness standards that are based on changing 

statistics such as the mass of the population.  

In other organisations, such as the ambulance service, crews are often required to 

carry stretchers over distances in excess of 10 m and in some instances up and 

down stairs (Gamble et al., 1991). Thus, the duration of the carry could be 

prolonged in excess of 3 minutes. It has been found that immediately following a 

stretcher carry (individual load carried at the head-end equating to 25 kg in a four 

man lift) lasting on average 3 min 35 s, hand steadiness (frequency and duration 

of wall contacts when holding a metal pin into a small bore) significantly increased 

in both frequency and duration, with maximum grip strength diminishing by nearly 

20 %. Whilst hand steadiness returned after 30 minutes post carry a significant 

reduction in mean and maximum grip strength of 12 % was still observed 24 hours 
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later (Leyk et al., 2006). The implication of this is that during tasks such as 

stretcher carrying or manual handling consideration should be given to the 

frequency that these tasks are undertaken during a 24 hour period and the tasks 

that are to follow.  

The ability to tighten or loosen valves has been reported as of importance for 

organisations such as oil refineries; however, it is apparent from the literature that 

recommendations for this task are varied and incomplete (Jackson et al., 1992; 

Woldstad et al., 1995). This is thought to be due to the lack of standardisation with 

respect to the size and orientation of valves and the units used to express the 

forces required to operate these valves. The two units of force reported have been 

Newtons (N), which are the units of linear force, or Newton.metres (N.m) which is 

the units for torque (rotary force). Whilst torque can be calculated (force x distance 

[lever radius in m] = torque) when the valve diameter is known, this is not always 

the case in the published literature.  

Woldstad et al. (1995) reported forces between 393 N to 614 N when applying 

force to a wheel 56 cm in diameter with one hand and turning a valve as fast as 

possible for a duration of 3 seconds. When converted to a torque requirement this 

equates to 110.04 N.m (393 x [0.56/2]) and 171.92 N.m (614 x [0.56/2]) 

respectively. For females the equivalent range was found to be 235 N (65.8 N.m) 

to 348 N (97.4 N.m). It is important to note the differences observed between male 

and females, highlights the difference between the forces measured and forces 

required to perform a task such as valve turning. These values where obtained 

with only one hand operating the valve wheel. In most cases it is assumed that two 

hands can be used and thus the potential to generate force would be 

approximately doubled. The maximum forces detailed by Woldstad et al. (1995) 

are significantly lower than the forces reported to be required to “crack”1  open a 

valve (Jackson et al., 1992).  Jackson et al. (1992) reported that an operational 

torque of 400 N.m was required to “crack” 93 % of 217 valves examined at a 

chemical plant.  

Most studies have looked at the effort required to “crack” a valve, whilst only one 

study was identified in the literature that examined the role of endurance when 

valve turning. Jackson et al. (1992) found that only 19 subjects out of 52 (37 %) 

completed 15 minutes of handwheel turning at a rate of 15 rpm and a power 

                                            
1 Apply enough force to ‘crack’ open a valve (to overcome the initial resistance). 
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output of 1908 N.m.min-1. A power output of 1908 N.m.min-1 was considered 

sufficient to close 75 % of the emergency valves in a plant in 15 minutes or less. 

Of the 32 (63 %) participants that did not complete the test, 20 (63 %) participants 

stopped due to fatigue before 4 minutes had elapsed or before 60 revolutions had 

been completed. It is known that for the Jackson et al. (1992) study a 12” (30.5 

cm) valve was used to produce the 1908 N.m.min-1. Therefore the total force 

required to turn the valve was 132.8 N with a torque value of 20.3 N.m, These 

values fall within the 1984 standard produced by the State Committee of the 

USSR, for the operation of handwheels and steering wheels, which provides the 

maximum exertion forces for the number of handwheel operations per shift (State 

Committee of the USSR for Standards, 1984, cited by Schulze, et al., 1997).  

Recommendations have been provided for the tangential force of industrial 

handwheels, based upon frequency of actuation (State Committee of the USSR for 

Standards, 1984, cited by Schulze et al., 1997). These forces are given in terms of 

the activity involving the hand and forearm, the entire arm or two arms with a 

frequency of hand wheel operations less than 5 per shift or 5 to 16 per shift. The 

range recommended is a force of 58.9 N to 196.2 N for less than 5 repetitions per 

shift and 29.4 N to 58.9 N for 5 to 16 repetitions per shift (State Committee of the 

USSR for Standards, 1984, cited by Schulze et al., 1997). However, these 

standards fail to report the durations of each of these valve turns. Based on these 

recommendations the task of valve turning reported by Jackson et al, (1995) 

should not be undertaking more than five times in one shift. 

The quantification of valve turning in terms of physiological requirements still 

warrants further investigation with different valve sizes, orientations and forces 

being assessed. Whilst the task of valve turning recruits smaller muscle groups 

that other tasks such as ladder-climbing, it would also be worthwhile to quantify 

the ��O2 as Jackson et al. (1992) reported the duration of valve turning lasting in 

excess of 4 minutes, suggesting that an aerobic requirement may be justified.    

Whilst it is clear that there are still a number of occupations that have not been 

reported, this section has demonstrated that simply identifying the essential tasks 

is insufficient; as essential tasks grouped under the same name e.g. walking up 

stairs, and carrying or pulling loads can yield very different physiological demands 

depending on speed, load, orientation, terrain, etc. This, once again, highlights the 
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need for a comprehensive task analysis and the establishment of standardised 

performances and MOBP. 

Dealing with variation in the physiological data 

There will inevitably be some variation within the data collected. If the task is 

weight-bearing this variation may be reduced by expressing the data in “unit per 

body mass”. This method has been preferred in the determination of the 

physiological demand of essential tasks across the majority of fitness standards to 

date (Stevenson et al., 1992; Rayson et al., 2000a; Anderson et al., 2001; Bilzon 

et al., 2002; Reilly, et al., 2006a; Reilly, et al., 2006b; Reilly, 2007; Jamnik et al., 

2010b). However, some consideration should be given to alternative approaches. 

The scaling of oxygen consumption data has received a good deal of attention, but 

usually in resting or maximally (peak) exercising animals, including humans 

(Kleiber, 1932; Taylor et al., 1970; Heusner, 1992; Glazier, 2008). Scaling basal 

metabolic rate by mass in kg0.67 (whereby 0.67 or 
�

�
  is the mass exponent for 

energy metabolism) in order to normalise basal heat production between different 

sized animals is well established (Taylor et al., 1970; Heusner, 1992; Glazier, 

2008). Nevill et al. (1992) recommend scaling to kg0.67 to normalise for mass in 

maximum oxygen consumption and power output. However, it was noted that 

when the power functions were used to predict running performance, the quality of 

fit was good, but not optimal. In the study of Nevill et al. (1992) maximum oxygen 

uptake expressed in mL.kg-1.min-1 was the optimal predictor of average 5 km 

running speed and peak and mean power output in W.kg-1 were found to be 

optimal at predicting 50 m and 30 s track running speeds respectively. If it is 

accepted that with an occupational fitness test one is trying to predict performance 

on occupational tasks (usually weight bearing), it could be argued that this is 

comparable to predicting 5 km or sprint performance, and hence the body 

denominator should be the entire mass (mL.kg-1.min-1). However, it is not known if 

such an approach is optimal across a range of occupational tasks (e.g. ladder-

climbing, digging, stair-climbing, casualty carrying) or indeed relevant for the 

oxygen consumptions measured during occupational tasks performed at minimum 

acceptable rates whilst sometimes carrying a load (in terms of equipment, clothing 

and or external load). Thus, further research is required when assessing 

occupational tasks. 
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The next consideration concerns which aspect of the data should be taken as 

representative of the minimum demand of the task. The options include the mean; 

mean plus one or two standard deviations, minimum, maximum, or a percentile 

score. The choice is of some consequence and should be justified, because this 

figure will translate into a “Pass” score in the final fitness standard. For example, 

Jamnik et al. (2010a) determined the mean (SD)  ��O2 requirement to undertake 

the most physically demanding and frequently occurring tasks of correctional 

officers to be 39.5 (4.3) mL.kg-1.min-1 based on the experienced female 

participants (n = 36), the minimum ��O2 recorded was 31.0 mL.kg-1.min-1 and the 

maximum was 48.4 mL.kg-1.min-1. It should be noted that the rate at which the 

participants performed these tasks were not standardised. However some inter-

subject variation is likely in any measure of the physiological demand of an 

essential task undertaken at the minimum acceptable rate, even when performed 

according to the MOBP.  

Some have used the mean of the data collected arguing that with normally 

distributed data, this is the point that any new, untested, individual is most likely to 

be closest to (Bilzon et al, 2002; Reilly et al., 2006b; Reilly, 2007). Others (Jamnik 

et al, 2010b) have used the mean minus 1 standard deviation (SD) using the 

justification that this statistically incorporates 83.3 % of the population based on 

those sampled to establish the physical demand. Table 2.6 shows the correctional 

officer data expressed in this way.  

Table 2.6. Example rate of Oxygen uptake data for correctional officers completing 

a job demand circuit (n = 36). 

��O2 (mL.kg-1.min-1) 

Mean minus 
2 SD 

Mean minus 
1 SD Mean  Mean plus  

1 SD 
Mean plus 2 

SD 

30.9 35.2 39.5  43.8 48.1 

 

Choosing a lower value (e.g. minimum or mean-1SD) will result in a lower “Pass” 

value in the final fitness test, a consequence will be that some individuals may be 

able to pass the fitness standard but not have the necessary physical capacities to 

perform a critical task to the minimum required standard. Choosing a higher value 

(e.g. maximum or mean+1SD) will result in a higher “Pass” value in the final fitness 
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test and result in some individuals with the requisite physical capacities being 

denied employment.  

Determine the safe relative workload  

Prior to determining the tests that will constitute the final fitness standard, it is 

important to decide what percentage of an individual’s maximum capacity 

performing an essential task, at the minimum acceptable, rate should represent. It 

would be unreasonable for an individual to be working at their maximum physical 

capacity in order to achieve a minimum acceptable work rate. For some activities 

(whole body work) this percentage has already been recommended, but the 

evidence-base for some of the recommendations is weak, lacking or irrelevant for 

certain occupational activities (e.g. valve turning, digging). In determining this 

percentage consideration should be given to the duration of the task and its 

importance. For example, it is permissible to allow employees to work at maximum 

capacity for short durations followed by rest, or in an emergency situation 

(Goldman, 1999). However, it is not acceptable to expect individuals to routinely 

work at their maximum capacity, to do so will result in fatigue, with a consequent 

decrement in performance and a potential increase the likelihood of accidents (e.g. 

trips and falls [Parijat & Lockhart, 2008]).  

A figure of a maximum of 40 % maximum muscle strength has been suggested for 

repetitive muscular activity (HSE, 2004). Åstrand and Rodahl, (1977) reported that 

an isometric muscle contraction can be maintained at 50 % for about one minute 

before a rest is required. The HSE guidelines (2004) state that loads should be 

reduced if a task is repeated, for example, a reduction of 30 % is recommended if 

the task is repeated once or twice a minute, a 50 % reduction for five to eight times 

a minute and 80 % where the task is repeated more than 12 times a minute. 

Carrying capacity is also recommended to be reduced by 30 % after carrying a 

load further than 10 m, and when the task is performed more frequently (Mital et 

al., 1997). Standards have also been provided for maximum weights that should 

be in different positions and for different individuals (Nelson et al., 2008).  

However, there is a lack of similar data or recommendations for discrete tasks 

such as stair-climbing or climbing a ladder. Thus, to ensure a worker can complete 

that task without becoming exhausted and be able to go on to do other tasks, what 

percentage of maximum aerobic capacity (��O2max) should a task equate to? The 
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data on the percentage of ��O2max that is sustainable is not clear for specific 

occupational tasks.  

One way in which a suitable percentage could be determined is the use of 

physiological principles. That is the percentage of ��O2max that individuals can work 

at for a prolonged period is linked to fatigue caused, in part, by the accumulation of 

lactate in the muscle as individuals increasingly employ anaerobic pathways to 

support work of longer durations (Gastin, 2001). During exercise blood lactate 

accumulates, this has led the lactate threshold theory, which has been defined as 

the highest level of oxygen consumption or exercise workload with less than a 1 

mM.L-1 increase in blood lactate over pre-exercise levels (Weltman et al., 1989). 

Although the lactate threshold is no longer considered by some as a precise 

indicator of the anaerobic activity or capacity of a muscle, or even the primary 

cause of fatigue (Davis, 1985; Westerblad et al., 1997), the accumulation of lactate 

in the blood is related with fatigue in humans and can provide a means of gauging 

the severity of exercise relative to an individual’s physiological limit (Brooks, 1985).  

To some, an increase in blood lactate of 4 mM.L-1 equates to the maximum 

exercise intensity that a person can sustain for a long duration and therefore 

aerobically (Yoshida et al., 1987). For healthy, untrained individuals blood lactate 

concentration will begin to rise in an exponential fashion when they are working at 

approximately 55 % of their ��O2max (Davis et al., 1979). A similar exponential rise 

is seen in trained individuals, with the exception that the blood lactate threshold 

occurs at a higher percentage of ��O2max. For example, trained endurance athletes 

have been found to be able to exercise at between 80 % and 90 % of their ��O2max 

without significant elevations in blood lactate (Wasserman et al., 1981; Whipp, 

1994; Tschakovsky & Hughson, 1999).  

The importance of the anaerobic threshold has been suggested to determine if an 

individual has enough cardiopulmonary reserve to perform his/her job over the 

working day (Davis, 1985). This principle may assist in the contextualisation of the 

recommendation by Åstrand and Rodahl (1986), shown below. Accordingly the 

metabolic cost of the occupation should not exceed the individual’s metabolic 

threshold (Davis, 1985). Åstrand and Rodahl (1986) suggested that individuals 

continuously undertaking physical activity for an eight hour shift should only be 

working at 30 % to 40 % of their ��O2max.  However, this is not representative of a 

number of occupations where the physical workload is condensed into short 



75 
 

periods of high intensity activity. Doolittle et al. (1988) stated a suitable percentage 

of ��O2max for electrical transmission line-workers, working on pylons would be 55 

% of ��O2max due to the intermittent nature of the task.  This was one of the earliest 

papers to recommend a higher percentage of ��O2max than the previously stated 30 

% to 40 %, based on the rationale that the aerobic demand was intermittent 

through the day and thus individuals should be able to sustain a higher percentage 

than the 30 % to 40 % recommended by Åstrand and Rodahl (1986).  

Bilzon et al. (2001) recommended work rates that elicited no more than 80 % of 

��O2max for the essential tasks of the Royal Navy; this figure was based on the early 

work of Bink, (1962) and Louhevaara et al. (1986). Louhevaara et al. (1986) 

proposed an equation to calculate maximum work time (WTmax) based on the 

percentage of ��O2max (WTmax = 174.71 - 1.89 %[��O2max], r = 0.64). This equation 

was derived from the early theoretical model proposed by Bink (1962), and 

additional data points collected from various experiments (cited in Louhevaara et 

al., 1986). Based on this equation, 80 % ��O2max would equate to an approximate 

maximum work time of 23.5 minutes. Whilst this may be a valid method for 

determining the percentage of maximum work rate and work durations, the 

equation only explains 41 % of the variation in work time. From the data presented 

in the original paper it is not possible to determine the validity of the equation, or 

the limits of agreement and error within the measurement. It seems that this 

approach includes as many inherent assumptions and compound errors as 

alternatives, such as the use of the “anaerobic threshold”. 

Gledhill and Jamnik (1992) recommended working at 85 % of ��O2max for fire-

fighting tasks. This figure originated from the work of Åstrand and Rodahl (1970) 

who presented a graph (Figure 2.1, removed from all later editions) based on four 

participants and a ‘‘few observations showing approximately the percentage of a 

subject’s maximal aerobic power he can tax during work of different duration, and 

how this is affected by his state of training’’ (Åstrand & Rodahl, 1970, pg 292). 

From this graph, it is suggested that an ‘‘untrained’’ individual (n = 1 in Figure 7.9) 

can work for 15 to 20 minutes at 85 % of his ��O2max. This example is given simply 

to illustrate that, in some cases, conclusions and consequent standards have been 

based on limited foundations. 
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Figure 2.1. ‘‘A graphical illustration based on a few observations showing 

approximately the percentage of a subject’s maximal aerobic power he can tax 

during work of different duration, and how this is affected by his state of training’’ 

(Åstrand & Rodahl, 1970, pg 292). 

The general consensus is that energy expenditure should be less than 30 % to 35 

% ��O2max over an eight hour shift (Bink, 1962; Åstrand & Rodahl, 1977; 

Louhevaara et al., 1986; Goldman, 1999). For occupations where the tasks are 

intermittent it has been suggested that the percentage of ��O2max for sustained 

work may be increased (Bink, 1962; Louhevaara et al., 1986; Doolittle et al., 1988; 

Bilzon et al., 2001). Based on the work of Bink, (1962); Louhevaara et al. (1986) 

intensities of 50 % ��O2max can be maintained for approximately 80 minutes, 60 % 

��O2max for approximately one hour and 70 % ��O2max for approximately 40 minutes. 

Goldman, (1999) recommends that working at 60 % ��O2max can be maintained for 

approximately an hour, 85 % ��O2max approximately 15 minutes and 100 % just 

minutes.  

Finally, there is also an implicit assumption when quoting blood lactate figures and 

percentages of ��O2max, that the tasks being considered are utilising a large 

percentage of the available muscle mass in continuous activity. With some 

occupational tasks this a false assumption (e.g. upper limb continuous tasks such 

as valve turning); as the percentage of muscle mass contributing to a task 

decreases, so does the validity of using oxygen consumption, percentages of 

oxygen consumption and blood lactate to define that task and the fitness standard 

required to undertake it. 
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There remains scope for additional work to determine the percentage of a task-

specific ��O2max at which it is reasonable to work, for a given period of time, for a 

range of occupational tasks with associated clothing, equipment and in a range of 

environments.  

 

Designing a fitness standard 

Having determined the physical attributes and requirements of the essential tasks 

the focus of this section will be to discuss the next stage in the development of a 

fitness standard; determining the tests that will constitute the standard and setting 

the “Pass” and “Fail” criteria for these tests.  

In the early part of the last century it was presumed that large males were best 

suited for the rigorous work of the North American police force, thus arbitrary 

height and weight standards were used to select these males. These requirements 

were removed as agencies realised that this selection method was discriminatory 

and that individuals that were smaller in stature were also capable of performing 

the work. This led to an attempt to develop an objective, realistic and non-

discriminatory assessment of police work and provided the impetus for the 

development of physical ability tests (Bonneau & Brown, 1995).  

Several methods have been proposed for determining suitable performance levels 

that would constitute the final fitness standard, the first of these suggested that 

subject-matter experts perform physical ability tests, complete surveys and provide 

opinions on the minimum test score that would best represent the essential task as 

if it were to be undertaken by a minimally trained applicant; the scores would then 

be averaged to provide “Pass/Fail” performance levels (Biddle, 1993). This method 

was originally designed to set the “Pass/Fail” criteria used in written exams. 

However, the major problem with this method is that it involves no physical or 

physiological measurement of the requirements of the essential task and, as such, 

is solely based on the view-point of subject-matter experts, who may not be 

undertaking these tasks on a regular basis, or could have gained additional skills 

over time that make the task easier to perform. A similar and equally flawed 

approach used the normalised performance of subject-matter experts on physical 

ability tests to produce “normal expectations of acceptable proficiency” (Federal 

Register, 1978). The tests scores were then averaged and set as the acceptable 
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pass mark. This method assumes that 50 % of the subject-matter experts would 

not be suitable to undertake the essential task even though they had successfully 

completed the tasks, thus it is argued whether or not the minimum performance 

level obtained by the subject-matter experts should be used. This method also 

fails to take account of any differences that may be attributed to skill level and/or 

experience. The third option was to use the standard error of the difference 

(standard error multiplied by the square root of two) to determine the furthest score 

away from the mean that is not reliably different. Biddle and Shepherd-Sill (1999) 

gave the example that if subject-matter experts were to run a timed physical ability 

test in 8 minutes with a standard error of difference of 45 seconds, setting a cut-off 

at 8 minutes 45 seconds provides 68 % confidence that a slower score would be 

reliably different, if this was increased to two standard error of difference and thus 

a run time of 9 minutes 30 seconds, one would be 95 % confident that the scores 

were reliably different. However, this method assumes that the mean subject-

matter experts’ score represents the normal workforce. This method, as with the 

others, fails to take any measurements of the physical and/or physiological 

demands of performing the essential tasks and therefore should be deemed 

inappropriate for determining the physical selection scores for a fitness standard.  

Many of the selection criteria used in the past by organisations have been 

challenged in court and dismissed as discriminatory because the physical ability 

tests chosen to assess suitability for the job fail to demonstrate how selection 

relates to the job criteria. One such case is that of a female fire-fighter who was 

dismissed after four failed attempts to meet the aerobic standard established by 

the British Columbian government to assess fire-fighting capability. Whilst the 

candidate failed the 2.5 km run time required, she was performing her work 

satisfactorily. The case was finally resolved when the employer was found to be at 

fault, due to the required standards of maximal aerobic power having been based 

primarily on the abilities of elite male fire-fighters. The employer also failed to 

demonstrate a correlation between the required fitness test scores and actually job 

performance, thus failing to demonstrate the validity of the test (British Columbia v 

BCGSEU, [1999] 3 S.C.R.3; Shephard & Bonneau, 2002).     

Thus, activities that constitute the physical ability tests of a fitness standard must 

be either a direct measurement of the task (DTM), an accurate direct simulation of 

the essential task (DTS), or, if it is not possible, to use a measurement or 

simulation, a simple to measure test that adequately predicts performance of the 
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essential tasks. These simple to measure Predictive selection tests (PST) can be 

developed as long as they have been derived from tests that accurately predict 

performance of the essential tasks.  

The use of a DTM or a DTS that can be undertaken in the field is considered to be 

the most valid approach to assessing an individual’s capability to undertake the job 

(Sheppard, 1990). Direct task measurements and simulations have been 

implemented in fitness standards for the fire services of North America, where 

individuals are expected to complete Candidate Physical Ability Test (CPAT) 

which involves the essential tasks of a stair-climb, hose-drag, equipment-carry, 

ladder-raise and extension, forced-entry, search and rescue and finally a ceiling-

breach and pull in a time of 10 minutes 20 seconds to achieve a “Pass” (Williams-

Bell et al., 2009). RNLI boat crews for inshore lifeboats (ILB) are required to 

demonstrate a DTM of a re-board by the stern and use a DTS in demonstrating 

the ability to veer down (Reilly, 2007). All weather lifeboat (ALB) crews are 

required to perform a DTS of a 10 m carry of 20 kg, which is repeated for both the 

left and right hands to simulate carrying a salvage pump, using the MOBP, and 

perform a stretcher carry for 10 m with the resultant load of 35 kg using the MOBP 

(Reilly, 2007). Another example of where DTS have been implemented is the RNLI 

beach lifeguards who are required to lift a 41 kg torso manikin and move 

backwards 10 m, to represent the individual contribution of a two-man casualty lift 

(Reilly et al., 2006a). The most recent fitness standard to incorporate DTS was 

Jamnik et al. (2010b) for correctional officers. This consisted of a simulated cell 

search and an emergency response circuit, involving scaling 4 flights of stairs in a 

60 m run, followed by simulations of an inmate control, wrist restraint, arm 

retraction, and a 40 m manikin drag. Courts have been found to be more 

impressed with this practical test approach, than by careful measurement of the 

equivalent predictive tests, with measures of fitness moving away from the use of 

PST to measure strength and endurance as these tests were thought to measure 

general human ability rather than specific job-related skills (Berkman v. City of 

New York, 1982; Henderson et al., 2007). It should be noted that whilst the use of 

DTS are the preferred method to assess job suitability, it is essential that these 

tests are undertaken using the MOBP, at the established performance level, to 

ensure that standardisation is achieved throughout an organisation (Reilly et al., 

2006b; Reilly, 2007).  
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The use of DTM or DTS enables a strict “Pass/Fail” cut-off to be used, as 

performance is a direct result of the task analysis. High levels of validity and test 

re-test reliability have been found, as long as the simulated work tasks are 

reproduced in a controlled environment (Jamnik et al., 2010b). However, the 

relative workloads that DTM or DTS demand of an individual is not accounted for, 

thus some individuals may be working close to their maximum effort. This has 

been evident in two studies where the workload of the DTS has been too great for 

the participants. Bilzon et al. (2001) reported that 4 of the 15 females that 

attempted to carry a liquid foam drum (load not reported) successfully completed 

the task; the others were unable to complete the task at the desired rate. Whilst 

Gall and Parkhouse (2004) reported that 14 participants were withdrawn from the 

study due to expressed concerns of aggravating or acquiring a musculoskeletal 

injury.  Thus, it is suggested that a PST could be used to ensure that individuals 

are fit enough to undertake further assessments that may employ DTM or DTS 

with the aim of reducing the risk of injury (Reilly et al., 1979; Arnold et al., 1982; 

Jackson & Osburn, 1984; Biddle & Shepherd-Sill, 1999; Rayson, 2000a).   

The level of skill required to perform a DTS must be taken into consideration, as it 

would be unjustifiable to base selection on an attribute that will be obtained whilst 

employed, and be potentially dangerous to untrained individuals (Jackson, 1994; 

Rayson, 2000a). An example of this is the assessment of inmate control required 

as part of the correctional officers’ fitness standard (Jamnik, 2010b); it was 

suggested that the inclusion of such a DTS would only be assessed following an 

introductory training programme.  

It has been suggested that DTM and DTS may not be suitable for use as a 

selection method, as they could prove to be time consuming, expensive, and as a 

consequence, impractical (Arnold et al., 1982; Washburn & Safrit, 1982). However, 

some organisations have managed to build DTM and DTS into existing 

competency training for existing employees/volunteers, consequently reducing the 

time and cost required to train people in the administration of PST, minimising the 

time requirements of potential recruits/employees, and reduce the cost of buying 

additional equipment. This approach has been adopted by the RNLI for existing 

crew members (Reilly, 2007). 
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For tasks that cannot be easily simulated (when DTM or DTS are found to be too 

expensive, time consuming or risk the safety of those taking part), or for the 

indirect estimation of ��O2max, predictive tests are often employed (Arnold et al., 

1982; Washburn & Safrit, 1982). The major advantage of these tests is that they 

are quick and easy to administer. They rely on the relationship established 

between performance on an essential task and some easy-to-measure predictive 

function. 

A PST can be physical tests such as measures of anthropometry; aerobic capacity 

tests, and/or static or dynamic strength tests. From these tests a prediction or 

regression equation can be developed. The strength of the prediction is based on 

the relationship between the essential task and the PST. Rayson et al. (2000a) 

stated that participants must be assessed maximally on both the essential task 

and the PST to obtain the relationship. However, Rayson et al. (2000a) set upper 

limits and cut-offs for the successful completion of the task, which a large 

proportion of the participants achieved. As a result their data were left (negatively) 

skewed; it was therefore unknown whether these results were due to the 

participants reaching their maximum capacity or if they were stopped prematurely. 

If they were stopped prematurely there was no way of knowing what their 

maximum capacity could have been and thus the effect of these cuts offs limited 

the predictive ability and use of the PST.  

To determine the extent to which a PST successfully predicts performance of the 

essential task, one must first measure the degree of association between the two 

variables. The most commonly used method to assess this relationship is the 

Pearson’s product moment coefficient of correlation (also known as Pearson’s r, 

interclass correlation, or simple correlation) (Thomas & Nelson, 2001). One of the 

important assumptions of this method is that the relationship is linear. If two 

variables are unrelated the correlation (r) is approximately zero, with moderate 

relationships being reported between 0.4 and 0.6 and a strong correlation above 

0.7 (Thomas & Nelson, 2001). Thus the strength of the correlation (coefficient of 

determination) determines the percentage of the variance explained by the 

independent measure and is represented as r2. To determine the prediction 

(regression) equation, the performance of the essential tasks and the PST are 

plotted on a scatter-graph, a line of best fit is calculated to predict Y (essential 

task) from the X (PST) scores in a general formula of Y=mX+c, where m is the 

gradient of the line of best fit and c is a constant representing the intercept on the 
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y axis. In some instances where data were found to be heteroscedastic, (increase 

in variance with the expected value), power transformations have been 

investigated as a method of stabilising the variance, with the natural logarithms 

being used instead of a linear regression (Jackson et al.,1984; Rayson et al., 

2000a; Reilly, 2007). 

No prediction is perfect, and thus the difference between the actual and predicted 

scores denotes the error of the prediction and is termed the residual score. 

Multiple regression is applied where there are two or more predictor variables; this 

usually increases the accuracy of the prediction. The multiple correlation 

coefficient (R) indicates the relationship between the criterion (essential task) and 

a weighted sum of the predictor variables. R2 represents the percentage of the 

variance accounted for by the selected measures and is similar to r2. Step-wise 

regression has been considered the most appropriate method in selecting only the 

PST that significantly affect the prediction of performance, as this method only 

selects those variables that have a significant effect on the strength of the 

correlation (Reilly et al., 1979; Arnold et al., 1982; Greenberg & Berger, 1983; 

Reilly et al., 2006b; Reilly, 2007). Other methods used to reduce the number of 

predictive tests needing to be implemented used factor analysis to establish the 

multicolinearity of the proposed tests (high correlation between two predictive 

measures)  to determine the impact of their inclusion (Rayson et al., 2000a).  

Numerous authors have studied the ability to predict performance using PST. 

Arnold et al. (1982) examined the relationship of between a variety of PST and the 

essential tasks of selecting steel workers (e.g. moving 491 lbs [222.7 kg] bags, 

wheel-barrowing, shovelling slack), as it was felt necessary to find tasks that would 

substitute the DTS with tasks that were safe and relatively quick and inexpensive 

to administer. The work concluded that successful completion of the essential 

tasks required general rather than specific physical abilities and that the primary 

emphasis of the PST should be strength. The static strength of major muscle 

groups was determined using arm, leg and back dynamometers; dynamic strength 

was assessed by the use of leg-lifts, push-ups, pull-ups and squat-thrusts. 

Flexibility tests required participants to touch their toes and then twist to touch a 

spot directly behind their back. Balance was assessed by asking participants to 

stand and maintain balance on a wobble board. Finally aerobic endurance was 

measured using the Harvard step-test (Arnold et al., 1982). These performance 

tests were correlated and used to predict performance of 12 essential tasks across 
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three sites of work. Ladder-climbing and sledge hammering were the only 

essential tasks that were found to have low correlation with the PST. This could 

have been due to the specific coordination and skill requirements of these two 

tasks.  

Arnold et al. (1982) demonstrated that a single measure of static strength of the 

arm was found to correlate with 92 % of the essential tasks at a correlation above 

0.4, with 71 % of the essential tasks achieving a correlation above 0.6. The arm 

dynamometer was also found to be the highest correlating PST (mean of 0.84) 

with the three composite measures of performance. However, it is unclear from the 

Arnold et al. (1982) article what these three composite measures were in terms of 

essential task performance. Multiple regression using more than one PST was 

found to have no significant advantage to using just arm dynamometry to predict 

essential task performance, and thus arm dynamometry was considered the 

suitable assessment for selecting steelworkers. It is somewhat surprising that only 

one of the PST was considered to be applicable in the screening of steelworkers; 

however, it could be due to the high interclass-correlations reported within PST 

data.  

A similar study assessed the use of isometric strength tests (back-lift, arm-lift and 

grip-strength) for predicting performance in physically demanding tasks such as 

roof bolting, bag carry, block carry and shovelling) (Jackson et al., 1984). The 

study found a curvilinear response when predicting performance of the physically 

demanding tasks from isometric strength, a log transformation was used to enable 

performance to be predicted from total isometric strength. This is a method that 

has been used by studies where an exponential trend has been found in the data 

(Rayson 2000a; Reilly, 2007) as mentioned previously. What the study by Jackson 

et al. (1984) demonstrated was that an isometric strength PST demonstrated 

moderate (0.67) to high (0.83) correlations with activities such as manual handling. 

Thus, it is reasonable and justifiable to use simple isometric strength assessments 

to predict manual handling capacity. This is further supported by a meta-analysis 

of 1,364 individuals carried out across industries such as law enforcement, fire and 

rescue, pipeline construction, and maintenance workers, which indicated that 

isometric strength tests of grip, shoulder, arm, and back strength were valid 

predictors of job performance and suitable to use as performance indicators 

(Blakley et al., 1994).  
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In the design of the fitness standards for the RNLI, back-strength, grip-strength, 

grip-endurance (10 s and 30 s) and anthropometric measurements (Table 2.7) 

were found to predict the essential tasks of lifeboat crew (Reilly, 2007). Whilst 

multiple regression found the strongest predictions of performance to be obtained 

from the combination of PST, it was decided that each PST would be assessed in 

isolation of each other. This was to exclude instances where a weakness in one 

PST may be hidden or compensated for by the combination of the other PST 

(Reilly, 2007).  

Table 2.7. The best predictors of the essential tasks associated with In-shore 

Lifeboat (ILB) and All weather Lifeboats (ALB) crews (Reilly, 2007). 

Essential Task Boat Type Fitness tests R2 

Salvage pump lift  
(n = 37) ALB 

• Back-strength 
• Wrist circumference 
• Hand length 

0.67 

Casualty handle  
(n = 37) 

ALB 

• 10 s right grip endurance 
• Triceps strength (nose 

height) 
• Chest circumference 
• Arm length 
• Forearm circumference 

0.78 

Man over board 
recovery  
(n = 35) ALB 

• 10 s right grip-endurance 
• Waist circumference 
• Biceps circumference 
• Percentage body fat 

0.51 

Anchor recovery time 
(n = 28) 

ILB 

• Back-strength  
• Maximum grip-strength 
• Triceps strength (nose and 

waist height) 
• Shoulder circumference 

0.74 

Anchor freeing  
(n = 28) 

ILB 

• Left hand maximum grip-
strength 

• Back-strength 
• 30 seconds grip-endurance 
• Biceps circumference 

0.67 

Man over board 
simulation  
(n = 27) 

ILB 

• Triceps strength (nose 
height) 

• Biceps strength (90o)  
• Hip height 
• Biceps circumference 
• Lean body mass  

0.82 

 



85 
 

In determining the suitability of individuals to undertake essential tasks with an 

aerobic requirement, cardiovascular fitness must be assessed. Cardiovascular 

fitness can be determined by directly measuring ��O2max through standardized 

laboratory procedures, or estimated using a sub-maximal test such as the bleep 

test, Cooper’s 1.5 mile run, the Rockport Walk or a step test (Armstrong, 2006). 

The method used by organisations to predict aerobic performance should be valid 

and reliable, easy to administer, robust, achievable at many work places, and be 

low impact (easy to undertake) (Reilly, 2007). These requirements exclude the use 

of maximal tests and tests requiring expensive equipment such as treadmills or 

bicycle ergometers and high levels of skill.  

The intensity of work performance and cardiac output have been shown to relate 

to oxygen uptake, with heart rate increasing linearly with work intensity during 

graded exercise tests (Nagle et al., 1965). Thus sub-maximal tests, such as a step 

test, have used the linear relationship between heart rate and ��O2, to predict 

��O2max and estimate aerobic fitness. Some step tests have used the relationship 

between recovery heart rate and cardiovascular fitness (Marley & Linnerud, 1976; 

Chatterjee et al., 2005), which suggests that individuals with a higher ��O2max have 

a lower post-exercise heart rate, due to lower heart rates during standardised 

exercise at a given absolute work rate and a greater rate of recovery after exercise 

(Darr et al., 1988).  Since the use of the Harvard Step Test during World War II as 

a selection measure for combat officers (Heath et al., 1943), step tests have been 

widely used to measure physical fitness.  The Harvard step test has been shown 

to have a high interclass-correlation with strength tests such as assessments of 

static back strength (0.67) and combined static strength (arm, leg and back, 0.62) 

(Arnold et al., 1982). Since its introduction a number of modified tests have been 

introduced changing the height of the step and/or step rate to ensure that the 

measurement of aerobic capacity is not limited by local muscle fatigue (Montoye et 

al., 1969). Step tests have generally been adopted into occupational settings for 

assessment of aerobic fitness as they are relatively safe and suitable for the 

assessment of people aged 19 to 70 (Siconolfi et al., 1985).  

The Chester step test was originally designed to predict ��O2max for fire brigades in 

Britain, Europe, USA and Asia (Sykes & Roberts, 2004) and is currently used by 

airport fire-fighters, ambulance services, health authorities and corporate 

institutions (Buckley et al., 2004), including the oil and gas industry’s emergency 
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response teams (ERT). Unlike many other step tests, the Chester step test uses 

an incremental exercise procedure, whereby an initial step rate of 15 steps.min-1 is 

set for the first 2 minutes which is then increased by 5 steps.min-1 in 2 minute 

stages thereafter, until participants reach 80 % of age-estimated heart rate 

maximum (Karvonen et al., 1957 [220 – age]) and/or a rate of perceived exertion 

(RPE) of 14 on Borg’s 6 to 20 scale (Borg, 1982). The study based a prediction on 

68 participants (n = 47 males; n = 21 females) aged 18 years to 52 (the 

frequencies of the distribution are unknown) across a range of fitness levels (25 

mL.kg-1.min-1 to 68 mL.kg-1.min-1, distribution unknown), aerobic capacity was then 

predicted by plotting the exercise rates, drawing a visual line between the data 

points and projecting the line up to a maximum heart rate and estimating the 

corresponding ��O2max. A high overall correlation was found (0.92) between ��O2max 

and the results of the Chester step test with a regression equation ��O2max = 0.964 

x 1.007(Chester step test score). The higher correlation reported for females 

(0.95) than males (0.87) could be a consequence of smaller participant numbers in 

females with less diversity in factors such as age, height, and mass. Sykes and 

Roberts, (2004) concluded that the Chester step test was shown to be a valid tool 

in the estimation of ��O2max within this group. Furthermore, it was reported that due 

to the small error of measurement (3.9 mL.kg-1.min-1) that this method was 

sufficiently sensitive to detect changes in increases in aerobic capacity greater 

than 3.8 mL.kg-1.min-1 and losses in aerobic capacity or greater than 5.2 mL.kg-

1.min-1 from the base line measurements.  

Subsequently, Buckley et al. (2004) re-examined the reliability and validity of the 

Chester step test on 13 participants (n = 7 male; n = 6 female). One of the main 

assumptions underpinning the Chester step test is that the relationship between 

��O2 and heart rate is linear in relation to increments in exercise. However, a 

significant difference that was demonstrated between actual and predicted heart 

rate maximums (Buckley et al., 2004). Thus it was concluded that the validity of 

the prediction was questionable with error rates ranging between 11 % 

(overestimation) and 19 % (underestimation) which is considered suitable 

sensitivity for health promotion, but not for employment decisions; the Chester 

step test was found to be reliable on a test re-test basis (Buckley et al., 2004).  
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Since its introduction the Chester step test has been modified to allow step height 

to be determined by an individual’s age and training history, although, such 

changes have not been validated or reliability assessed (Buckley et al., 2004). The 

Chester step test has a number of potential sources of error. The first is that a 

visual line of best fit is used rather than a calculated line of best-fit. Second is the 

error associated with using a predicted heart rate maximum (PHRM) rather than 

actual heart rate maximum (HRM) and thirdly, is the assumption that the 

relationship between heart rate (HR) and ��O2 remains linear as exercise intensity 

increases, whereas this relationship has been found to be curvilinear at exercise 

intensities near exhaustion (Buckley et al., 2004). 

One study has shown that the accuracy of PHRM ranged from 47 % to 69 % for 

the men and women (Whaley, 1992). Data from the study revealed that older 

individuals commonly exceed the PHRM (Whaley, 1992). Whaley (1992) also 

found that including information about age, smoking habits, body weight, and 

resting heart rate, helped to identify those who differed significantly from the 

PHRM.  

In addition the introduction of a variable step height means that organisations have 

to cater for this with additional equipment and have to subjectively choose which 

step height is suitable for assessing individuals, failure to do so may result in 

participants not achieving sufficient data points to obtain a prediction. The 

methodology for this step test appears to be more time consuming and 

complicated for testers to deliver than other steps tests. Also, the requirement of 

the test is to have individuals working at 80 % of their PHRM, which may place 

some individuals under considerable physiological strain, particularly if they have 

low fitness levels.       

The Queen’s College step test is a variation of the Harvard step test that requires 

individuals to step up and down at a rate of 24 steps.min-1 for males and 22 

steps.min-1 for females, using a 41.3 cm step. The participants have to step for 

three minutes stopping immediately on completion of the test; heart beats are 

counted for 15 seconds from 5 to 20 seconds of recovery whilst the participant 

remains standing. This 15 second recording is then multiplied by 4 to convert heart 

rate into beats per minute (beats.min-1) which is used to estimate ��O2max. It should 

be noted that the reference quoted as providing the original data for both 

equations in Chatterjee et al. (2004) and McArdle et al. (2007) is McArdle et al. 
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(1972). However, this study only describes the establishment of the female 

equation.  It is therefore unclear where data for the prediction of male ��O2max 

originated from. An attempt has been made to contact the authors of the original 

referenced article, but no response has been received. The original paper 

determined the relationship based on 41 college women in their twenties. A 

correlation of 0.75 was found between ��O2max and heart rate using the equation 

��O2max (mL.kg-1.min-1) = 65.81 - 0.1847 x heart rate (beats.min-1). Thus accounting 

for 56 % of the variability within the aerobic capacity scores predicted by the heart 

beat score post-step test. It should be noted that the paper reports 58 %, however 

it is thought this is a typographical error as the r value of 0.75 equals an R2 of 0.56. 

A validation of the Queen’s college step test was undertaken with 30 young Indian 

men in their twenties using the prediction equation ��O2max (mL.kg-1.min-1) = 111.33 

- 0.42 x heart rate (beats.min-1). This equation was reported to predict ��O2max with 

an accuracy between -0.092 to 1.012 mL.kg-1.min-1 (Chatterjee et al., 2004; 

McArdle et al., 2007). However, based on the findings of this study a more suitable 

equation (��O2max (mL.kg-1.min-1) = 53.23 - 0.09 x heart rate (beats.min-1), was 

derived yielding a correlation of 0.96 (Chatterjee et al., 2004). Both these studies 

showed that whilst strong correlations were found, they were derived from specific 

populations of participants in their twenties, of similar fitness and ethnicity. 

Therefore these prediction equations would not necessarily be a valid tool in the 

prediction of ��O2max in any population other than those originally assessed.  

The Forestry step test, also known as the Sharkey step test, or the Åstrand-

rhyming step test, was first developed for use within the USA forestry commission 

in 1968 (Marley & Linnerud, 1976). This is a five minute test, with different step 

heights for males (40 cm) and females (33 cm), with both tests conducted at a rate 

of 22.5 steps.min-1. A pulse count is recorded between 15 to 30 seconds post-

exercise. The calculation of ��O2max is made from Tables using body weight, age 

and post-exercise pulse count (Marley & Linnerud, 1976). Based on early studies, 

the step test was reported to be valid and reliable; however, the data to support 

these claims could not be accessed (Sharkey, 1974 cited in Marley and Linnerud, 

1976).   

The aerobic standard for the RNLI was set to reinforce health benefits of aerobic 

fitness and to help in the prevention of cardiac events in response to the stress of 

the call to an emergency (Reilly, 2007). Whilst a task-based ��O2max score was not 
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used to set the aerobic standard, a level was set to ensure that crew members had 

adequate underlying cardiovascular fitness; this was based on the work of Blair et 

al. (1996) that found moderate fitness seemed to protect against the influence of 

these other predictors on mortality. The minimum standard adopted was set at 

achieving a “poor” category based on the use of the Tecumseh step test (Montoye 

et al., 1969) as research showed this was the least demanding when compared to 

the Queen’s and Forestry step tests (Reilly, 2007). It was also less likely to cause 

local muscle fatigue due to the low step height (20.3 cm) and step rate (24 

steps.min-1), which is the same for males as it is for females. It was also found to 

be the most preferred by participants (Reilly, 2007). The Tecumseh step test 

classifies individuals based on percentile ranks as having: outstanding, very good, 

good, fair, low or a poor level of fitness depending on the individuals’ age, sex and 

pulse count score taken from 30 to 60 seconds post-exercise (Tables 2.8 and 2.9).  

Table 2.8. Normative results for males undertaking the Tecumseh step test 

(Montoye et al., 1969). 

Classification 
Age ranges (years) 

20 – 29 30 – 39 40 – 49 50+ 

Outstanding 34 – 36 35 – 38 37 – 39 37 – 40 

Very Good 37 – 40 39 – 41 40 – 42 41 – 43 

Good 41 – 42 42 – 43 43 – 44 44 – 45 

Fair 43 – 47 44 – 47 45 – 49 46 – 49 

Low 48 – 51 48 – 51 50 – 53 50 – 53 

Poor 52 – 59 52 – 59 54 – 60 54 – 62 
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Table 2.9. Normative results for females undertaking the Tecumseh step test 

(Montoye et al., 1969). 

Classification 
Age ranges(years) 

20 – 29 30 – 39 40 – 49 50+ 

Outstanding 39 – 42 39 – 42 41 – 43 41 – 44 

Very Good 43 – 44 43 – 45 44 – 45 45 – 47 

Good 45 – 46 46 – 47 46 – 47 48 – 49 

Fair 47 – 52 48 – 53 48 – 54 50 – 55 

Low 53 – 56 54 – 56 55 – 57 56 – 58 

Poor 57 – 66 57 – 66 58 – 67  59 – 66 

It would appear based on the evidence above that this is the most suitable step 

test to use in the assessment of working individuals. However, no reference was 

found that predicts ��O2max from either heart rate score taken during or after the 

test. Therefore if this step test is to be used in the prediction of aerobic standards 

there is a requirement to determine an appropriate prediction (regression) 

equation.  

An alternative test option that replicates a similar level of exertion is required for  

those individuals on medication that is known to affect heart rate, as this will 

invalidate the use of predictions using this method e.g. beta blockers, calcium 

channel blockers and diuretics, that all lower heart rate (Siconolfi, 1985; Buckley et 

al., 2004).  

Walk tests have been used as a quick and inexpensive measure of physical 

function (Enright & Sherrill, 1998). The use of walk tests has been mainly 

examined within population groups suffering or recovering from illness or disease 

(Mercer et al., 1998; Solway et al., 2001). Reilly and Tipton (2010) proposed the 

use of a six-minute walking test as a valid alternative assessment of aerobic 

fitness, demonstrating a significant correlation (r = 0.81) between six-minute walk 

times and Tecumseh step test performance. It was also suggested that the 

exercise intensity associated with the walk test was not excessive as the mean 

distance covered during the test (690 m) resulted in a 30 s post-exercise pulse 

count of 60 beats. It appears reasonable that if the Tecumseh step test is found to 
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be a valid and reliable measure of aerobic fitness that the six minute walk test be 

used as a valid alternative.    

In summary, the method used by organisations to predict the performance of 

essential tasks should be: easy to administer, robust, achievable at most work 

places, and be low impact as well as easy to undertake. The use of a PST as a job 

qualification criterion needs to be defensible in terms the extent that the PST 

constitutes an accurate simulation of the physical actions required by the essential 

task (Anderson et al., 2001).  

As previously mentioned DTM or DTS could be assessed using simple “Pass/Fail” 

criteria. However, this method is not suitable for PST that are based on predicted 

performance due to the inherent error of predictions. Wasburn and Safrit (1982) 

classified PST as decision tests and set cut-off scores based on the relationship 

existing between essential task and the PST. To validate the test cut-offs, a 

sample is required to undertake both the essential task and the PST; participants 

are then classified using Table 2.10. If the PST cut-off criterion has been selected 

appropriately, only a small proportion of the sample should be misclassified as not 

fit enough when they are fit (false negatives) or fit enough when they are not fit 

(false positives).  

Table 2.10. Classification diagram adapted from Washburn and Safrit (1982).  

PST Result Actual Suitability  

 

 

Rejected 

 

 

Accepted 

Not Suitable                      Suitable 

Correctly 
categorised False Negative 

False Positive Correctly 
categorised 

 

This process also serves as a method of criterion validation which is discussed in 

more detail later in this review. 

An alternative to this approach is to use a prediction interval, similar to a 

confidence interval; the main difference is that rather than relating how well the 

statistic represents the target population either using a 95 % or a 99 % level of 

probability, a prediction interval is a probabilistic estimation as to where future 
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observations will fall, given what has already been observed. The benefit of this 

method is that the inherent error involved with the PST is taken into account with 

the inclusion of a “Borderline” category as well as the “Pass” and “Fail” categories 

(Reilly, 2007).  

Assuming these data are normally distributed, (Figures 2.2 and 2.3), choosing the 

upper 75 % and 99 % an extra 12.5 % is added to the 75 % interval which means 

that assessors can be 87.5 % confident that individuals will not fail a test who are 

capable of passing it, similarly 0.5 % is added to the 99 % interval which means 

that assessors can be 99.5 % confident that individuals will not fail the test who 

are capable of passing it (Figures 2.1 and 2.2). In this way, the 75 % and 99 % 

prediction intervals are used to determine the “Pass” and “Fail” categories. The 

area that exists between the “Pass” and the “Fail” intervals signifies the 

“Borderline” category (Reilly, 2007).   

 

Figure 2.2. Pictorial representation of 75 % prediction intervals. Everything to the 

right of the red line would signify a Pass.  

 

Figure 2.3. Pictorial representation of 99 % prediction intervals. Everything to the 

right of the red line would signify a Pass.  

   0.5 %                          99 %                    0.5 % 

          12.5%            75%           12.5% 
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The percentages chosen reflect the philosophy of an organisation. By using this 

method, and changing the percentages, an organisation can choose to reduce the 

number of people incorrectly denied employment by selecting a higher prediction 

interval i.e. and “inclusive” approach. However, the number allowed employment 

that may not be able to perform to the minimum acceptable standard would 

increase. Lowering the prediction intervals reverses this balance i.e. an “exclusive” 

approach (Tipton et al., 2012).  

 
Validity and reliability of a fitness standard 

Once the measures of physical work capacity have been determined, through 

either DTM, DTS or PST, the next step in producing a fitness standard is to 

validate these measures in a separate study with a different group of participants 

to ensure that the tests are reproducible and measure what they are designed to 

measure (Reilly et al., 1979; Washburn & Safrit, 1982; Hodgdon & Jackson, 2000; 

Vincent, 2005). Validation of a fitness standard provides the scientific justification 

for the test scores, as it is the validity and reliability of these test scores acquired 

by the physical tests that are evaluated, not the selection procedure itself (Society 

of Industrial and Organisational Psychology Inc, 2003).  

Validity can be determined using four methods known as, content, logical, criterion 

and construct validity. Content validity is the “degree to which a test adequately 

samples what was covered by the course” (Tomas & Nelson, 2001; pg. 181). In 

the case of a fitness standard, the “course” refers to the essential tasks.  No 

statistical evidence can be supplied for content validity; however a list of 

specifications and requirements can be produced, in the case of a fitness standard 

the results of the task analysis and the MOBP can be related to the final fitness 

tests. Logical validity, more commonly known as “face” validity is achieved when a 

measurement clearly involves the performance being measured. For fitness 

standards logical validity can be achieved when the task analysis has included 

consultation with subject-matter experts, experienced supervisors and employees, 

and is most apparent when DTS are used as selection tests. Logical validity is 

strongly favoured by the courts when determining a fitness standard, it is 

perceived that a DTS is “job-related”, whereas a PST could appear unrelated to 

the essential task (Henderson et al., 2007). Content validity does not require the 

test developers to carry out criterion-based validation studies (Henderson et al., 
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2007). As with content validity no statistical evidence can be provided for logical 

validity and thus, whilst face validity may be considered important by an 

organisation which wishes to promote the use of a fitness standard, researchers 

tend to prefer a more objective measure of validity (Tomas & Nelson, 2001).   

Criterion validity determines the degree to which the scores of a test relate to the 

recognised standard. There are two types of criterion validity; these are concurrent 

validity and predictive ability. Concurrent validity is usually employed when a test 

is to be substituted by a simple or easy to administer alternative, an example of 

this is the use of indirect assessments of ��O2max (e.g. timed runs or step tests) as 

a valid replacement for the direct laboratory assessment of ��O2max (Siconolfi et al., 

1985; Chatterjee et al., 2004; Sykes & Roberts, 2004; McArdle et al., 2007). The 

rationale for the use of indirect tests is that organisations require a test of aerobic 

fitness which is easy to administer, cheap, robust, and achievable at all places of 

work, thus excluding the use of maximal tests and tests requiring expensive 

equipment. To determine whether a test has concurrent validity the correlation 

between the two methods is assessed; if a satisfactory relationship exists one can 

conclude that the simpler test can be used (Reilly, 1979; Tomas & Nelson, 2001). 

The second type of criterion validity is predictive validity which is especially 

important when predicting the later success of a test, in the case of a fitness 

standard this would be the ability of the selection test to determine the capability of 

an individual to undertake a job. The problem is that a correlation is specific to the 

population it was based on, thus when the prediction equation is applied to a 

different sample; the relationship may not be as accurate, thereby lowering the 

validity coefficient in a tendency known as shrinkage (Tomas & Nelson, 2005). 

One way to assess this shrinkage is to assess the relevance of a prediction 

equation using a new sample in what is known as “cross-validation”.  

Construct validity is a form of validity used to determine the degree to which a test 

assesses a hypothetical construct by relating test scores to a behavioural trait. In 

terms of a fitness standard this means that the PST should measure the same 

constructs as those that underlie the physical performance of the essential task. 

Construct validity also uses correlation to determine relationships between 

constructs e.g. someone with high grip strength scores should also perform well 

during a DTS such as load carriage (Reilly, 2007). Construct validity also uses all 

the other forms of validity discussed above as evidence to support construct-

related validity.  Thus, a fitness test would demonstrate construct validity if it 
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differentiated between those individuals that were capable of undertaking an 

essential task compared to those that were not.  

Reliability can be defined as the consistency of measurements or the absence of 

measurement error (Atkinson & Nevill, 1998) and is integral to validity, as a test 

cannot be consider valid if it is not reliable i.e. if successive trials do not yield the 

same results then the test cannot be trusted. On the other hand a test can be 

reliable yet not valid as demonstrated in an earlier example of the Chester step 

test (Buckley et al., 2004). Many tests have been proposed for the evaluation of 

validity and reliability. The most common methods cited involve the use of 

correlation coefficients and/or the use of difference tests (t-tests, ANOVAs) 

(Atkinson & Nevill, 1998). These assessments should be used with caution as 

correlation coefficient cannot assess systematic biases (trend for measurements 

to be different in a particular direction [positive or negative] e.g. learning effect or 

training intervention). Whilst t-tests and ANOVAs can detect a statistical difference 

between means and therefore detect large systematic bias, no information is given 

about random variation (Atkinson & Nevill, 1998). Other methods involve the use 

of the coefficient of variation (CV), standard error of the mean and limits of 

agreement (LoA) (Bland & Altman 1983; Atkinson & Nevill, 1998). The coefficient 

of variation (CV = [SD/mean]x100) is a dimensionless statistic which permits 

reliability assessment between different measurement tools. Values are often 

arbitrarily set at 10 % or below, this assumes that 68 % of the differences between 

tests lie within 10 % of the mean of the data (Strike, 1991, cited by Atkinson & 

Nevill, 1998) and thus should be used with caution or with other methods. The 

SEM (SEM = SD/√N) is a numeric value that indicates the amount of error that 

may occur when a random sample mean is used as a predictor of the mean of the 

population from which it was drawn, the general consensus is that the lower the 

SEM the more reliable the test. However, how these values are truly interpreted 

remains unanswered within the literature (Vincent, 2005). Bland and Altman plots 

in combination with 95 % limits of agreement are becoming the preferred method 

of reliability analysis as they can be used to judge whether changes in 

performance are real or measurement error, and whether substitute methods are 

sufficiently reliable or not (Bland & Altman, 1986; Atkinson & Nevill, 1998). To 

arrive at a decision of reliability it is recommended that a number of these methods 

are used to determine the effectiveness of the measurement tool on individual 
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cases, the implication of the measurement error and the meaningful degree of 

reliability and validity (Atkinson & Nevill, 1998).  

 

SUMMARY 

In summary, there are a number of reasons for introducing fitness standards into 

the workplace. The primary aim of a fitness standard is to minimise the potential 

for employing physically unfit individuals in physically demanding jobs; this can be 

costly, both in human and economic terms. A fitness standard should ensure that 

an employee is physically capable of completing the essential tasks, to at least the 

minimum acceptable standard, and provide employees and potential employees 

with a target to reach and maintain. This in turn will decrease the potential for 

injury, thereby fulfilling the “duty of care” that is now expected from all employers 

(Shephard & Bonneau, 2002; Reilly, 2007). Selection is therefore based solely on 

ability to complete the task, and therefore employment should be fair, unbiased, 

“sex free”, with retirement age being based on capability rather than an arbitrary 

age (Davis & Dotson, 1987). Additional benefits of the introduction of fitness 

standards into the work-place are that they can provide feedback on the 

effectiveness of rehabilitation and return to work, encourage self-training, self-

evaluation (Anderson, 1981; Rayson, 2000b), and a healthier lifestyle (Blair et al., 

1986), and increase confidence of individuals and teams (Rayson, 2000b; 

Shephard & Bonneau, 2002). 

By setting a valid minimum fitness standard, employers should maximise the 

number of employees who are physically able to complete the essential tasks. If 

the standards are too low, employers will increasingly recruit individuals who are 

incapable of meeting the job demands. If they are too high, a proportion of 

individuals will be rejected, who would have been capable of doing the job. A 

minimum standard should select, as accurately as possible, individuals who can 

perform at least to the minimum requirement of the essential tasks of the specified 

job. Therefore, the following requirements are fundamental to the establishment of 

a minimum fitness standard: 

� The physical tasks should be essential to the successful completion of the 

job. 

� The MOBP to undertake each task must be established and sanctioned by 

the employer.  
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� A minimum acceptable level of performance for each generic, essential task 

must be established and sanctioned by the employer. 

� The physical demands of performing the essential tasks, using the MOBP, 

to the minimum acceptable level should be established and used as the 

basis for the fitness standard. 

The tests that constitute a fitness standard can be direct simulations of a task, in 

which case simple “Pass/Fail” criteria can be applied. If it is not possible to use a 

simulation (i.e. too difficult, too expensive to set up or environments cannot be 

standardised), simple-to-measure tests that predict performance on the essential 

task can be developed. These PST can also be used to ensure that individuals are 

fit enough to undertake the fitness tests that employ simulations (Reilly et al., 

1979; Arnold et al., 1982; Jackson and Osburn, 1984).   

Two consequences arise from the fact that no prediction is perfect. Firstly, 

statistical analyses have to be used with PST to determine the strength of the 

relationship and thus, accuracy of the prediction.  Secondly, simple “Pass/Fail” 

criteria should not be used. Instead, the inaccuracies inherent in the PST are 

accommodated by the inclusion of a “Borderline” category. The divisions between 

“Pass/Borderline/Fail” are determined by calculating prediction intervals (Reilly, 

2007). 

Once developed, a fitness test should be validated in a separate study with a 

different group of volunteers to ensure that the tests are reproducible and 

generally applicable (Reilly et al., 1979; Washburn and Safrit, 1982; Rayson et al., 

2000a).  
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CHAPTER 3  GENERAL METHODS 

 

A number of phases were undertaken to determine the essentials tasks, the 

physical and physiological demands of these tasks, and the DTM, DTS or PST 

that might make up the recommended fitness standards for the MCA and the OGI. 

All phases of the work received ethical approval from the University of Portsmouth 

BioSciences Research Ethics Committee following submission of formal test 

procedures. Written informed consent was obtained from each volunteer prior to 

their participation.  

The methodologies that were similar in all of the studies are described in the 

following sections. Specific methodologies and details about protocols for 

particular phases are presented in the appropriate chapters.  

The approach outlined below was followed for the development of the 

recommended fitness standards for both the MCA and OGI: 

i. Review the tasks requiring a significant physical fitness component (Task 

Analysis). 

ii. Determine the importance of the physically demanding tasks and identify 

those which are essential for success and safe work (Task Assessment).  

iii. Establish the Method of Best Practice (MOBP) for undertaking the essential 

tasks.  

iv. Establish and agree the minimum performance standard for the essential 

tasks (Task Performance) when performed using the MOBP. 

v. Assess the physical and physiological demands of these tasks (Task 

Quantification). 

vi. Design a simple-to-administer minimum fitness standard.  

vii. Validate the work undertaken in i to vi. 

 

PARTICIPANTS 

Participant numbers were decided either by power calculation (G*Power 3.1, 

Dusseldorf) and from previous research (Table 3.1). G*Power 3.1 (Faul, et al., 

2007) is a free stand-alone power analysis programme for a variety of statistical 

tests commonly used in biomedical sciences as well as social and behavioural 

sciences.  
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Table 3.1. Participant numbers (n) calculated using G*Power 3.1 for each study. 

Chapter Study n Sample calculation 
data based on a 

power of 0.8 

Chapter 5A MCA Clarifying the use of Mud Pats vs. 
Mudders (p. 127) 

4 N/A 

 Clarify pulling a Stretcher vs Sled (p. 
127) 

14 Garcin et al. (1996) 
reported a mean (SD) 
of 32.1 (4.3) mL.kg-

1.min-1 to pull 10 kg at 
a speed of 4.7 km.h-1 

compared to 29.5 
(3.8) mL.kg-1.min-1 to 
push 10 kg at a speed 
of 4.7 km.h-1 on a 
treadmill.  

This resulted in a 
estimated n of 17 

 Establishing minimum performance 
standards for mud rescue (p.130) 

40 Based on the same 
prescription as Reilly 
(2007), requiring a 
minimum  correlation 
of 0.6 equated to 26 
participants  

 Establishing minimum performance 
standards for stretcher carrying (p. 
131) 

27 

Chapter 5B OGI Establishing minimum performance 
standards for valve turning (p. 153) 

73 Same n used to later 
calculate PST for 
valve turning (see 
below) 

 Establishing minimum performance 
standards for stair climbing (p. 154) 

29 Based on the same 
prescription as Reilly 
(2007), requiring a 
minimum  correlation 
of 0.6 equated to 26 
participants 

 Establishing minimum performance 
standards for ladder climbing (p. 155) 

42 

 Establishing minimum performance 
standards for ERT (p. 156) 

28 

Chapter 7 Prediction of aerobic capacity (p. 186) 100 Reilly (2007) reported 
an r of 0.31 between 
left hand 10 s grip 
endurance and freeing 
an anchor (this was 
the lowest significant 
correlation reported). 
Based on a potential 
of 1 to 3 predictors a 
predicted sample size 
of 76 to 107 was 
calculated. 

 Prediction of valve turning (p. ) 103 
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Only healthy participants were allowed to take part in the studies. All participants 

completed the standardised Exercise Health History Questionnaire (EHHQ) for the 

Department of Sport and Exercise Science, University of Portsmouth, prior to 

participation. For all participants aged 30 years and older (taking part in maximal 

physical exercise) or those where medical concerns were raised in the EHHQ, 

participation was subject to the approval of an independent physician after medical 

examination. Participants were current employees of the MCA and OGI, the 

general public and the staff and students of the University of Portsmouth. None of 

the employees from either organisation were excluded based on the results of the 

EHHQ. 

 

PARTICIPANT DEMOGRAPHICS 

Mass  

The participants were weighed to the nearest 0.05 kg (Model B150S, Sartorious, 

UK) wearing minimal clothing (shorts, T-shirt and socks), for all laboratory testing. 

For field testing, participants were weighed to the nearest 0.1 kg (UO-300, A&D, 

Co. Ltd, Japan) wearing minimal standard clothing (shorts, T-shirt and socks); this 

measure was then repeated when the participants were wearing the appropriate 

clothing for the essential task being assessed.  

 

Height 

Wearing the minimal standard clothing, the participants stood on the stadiometer 

(Seca Ltd, Leicester, UK) with their feet together. Buttocks, feet and scapulae 

were in contact with the back of the stadiometer and the participant looked directly 

ahead. The slide rule was then lowered until it came into contact with the top of the 

head and stature was read to the nearest 0.1 cm. 

 

Anthropometry  

Subcutaneous fat skinfold measurements were taken at four sites (biceps, triceps, 

subscapular, and suprailiac) using skinfold calipers (Harpenden, UK) in 

accordance with the technique and calculations described by  Durnin & 

Wormersley (1974). Lean body mass and body fat percentage were estimated 

from these measurements.  
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RESCUE MANIKIN 

For all tasks requiring a casualty, a rescue manikin (RAMM, Ogle, UK), weighing 

80 kg was employed.  

 

LOAD CELLS 

The mass of personnel and equipment to be recovered, or the forces required to 

manoeuvre equipment was measured using an electronic load-cell (700 series, 

Biometrics Ltd, Cwmfelinfach, UK). For assessments with the MCA cliff rescue 

personnel, the load cell was positioned in-line between the pulley system and the 

operators, a safety loop was included so that in the unlikely event that the load-cell 

failed (broke), the main load-line would still maintain the load being lifted or pulled. 

Where the load was not supporting a participant, a safety line was not required. 

Data were collected on an electronic logger (Model 2K5 17506, Biometrics, Ltd, 

Cwmfelinfach, UK). The system measures forces up to 250 kg or 2500 N to a 

reported accuracy of better than 0.25 % full scale (Figures 3.1 and 3.2). The loads 

cells were calibrated before and after testing with known calibrated weights (Iron 

bar test weights, MK scales Ltd, UK and Lead block weights, Northan Diver, UK) 

to an accuracy of 0.001 kg.           

                       

Figure 3.1. Load-cell.                                         Figure 3.2. Load-cell data logger. 

MEASUREMENT OF CARDIOVASCULAR AND METABOLIC STRAIN 

The metabolic and heart rate response to each of the essential tasks was 

measured using a Metamax 3B Ambulatory Gas Analysis System (Cortex 

Biophysic GMbH, Germany) and heart rate (HR) monitor (either the team Polar 
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HRM or the RS800 Polar, UK). The steady state metabolic and heart rate 

response to an essential task were calculated by taking the mean score (mL.kg-

1.min-1 and beats.min-1 respectively) during the final minute of exercise for each 

participant. The Metamax was calibrated for each participant using a two-point 

gas, volume and barometric pressure calibration. The Metamax is a portable 

system that samples breath-by-breath in a temperature range of minus 20oC to 

plus 40oC within a range of 500 mbar to 1050 mbar of pressure and 0 % to 99 % 

relative humidity, and has been found to be valid and reliable when working at 

steady state (Medbo et al., 2000). A further pilot study conducted by the staff at 

the University of Portsmouth found reliability of the Metamax 3B to have a mean 

(SD) ��O2 difference of 0.02 (0.22) L.min-1, and 95 % limits of agreement of -0.48 

L.min-1 to 0.38 L.min-1, following two steady state cycles at 150 watts. Validity was 

examined against the gold standard Douglas bag technique during steady state 

cycling at 150 watts. The Metamax 3B was found to underestimate ��O2 by 0.01 

L.min-1 to 0.42 L.min-1 (using 95 % limits of agreement) with a mean ��O2 

difference of 0.22 (0.11) L.min-1.  

 

MEASUREMENT OF STRENGTH 

Grip strength and endurance 

Grip strength and grip endurance sustained over 10 s and 30 s were measured 

using a Precision Dynamometer G100 (Biometrics Ltd, Gwent, UK) which is 

accurate to 0.1 kg (Figure 3.3). Maximum grip strength tests were undertaken 

three times for each hand, allowing 30 s rest between tests of the same hand 

(Douris et al., 2003). The endurance tests were completed once per hand, 

although they were repeated if the dynamometer slipped or was not maintained in 

the correct position for the duration of the test. The dynamometer was zeroed 

before each test; the elbow was at 90 degrees. The hand was not tilted, rested on 

the leg or table, and grip was a maximal squeeze not a snatch (Figures 3.4 & 3.5).  
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Figure 3.3 to 3.5. Precision Dynamometer G100  

The use of computerised grip dynamometers such as the Precision Dynamometer 

G100 have reported test-retest reliability in the range of r = 0.97 to 0.98 

(Shechtman et al., 2003), and the Biometrics system has reported inter-class 

correlations of 0.986 for the left hand and 0.996 for the right hand (Allen & Barnett, 

2011). Inter-rater reliability of r = 0.91 to 0.93 (van Meeteren et al., 2007) and 

measurement sensitivity levels below those detectable with mechanical 

dynamometers (Massy-Westropp et al., 2004). Computerised dynamometry has 

demonstrated moderate to high correlation with categorical measures of upper 

limb function (r = 0.74 to 0.83) (McDonnell 2006; Blennerhassett et al., 2007).  

Static strength 

An analogue back dynamometer (Gaiam, Warwickshire, UK) was used to 

determine isometric arm, back and chest strength according to the techniques 

shown in Figure 3.6. The analogue back dynamometer has a range of 0 kg to 300 

kg and an accuracy of 1 kg. Results have suggested that portable dynamometry 

such as the one used in this study is valid (r = 0.79) for determining back strength 

in field conditions (Coldwells et al., 1994). Arnold et al. (1982); Jackson et al, 

(1984); Blakley et al. (1994) and Rayson et al. (2000) have reported isometric 

strength tests of the chest, arm and back to be valid predictors of job performance.   

Each measurement was repeated three times (a fourth test was included if there 

were any large discrepancies) with a minimum of 30 seconds rest between each 

test and 2 minutes between arm, back and chest tests (Carpenter et al., 2006). 
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i. Back 

• The participant’s back was at 30 degrees (bar mid-thigh). 

• The movement was isolated to straightening the back. 

• Participants were requested not to use their legs or arms 

 and kept these straight at all times. 

ii. Arms 

• The elbows were set at 90 degrees. 

• The movement was isolated to the arms only. 

 

iii. Chest 

• The bar was set to the level of the umbilicus.    

• The movement was isolated to pulling-up. 

 

 

Figure 3.6. Standard static strength positions for the back, arm and chest.  

 

 

DETERMINING MAXIMUM AEROBIC CAPACITY 

The Bruce treadmill protocol (Table 3.2) was chosen as it is one of the most widely 

used treadmill protocols for assessment of V�O2max and is suitable for use by all 

levels of fitness (Kaminsky & Whaley, 1998). Maximal oxygen uptake was 

determined using an online gas analysis system (Cosmed Quark b2, Italy). A 

further pilot study conducted by the staff at the University of Portsmouth found 

reliability of the Cosmed to have a mean (SD) ��O2 difference of 0.12 (0.14) L.min-1 

and 95 % limits of agreement of -0.16 to 0.40 L.min-1, following two steady state 

cycles at 150 watts. Validity was examined against the gold standard Douglas bag 

technique during steady state cycling at 150 watts. The Cosmed was found to 

have a mean ��O2 difference of 0.27 (0.21) L.min-1. Limits of agreement (95 %) 

were for ��O2 were found to be -0.13 to 0.67 L.min-1. Heart rate was recorded using 

a HR monitor (RS800, Polar HRM, UK). The test was terminated on the decision 

of the tester if the participant showed any signs of undue distress, or if the 
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participant felt they were unable to continue safely or they reached volitional 

exhaustion. A ��O2max was determined to have been obtained if a plateau was 

observed in ��O2 with increasing work load. If the plateau in ��O2 was not observed, 

and providing one of the following criteria was met, the highest ��O2 recorded was 

taken and classed as a ��O2peak. The secondary criteria were a maximum HR 

within 10 beats of their predicted (220 – age) maximum HR; a respiratory 

exchange ratio (RER) greater than 1.15. 

Table 3.2. Bruce treadmill protocol for the measurement of maximum oxygen 
uptake. 

 Time Treadmill Speed Treadmill 
Gradient 

Stage (min) (km.h-1) (%) 

I 3 2.7 10 

II 3 4.0 12 

III 3 5.4 14 

IV 3 6.7 16 

V 3 8.6 18 

VI 3 8.8 20 

 

* Table adapted from Cooper & Storer (2006). The protocol may be continued with 

an extra 3 stages in which speed is increased by 0.8 km.h-1 (0.5 miles.h-1) and by 

2 % gradient for each 3 minute stage. For individuals that engaged in, or 

undertook regular physical activity and were competent on a treadmill, the speed 

was started at 4 km.h-1 at a gradient of 10 %. For individuals who were 

competitively running at an elite level the speed was started at 5.4 km.h-1 with a 

gradient of 10 %.  

SUB-MAXIMAL ASSESSMENT OF AEROBIC CAPACITY 

The Tecumseh step test (Montoye, et al., 1969) requires individuals to step for 

three minutes onto and from a 20.3 cm step at a rate of 24 complete movements 

per minute. Immediately after the test the participants were required to sit quietly 

with their arms by their side and their legs uncrossed for one minute. During the 

first 30 seconds post-exercise the assessor orientated themselves in a 
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comfortable position to count the heart beats, palpating from the wrist. The number 

of heart beats during the second 30 seconds (minutes 3.30 to 4.00) of the first 

minute after exercise was used as the test score. Pulse count was checked for 

accuracy using a heart rate monitor during the same time period (RS800, Polar® 

Heart Rate Monitor, UK).  

STATISTICAL ANALYSES 

Statistical analyses were performed using Minitab 15 (Minitab Ltd, Coventry, UK) 

and SPSS 16 (IBM SPSS Statistics, USA). Histograms, Q-Q plots, Skewness and 

Kurtosis were checked to confirm the data were normally distributed.  

 

Correlation Coefficients and Regression 

Pearson’s correlation coefficients were used to evaluate the relationship between 

the essential task and a PST. R2 values were used to determine how much of the 

variance in the essential tasks were explained by the PST. Simple or Stepwise 

regression was used where appropriate, to produce a prediction equation that 

could be used to determine the performance standards of the PST for the 

recommended minimum fitness standard.  

 

Prediction Intervals 

A prediction interval (PI) is a probabilistic estimation of where future observations 

will fall, given what has already been observed (Thomas & Nelson, 2001), and 

were used instead of confidence intervals which are used only to indicate the 

reliability of an estimate. Prediction intervals were used to set the 

“Pass/Borderline/Fail” categories for any PST chosen. The level at which these PI 

were set is discussed in greater detail in the relevant chapters. 

 

Discriminant Analysis 

Having produced a prediction model, discriminant analysis was performed to 

determine how effective the model was at categorising the present sample, i.e. 

individuals that would be predicted a “Fail” when they should “Pass” (false 

negative) and “Pass” when they should “Fail” (false positive) from the model. 
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Validation Methods 

If a PST was selected as an appropriate measure of an essential task in the main 

part of the study, a validation study was undertaken. The validation study was 

performed on a second, independent, cohort of volunteers. The study involved the 

administration of the PST thought to be the best predictor of performance on the 

essential task. Performances on the essential tasks were also measured on this 

second and independent group. 

The predictive ability of the PST was re-assessed with the new group (“validation 

cohort”). The distribution of the performance results of the original cohort and the 

validation cohort were compared. Q2 was the statistic used when the model was 

not directly calibrated to fit the validation group (i.e. determining whether the 

prediction equation formulated for use on one population is suitable for the use on 

another), by using Q2 it was possible to determine whether the validation group 

followed the same distribution as the main cohort of participants (negative values 

indicate that the main cohort of participants were a poor representation of the 

population). Therefore the predicted Q2 was used in a cross validation to assess 

how the results would generalize the validation cohort, and estimate how 

accurately the predictive model would perform in practice (“goodness of fit”). The 

results obtained from the original cohort and the validation cohort when performing 

the essential tasks and PST were compared using two sample t-tests to establish 

if they were significantly different or not. Descriptive statistics were also 

determined for each group (mean, SD, and range). If the results from the 

validation cohort were not found to be different from the original cohort, the 

validation data were incorporated into the original data set (Washburn & Safrit, 

1982). Further validity assessment was undertaken using the coefficient of 

variation (CV), confidence intervals (CI) and limits of agreement (LoA) (Atkinson & 

Nevill, 1998; Bland & Altman, 1986).    
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CHAPTER 4 TASK ANALYSIS AND ASSESSMENT 

 

INTRODUCTION 

The first phase in the development of the fitness standards was to determine those 

tasks which were considered to be essential to the completion of the job. The 

method recommended within the literature to determine these essential tasks is 

“Task Analysis” (Jamnik & Gledhill, 1992; Truxillo, et al., 2004; Taylor & Groeller, 

2003; Reilly, 2007; Payne & Harvey, 2010). As described in Chapter 2, task 

analysis identifies those tasks specific to occupations that are physically 

demanding in nature, and represents those components of a job that are 

considered to be essential to safe and successful for its completion (Greenberg & 

Berger, 1983; Rayson, 2000b; Shephard & Bonneau, 2002; Payne & Harvey, 

2010). The duration of these tasks, the frequency to which they are to be 

performed and the performance difficulty must be determined through both 

objective and subjective analysis (Rodgers, 1988; Jamnik & Gledhill, 1999; Taylor 

& Groeller, 2003; Reilly, 2007).  

Thus, the aim of this first study was to determine the essential tasks of the MCA 

and OGI by reviewing existing standard operating procedures and safety 

regulations, conducting interviews, questionnaires, and observations, and 

participating in those tasks deemed essential (Reilly et al., 1979; Greenberg & 

Berger, 1983; Rodger, 1988; Jackson, 1999; Anderson et al., 2001; Shephard & 

Bonneau, 2002; Reilly et al., 2006a, Reilly, 2007; Jamnik et al., 2010a).  

 

METHODS 

Interviews 

The template used for the interviews were based on questionnaires developed by 

Reilly, (2007). These were amended to be specific for the MCA (Annex A) and 

OGI (Annex B). It was found that rather than distributing the questionnaires to 

individuals, they were better used as templates for interviews and group 

discussions with both organisations.  
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Maritime and Coastguard task analysis 

Task analyses were conducted through: interviews with current members of the 

Coastguard Rescue Service (CRS); observations of Coastguard Rescue Officers 

(CRO) performing tasks; participation in tasks; reviewing operational manuals; and 

discussions with an expert panel comprising of the MCA Technical Rescue 

Consultant, the Assistant Coastal Resource Manager, four experienced Sector 

Managers (SM) and six experienced CROs from across the country. The mean 

time served with the MCA of these individuals was 11 years (minimum 2 years, 

maximum 22 years); they were considered to have the best knowledge of the 

methods, techniques and equipment used during rescues.  The discussions were 

initially held at the MCA training centre Highcliffe (20th to 23rd May 2008). A 

number of the MOBP were established as a result of the task analysis and 

evaluation of standard operating procedures. 

Oil and Gas Industry task analysis 

To determine the essential tasks associated with the OGI, a number of visits were 

made to onshore and offshore facilities (see below). During these visits interviews 

were conducted with employees across a range of jobs (Annex C). Observations 

and some measurements were also made of the loads required to be manually 

handled within the industry.  A number MOBP were established as a result of the 

task analysis and evaluation of standard operating procedures. 

Facilities visited and company employees interviewed in the determination of the 

essential tasks associated with the OGI were:  

• BRENT DELTA – an oil production platform, in the North Sea. Shell (UK) 

Limited. 

• Fawley Oil Refinery –  Exxon-Mobil. 

• Petrofac Training Centre – Aberdeen. 

• BLEO HOLME – Floating Production, Storage and Offlaoding Unit (FPSO). 

Bluewater Services (UK) Ltd. 

• OCEAN NOMAD – a semi submersible drilling platform Diamond Offshore 

Drilling (UK) Ltd. 

  



110 
 

The following were also consulted:  

• BP plc - Leatherhead 

• The Energy Institute’s Occupational Health & Medicine Committee (EI HTC) 

• Chevron  

• Oil and Gas UK (OGUK/UKOOA) 

• Talisman Energy (UK) Ltd  

• Step Change in Safety Partnership 

• Health & Safety Executive (HSE) 

• The CAPITA Group plc 

• Transocean (Global Santa Fe) 

The employees interviewed represented a wide range of occupations (see below), 

and the task demands of a variety of jobs onshore and offshore were examined, 

including (Annex C): 

• Offshore Installation Manager 
• Operations 
• Toolpushers 
• Scaffolders 
• Abseilers 
• Drill crews 
• Drillers 
• Roughnecks 
• Roustabouts 
• Derrickmen  
• Maintenance (mechanical) 
 

• Maintenance (electrical) 
• Processors 
• Platform services 
• Supervisors 
• Stores 
• Hotel Services 
• Deck crew 
• Emergency Response Teams (ERT)  
• Stretcher bearers 
• Medical Department 

 

On the basis of the above, the essential physically demanding tasks and the 

MOBP for the tasks undertaken across the industry were identified. 

Analysis 

The review of existing standard operating procedures and safety regulations, 

interviews and questionnaires, were discussed with the subject-matter experts and 

measurements were made of the forces required to perform a range of tasks. 

RESULTS 

The results of the task analysis are split into two sections. The first section (A) 

details the results of the task analysis performed on the MCA and the second 

section (B) the results of the task analysis for the OGI. Both sections are then 

further sub-divided according to the essential task.    
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Section A: Essential tasks of the Maritime and Coastguard Agency 

The essential tasks were found to lie within three groups of CRO activity: “Search”, 

“Rope Rescue”, and “Mud Rescue”. Rope and Mud rescues were further sub-

divided into “Operational” and “Technical” roles. All members of the CRS are 

expected to perform Search duties and Operational Rope and Mud Rescue tasks. 

Technicians have specific roles within Mud and Rope Rescues and these can only 

be performed by those with the relevant training and competency assessment 

provided by the MCA. 

A1: Search 

During a coastal search, the search team have to walk over beaches and unmade 

paths. The minimum acceptable speed for this activity was determined to be 3.2 

km.h-1 whilst carrying a personal rucksack containing wet weather gear, fluid and 

other equipment deemed necessary by the individual. The weight of this rucksack 

is dependent on the personal items CRO decide to take on the search, but was 

considered to average approximately 5 kg.  

It was recommended that a CRO should be able to walk for one hour before taking 

a short break (approximately 5 minutes). Search operations are expected to be 

maintained for up to four hours in this manner, before a 30 minute meal break is 

provided. No limit was set for the number of search periods (up to 4 hours each) to 

be conducted. One first aid pack (5 kg) would be carried within each search team 

of six. When a casualty is located, a stretcher (9 kg) is brought from the base unit. 

Within the search operation personnel need to be able to carry a stretcher with a 

casualty (Figure 4.1) as part of a four person lift in a six man team. The minimum 

distance to be covered is 200 metres at a pace of 3.2 km.h-1. A CRO is expected 

to be able to lift the stretcher at both the head-end and the foot-end in succession. 

At 200 metres, two of the four-person stretcher team are relieved and the rotation 

continues until the casualty can be placed onto a rescue vehicle. This is to ensure 

that each member of the team does no more than 400 metres lifting, before having 

a 200 metre walking “rest”. This was deemed to be the most physically demanding 

task of search operations. The rescue load was set at 89 kg based on the weight 

of the stretcher 9 kg and an 77 kg casualty, based on the UK average mass of 

males (83.9 kg) and females (70.2 kg) (Whitlock, 2009), plus 3 kg for the addition 

of clothing and walking boots.  
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                           Figure 4.1. Stretcher carry. 

A2: Rope Rescue 

The recommended number of CROs for a rope rescue is eight. To conduct a rope 

rescue, CRO teams must carry the rescue kit (totalling 303 kg) from the nearest 

vehicle access point to the rescue site and set up the rope system. Divided 

equally, this requires each member to carry approximately 38 kg. However, the 

MCA stated that this could be completed in a number of trips. Setting up the rope 

system involves hammering a minimum of four large metal stakes (9 kg) into the 

ground and lifting into place a “quad pod”, which is a self supporting anchor 

(Figure 4.2, 15 kg in a two-man lift) before a series of rope systems are arranged.  

 

                                            Figure 4.2. Coastguard Quad Pod. 

To perform a rope rescue a Rope Rescue Technician (RRT) is lowered down a 

cliff using a variety of systems; all of which incorporate a main line and safety line. 

For an immediate rescue, a RRT can self-descend, although a second RRT must 

be in attendance as a safety line belayer; this type of rescue would only be 

attempted to stabilise a casualty prior to the arrival of a full rope rescue team. 

Normally, the full rescue team assist in lowering the RRT and casualty to safety. If 

this is not possible, they are lifted using a powered winch or hand-haul technique. 
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Lowering a casualty is always chosen in preference to lifting them, provided it is 

safe to do so and there is easy access to the bottom of the cliff.  

The most physically demanding tasks for a rope rescue team were determined by 

the MCA to be manually lifting a technician and casualty up the cliff; the 

techniques used to do this are described below. 

a. Tugger – This is a rope rescue hauler consisting of high efficiency blocks (5:1) 

and low stretch kermantle rope (one complete pull utilises 15 metres of hauling 

line, raising the casualty 3 m before the Tugger is reset). Sufficient personnel 

(usually three) manually haul the RRT and casualty up through the quad pod. This 

is normally achieved by the team hauling the rope hand-over-hand. With the 5:1, 

the hand-haul load is reported to be reduced by up to five times that of the load to 

be lifted, although the distance of rescue rope travel is proportionally up to five 

times longer than the distance the casualty ascends. One pull of 15 m, was found 

to last between 9 s to 11 s with a maximum time of 15 s. The CROs receive a 

short break every time the Tugger needs to be reset, this takes about 30 seconds. 

b. Z-drag – This is similar to the Tugger system requiring three CROs, except the 

efficiency of the system is less, at a reported 3:1. This requires more effort to raise 

the same weight than the Tugger, but lifts the casualty more rapidly, Instead of a 

casualty ascent performed by a hand-haul; CROs are required to walk away from 

the cliff pulling the rope, taking approximately 15 s. 

 c. Safety Line Belayer – For all technical rope-rescues there is a safety line in 

addition to the main rescue line. The safety line is belayed through a self-braking 

descender belay device (a line controller). During descent (RRT or RRT plus 

casualty) the safety belayer compresses the brake release handle to allow the 

safety rope to be dragged down by the load on the line. When a RRT or RRT plus 

casualty are recovered (by powered-winch or hand-haul) the safety-line belayer is 

required to hand-haul the safety line to ensure that it remains nearly taut and at 

the level of the RRT and casualty. The safety-line belayer is not required to haul 

any of the weight of the RRT or casualty, only the weight of the safety-rope yet to 

be recovered. The safety-line does not pass through the quad pod, but instead is 

hauled over the edge of the cliff, over a ground-sheet (to protect the rope). 

d. Line Controller – For all technical rope-rescues, control of the main rescue line 

lies with the line controller using a line controller (the same type of self-braking 
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descender belay device used by the safety line belayer). The line controller has to 

depress the handle on the belay device to release the line and allow the RRT, or 

RRT and casualty, to descend. The line controller does not need to haul on the 

line during lowering or lifting; they need only to depress the belay brake. 

e. Rope Rescue Technicians – The most physically demanding task for the RRT 

was identified as a 2:1 ascent. This is a simple 2 to 1 ratio pulley system used by 

the RRT to self-ascend without any additional assistance. This ability is required of 

all RRTs as part of their technical competencies. 

The physical difficulty presented by a cliff rescue depends, in part, on the slope of 

the terrain. With shallower gradients (up to 40° slope) non-technical rescues are 

possible (e.g. single-line belay), where much of the weight of the RRT (and 

possibly casualty) are borne by the RRT themselves. With steeper gradients (a 

slope greater than or equal to 40°), or a vertical cliff rescue, technical rescues are 

required (e.g. main and safety line belay), and increasingly greater forces are 

placed on the rope and any hand-hauling team. The greatest manual load 

requirement is with a Z-drag vertical lift, where all of the weight of the RRT, 

casualty and equipment is borne on the rope and ultimately by the hand-hauling 

team, although if available a powered winch would be used. 

Two people would constitute the maximum load for a vertical lift, the RRT (97 kg 

fully clothed and equipped) together with a casualty and stretcher. It was agreed 

that the national average adult weight was a sensible starting point to define a 

standard casualty weight including 3 kg of clothing (80 kg). The weight of the 

stretcher (14.4 kg) would also have to be added giving a total weight 191.4 kg. 

A3: Mud Rescue 

A mud rescue team comprises of two Mud Technicians (Figure 4.3) and an 

Operations Team (Figure 4.4) (minimum of four CRO). The Mud Technicians go 

out onto the mud attached to a winch line, pulling or pushing a rescue sled 

(various weights) loaded with rescue equipment. Whilst the operators set up and 

run the land support. When the technicians reach the casualty they dig the 

individual out of the mud. The preferred method of returning the casualty to shore 

is for them to be winched back on the sled. If this is not possible the casualty will 

be evacuated by alternative means. A rescue distance of 200 m has been 

determined to be the maximum distance a mud team would be expected to travel 

before an alternative rescue technique would be sought.  It was suggested by the 
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MCA that this occurs at an appropriate walking speed of 3.2 km.h-1, thus 

completing the 200 m in approximately 3 minutes 45 seconds. 

                         

        Figure 4.3. Mud Technicians.                                Figure 4.4. Mud Operators. 

 

The methods used to extract people from mud tend to have been developed 

locally and no national system of best practice existed prior the current work. The 

existing systems fall into 3 main categories: 

i. Push Sled Teams push-out a rescue sled over mud in a team of two. 

ii. Pull Stretcher Teams pull-out a rescue sled attached to them by a rope and 

harness in a team of two. 

iii. Mud Boards Teams (of two to four CROs) walkout on a series of large flat 

boards (for short range rescues only). 
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Section B: Essential tasks of the Oil and Gas Industry 

Based on the information obtained from the task analysis the essential tasks were 

sorted into four categories. The first three categories are undertaken by all staff, 

whilst the fourth group are specialist employees. 

• Opening and closing valves. 

• Climbing ladders and stairs. 

• Lifting and manual handling (including the use of trolleys and trailers). 

• The Emergency response teams (ERT). 

� Climbing ladders. 

� Pulling a trailer or foam monitor. 

� Stretcher carrying. 

� Hauling equipment up a gantry. 

� Un-rolling and rolling hoses. 

� Fighting fires. 

� Opening and closing valves. 

B1: Opening and closing valves 

There are a large number and wide variety of manually operated valves in the OGI 

(Figure 4.5). Operating these valves is a common routine work task as well as an 

emergency response task. As operators can use a valve key (a lever to reduce the 

effort required from the operator) to ‘crack’2, open or close a valve (Figure 4.6), a 

minimum standard might be inappropriate; operators could always obtain a larger 

valve key to overcome an inability to generate the required torque. In addition, a 

lack of data on the likely force to ‘crack’ a valve means that it was not reasonable 

to define a fitness standard for valve ‘cracking’.  

                   

Figure 4.5. Valve Turning.                        Figure 4.6. Valve turning with a key. 
                                            
2 Apply enough force to ‘crack’ open a valve (i.e. to overcome the initial high resistance). 
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With regard to valve turning, it is not unreasonable to expect an individual to be 

able to turn a valve manually. However, again, due to the availability of a valve key 

an inability to turn a valve manually without a key should not be regarded as a 

reason for denying employment. Nevertheless, the Health and Technical 

Committee (HTC) of the EI thought to be worth examining valve turning ability as 

part of an assessment of potential injury risk. 

B2: Climbing ladders and stairs 

The essential tasks of stair and ladder-climbing (Figures 4.7 and 4.8) are two of 

the main activities performed on a day-to-day basis. Both tasks require gross 

muscular movements. The energy metabolism of these tasks was to be dependent 

on the rate and duration of the task. 

                                 

               Figure 4.7. Stair-climbing.                         Figure 4.8. Ladder-climbing. 

 

Essential task analyses performed at Fawley Oil Refinery established that the 

minimum acceptable pace for climbing a flight of stairs loaded and unloaded 

should be 80 steps.min-1. This was determined by observation, task simulation and 

discussion with employees who undertake these tasks on a daily basis. Stair 

heights were measured around a number of facilities and were found to be 

approximately 19 cm which is the maximum stair height as stipulated by the 

Government Building Regulations (1992). The MOBP for these tasks was 

determined by the health and safety regulations of the sites visited and required 

that one hand remained on the hand rail at all times. 

Ladder-climbing was found to be a routine task undertaken throughout the day. 

This task was found to vary depending on whether or not the employee was part of 

the ERT. It was reported for non-ERT members and ERT not under emergency 
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situations that rest could be taken before, during or after the task. When 

conducted in emergency situations ERT members were required to climb ladders 

before hauling kit up the gantry.  Members of the ERT were expected to climb a 

ladder at a minimum rate of 34 steps.min-1. The rate for non-ERT employees was 

to be set between 17 steps.min-1 and 24 steps.min-1, pending the physical and 

physiological assessment of the task. The MOBP, as stated by the health and 

safety guidelines, was to maintain three points of contact with the ladder at all 

times. 

B3: Lifting and Manual Handling 

Based on the task analyses undertaken onshore and offshore, three loads 

(approximately 10 kg, 20 kg and 25 kg) were frequently measured, reported and 

observed to be manually handled and carried, including up and down stairs 

(Annex C). When carrying loads up or down stairs these must be carried single-

handed to ensure that the other hand is used to grip the hand rail. Discussions and 

observations with experienced employees set the minimum acceptable rate to 

climb stairs carrying a load to be 80 steps.min-1 (the same as climbing stairs 

unloaded). A climbing rate less of than 80 steps.min-1 was reported as 

uncomfortably slow, by all those assessed. As previously stated for ladder-

climbing, these tasks were routinely performed throughout the day, however due 

to health and safety guidelines (HSE, 2004) loads were not to be carried in excess 

of 1 minute without rest.  

B4: The Emergency Response Team 

The essential tasks of the ERT varied across the industry depending on the facility 

and location. Essential tasks ranged from setting up fire-fighting equipment to 

casualty evacuation. The fire-fighting scenarios differed between onshore and 

offshore due to the arrangement and the management of fire-fighting. Further 

differences were: 

i. The use of trailer monitors to transport foam and water these are used 

onshore, but are not available offshore.  

ii. Whether it is the facility ERT members alone, or the local fire service that 

fight a fire. 
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The essential tasks of the ERT were identified as: 

i. Ladder-climbing at a minimum rate of 34 steps.min-1, maintaining three 

points of contact with the ladder at all times.  

ii. Hauling a trailer or foam monitor to the vicinity of a fire. This task was 

specific to onshore establishments and would not therefore be used in 

establishing the fitness standard for offshore facilities. The MOBP for 

performing this task was dictated by the monitor used. A ‘trailer monitor’ 

(Figure 4.9) is a small single-person hand-hauled trailer (approximately 210 

kg) which contains two 30 m hoses (to connect to a fire-main), and a large 

fire hose nozzle which is used to remotely attack large-scale fires, or douse 

potential fire-risks. Once the monitor is pushed into position, connected to 

the fire-main and the nozzle directed, the ERT member can then retreat to 

safety. A ‘foam monitor’ is similar in structure and weight (approximately 

200 kg), but contains a foam supply. Following a series of demonstrations 

of ERT tasks which were video-recorded, it was reported, and evident on 

attempting the tasks, that moving and positioning the trailer monitor was the 

most physically demanding and lengthy task associated with the ERT. The 

user panel at Fawley advised that, although it is desirable to position fire-

fighting equipment as fast as possible (in real events), the on-site policy is 

that all tasks, even ERT tasks, are conducted at walking pace because of 

the large and varied number of trip-hazards, a similar policy operates at 

other facilities. However, it was not clear at what speed individuals should 

walk.                                     

 
                     

Figure 4.9.  Pulling the trailer monitor. 
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iii. Stretcher carrying (two- or four-person lift). Casualty rescue is another role 

of the ERT. This is undertaken as either a two- or four-person lift depending 

on space availability i.e. lifts may be restricted to two persons in a confined 

space. A four person lift is preferred, subject to personnel availability and 

the ability to manoeuvre a stretcher in confined spaces. It was decided by 

the Health and Technical Committee (HTC) of the EI that the load of the 

stretcher be based the weight of the stretcher 9 kg and an 77 kg casualty, 

based on the UK average mass of males (83.9 kg) and females (70.2 kg) 

(Whitlock, 2009), plus 3 kg for the addition of clothing and walking boots.  

iv. Hauling kit (10 kg) up a 10 m gantry and unrolling 25 m hoses. The ERT set 

no time limits in which these tasks had to be completed, it was therefore 

deemed appropriate to include these as practical tests the ERT members 

had to perform as part of a competency-based assessment programme. 

v. Fighting fires. The majority of onshore establishments will call in the county 

fire service to directly fight a fire. For those offshore facilities that do not use 

the county fire service, specific training and fitness standards are already 

implemented, which mirror those used by the Fire Service. 

vi. Valve turning. As stated in the section on valve turning. 
 

DISCUSSION 

A comprehensive review of the available standing operating procedures and 

health and safety regulations was undertaken. Interview methods and discussion 

groups with subject-matter experts highlighted those tasks that were deemed to be 

the most physically demanding tasks of the MCA and OGI in the same fashion as 

previous studies (Reilly et al., 1979; Greenberg & Berger, 1983; Davis & Dotson, 

1987; Rodger, 1988; Jackson, 1999; Anderson et al., 2001; Shephard & Bonneau, 

2002) and MOBP were established in those areas where standard operating 

procedures existed. Participation in the essential tasks was also undertaken by the 

members of the research team as recommended by Davis and Dotson (1987) and 

Reilly (2007).   

Unlike the task analysis performed for other organisations (Doolittle et al., 1998; 

Gledhill & Jamnik, 1992; Osborn, 1976 cited by Bonneau & Brown, 1995; Smith, 

1998 cited by Bilzon et al., 2002; Anderson et al., 2001; Reilly, 2007; Jamnik, et 
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al., 2010a); it was decided not to send questionnaires out to the 

employees/volunteers of the organisations. Instead, as the task analysis 

progressed it was found to be more beneficial to use the questionnaires as 

templates for the interviews and discussion groups that were held with the subject-

matter experts and experienced personnel, and to ask these experts to set up and 

run demonstrations of the various essential tasks.  

The ethos behind the criteria for determining the essential tasks for the MCA and 

OGI were driven by the occupation. The MCA are an emergency service and thus 

adopted criteria based on essential tasks that ensured the safety and well-being of 

the public, fellow workers and the individual, (e.g. stretcher carrying), this is similar 

to the work of Shephard and Bonneau, (2002) with Police Officers, Reilly et al. 

(2006a) and Reilly, (2007) with the RNLI. However, due to the different 

occupations (i.e. regular OGI employees and the ERT) within the OGI, it became 

evident this division formed the ethos behind the criteria for determining the 

essential tasks. The essential tasks for regular OGI employees such as Drill crews 

and Toolpushers, were derived from the most physically demanding activities, 

ensuring an acceptable standard could be met that would not endanger the 

individual, or those working with them or the refinery (e.g. carrying 20 kg up a flight 

of stairs or turning a valve). Whilst the ERT criteria were the same as for the MCA 

in which the safety and well-being of the fellow workers and the individual were 

ensured (e.g. stretcher carrying).   

The essential tasks for the MCA were separated into the three areas of rescue. 

The expectations of CROs during Search duties were determined from existing 

practice. The stretcher carrying aspect of Search was considered to be the most 

complex and strenuous. There was a large volume of existing information 

regarding the techniques and MOBP used during Rope Rescues. The most 

physically demanding task during Rope Rescue was determined, as carrying kit to 

the rescue site, hammering stakes into the ground, and recovering a casualty. The 

physical demands of these tasks are quantified in the next study. Rope Rescue 

Technicians are the only CROs that receive specific technical training that requires 

them to pass a competency based test encompassing the most physically 

demanding and essential tasks associated with being a RRT.  Cliff rescues have 

to be performed on both vertical and sloped faces therefore the physical difficulties 

of the techniques used by Rope Operators (those CROs responsible for manning 

the ropes during a rescue) had to be quantified for both scenarios to determine 
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which is the most demanding. Unlike Search and Rope rescues, there were no 

MOBP in place for Mud Technicians, and the kit used varied across the country, 

thus it was decided that further investigation was required to determine the MOBP.  

The essential tasks of the OGI were found to fall into four categories; opening and 

closing valves; climbing ladders and stairs; lifting and manual handling (including 

the use of trolleys and trailers). The tasks carried out by the ERT included the 

previous tasks plus: stretcher carrying, pulling monitors, hauling kit, rolling out 

hoses and fighting fires.  

Manual handling was found to occur whilst walking on the flat and ascending and 

descending stairs. It was decided that the physiological demand of manual 

handling should be assessed ascending and descending stairs as opposed to 

walking on the flat; due to the increased physical demand associated with carrying 

the same load up and down stairs.  

Whilst is was not possible to quantify specific frequencies and durations of the 

tasks associated with the OGI, it was found that these task were completed 

regularly throughout the working day in conjunction with each other, and other 

tasks not of a physically demanding nature. Rest is permitted as and when the 

individual requires. Therefore it was decided to determine the aerobic demand of 

such tasks as stair and ladder-climbing and set standards based on aerobic 

capacity for the following reasons: 

• Fitness standards assessing similar essential tasks have used measures of 

aerobic capacity to determine the physiological cost of short duration 

activities (O’Connell et al., 1986; Gledhill & Jamnik, 1992; Shwom et al., 

1996; Bilzon et al., 2002). 

• Short duration tasks such as walking and stair climbing are often quantified 

as aerobic tasks (O’Connell et al., 1986; Gledhill & Jamnik, 1992; Shwom et 

al., 1996).  

• By ensuring a sufficient ��O2max individuals would have the capacity to 

perform these tasks without having excessive rest breaks (i.e. before, 

during and after each task). 

 
Following the task analysis, it appeared that there were a number of essential 

tasks that were similar, if not identical, in both the MCA and OGI and existing 

fitness standards that are published in the open literature and presented in Table 



123 
 

2.1 (Doolittle et al., 1998; Gledhill & Jamnik, 1992; Osborn, 1976 cited by Bonneau 

& Brown, 1995; Smith, 1998 cited by Bilzon et al., 2002; Anderson et al., 2001; 

Rayson et al., 2003; Bos et al., 2004; Reilly et al., 2006a; Reilly, 2007). These 

include the requirement to walk, push and pull equipment; manual handling 

various loads and demonstrate the ability to carry a stretcher.  

According to the Health and Safety Executive (HSE) guide “Getting to grips with 

manual handling” (2004), the maximum load to be carried with two hands, close to 

the body, at elbow height is 20 kg for males and 13 kg for females. The 

corresponding maximum loads when carried with the hands at the side of the body 

are 25 kg for males and 16 kg for females. The loads reported by the MCA for 

stretcher carrying and by the OGI for stretcher carrying and manual handling 

exceed those stated by the HSE (2004) guide. The HSE guide (HSE, 2004) is 

based on average male and female data; Miller et al. (1993) reported that small 

males with equal cross sectional area would also face the same strength deficits 

as females. Therefore, the establishment of a minimum fitness standard that is 

unbiased towards sex requires performance to be based on the essential task 

requirement which in these cases exceeds 16 kg. Due to the nature of these tasks 

the loads cannot be modified to reduce the requirement and therefore individuals 

wishing to be a volunteer for the MCA or perform the jobs in the OGI that require 

these essential tasks to be completed must show the ability to handle these loads 

regardless of sex.  

These guideline weights reported by the HSE (2004) are for “infrequent operation” 

(up to 30 per hour) where the pace of work is not forced and employees are able 

to take adequate pauses to rest. It is recommended that these weights are 

reduced if the operation is repeated more often, for example a reduction of 30 % is 

recommended if the operation is repeated once or twice a minute, by 50 % for five 

to eight times a minute, and by 80 % where the operation is repeated more than 

12 times a minute. Carrying capacity is also reduced by 30 % after carrying a load 

further than 10 m (Mital et al., 1997). Therefore these guidelines would be taken 

into consideration when setting the lifting standards.  

CONCLUSION 

Based upon the initial task analysis and assessment, the essential tasks for the 

MCA and the OGI are summarised in Table 4.1: 
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Table 4.1. The essential tasks of Coastguard Rescue Officers and the Oil and Gas 

Industry. 

Organisation Essential Tasks 
Personnel 
required to 

undertake the task 

Maritime and 
Coastguard 
Agency 

Search 
          Walking  
          Carrying a stretcher 
 
Rope Rescue 
          Carrying rescue kit 
          Rescue kit set up 
          Recovery a technician and casualty 

2:1 Self recovery 
 
Mud Rescue 
         Manoeuvre kit across the mud  
         Dig a casualty out 

 
All 
All 
 
 
All 
All 
All 
Rope Technicians  
 
 
Mud Technicians 
Mud Technicians 

Oil and Gas 
Industry 

Valve Turning 
 
Stair-climbing 
 
Ladder-climbing 
 
Manual handling 
 
Manoeuvring a trailer or foam monitor 
        
Stretcher carrying 
 
Unrolling hoses 
 
Hauling kit up gantries 

All  
 
All  
 
All  
 
All  
 
ERT only 
 
ERT only 
 
ERT only 
 
ERT only 

The next phase of this project involved confirming the MOBP, with respect to the 

minimum acceptable rates and loads for the essential tasks. As previously 

discussed, to obtain a standardised physiological cost for the essential tasks, and 

determine a minimum operating standard, a number of key variables (equipment, 

load movement and environment) need to be determined through physical 

measurements (Rodger, 1988; Taylor & Groeller, 2003). Therefore during the 

subsequent phase, the physical and physiological requirements for each essential 

task were to be determined. Thereby establishing a minimum acceptable 

performance level from which a minimum standard could be set.   



125 
 

CHAPTER 5 ESTABLISHING MINIMUM PERFORMANCE                               

STANDARDS 

 

INTRODUCTION 

Having identified the essential tasks of the MCA and OGI it was apparent that 

there was a lack of clarity with regards to the MOBP and minimum performance 

standards for a number of the essential tasks; whether this involved the equipment 

used during the task, or the rate at which the essential task should be undertaken.  

Thus, the first aim of the work described in this Chapter was to clarify the MOBP 

for various tasks and clearly define the minimum performance standards. The 

second aim was to determine the physical and physiological requirements of all 

the essential tasks conducted using the MOBP that would require a PST as 

opposed to a DTM or DTS for the final recommended minimum fitness standard.   

Due to the large amount of data collected for both organisations, this Chapter is 

split into “Chapter 5A Establishing Minimum Fitness Standards for the Maritime 

and Coastguard Agency” and “Chapter 5B Establishing Minimum Fitness 

Standards for the Oil and Gas Industry”. The main discussion and conclusion will 

tie the findings of these two parts together. 
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CHAPTER 5A ESTABLISHING MINIMUM FITNESS STANDARD FOR THE 

MARITIME AND COASTGUARD AGENCY 

Introduction 

One of the essential tasks for the MCA that required further clarity was the kit to be 

worn during a mud rescue. To avoid sinking into the mud the rescue teams wore 

either wellington boots, or boots with “Mud Pats” (Figure 5.1). Mud Pats are 

square wooden platforms that attach to well fitting boots and spread the wearer’s 

weight across the mud. An alternative to the Mud Pats was considered during the 

task analysis section of this project. “Mudders” (Figure 5.2), attach to the boots 

and have flaps that spread body weight when the foot is placed in the mud, and 

recoil when it is lifted from the mud, theoretically reducing the resistance to the 

removal of the foot from the mud. These were tested by small group of Mud 

Technicians (group one) to determine which was the more efficient.  

               

Figure 5.1. Mud Pats.          Figure 5.2. Mudders. 

A second variation in the kit used during a mud rescue was the type of rescue craft 

employed to transport kit across the mud. This could be either a “Push sled” (45 kg 

[Figure 5.3]) or a “Pull stretcher” (9 kg [Figure 5.4]). 

             

Figure 5.3. Pushing the rescue sled.      Figure 5.4. Pulling a rescue stretcher. 
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Thus, prior to determining the minimum performance standards for mud rescues, 

the MOBP for the equipment used during a rescue were standardised.  

The equipment used during the remaining essential tasks (Search and Rope 

Rescue) had previously been standardised; therefore the minimum performance 

standards could be established. However, it was unknown whether there would be 

a difference in the physical and physiological demands when carrying a stretcher 

at the foot or head-end, due to the increase segment mass of the head and torso 

compared to the pelvis and legs (Clauser et al., 1969).  Or if there were individual 

differences in the physical demand between manning the Tugger, Z-drag or safety 

line during a rope rescue due to the reported 5:1 efficiency of the Tugger that is 

not present for the Z-drag or safety line.  

Null hypotheses 

a. H01: There would be no significant difference in the physiological demand 

between Mudders and Mud Pats when walking across the mud.  

b. H02: There would be no significant difference in the physical and 

physiological demand caused by the rescue equipment used (sled vs. 

stretcher) to transport kit across the mud.  

c. H03: There would be no significant difference in physical and physiological 

demand when carrying the stretcher at the casualty head-end compared to 

foot-end.  

d. H04: There would be no significant difference between the loads pulled by a 

CRO on the safety line, compared to the Tugger or Z-drag equipment.  

Methods 

Clarifying the methods of best practice – Mud Rescue 

To determine the most physiologically, economical, and acceptable apparatus for 

mud rescue, perceptual, physical and physiological requirements were measured 

during a simulated mud rescue. The methods for the measurement of the physical 

and physiological parameters can be found in Chapter 3.  

The MOBP for performing a mud rescue varied depending upon the location and 

equipment available. Force, cardiovascular and metabolic strains, and modified 

rating of perceived exertion scale of 1 (very easy) to 20 (extremely difficult) were 

recorded for two test groups (Borg, 1982). Test group one (n = 4, male; mean [SD] 
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Age, 46.3 [22.8] yrs; Mass, 78.9 [11.8] kg; Height, 174.9 [11.5] cm) performed all 

tests in “Mud Pats” and “Mudders”. Participants in group one were asked to 

complete five tasks on the mud. Each task was separated by a minimum of 3 

minutes rest, time was recorded using a hand held stop watch. The five tasks 

completed on the mud were:  

i. Walk 110 m in 3 minutes wearing Mudders 

ii. Walk 110 m in 3 minutes wearing Mud Pats  

iii. Pull the stretcher 110 m in 3 minutes whilst wearing Mudders* 

iv. Push the sled 110 m in 3 minutes whilst wearing Mudders* 

v. Perform a simulated dig at a pace equivalent to that of a rescue simulation 

for 2 minutes.  

* Individuals were asked on completion of the two walk phases to report which 

footwear they preferred, none of the participants opted for the Mud Pats as a 

preference thus it was decided that the subsequent tests (pull stretcher and push 

sled) were conducted wearing Mudders. 

As a result of the data produced by group one, participants in group two (n = 14, 

male; Age, 29.9 [10.1] yrs; Mass, 87.0 [16.1] kg; Height, 176.4 [7.2] cm) were 

asked to walk an additional 40 m as the MCA felt that 150 m was a more 

representative distance to cover in 3 minutes. The tasks undertaken by group one 

were repeated, with the exception of walking in the Mud Pats, after looking at the 

results of group one the MCA decided they were going to adopt the Mudders for all 

mud rescues (see later data). All participants in groups one and two were current 

mud technicians.  

A second variation studied was the type of rescue craft used to transport kit across 

the mud. This could be either a pull stretcher (9 kg) or a push sled (45 kg). The 

force (kg) required to winch the loaded stretcher (51 kg) and sled (87 kg) across a 

representative stretch of mud (chosen by the subject-matter experts of the MCA) 

at a slow speed (0.72 km.h-1 set by the speed of the winch) was measured. It 

should be noted that the push sled was pulled not pushed during the winching and 

that this was a limited test as it was only undertaken once, but was used to see if 

there were substantial differences. 

Following observations made during the initial mud rescue simulations, and 

discussions with CRO who were accustomed to manoeuvring the sleds through 

gullies, it was reported that one or both of the technicians were required to move 
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to the front of the sled and pull it through. Having attempted to push the sled it was 

observed that a bow wave was created this did not occur when the sled was 

pulled, there was also a definite technique to pushing a rescue sled. It was also 

thought that the positioning of the load may have influenced the bow wave noted 

above. Two experienced SMs attempted two 150 m tests, the first with the load 

laid flat and with the second with the load tilted up against the back of the sled. 

Establishing the minimum performance standards and the physical and 

physiological demand of mud rescue 

The tests on mud were conducted on the mud flats in Portsmouth (harbour), 

Weston-super-Mare (beach) and Clevedon (beach). 

An additional twenty six participants (n = 23 males; n = 3 female; Age, 26.9 [7.9] 

yrs; Mass, 79.3 [12.8] kg; Height, 177.2 [7.6] cm) aged 18 to 60, including mud 

technicians and staff and students from the University Portsmouth, were asked to 

walk 150 m in three minutes (3 km.h-1), this involved a 75 m walk with a turn, whilst 

wearing dry suits and Mudders; the three minute walk served to accustom 

participants to the newly introduced Mudders. The speed (3 km.h-1) was 

recommended by the CRS as the slowest acceptable pace to cross the mud. 

Three minutes resting was allowed after completing the familiarisation mud walk 

before undertaking a further 150 m walk (3 km.h-1) this involved a 75 m walk with a 

turn, whilst pulling the loaded stretcher (51 kg) (Figure 5.5). A whistle was 

sounded at the start of the exercise. During the tasks the whistle was blown once if 

participants were travelling too slowly, to encourage them to go faster and twice if 

participants were travelling too fast, to indicate that they should slow down.  

 

                                     Figure 5.5. 150 m walk with a stretcher. 

 

The metabolic and cardiovascular demands of mud rescues were measured using 

a Metamax ambulatory gas analysis system (Cortex Biophysic GMbH, Germany) 
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and HR monitor (Polar Heart Rate Monitor, UK; Figures 5.6 and 5.7) as detailed 

in Chapter 3. 

                          

Figure 5.6. Equipment set-up.                             Figure 5.7. Equipment set-up. 

Establishing the minimum performance standards and the physical and 

physiological demands of stretcher carrying 

The subject-matter experts of the MCA all agreed that the most strenuous activity 

performed during search and rescue was the stretcher-carry (89 kg including 

casualty and stretcher). To determine the physical demands of this task, twenty 

seven participants (male = 21; female = 6; Mass, 88.7 [17.9] kg; Height, 178.8 

[8.2]) aged between 18 and 58, were asked to carry a stretcher in teams of four 

with a dummy casualty (89 kg total weight [see Chapter 4 for justification]) 

according to the MOBP, at both the head-end and foot-end of the stretcher. 

Participants walked at the minimum acceptable pace sanctioned by the MCA of 

3.2 km.h-1 for three minutes (160 m) along a representative stretch of cliff path that 

introduced a gradient (chosen by the subject-matter experts of MCA). Participants 

were asked to walk 80 m up the path that sloped at both ends, before turning and 

walking back down the same stretch of path. The cardiovascular and metabolic 

strains were measured using a 90 second Douglas bag collection (Cranlea, UK) 

and the Polar Heart Rate Team System (Polar® Team system, UK) during the 

second half of the walk when steady state had been achieved. Gas analysis was 

performed using a Servomex Series 1400 Analyser (Servomex, UK) and dry gas 

meter (Harvard Apparatus Ltd, UK), temperature and barometric pressure was 

recorded using a wireless weather station (BAR-388HGA, Oregon Scientific, 

USA).  
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Establishing the minimum performance standards and the physical and 

physiological demand of rope rescue 

Having separated the Operations and Technical roles, simulated rescue scenarios 

were set-up on slopes and vertical cliffs to determine the forces required to 

recover a casualty. The mass of personnel and equipment was varied to represent 

light, medium and heavy casualty recoveries. The loads recovered ranged from 

158.8 kg to 240.8 kg and were measured using an electronic load-cell (see 

Chapter 3 – load cells). 

Participant numbers and statistical analyses 

Where participant numbers allowed (n > 6) normality of the data were checked as 

detailed in Chapter 3 – statistical analysis.  Differences between conditions were 

assessed using a paired samples t-test (p<.05). 

For the determination of the physiological requirement of the essential tasks, a 

minimum of 28 participants were recruited based on participant numbers in 

previous research of a similar nature (Biddle & Shepherd, 1999; Reilly, 2007) and 

a power calculation using G*Power 3.1. Mean ��O2 and heart rate scores were 

measured for each essential task. For those tasks where there was a range of 

speeds, correlation and regression (Chapter 3 – statistical analysis) were used to 

determine if a relationship existed between speed and ��O2.   

Results 

Clarifying, the methods of best practice - Mud Rescue (Footwear): 

Wearing Mudders was observed to elicit lower heart rates and ��O2 compared to 

the Mud Pats when undertaking the same task (Table 5.1), although due to low 

participant numbers inferential statistical analysis could not be used to confirm 

this. Two of the four individuals questioned reported that using the Mud Pats 

required them to work at close to maximum exertion, whilst Mudders were rated to 

elicit approximately half the perceived exertion than the Mud Pats. The fourth 

individual, who had used Mud Pats for 30 years, rated them equally with Mudders. 
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Table 5.1. Mean (SD) physiological requirement to walk 110 m across the mud, 

whilst wearing Mud Pats or Mudders.   

 n Mud Pats  Mudders 

Speed walked (km.h-1) 4 2.6 (0.8) 2.7 (0.7) 

Aerobic demand (mL.kg-1.min-1) 2 33.7 (8.8) 30.3 (6.6) 

Heart rate (beats.min-1) 3 155 (33.7) 146 (30.1) 

Rating of perceived exertion  4    10.5   5.0 

Clarifying, the methods of best practice - Mud Rescue (Rescue craft): 

The force required to pull the Sled and Stretcher across the mud is reported in 

Table 5.2. The sled required 122 N of additional force (71 % more effort) to initiate 

movement across the mud or pull the sled through a gully, and an additional 65 N 

of force (67 % more effort) to maintain (67 % more effort) the movement across 

the mud, compared to the stretcher.  

Table 5.2. Mean, maximum and minimum forces (N) required to winch a loaded 

rescue sled and stretcher across the mud at a speed of 0.72 km.h-1. 

 Sled Stretcher 

Mean force required (N) 195 130 

Maximum force required (N) 421 299 

Minimum force required (N) 150 100 

NB: The maximum forces were recorded to initiate the movement and when the sled/stretcher went 

through the Gulley (0.5 m deep). SD are not available as only one data set was recorded. 

Initial testing was undertaken on four participants. The metabolic and 

cardiovascular data obtained from group one were obtained from only one of the 

two individuals pushing/pulling the sled/stretcher 110 m (one turn at 55 m) at a 

comfortable pace wearing Mudders (Table 5.3). This was due to kit malfunctioning. 

The demand on the participants was high for both scenarios. The extent to which 

their partner was contributing to the task was not measured, but they were 

instructed to share the load as a pair.  
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Table 5.3. Participant 1 and 2: Physiological requirement to push a sled compared 

to pulling a stretcher 110 m across the mud.   

Participant 1: Age = 20 yrs; 

Height = 172 cm; Mass = 69.40 kg  

Sled Stretcher 

Participant 2: Age = 60 years; 

Height = 168 cm; Mass = 80.40 kg 
Participant 

1 
Participant 

2 
Participant 

1 
Participant 

2 

Speed Pushed/Pulled (km.h-1) 2.3 3.2 2.0 3.5 

Mean aerobic demand (mL.kg-1.min-1) 40.9 38.8 44.1 36.7 

Mean heart rate (beats.min-1) 176 183 195 176 

 

Two experienced SMs attempted two 150 m tests, the first with the load laid flat 

and with the second with the load tilted up against the back of the sled. The tests 

took 5 minutes 25 seconds and 4 minutes 45 seconds respectively as opposed to 

pulling the stretcher which took 3 minutes 21 seconds. The SM both reported that 

it was extremely difficult to push the sled. When they were asked to try pulling the 

sled they reported it to be easier, however turning became more difficult, but it was 

still described as “manageable”. Thus, for the remaining comparisons it was 

decided to pull both the sled and the stretcher.  Fourteen CRO completed the mud 

scenario pulling both the sled and stretcher. The physiological requirements of the 

individual tasks on the mud are given in Table 5.4.    
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Table 5.4. The mean (SD) physiological demands when walking, pulling a sled or 

a stretcher 150 m on the mud and digging (n = 14).   

 Mean (SD) Physiological Demand 
 Walk  Stretcher Sled Dig 

Time to complete 150 m (min:sec) or 2 
minute dig 

2:55  
(0:7) 

4:10 
(1:14) 

5:40 
 (2:27) 

2:00 

Speed (km.h-1)          3.0 
(0.12) 

         2.2 
(0.6) 

        1.6 
(0.5) 

- 

Mean aerobic demand  
(mL.kg-1.min-1) 

     28.2                     
(5.7) 

      34.2  
(5.6) 

      32.9  
(7.5) 

(n = 12) 

       21.0  
(6.1) 

Mean peak heart rate (beats.min-1) 156  
(29.9) 

(n = 13) 

172  
(24.8) 

(n = 11) 

178  
(11.3) 

(n = 11) 

156  
(19.0) 

(n = 13) 
 

Whilst the mean physiological demands (aerobic and heart rate) look similar for 

the push sled and the stretcher, when they are plotted with respect to total oxygen 

consumed in relation of the time taken to complete the task (Figure 5.8) it is clear 

that pulling the sled required a significantly (t(9)=-4.109; p<.01) greater total oxygen 

consumption of 17.1 L compared to 12.0 L for the stretcher. A high effect size of 

2.16 was reported. Mud technicians would therefore have to work at a greater 

intensity with the push sled than with a pull stretcher to arrive at a casualty at the 

same time, or arrive later if working at the same intensity. Consequently the push 

sled was found to be a less effective tool on the mud and further determination of 

the physiological requirement of mud rescue was only conducted whilst pulling the 

stretcher.  

 



                               

Figure 5.8. Mean 

pulling a stretcher and pulling a push sled 150 m over the mud.

oxygen consumed during the task.

(p<.01) more oxygen than requ

Simulation of a casualty evacuatio

A simulated dig was performed 

more or less aerobically demanding than walking across the mud pulling a res

stretcher (Table 5.5

Table 5.5. Mean (SD) aerobic demand required to 

and perform a two minute dig to simulate casualty removal from the mud.
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Mean (SD) time taken to complete the three mud tasks of walking, 

pulling a stretcher and pulling a push sled 150 m over the mud.

oxygen consumed during the task.    Denotes pulling the sled required significantly 

<.01) more oxygen than required to pull the stretcher. 

of a casualty evacuation from the mud (digging requireme

A simulated dig was performed for 2 minutes in the mud to determine if this was 

more or less aerobically demanding than walking across the mud pulling a res

(Table 5.5).  

Mean (SD) aerobic demand required to pull a stretcher across the mud 

perform a two minute dig to simulate casualty removal from the mud.

Pulling a stretcher

aerobic demand (L.min-1) 2.8 (0.5)
(n =

aerobic demand (mL.kg-1.min-1) 34.1 (6.3)
(n = 15)

(SD) (beats.min-1) 172.9 (27.2)
(n = 14) 

he simulated requirement to dig a casualty out of the mud req

(14)
 = -6.614; p<.01) and cardiovascular

than pulling the stretcher across the mud which required mean (SD) 

aerobic requirement of 34.1 (6.3) mL.kg-1.min-1 and mean (SD) 

Condition

Walk Pull Stretcher

n = 14

n = 12

n

7.1 (L) 11.1 (L) 14.9

 

 

(SD) time taken to complete the three mud tasks of walking, 

pulling a stretcher and pulling a push sled 150 m over the mud. L equals the total 

Denotes pulling the sled required significantly 

g requirement)  

in the mud to determine if this was 

more or less aerobically demanding than walking across the mud pulling a rescue 

pull a stretcher across the mud 

perform a two minute dig to simulate casualty removal from the mud. 

Pulling a stretcher Dig  

2.8 (0.5) 
(n = 15) 

1.7 (0.5) 
(n = 17) 

34.1 (6.3) 
(n = 15) 

20.8 (5.8) 
(n = 17) 

172.9 (27.2) 
(n = 14)  

      152 (20.2) 
(n = 16)  

he simulated requirement to dig a casualty out of the mud required a significantly 

cardiovascular (Z = -2.418; p<.05) 

than pulling the stretcher across the mud which required mean (SD) 

and mean (SD) cardiovascular 

Pull Sled

n = 14

14.9 (L)
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demand of 172.9 (27.2) beats.min-1 (Table 5.5). Effect sizes of 2.19 and 0.62 

respectively were found. 

Establishing the minimum performance standards and the physical and 

physiological demand of Mud Rescue 

Participant demographics are presented in Table 5.6. Of the 20 teams (40 

individuals) tested on the mud, four teams were able to complete the stretcher-pull 

at the required pace (3 km.h-1) or faster. Fourteen teams completed the task at 

paces ranging between 1.48 km.h-1 to 2.9 km.h-1. Two teams failed to complete 

the course due to exhaustion of a team member. Figure 5.9 shows the ��O2 

required to travel at various speeds across the mud.  

Table 5.6. Mean participant demographics (n = 40; Male = 37; Female = 3). 

Demographic Mean (SD) Minimum Maximum 

Mass (kg) 81.4 (14.1) 61.6 112.4 

Height (cm)  176.7  (7.4)            160.2 194.3 

 

 

Figure 5.9. Oxygen consumption (��O2) required to pull a rescue stretcher 150 m 

over the mud in relation to speed travelled (each point represents the mean of two 

people pulling the stretcher, [n = 36]).  

NB. The two teams that failed to complete the scenario are not presented on the graph reducing n 

from 40 reported in table 5.6 to 36. 
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The regression equation (based on inexperienced mud technicians) was assessed 

for validity 95 % LoA found mean ± difference to be 0.00 ± 3.48 mL.kg-1.min-1, with 

a CV of 2.30 %. The predicted ��O2 were found to be not significantly different from 

the measured ��O2, (t(13) = -0.001; p>.05), The validity of the equation to predict the  

��O2 required to walk across the mud is reported in Table 5.7. 

Table 5.7. Ninety-five percent limits of agreement, between the predicted and the 

measured aerobic requirement to walk on the mud (n = 28).  

 ��O2 (mL.kg-1.min-1) 

Mean difference (SD)  -0.00 (1.77) 

LoA + mL.kg-1.min-1 +3.49 

LoA -  mL.kg-1.min-1 -3.49 

Percentage (%) of participants falling outside the LoA 0 

 

Based on these data (Figure 5.9), it was clear that teams struggled to complete 

the task in the required 3 minutes. Thus, the regression equation presented in 

Figure 5.9 was used to determine the ��O2 requirement at different speeds and the 

distance that would be covered in this time (Table 5.8).  

Table 5.8. Predicted oxygen requirement and maximum oxygen uptake scores 

required to walk 200 m on the mud (data from inexperienced teams n = 28). 

Time to walk 200 m 
(minutes) 

Speed 

(km.h-1) 

Predicted Oxygen 
requirement 

 (mL.kg-1.min-1) 

7.5 1.5 33.4 

10 1.2 30.8 

15 0.8 27.4 

20 0.6 25.8 

NB. 200 m was sanctioned by the following the presentation to the MCA 18.03.2008.  

Of the 18 mud teams that completed the mud walk with stretcher, ��O2max data 

were recorded (directly using the Bruce protocol see Chapter 3) for six mud teams 

(n = 12). Figure 5.10 shows the mean (of the two participants making up the mud 

team) ��O2max and ��O2 requirement for walking on the mud and the percentage of 

��O2max that the mud walk required. Of the six mud teams only the first team 
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completed within 3 minutes (2 minutes 55 seconds), the other teams were either 

15 or 20 seconds over the 3 minutes, reducing their mean walking pace to 2.8 

km.h-1 and 2.7 km.h-1 respectively. 

 

 

Figure 5.10. Rate of oxygen consumption (��O2) required to pull a stretcher 150 m 

in relation to maximal oxygen uptake and time taken to complete the task (6 mud 

teams; n = 12).  

NB: The percentages reported are the mean ��O2 required to pull a stretcher across the mud as a 

percentage of ��O2max.The time reported above the pairings is the time taken to complete the task.     

Summary of results – mud rescue 

Figure 5.11 summarises the stages undertaken to determine the MOBP and 

establish the minimum performance standard for mud rescue.  
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Figure 5.11. Schematic representation of the stages undertaken to determine the 

MOBP and establish the minimum performance standard for mud rescue.  

Establishing the minimum performance standards and the physical and 

physiological demands of stretcher carrying3 

Of the 27 participants tested, 12 were tested whilst carrying both the head and 

foot-end of the stretcher, in a randomised order separated by a minimum of 10 

minutes rest. Seven participants were tested carrying the foot-end only, and eight 

                                            
3 Methodology for this section was presented on page 128 

Clarifying the use of Mud Pats 
vs. Mudders 

n = 4 

Clarifying the MOBP for mud 
rescue 
n = 14 

Establishing minimum 
performance standards for mud 

rescue 
n = 40 

Mudders 
adopted 

Pull Stretcher 
adopted 

Minimum performance 
standard based on 
pulling a stretcher 

(wearing Mudders) at 
0.8 km.h-1.  

This resulted in a 
predicted Oxygen 

requirement of 27.4 
mL.kg-1.min-1 
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participants were tested carrying the head-end only. Participant demographics are 

presented in Table 5.9.  

Table 5.9. Mean (SD) participant demographics (n = 27). 

Demographic Mean (SD) 

Mass (kg) 88.7 (17.9) 

Height (cm) 178.8 (8.2) 

 

To estimate the individual metabolic work required to carry a stretcher at the head-

end and the foot-end, aerobic data from the pair carrying either the head- or foot-

end were combined and divided by two. This was to ensure work load was even 

across individuals. The head-end of the stretcher was found to be heavier than the 

foot-end (Table 5.10). As a consequence carrying the stretcher at the head-end 

was more demanding (Table 5.10). 

Table 5.10. Load and mean (SD) oxygen requirement to carry a stretcher at 3.2 

km.h-1 at the head- and foot-end.  

 Supporting the stretcher 
at the head-end (n = 20) 

Supporting the stretcher at 
the foot-end (n = 19) 

Load carried (kg) 51  
(individual carry of 25.5) 

38  
(individual carry of 19) 

Mean (SD) ��O2 

(mL.kg-1.min-1) 
21.8 (2.4) 16.8 (2.3) 

A paired sample t-test was undertaken on the 12 participants that completed the 

test for both head- and foot-ends. It was found that ��O2 was significantly increased 

for carrying the stretcher at the head-end compared to the foot-end (t(11) = -5.679 

p<.001), a effect size of 3.2 was observed. For the unmatched pairs (n = 7 foot-

end; n = 8 head-end) an independent t-test also showed that ��O2 was significantly 

increased for carrying the stretcher at the head-end than the foot-end (t(12) = -

2.332 p<.05), an effect size of 2.2 was observed. 

It was decided by the MCA that all CRO must be able to support the head-end of 

the stretcher, therefore the performance requirement for all CRO was based on 

the aerobic requirement to carry the stretcher (at the head-end) 200 m at a speed 

of 3.2 km.h-1  
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Establishing the minimum performance standards and the physical and 

physiological demand of Rope Rescue 

Based on the findings reported in Chapter 4, the essential tasks of rope rescue 

were determined as carrying rescue equipment, hammering a stake into the 

ground and recovering a casualty and RRT. Based on the aerobic component of 

the two tasks that CRO are required to perform, stretcher carrying at the head-end 

(mean ��O2 requirement 21.8 mL.kg-1.min-1) was found to be slightly more 

aerobically challenging  than carrying equipment to the site of a rescue (mean ��O2 

requirement 20.2 mL.kg-1.min-1). Whilst these scores were comparable to the 

stretcher carry, if CRO are unable to carry the equipment in one trip, they would 

have the option to make return trips to the rescue vehicle, and thus the intensity of 

the activity would be reduced. However, CRO had to be able to carry the required 

load of the stretcher at the head-end. For these reasons, the task of stretcher 

carrying was used to determine the minimum aerobic fitness requirement. 

Hammering stakes into the ground (Figure 5.12) was identified by the MCA as the 

most strenuous task associated with setting up a rescue when compared to rope 

set-up and manually handling the Quad Pod. The fitness required to complete this 

task can be tested by a direct task simulation with individuals required to have the 

physical strength to lift a 3 kg sledge hammer to shoulder height 10 times. 

 

                 Figure 5.12. Hammer raises. 

Rope Rescue Sloped Cliff Face - Hand-Haul Recovery -Tugger 

The forces required to raise a light (Figure 5.13) and a heavy casualty, prescribed 

loads of 158.8 kg and 240.8 kg respectively, during an assisted walk, with RRT 

and equipment was measured during three Tugger recoveries, in each case the 
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recovery rope was hauled by three personnel. Another hand-haul Tugger recovery 

was conducted with a RRT and stretcher casualty (Figure 5.14). The total mass of 

the RRT, stretcher and casualty manikin during the stretcher recovery was 160.1 

kg. The forces required to recover the safety line during the casualty ascent were 

also recorded using the load cell (700 series, Biometrics Ltd, Cwmfelinfach, UK). 

    

Figure 5.13. Light casualty assisted walking.          Figure 5.14. Stretcher casualty rescue. 

The usual procedure would be for the three-member recovery team to hand-haul 

the Tugger line (Figure 5.15), resulting in a load on the haul line varying between 

zero (between hauls) and the true haul-load. To overcome this variability, the team 

were asked to walk back hauling the line (Figure 5.16) to allow stable 

measurement of the true haul load. 

    
Figure 5.15. Tugger hand-haul recovery.                  Figure 5.16. Tugger walk-back recovery. 

The loads measured during the hand-haul Tugger recovery of the light, heavy and 

stretcher casualties are given in Table 5.11. Three measurements were recorded 

during the Tugger recovery as this was the number of times the Tugger system 

was reloaded during a single rescue.  
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Table 5.11.  Load (kg) required to hand-haul a Rope Rescue Technician with a 

light, heavy and stretcher bound casualty during a sloped cliff recovery using the 

Tugger system. 

Total Mass 

Recovered (kg) 

 

Load required to recover the main line (kg) 

Haul 1 Haul 2 Haul 3 Mean 
Individual 

requirement 

Light (158.8) 18.4 23.7 39.6 27.2 9.1 

Heavy (240.8) 52.7 53.1 54.4 53.4 17.8 

Stretcher (160.1) 44.4 47.6 n/a 46.0 15.3 

 

The duration of the hauls ranged between 9.7 seconds and 11.2 seconds, with the 

maximum single haul time being 14.9 seconds. 

Rope Rescue Sloped Cliff Face - Hand-Haul Recovery - Z-drag 

The loads required to lift a light casualty (in an assisted walk) with the RRT and 

equipment was measured for two Z-drag recoveries, in each case with the main 

line manned by three personnel. The loads measured during recovery of the 

casualty and the RRT using the Z-drag system are shown in Table 5.12. 

Table 5.12.  Load (kg) required to hand-haul a rope rescue technician with a light 

casualty during a steep ascending cliff recovery using a Z-drag. 

Mass Recovered (kg) 

 

Load required to recover the main line (kg) 

Haul 1 Haul 2 Mean 
Individual 

requirement 

Light casualty (168.9) 66.4 67.1 66.8 22.3 

 

The mean (SD) haul time for the Z-drag was 15.2 (2.7) seconds. 

Hand-Haul Recovery - Efficiency 

The efficiency ratio of the Tugger and the Z-drag were calculated by dividing the 

heaviest mean load measured on the main line by the mass of the load being 

lifted. As each of the assessments above were conducted on a slope, some of the 

load (un-quantified) in each case was borne by the RRT, particularly on the lower 

(less-steep) sections of the slope. Consequently, the greatest (rather than mean) 
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load measured in each test series indicates the likely efficiency of the Tugger 

pulley system. The level of efficiency for each pulling system is given in Table 

5.13. 

Table 5.13. Efficiency of hand-haul recovery techniques based on the heaviest 

loads reported in Tables 5.10 and 5.11. 

Haul Maximum 
Measured Load (kg) Load Mass (kg) Efficiency Ratio 

Tugger Light 39.6 158.8 1 : 4.0 

Tugger Heavy 54.4 240.8 1 : 4.4 

Tugger Stretcher 47.6 160.1 1 : 3.4 

Z-drag 67.1 168.9 1 : 2.5 

Safety-line belay 

Photographs of the safety-line belay descender and the safety-line technician are 

given in Figures 5.17a and 5.17b. 

        
Figure 5.17a. Safety-line belay descender.               Figure 5.17b. Safety-line belay operator. 

Figure 5.17. Safety-line belay descender and operator. 

The forces (maximum and mean) required to hand-haul the safety-line with the 

light (158.8 kg) and heavy (240.8 kg) casualty and RRT recoveries are given in 

Tables 5.14 and 5.15. 
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Table 5.14.  Maximum forces to recover the safety line during a rope rescue of a 

light and heavy casualty during a sloped cliff rescue using the Tugger system. 

Mass Recovered 
(kg) 

Force required to recover safety-line (kg) 

Haul 1 Haul 2 Haul 3 Mean 

Light (158.8) 46.4 45.6 45.9 46.0 

Heavy (240.8) 54.0 49.2 n/a 51.6 

 

Table 5.15.  Mean force to recover the safety line belay during a rope rescue of a 

light and heavy casualty during a sloped cliff rescue using the Tugger system. 

Mass Recovered 
(kg) 

Force required to recover safety-line (kg) 

Haul 1 Haul 2 Haul 3 Mean 

Light (158.8) 34.5 29.1 29.0 30.8 

Heavy (240.8) 41.3 40.8 n/a 41.1 

 

The safety-line recovery times ranged between 12 seconds and 23 seconds. 

Rope Rescue Vertical Cliff Face 

The rescue techniques using the Tugger system and the Z-drag were tested 

during a vertical lift with five different loads. The forces measured during the hand-

haul Tugger recovery of the five forces are given in Table 5.16. The forces 

measured using the Z-drag are presented in Table 5.17. 
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Table 5.16.  Mean force (kg) required to hand-haul five different loads up a vertical 

drop using a Tugger. 

Mass Recovered 
(kg) 

Force required to recover the main line (kg) 

Mean(kg) Maximum (kg) 

Load 1 (101.1) 35.7 41.1 

Load 2 (139.3) 46.5 48.8 

Load 3 (149.9) 50.4 54.2 

Load 4 (158.9) 55.7 59.2 

Load 5 (192.3) 67.9 73.8 

 

Table 5.17.  Mean force (kg) required to hand-haul five different loads up a vertical 

drop using a Z-drag. 

Mass Recovered 
(kg) 

Force required to recover the main line (kg) 

Mean (kg) Maximum (kg) 

Load 1 (101.1) 61.2 65.7 

Load 2 (139.3) 83.0 87.1 

Load 3 (149.7) 90.0 95.5 

Load 4 (158.9) 94.0 96.5 

Load 5 (192.3) 106.0 123.8 

The efficiencies of the Tugger and the Z-drag were calculated by dividing the 

measured force by the mass of the load being lifted. As each of the assessments 

above was on a vertical lift, all of the load should be included. The mean load 

measured in each haul series can therefore be used to calculate the efficiency of 

the Tugger pulley system; these data are shown in Table 5.18. 
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Table 5.18.  Efficiency of hand-haul recovery techniques during a vertical rope 

rescue recovery. 

Haul 
Mean force 

applied 

(kg) 
Load Lifted (kg) Efficiency Ratio 

Tugger Haul 1 35.7 101.1 1 : 2.8 

Tugger Haul 2 46.7 139.3 1 : 3.0 

Tugger Haul 3 50.4 149.7 1 : 3.0 

Tugger Haul 4 55.7 158.9 1 : 2.9 

Tugger Haul 5 67.9 192.3 1 : 2.8 

Z-drag Haul 1 61.2 101.1 1 : 1.7 

Z-drag Haul 2 83.0 139.3 1 : 1.7 

Z-drag Haul 3 90.0 149.7 1 : 1.7 

Z-drag Haul 4 94.0 158.9 1 : 1.7 

Z-drag Haul 5 106.0 192.3 1 : 1.8 

 

Rope Rescue Technician Self Recovery - 2:1 Lift 

The RRTs need to be able to self-recover using a 2:1 ascender device as shown 

in Figures 5.18 a to c. 

 

 

 

 

 

5.18a. Attaching Ascender.     5.18b. Pulling rope.                    5.18c. End pull, need to reset. 

Figure 5.18.  Rope rescue technician self-ascending a rope. 

The forces required to self-ascend using the 2:1 pulley were assessed with both a 

light (68.0 kg) and heavy (127.9 kg) RRT, the results are shown in Table 5.19. 
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Table 5.19. Forces required for a Rope Rescue Technician to ascend using the 

2:1 pulley. 

Mass Ascended 

Forces required for RRT to self-ascend using a 2:1 
pulley (kg) 

Test 1 Test 2 Test 3 Mean Ratio 

Light (68.0 kg) A 40.3 40.6 39.2 40.1 1:1.7 

Light (68.0 kg) B 43.7 43.1 42.6 43.1 1:1.6 

Light (68.0 kg) C 48.3 42.0 40.3 43.5 1:1.6 

Heavy (127.9 kg) A 78.6 75.3 76.6 76.8 1:1.7 

Heavy (127.9 kg) B 75.2 78.6 73.4 75.7 1:1.7 

The efficiency of the 2:1 ascender pulley should be able to lift, for example, 100 kg 

with 50 kg force. The efficiency was found to range 1:1.6 to 1:1.7 (Table 5.19), 

thus using the example from above, to lift 100 kg would require a force between 

62.5 kg and 58.8 kg respectively. The duration of each individual haul required on 

the line ranged between 2 seconds to 9 seconds for the light RRT, and 8 seconds 

to 20 seconds for the heavy RRT. 

Discussion  

Unlike Search and Rope Rescues there were no MOBP in place for Mud 

Technicians with variations in the footwear worn and the equipment used to 

transport the kit across the mud. A number of key observations were made 

through the measurement of the perceptual, physical and physiological demands 

of mud rescue.  

Experience and was found to affect the perceptual and physiological demands of 

mud rescue. The first of these was reported when determining the difference 

between Mud Pats and Mudders. The only individual of the four tested, to report 

no difference in footwear used to travel across the mud, had 30 years of 

experience of mud rescue and was proficient at travelling across the mud without 

any assistance from Mud Pats or Mudders; the others tested reported Mudders to 

be more effective tool. Mudders are lighter than Mud Pats, and it has previously 

been shown that carrying a load on the feet requires a greater amount of energy 

than on other parts of the body (Soule & Goldman, 1969). It is therefore not 

surprising that by reducing the load carried on the feet, (in this case Mudders 
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instead of Mud pats), individuals found the essential task of mud rescue easier 

and less physically demanding.  

Whilst it is acknowledged that a sample size of four is a small number to make 

decisions such as this, the MCA were happy with these data and the resounding 

anecdotal evidence provided by the remaining CROs who participated in the 

studied, all reported that the Mudders made a substantial difference when walking 

across the mud. Thus, on the basis of the tests undertaken, and the anecdotal 

evidence provided, the MCA decided to adopt the Mudders without further testing 

or analysis. Subsequent anecdotal reports since there implementation have 

supported the decision. 

In comparing the two modes of transporting rescue equipment across the mud (a 

pull stretcher or a push sled), it was found that the sled, which was originally 

designed to be pushed, was not as physiologically demanding and easier to 

manoeuvre when pulled across the mud, instead of being pushed. This in part 

could be explained by the bow wave that was created when the sled was pushed, 

possibly increasing friction, which did not occur when the sled was pulled.  It is 

also possible that a greater degree of skill and experience was required to push 

the sled efficiently across the mud; which is why it may have been harder to 

standardise this method. These findings are supported by previous work that 

found to push a load was more demanding than to pull it (Garcin et al., 1996). 

Therefore comparisons were made between pulling the stretcher and the sled. 

Due to the sled weighing an additional 36 kg compare to the stretcher it is 

unsurprising that the physiological demand was found to be significantly greater as 

supported by Juhani et al. (1986) and Garcin et al. (1996).  

Thus, the first and second null hypotheses are rejected as there were differences 

in reported between the Mud Pats and Mudders and the rescue equipment used to 

carrying kit cross the mud. It was recommended when transporting rescue 

equipment across the mud the MOBP should be pulling a rescue stretcher, whilst 

wearing Mudders.  

Analysis of the physiological requirement of pulling a stretcher across the mud 

revealed that individuals experienced in mud rescue were considerably more 

energy economical on the mud (i.e. lower oxygen consumption for a given speed, 

Figure 5.9). Those mud teams that were found to have experience in mud rescue 

required an oxygen consumption approximately 24 % lower for a given speed on 
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the mud than those who had little or no prior experience. It has been reported that 

economy is not only affected by physiological parameters such as ��O2max, but also 

biomechanical factors and training status (Williams & Cavanaugh, 1987; 

Saunders, et al., 2004). This would suggest that experienced mud technicians 

have a greater biomechanical efficiency due to time spent on the mud, and would 

have obtained a certain degree of training specificity due to the nature of the task. 

Further work (more tests on experienced mud technicians) is required to 

determine the full energetic advantage of experience in mud rescues. However, 

the differences between experienced and non-experienced mud technicians 

highlighted the need for CROs to regularly, and realistically, practise on the mud.  

The “experience” factor cannot be used as a rationale for reducing the required 

aerobic capacity as the fitness to do the task precedes the opportunity to develop 

the skill on the task. Jackson (1994) suggested that the level of skill required to 

perform a simulated essential task must be taken into consideration, as it would be 

unjustifiable to base selection on a attribute that will be obtained whilst employed, 

this highlights the importance of measuring the physiological demand of an 

essential task across the range of experience levels to determine a minimum level 

of performance. Whilst the use of the experienced mud technician’s results would 

have lead to a lower aerobic standard, it would be misleading; potentially putting 

new mud technicians at risk of injury. This is particularly the case when a formal 

training programme for mud rescue is not in place.  

It was concluded that for mud rescue the minimum level of performance would be 

based on the results of the non-experienced group, and that individuals would be 

required to pull a stretcher 200 m in 15 minutes equating to a speed of 0.8 km.h-1 

and an oxygen requirement of 27.4 mL.kg-1.min-1. This speed is considerably 

slower than the 3 km.h-1 originally suggested by the subject-matter experts of the 

MCA. This unrealistic expectation could have been due to all of the subject-matter 

experts being competent and experienced mud technicians, and therefore 

considerably more economical on the mud, and perhaps not appreciating the 

additional demands that would be placed on new CROs.  

It is interesting to note that in the only other study found to look at pulling similar 

loads by stretcher, found the physiological demand to be 27 mL.kg-1.min-1 to pull a 

stretcher weighing approximately 80 kg across the snow for 15 minutes at a speed 

of 3.6 km.h-1 (Juhani, et al., 1986). The load being hauled and the rate at which the 
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essential task was being performed was far greater than those used by the MCA. 

Thus the increased physiological strain placed on individuals hauling loads across 

the mud compared to snow highlights the importance of simulating the 

performance of essential tasks on the terrain on which they are to be undertaken. 

It was reported that all CROs perform search duties, and therefore could be 

expected to carry a stretcher, the basis for the aerobic standard for all MCA CROs 

should be the stretcher carrying tasks. The exception to this being mud 

technicians who require a greater aerobic standard. It was found that carrying the 

stretcher at the head-end was more physically demanding than carrying the 

stretcher at the foot-end, therefore null hypothesis three was rejected. The 

minimum standard was defined as the ability to carry a stretcher at the heaviest 

end (head-end) resulting in an individual carrying requirement of 25.5 kg for 200 m 

at a speed of 3.2 km.h-1.  

It was also decided by the subject-matter experts that individuals should be able to 

lift a hammer (3 kg) above shoulder height ten times; thereby replicating the 

number of strikes it takes to hammer a stake into the ground. Individuals would not 

be expected to strike a stake during a fitness assessment as this requires 

precision and therefore a skill component, which should come with practice.  

The most demanding task for Operators during a Rope Rescue was found to be 

manning the safety line. For a rescue load of 158.7 kg, the safety line belayer had 

to haul 13.7 kg more than the three rope technicians performing the Z-drag. It was 

therefore recommended that the safety line should be manned by two personnel 

rather than one, and thus the fourth null hypothesis stating that there will be no 

significant difference between the loads pulled by a CRO on the safety line, 

compared to a CRO performing a Z-drag during a Rope Rescue was rejected. The 

MCA accepted the recommendation to change the MOBP for manning the safety 

line to a two-person task, thus the most strenuous task a CRO would subsequently 

have to perform would be to recover a technician, casualty and kit (total weight 

192.3 kg) using a Z-drag on a vertical ascent. This would require a team of three 

CROs to each haul a load of 35 kg to ensure the completion of a rope rescue.  
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CHAPTER 5B ESTABLISHING MINIMUM FITNESS STANDARD FOR THE OIL 

AND GAS INDUSTRY 

 

Introduction 

A number of the essential tasks of the OGI required standardisation in terms of 

rate and forces, to enable the MOBP to be established and to subsequently 

determine the minimum performance level. Specifically, valve turning required 

standardising with regards to the size, orientation and torque of the valves used, 

whereas the minimum rate for the essential tasks of valve turning, ladder-climbing, 

and pulling a trailer monitor required quantification.  

 

Methods 

Clarifying the methods of best practice 

For those essential tasks where the minimum acceptable speed or force to be 

produced during an essential task was not known the physiological requirements 

were measured over a range of speeds and recommendations were made to the 

organisations. This applied to valve turning, ladder-climbing, and pulling the trailer 

monitor. The methods for the measurement of the physical and physiological 

parameters have been described previously (Chapter 3).  

Clarifying the methods of best practice - Valve Turning  

Based on pilot work undertaken at Fawley Oil Refinery, valve turning was 

simulated and standardised with reference to height from the ground (1.09 m) and 

distance from the participant (35 cm), this was considered by the employees of 

Fawley Oil Refinery to be a common position and orientation of valves in the OGI, 

as it was not viable to measure valves in use at the oil refineries. The valve wheels 

chosen were small (7.6 cm [3”] diameter) and medium (25.4 cm [10“] diameter), as 

these are the most common sized valve wheels turned by hand according to the 

employees at Fawley Oil Refinery (Annex D).  

After discussions with experienced operators, the MOBP for the small valve was 

standardised as single hand use, alternating hands every 5 seconds, and the 

medium valve was standardised as a two-handed-feed method (rather than hand-

over-hand).  
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To assess the likely torque values of real valves in use, 26 experienced valve 

operators from ESSO were asked to adjust a variable resistance applied to a 

modified arm ergometer with a 7.6 cm wheel and a 25.4 cm wheel, until it felt like a 

‘normal’ valve they would turn by hand. An arm-crank ergometer (Monarch, 

Varberg, Sweden) was modified for this project, by removing the standard cranks 

and fitting two valve wheels to one side.  The ergometer was then laid on its side, 

leaving the wheel in the horizontal plane.  The modified system was then clamped 

to a bench before participants were asked to perform the necessary tests (Figure 

5.19). The force required to “crack” the valve was determined for the small and 

medium valves, using the load cell from the biometrics kit attached onto the end of 

a valve key. The force required to “crack” the valve was set using the biometrics kit 

to 30 N and 14.5 N. This was measured ten times at each load using a torque 

wrench the mean of these measurements were taken as the minimum torques to 

be turned by hand. 

 

                   Figure 5.19. Modified arm crank ergometer. 

Establishing the minimum performance standards and the physical and 

physiological demand of Valve Turning 

Having established the forces required to crack the two valves (see results), the 

ergometer was marked on the belt and fly wheel to ensure that the forces and 

torques were measured from the same place during each calibration. The valve 

ergometer was set to the correct torque prior to each test using a calibrated torque 

wrench placed on the axle, which is capable of measuring from 5 N.m to 33 N.m, 

to and accuracy of 4 % (Britool, Cannock, Staffordshire, UK). The torque required 

to “crack” the valve was measured repeatedly until three consecutive readings for 

each of the chosen forces was obtained.   

Participants (n = 73 [male = 38; female = 35] Table 5.20), wearing standard 

protective gloves, attempted 15 revolutions per minute for both the medium and 
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small valve.  The test was terminated when a participant was unable to maintain 

15 revolutions per minute for 15 seconds, if they felt unable to continue, or after 25 

minutes. Of the 73 participants that completed the medium valve, three did not 

attempt the small valve due to being unavailable for this test. 

Table 5.20. Participants’ mean (SD) height, weight and age (medium valve n = 73 

[male = 38; female = 35]) 

 Height (cm) Weight (kg) Age (years) 

Mean (SD) 172.2 (10.2) 73.6 (14.7) 32 (11.3) 

Minimum 156.1 46.9 18 

Maximum 194.9 114.0 58 

The metabolic and cardiovascular demands of turning the medium (n = 22) and 

small (n = 15) valves were measured using a Metamax ambulatory oxygen 

analysis system (Cortex Biophysic GMbH, Germany) and heart rate monitor 

(Polar®, UK). Metabolic strain was recorded from a sample of the participants, 

who were expected to be able to turn the valve long enough to achieve a 

metabolic steady state.  

Establishing the physiological demand of stair-climbing with and without a load 

Twenty-nine individuals volunteered for the study from the staff and students of the 

University of Portsmouth. Participant demographics are reported in Table 5.21. 

Participants were asked to walk up and down a flight of 15 steps (stair height = 19 

cm, stair depth = 27 cm) for a total of 3 minutes at a rate of 80 steps.min-1, 

ensuring that one hand remained on the hand-rail (as stipulated in the Task 

analysis – Chapter 4).  

Table 5.21. Participants’ mean (SD) height, weight and age (n = 29 [23 males, 6 

females]). 

 Height (cm) Weight (kg) Age (years) 

Mean (SD) 175.6 (9.7) 81.2 (14.4) 27 (8.2) 

Minimum 159.2 53.8 19 

Maximum 194.3 108.8 49 
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Participants wore overalls and protective gloves, safety boots and safety helmet. 

The metabolic and cardiovascular demands were measured using a Metamax 

ambulatory oxygen analysis system (Cortex Biophysic GMbH, Germany) and heart 

rate monitor (Polar®, UK). The participants were seated after the unloaded stair 

climb until they returned to resting metabolic values, before repeating the task 

carrying 20 kg (as stipulated in the Task analysis – Chapter 4). The MOBP 

established in Chapter 4 were used, requiring one hand to remain on the hand rail 

at all times (Figure 5.20 and 5.21), the load was placed on the ground to change 

hands at the top and bottom of the flight of stairs. The test would have been 

terminated if the participants were unable to maintain the correct pace, showed 

any signs of distress, or if the participant felt they were unable to continue. 

However, this did not occur. 

                                   

 Figure 5.19. Stair climb unloaded.                Figure 5.20.  Stair descent with a 20 kg load.  

Establishing the physiological demand of ladder-climbing 

Forty-two individuals volunteered from the staff and students of the University of 

Portsmouth. The MOBP for ladder-climbing required three points of contact with 

the ladder at all times (Figure 5.21). The participants were taught this method and 

undertook a series of familiarisation climbs. Participants were considered to be 

familiarised once they were able to successfully complete one full ascent and 

descent of the ladder using the correct technique and pace.  

Following familiarisation, participants were asked to climb up and down a standard 

ladder of 10 rungs (rung height = 30.5 cm / 1 ft) at set paces of 17 rungs.min-1, 24 

rungs.min-1 and 34.5 rungs.min-1. The speeds of 24 rungs.min-1 and 34.5 

rungs.min-1 were used as they were considered by employees and ERT members 

to be the most acceptable paces used; the slower pace was introduced to 

determine the relationship between climbing rate and ��O2. Climbing rates were set 
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using a metronome (Quartz SQ50, Seiko, S-Yard, Co., Ltd, China). Five minutes 

rest was allowed between each climb. The slowest speed of 17 rungs.min-1 was 

undertaken first followed by 34.5 rungs.min-1 and finally 24 rungs.min-1; this order 

was adopted to ensure that participants were able to complete the three climbs; 

earlier attempts showed that those that had to complete 34.5 rungs.min-1 last were 

unable to complete this climb due to fatigue of the forearms. The participants were 

seated after each climb until they returned to resting metabolic values. During 

each climb, participants wore overalls, protective gloves, safety helmet and their 

own training shoes (see Chapter 10 [limitations]).  

The metabolic and cardiovascular demands were measured using a Metamax 

ambulatory oxygen analysis system (Cortex Biophysic GMbH, Germany) and heart 

rate monitor set to record every 20 s (Polar®, UK) continuously for the 3 minute 

ladder climbs and rest periods. Participants were also connected to a safety 

harness at all times they were on the ladder (Figure 5.21). If participants showed 

any signs of distress, vertigo or were unhappy the test was stopped. Two 

participants stopped early due to forearm fatigue.  

 

                                      Figure 5.21. Ladder-climbing. 

 

Grip strength was measured before and after each ladder climb in 14 participants, 

using a Precision Dynamometer G100 (Biometrics Ltd, Gwent, UK). The 

guidelines for use were reported in Chapter 3.  

Establishing the minimum performance standards and the physical and 

physiological demand of the Emergency Response Team 

Twenty eight male volunteers were asked to move a trailer monitor (Figure 5.22) at 

three speeds, 4 km.h-1, 5 km.h-1 and 6 km.h-1, each stage lasted three minutes and 



157 
 

the three speeds were attempted in a continuous 9 minute test period. The speed 

was determined using markers set out at 10 m intervals and a stopwatch; this was 

used in addition to a GPS system with a reported accuracy of 3 m to 10 m (Garmin 

eTrex handheld GPS, Garmin Ltd, UK) which reported the exact distance and 

speed travelled. The metabolic and cardiovascular demands were measured using 

a Metamax ambulatory oxygen analysis system (Cortex Biophysic GMbH, 

Germany) and Polar heart rate monitor (Polar®, UK). 

                            

                             Figure 5.22.  Pulling the trailer monitor. 

Participant numbers and Statistical analyses 

Where participant numbers allowed (n>6) normality of the data was checked as 

detailed in Chapter 3 – statistical analysis. Significance difference (p<.05) between 

participants was determined using a repeated measures design (one-way 

repeated measures ANOVA), and paired samples t-tests (SPSS 16).  

For the determination of the physiological requirement of the essential tasks, a 

minimum of 28 participants were recruited based on previous research of a similar 

nature (Biddle & Shepherd, 1999; Reilly, 2007) and a power calculation using 

G*Power 3.1. Mean ��O2 and heart rate scores were taken for each essential task 

after reaching steady state. For those tasks where there was a range of speeds, 

correlation and regression (Chapter 3 – statistical analysis) was used to determine 

if a relationship existed between the speed travelled and ��O2.   
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Results 

Clarifying the methods of best practice – Valve turning 

The operators agreed the resistance to be such that 30 N of force was required for 

the medium valve, and 14.5 N of force for the small valve. The resultant torque 

requirements were 8.3 N.m and 4.1 N.m, for the medium and small wheels 

respectively.  

Establishing the minimum performance standards and the physical and 

physiological demand of valve turning 

Medium Valve 

Of the 73 participants, 35 turned the valve for the 25 minute test period. The mean 

(SD) time of those that did not complete the 25 minute test period was 6 minutes 

43 seconds (4 min 25 s). Table 5.23 presents the physical characteristics of those 

participants that completed the 25 minutes and those that did not (Table 5.22).  It 

can be seen that of the male population tested, 92 % could complete the task; this 

contrasts with only 9 % completion rate among the female population tested. 

Table 5.22. Male and female mean (SD) height and weight, for medium valve 

turning tests. 

Valve turning 
duration Male (n) Female (n) Height (cm) Weight (kg) 

25 minutes 35 3 179.8 (7.6) 81.3 (14.2) 

< 25 minutes 3 32 167.1 (8.2) 65.9 (11.3) 

 

Small Valve 

Of the 70 participants that managed to turn the small valve, 15 (all female [43 % of 

females tested]) failed to turn the valve at the required speed. The mean (SD) time 

individuals could turn the small valve was 4 minutes 23 seconds (5 min 6 s), the 

minimum time was 5 seconds, two individuals reached the 25 minute cut off. Table 

5.23 shows the physical characteristics of the participants. Participants reported 

the reasons for stopping to be discomfort and pain in the hands, and the inability to 

maintain turning the valve with the non-dominant hand. 
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Table 5.23. Participants’ mean (SD) height and weight for the task of small valve 

turning split into groups that could or could not turn the small valve. 

Category Male (n) Female (n) Height (cm) Weight (kg) 

Able to turn 
small valve 

36 20 

 
175.7 (9.8) 

 
77.3 (14.2) 

Female only 
165.48 (6.2) 

Female only 
65.7 (8.6) 

Unable to 
turn small 
valve 

0 15 164.0 (5.1) 59.9 (9.1) 

Aerobic demands of valve turning 

The aerobic demand for turning a medium valve was measured on 22 of the 

participants and was found to be, (mean [SD]), 17.2 (4.2) mL.kg-1.min-1 (1.32 [0.23] 

L.min-1) with a mean (SD) HR of 130 (22.3) beats.min-1. Fifteen participants had 

their aerobic demand measured whilst turning the small valve this produced an 

mean peak (SD) aerobic demand of 18.8 (3.9) mL.kg-1.min-1 (1.59 (0.28) L.min-1) 

with a peak HR of 134 (17.2) beats.min-1   

Establishing the physiological demand of stair-climbing  

The mean (SD) metabolic and cardiovascular response from 29 participants was 

measured whilst ascending and descending a flight of stairs (at a rate of 80 

steps.min-1) with and without carrying a load of 20 kg (Table 5.24). 

Table 5.24. Mean (SD), oxygen requirement and heart rate required to climb the 

stairs with and without a load of 20 kg (n = 29). 

 HR (beats.min-1) ��O2 (L.kg-1.min-1) ��O2 (mL.kg-1.min-1) 

Unloaded 111 (12.2) 1.9 (0.4) 23.4 (2.2) 

20 kg 137 (23.3) 2.6 (0.5) 33.4 (4.6) 

Establishing the physiological demand of ladder-climbing 

Forty Two participants (Table 5.25) performed the ladder-climbing task, Figure 

5.23 presents the mean (SD) ��O2 required to ascend and descend a ladder. There 

was a linear increase in the rate of oxygen uptake as the speed of ladder-climbing 

increased, and therefore a strong correlation (r = 0.82; p<.0001) between ladder-

climbing (to include the ascent and descent) speed and ��O2.  
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Table 5.25. Participants’ mean (SD) height, weight and age (n = 42 [33 males, 9 
females]). 

 Height (cm) Weight (kg) Age (years) 

Mean (SD) 176.8 (9.4) 82.5 (14.9) 29 (8.3) 

Minimum 159.2 54.2 19 

Maximum 194.3 112.8 50 

 

 
Figure 5.23. Rate of oxygen consumption during the continuous ascent and 

descent of a 10 rung ladder at three speeds (17 rungs.min-1, 24 rungs.min-1 and 

34.5 rungs.min-1) (n = 42). 

The linear regression for the oxygen consumption for any given speed of ladder-

climbing (with a rung spacing of 30.5 cm) is: y = 0.574x + 9.310  

  Where: x = the rungs per minute climbed. 

    y = the oxygen consumption (mL.kg-1.min-1).  

This equation can be used to determine the ��O2 requirement to climb a ladder at 

any given speed. The regression equation was assessed for validity in predicting 

��O2. The predicted ��O2 were found to be non-significantly different from the 
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measured ��O2 at all speeds (17 rungs.min-1, t(41) = -0.822; p>.05; 24 rungs.min-1, 

t(41) = 1.167; p>.05; 34.5 rungs.min-1, t(41) = -0.320; p>.05). The validity of the 

equation to predict ��O2 at the three speeds is reported in Table 5.26. 

Table 5.26. Limits of Agreement, between the predicted and the measured aerobic 

requirement to climb a ladder.  

 17 rungs.min-1 24 rungs.min-1 34.5 rungs.min-1 

Mean difference (SD) 
mL.kg-1.min-1 

-0.3 (2.2) 0.5 (2.8) -0.2 (3.4) 

LoA + mL.kg-1.min-1 +4.0 +6.0 +6.5 

LoA -  mL.kg-1.min-1 -4.6 -4.95 -6.9 

Percentage (%) of 
participants falling 
outside the LoA 

4.7 6.9 4.7 

  

The data shown in Figure 5.23 are presented in Table 5.27 with the corresponding 

HR requirements. 

Table 5.27. Mean (SD) rate of oxygen consumption and heart rate when climbing 

a ladder at three speeds (n = 42). 

Ladder-climbing rate 17 rungs.min-1 24 rungs.min-1 34.5 rungs.min-1 

Measured mean HR 
(beats.min-1) 

114 (18.6) 
(n = 39) 

135 (22.6) 
(n = 31) 

147 (19.7) 
(n = 31) 

Measured mean ��O2 

(mL.kg-1.min-1) 
18.8 (2.2) 23.6 (2.8) 28.9 (3.4) 

 

Maximum grip strength was measured before and immediately after ladder-

climbing in fourteen individuals, these data are presented in Table 5.28. 
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Table 5.28.  Mean (SD) maximum grip strength (left and right hand) before and 

after three minutes of ladder-climbing at three speeds (n = 14).  

Ladder-
climbing Rate 17 rungs.min-1 24 rungs.min-1 34.5 rungs.min-1 

 Left  Right  Left  Right  Left  Right  

Before ladder 
climb (kg) 

43.9 
(10.1) 

45.3 
(10.9) 

39.6 Ұ Ұ 
(9.4) 

41.0 Ұ Ұ  
(9.6) 

44.3 
(11.0) 

44.0 
(11.5) 

After ladder 
climb (kg) 

41.1  
(9.4) 

41.5 
(10.1) 

34.5  
(8.7) 

35.3 
(4.4) 

36.4 
(9.1) 

37.18 
(8.2) 

Difference (kg) -2.8* 
(3.1) 

-3.8* 
(2.7) 

-5.1* 
(2.7) 

-5.7* 
(2.8) 

-7.9*¥ 
(3.5) 

-6.9* 
(5.7) 

Percentage 
difference (%) -6.4 -8.4 -12.9 -13.9 -17.8 -15.5 

NB: * = significant difference pre and post ladder climb (p<.01); 
Ұ 

= significantly different pre grip 

strength between rates of climb (p<.05); 
¥ 
= significantly greater decrement in grip strength. 

Left hand grip strength prior to each ladder climb was found to be significantly 

different (F(2,26) = 11.312; p<.001). Post hoc (Bonferroni) analysis showed that grip 

strength was significantly lower before the start of the 24 rungs.min-1 climb 

compared to the 17 rungs.min-1 climb (p<.017) and 24 rungs.min-1 compared to 

34.5 rungs.min-1 climb (p<.001). There was no significant difference between left 

hand grip strength prior to the 17 rungs.min-1 and 34.5 rungs.min-1 climbs. Similarly 

right hand grip strength prior to each ladder climb was found to be significantly 

different (F(2,26) = 9.529; p<.001). Post hoc (Bonferroni) analysis showed that grip 

strength was significantly lower before the start of the 24 rungs.min-1 climb 

compared to the 17 rungs.min-1 climb (p<.001) and the 34.5 rungs.min-1 climb 

(p<.017). There was no significant difference between right hand grip strength 

prior to the 17 rungs.min-1 and 34.5 rungs.min-1 climbs. Effect sizes for the 

differences observed in pre-ladder climb left and right grip strength (17 rungs.min-1 

and 24 rungs.min-1; 24 rungs.min-1 and 34.5 rungs.min-1) ranged from 0.9 to 2.5. 

The effect sizes observed between 17 rungs.min-1 climb and the 34.5 rungs.min-1 

climb both on the left and right were found to be low (0.13 and 0.37 respectively), 

which is to be expected with non-significant values. Significant decreases were 

found in pre and post ladder-climbing in each hand for each speed (Table 5.29).  
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Table 5.29. Paired sampled t-test scores for pre and post ladder climb grip 

strength (n = 14). 

 Paired sample t-test score p 

17 rungs.min-1 left hand t(13) = 3.249 <.01 

17 rungs.min-1 right hand t(13) = 5.050 <.001 

24 rungs.min-1 left hand t(13) = 7.028 <.001 

24 rungs.min-1 right hand t(13) = 7.389 <.001 

34.5 rungs.min-1 left hand t(13) = 8.134 <.001 

34.5 rungs.min-1 right hand t(13) = 4.412 ≤.001 

 

As pre-grip strength scores were found to be significantly different across ladder 

climbs, the delta change in pre and post grip strength was used to determine if 

significant decrements were found as a result of the speed of the ladder climb. 

From Table 5.28 it can be seen that as ladder-climb speed increased so did the 

subsequent decrement in grip strength.  However, this was only found to be 

significant (F(2,26) = 18.208; p<.001) with the left hand. Post hoc (Bonferroni) 

analysis showed that the decrement in grip strength was significantly greater after 

climbing a ladder at 34.5 rungs.min-1 compared to 17 rungs.min-1 (p<.001) and 24 

rungs.min-1 (p<.01), whilst there was no significant difference between 17 

rungs.min-1 and 24 rungs.min-1 (p=.05). There were no significant differences in the 

decrement in the right hand after ladder-climbing at three speeds (F(2,26) = 2.998; 

p>.05). Effect sizes for deficit in grip strength at three ladder-climbing speed  were 

considered high (1.2 to 2.8) for all comparisons except for between the 24 

rungs.min-1 climb and the 34.5 rungs.min-1 climb where the effect size was medium 

(0.6). 

Participants were asked their preference on speeds, and whether familiarity with 

the technique required for ladder-climbing changed their perception of fatigue. The 

majority found the most comfortable speed to climb was 24 rungs.min-1; 17 

rungs.min-1 was considered “too slow”. The fastest speed of 34.5 rungs.min-1 was 

also reported to be comfortable, but was associated with the greatest fatigue, both 

in the muscles of the forearms and cardiovascular demand.  
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Establishing the minimum performance standards and the physical and 

physiological demand of the Emergency Response Team 

Ladder-climbing for the ERT was set in Chapter 4 at the increased rate of 34.5 

rungs.min-1, as this was deemed by the subject-matter experts to be the slowest 

acceptable rate to climb a ladder in an emergency situation. From the previous 

section the aerobic demand for climbing the ladder at was 34.5 rungs.min-1 was 

measured at 28.9 (3.4) mL.kg-1min-1.  

A total of 28 participants (Table 5.30) pulled the trailer monitor loaded with four 

hoses at speeds of 4 km.h-1 and 6 km.h-1. Seventeen participants pulled the trailer 

monitor loaded with four hoses at speeds of 4 km.h-1, 5 km.h-1, and 6 km.h-1. 

Whilst 11 participants pulled the trailer monitor loaded with two hoses at speeds of 

4 km.h-1 and 6 km.h-1. The change in participant numbers was due to the first 17 

participants carrying an extra two hoses on the trailer (an additional load 26 kg) 

that we were later informed by the industry representative should not have been 

part of the set up. Time restrictions placed on the testing due to limited access to 

the trailer monitor meant it was not feasible to test each participant again at all 

three speeds; which lead to the 11 participants being tested as they were (see 

above). Figures 5.23, 5.24 and 5.25 show these data based on 11 participants 

(Figure 5.24), 17 participants (Figure 5.25) and 28 participants (with a correction 

factor [Figure 5.26]). The correction factor is detail in Annex E.  

Table 5.30. Participants’ mean (SD) height, weight and age (n = 28 males). 

 Height (cm) Weight (kg) Age (years) 

Mean (SD) 180.6 (8.3) 90.0 (11.6) 27.0 (10.5) 

Minimum 167.5 68.9 19.0 

Maximum 194.3 113.0 53.0 
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Figure 5.24. Rate of Oxygen consumption pulling a trailer monitor loaded with two 

or four hoses at 4 km.h-1 and 6 km.h-1 (n = 11). 

 

Figure 5.25. Rate of Oxygen consumption pulling a trailer monitor loaded with four 

hoses at 4 km.h-1 5 km.h-1 and 6 km.h-1 (n = 17). 
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Figure 5.26. Rate of Oxygen consumption pulling a trailer monitor loaded 

corrected for 2 hoses at 4 km.h-1 5 km.h-1 and 6 km.h-1 (n = 11). Those highlight by 

grey squares represent the additional 17 participants that performed the task with 

2 hoses at 4 km.h-1 and 6 km.h-1. 

 

Based on the corrected ��O2 data the mean (SD) aerobic demand required to pull 

the trailer monitor at speeds of 4 km.h-1 (n = 28) 5 km.h-1 (n = 17) and 6 km.h-1 (n = 

28) were 25.7 (2.9) mL.kg-1.min-1, 30.7 (3.7) mL.kg-1.min-1 and 37.1 (4.0) mL.kg-

1.min-1 respectively. The participants report that 4 km.h-1 was “uncomfortably slow” 

and that it inhibited pulling the trailer monitor and 6 km.h-1 was “uncomfortably fast” 

and difficult to maintain; whereas 5 km.h-1 was reported to be faster than their 

mean walking pace, but comfortable. 

Discussion 

Based on the findings of this study, 54 % of the participants tested turned the 

medium valve for 25 minutes.  An additional 6 % continued longer than 15 

minutes, but less than 25 minutes. Of the 40 % that did not complete 15 minutes of 

turning the medium valve, 11 (39 %) stopped due to fatigue within 4 minutes, all of 

whom were female. These findings differ to those reported by Jackson et al. 

(1992) who found that 20 of the 52 participants stopped within 4 minutes when 
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turning a valve at the same rate.  The reason for the reported differences between 

Jackson, et al. (1992) and the current findings are most likely due to the 

differences in the force required to turn the valves. These differences resulted from 

the rationales used to determine the acceptable force required to turn the valve. 

Jackson et al. (1992) determined the force required as that which was considered 

sufficient to close 75 % of the emergency valves in a plant in 15 minutes or less. 

However, subject-matter experts interviewed from the OGI in the area reported 

that in these situations it is likely that a valve key would be used. Therefore the 

force requirement for the current study was based on the force deemed 

acceptable to be turned by hand without the use of a valve key.  

The times recorded for turning the small valve demonstrated that 21 % of the 

participants (all female) that attempted to turn the small valve could not achieve 

the required speed using the standardised technique. Only 34 % of all the 

participants tested could turn the small valve for 4 minutes or more. Due to the 

nature of the task it is likely that the majority of the force applied to the small valve 

came from the small muscle groups associated with the forearm. The participants 

also reported two common reasons for stopping, approximately half stated this 

was due to either blisters or soreness of the hands, the remainder found that they 

could not maintain the required speed with their non-dominant hand.  

Based on this evidence reported to the Energy Institutes Health and Technical 

Committee (HTC, a medical committee comprising of at least one medical 

representative from each of the Oil Companies) it was decided that the individuals 

should not be assessed on the ability to turn a small valve due to the technique 

required and the availability of valve keys. Injuries due to manual valve turning 

have been reported to be a major concern within the OGI (Aghazadeh et al., 

2012). Thus, it was decided by the HTC medical committee that the minimum time 

individuals should be expected to turn a medium valve without the assistance of a 

valve key should be 5 minutes, it was considered that an inability to do this would 

highlight those individuals at an increased risk of injury for turning a medium valve, 

but should not preclude them from employment.   

The aerobic demands were found, as expected, to be considerably lower for both 

the medium and small valve than the other essential tasks associated with the 

OGI, such as ladder-climbing and stair-climbing, therefore individuals that 
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achieved the aerobic requirements for these essential task would have the aerobic 

capability to undertake valve turning.  

Previous research demonstrated that to ascend (only) a simulated flight of stairs 

(stair height 20.3 cm) at rates of 57 steps.min-1 and 60 steps.min-1 required an 

aerobic demand of 26.0 mL.kg-1.min-1 and 21.6 mL.kg-1.min-1 respectively (Shwom 

et al., 1996; O’Connell et al., 1986 [respectively]). The findings of the current 

research found that to ascend and descend a flight of stairs (stair height 19 cm; 

stepping rate 80 steps.min-1) required an aerobic demand of 23.4 mL.kg-1.min-1. It 

was previously discussed in the literature review (Chapter 2), that Shwom et al. 

(1996) reported a greater aerobic demand to climb a flight of stairs of the same 

height at a slower speed compared to the data reported by O’Connell et al. (1986). 

The findings of the work present in this study and those of O’Connell et al. (1986) 

would suggest that the 26.0 mL.kg-1.min-1 reported by Shwom et al. (1996) may be 

slightly elevated above that reported elsewhere. Whilst the findings of the present 

study only reported approximately a 2 mL.kg-1.min-1 increase compare to the 21.6 

mL.kg-1.min-1 reported by O’Connell et al. (1986) for stair-climbing at a rate 20 

steps.min-1 faster, the results of the present study were obtained whilst ascending 

and descending a step 1.3 cm lower. Demonstrating that it is more physically 

demanding to ascend a flight of stairs than to descend and that increases in step 

height increase the physiological demand of the task. It is not known if the 

ascending a stair master changes movement economy and therefore this requires 

validation.  

The mean ��O2 for stair-climbing at a rate of 80 steps.min-1
, with a 20 kg load was 

found to be 33.4 mL.kg-1.min-1. Out of all the essential tasks measured for the OGI, 

this was found to be the most aerobically challenging. This finding is similar to the 

values reported for carrying 5 kg (31.3 mL.kg-1min-1) and 10 kg (32.8 mL.kg-1min-1) 

loads at a rate of 57 steps.min-1 on a stair master (Shwom et al., 1996). There was 

very little difference in aerobic requirement between the Shwom et al. (1996) study 

and the aerobic demand recorded when the 20 kg (33.4 mL.kg-1min-1) load was 

carried in the present study; this is surprising given that participants were 

ascending and descending the flight of stairs and the rate at which stair-climbing 

was performed was 23 steps.min-1 faster in the present study.  Again this 

highlights the differences discussed in the previous paragraph regarding the 

modality (i.e. the use of a stair master where only the ascent is recorded or a flight 
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of stairs where both the ascent and decent are recorded); this warrants further 

investigation.    

Loads of between 20 kg and 25 kg represent those that are regularly handled in 

the OGI. For a two-handed lift these weights are the same as the maximum 

recommended manual handling limit for males and exceed those stated for 

females (HSE, 2004). However, these loads are commonly carried in one hand as 

individuals have to hold the hand-rail when on stairs for safety reasons. It is 

recommended that employees should not be expected to handle such loads 

continuously for longer than one minute without a rest (Åstrand & Rodahl, 1977) 

this changes the nature of the task to a predominately anaerobic task where 

muscular strength and endurance would potentially become the limiting factor, 

therefore there is no requirement for an aerobic standard for this essential task as 

rest breaks would be provided at regular intervals after very short working periods. 

As a consequence, the aerobic standard was based solely on the ability to ascend 

and descend a flight of stairs unloaded, whilst the ability to carry a load would be 

assessed using measures such as strength. 

Decrements in maximum grip strength of 17.8 % (left hand) and 15.5 % (right 

hand) were reported when ascending and descending a ladder at 34.5 rungs.min-

1. These are close to those values reported in previous research that 

demonstrated decrements in maximum grip strength of 20 % following a stretcher 

carrying task resulted in poorer performance of fine motor skills (Leyk et al., 2006). 

These performance decrements were not observed when maximum grip strength 

was reported to be 12 % or less (Leyk et al., 2006). Thus ladder-climbing at 17 

rungs.min-1 or 24 rungs.min-1 would not impair performance of subsequent fine 

motor control tasks. Participants reported 24 rungs.min-1, to be the most 

comfortable climbing speed compared to 17 rungs.min-1 which was reported to be 

uncomfortably slow and 34 rungs.min-1 to be uncomfortably fast,  suggesting that 

24 rungs.min-1  is the optimal minimum rate to ascend and descend a ladder. 

These data were presented to the Energy Institute Health and Technical 

Committee (EI HTC) committee, who sanctioned the minimum acceptable speed 

to ascend and descend a ladder as 24 rungs.min-1.  

It was stated in the previous section that, although it is desirable to manoeuvre 

fire-fighting equipment as fast as possible into a position to fight a fire (in real 

events), on-site safety policies state that all tasks, even ERT tasks, are conducted 
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at walking pace because of the large and varied number of trip-hazards.  

Therefore to determine a suitable minimum walking pace three speeds were 

tested. The results demonstrated that 4 km.h-1 was “uncomfortably slow” and 

inhibited the movement of the trailer and 6 km.h-1 was “uncomfortably fast” and 

hard to maintain; whereas 5 km.h-1 was reported to be comfortable. Whilst in an 

emergency situation it would be advantageous to go faster i.e. select 6 km.h-1 the 

aim of the standard was not to set the optimal speed, but set a minimum 

acceptable speed i.e. the slowest speed an organisation is prepared to have the 

task performed. This does not mean that individuals could not perform the task 

faster, those that can most likely will. The mean (SD) steady state aerobic demand 

to move the trailer monitor at 5 km.h-1 was found to be 30.7 (3.7) mL.kg-1min-1. 

When this is compared with the available literature of the aerobic demand of other 

fire-fighting tasks (Gledhill & Jamnik, 1992), manoeuvring the trailer monitor was 

found to be one of the most strenuous tasks that the ERT have to undertake. 

There was also no time requirement or distance stipulated for the given task.  

For all work-sites that did not use a trailer monitor it was concluded that the 

aerobic standard for the ERT should be based on ladder-climbing, at a rate of 34.5 

rungs.min-1 as stipulated by existing ERT members and sanctioned by the EI HTC 

committee. This was found to be a minimum standard based on a mean (SD) of 

28.9 (3.4) mL.kg-1.min-1, which is lower than that reported to manoeuvre the trailer 

monitor, but comparable to the reported literature on ladder-climbing (Gledhill & 

Jamnik, 1992). 

Two essential tasks reported for the ERT were not examined for the physical or 

physiological demand. These were rope haul the heaviest anticipated load (10 kg 

first aid kit) up 10 m gantry and roll out a 23 m fire hose. The reason for this being 

that the ERT reported tasks were to be demonstrated during competency-based 

training and did not require a predictive test.  

 

CONCLUSION  

The data reported as the minimum standard for both the MCA and OGI was based 

on the mean data collected for each of the essential tasks. These figures will 

translate into a “Pass” score in the final occupational fitness standard. The options 

considered were the: the mean; mean plus or minus one or two standard 

deviations, minimum, maximum, or a percentile score. For example, using the data 
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for ladder-climbing at a step-rate of 24 rungs.min-1, the mean (SD) oxygen 

consumption for this step rate was 23.6 (2.8) mL.kg-1.min-1. But the minimum ��O2 

recorded at this step rate was 17.7 mL.kg-1.min-1 and the maximum was 32.5 

mL.kg-1.min-1. Similar inter-subject variation was observed across all the essential 

tasks measured, at the minimum acceptable rate, even when performed according 

to a method of best practice. Previous fitness standards have used the mean 

minus 1 standard deviation (SD) for the aerobic requirement, and mean plus 1 SD 

for time tasks, with the justification that this statistically incorporates 83.3 % of the 

work force used in the determination of the physical employment standard (Jamnik 

et al., 2010b). The majority of standards have used the mean of the data collected 

arguing that with normally distributed data, this is the point that any new, untested, 

individual is most likely to be closest to (Bilzon et al., 2002; Reilly et al., 2006b; 

Reilly, 2007).  

In conclusion it was possible to determine the MOPB and a minimum level of 

performance for all of the essential tasks across both the MCA and OGI. In 

addition the physiological requirements to perform the essential tasks were 

measured.  Table 5.31 provides a summary of all aerobic demands required for 

the performance of the essential task to the minimum acceptable level. 

Table 5.31. Mean oxygen consumption during steady state for all the essential 

tasks performed at the minimum acceptable pace using the method of best 

practice (n ranged from 28 to 42). 

Essential Tasks  ��O2 (mL.kg-1.min-1) 

Mud rescue (covering 200 m in 10 
minutes) 

27.4 

Stretcher carrying (head-end) 21.8 

Valve turning (medium)  17.2 

Valve turning (small) 18.2*  

Stair-climbing (no load) 23.4 

Stair-climbing (20 kg) 33.4 

Ladder-climbing 24 rungs.min-1 23.6 

Ladder-climbing 34.5 rungs.min-1 28.9 

Pulling a trailer monitor (5 km.h-1) 30.7 

* The ��O2 consumption reported for small valve turning is a peak value. 
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Therefore the minimum fitness requirements to perform the essential tasks 

associated with being a CRO can be summarised as follows: 

All Operational Coastguard Rescue Officers  

• An aerobic standard of 21.8 mL.kg-1.min-1, be based on the requirement to 

carry the stretcher (at the head-end in a four man lift) 200 m at a speed of 

3.2 km.h-1. 

• Pull a rope, with a resistance of 35 kg, and maintain this load for 15 

seconds to replicate the duration of one pull of a vertical recovery using the 

Z-drag technique of a rescue load of 194.4 kg. 

• Continuously lift a 3 kg hammer 10 times above shoulder height.  

Rope Rescue Technicians 

• As for operational CROs. 

• Rope rescue technicians currently have to pass a series of competencies 

which involve several simulated tasks, within this is the most strenuous 

essential task associated with being a rope technician, the 2:1 self-

recovery. Therefore, CRO wishing to become a RRT should be required to 

pass the same fitness standards as non-technical operational CROs and 

successfully complete all the required competencies.  

Mud Technicians 

• As for operational CROs. 

• An aerobic standard of 27.4 mL.kg-1.min-1, based on the requirement to pull 

a stretcher across the mud at 0.8 km.h-1, this equates to 200 m being 

covered in 15 minutes.  

The minimum fitness requirements to perform the essential tasks associated with 

working in the OGI can be summarised as follows: 

Stair and Ladder-climbing 

• An aerobic standard of 23.4 mL.kg-1.min-1 to be based on the requirement 

to climb a flight of stairs at a rate of 80 steps.min-1 and  23.6 mL.kg-1.min-1 to 

climb a ladder at 24 rungs.min-1. 
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Manual Handling 

• A strength standard to be based on the requirement to climb a flight of 

stairs at a rate of 80 steps.min-1 for no longer than a minute carrying either 

10 kg, 20 kg or 25 kg. 

Valve Turning 

• A strength standard to be based on the requirement to continuously turn a 

medium size valve (25.4 cm diameter) for five minutes set at a torque of 8.3 

N.m.  

ERT 

• An aerobic standard of 30.7 mL.kg-1.min-1, based on the requirement to pull 

a trailer/foam monitor at a speed of 5 km.h-1 or climb a ladder at 34.5 

rungs.min-1 (if trailer/foam monitors are not used). 

• Stretcher-carry 89 kg either in a two or four man lift. 

• Rope-haul the heaviest anticipated load (10 kg first aid kit) up 10 m gantry. 

• Roll out a 23 m fire hose. 

This chapter clarified the MOBP including establishing acceptable minimum levels 

of performance, and the physical and physiological requirements of these tasks, 

for both the MCA and OGI.  

 

RECOMMENDATIONS  

As a result of the research and processes discussed in this chapter. It was 

recommended that: 

• For the MOBP of mud rescue Mudders should be made available to Mud 

Rescue Teams as soon as practicable, and should be worn with boots that are 

a good fit.  

• A rescue stretcher should be considered the preferred, and therefore 

recommended, piece of equipment to use in a mud rescue 

• The standard for carrying a stretcher should be based on the ability to lift the 

stretcher from the head-end. 

• The safety line during a rope rescue should be recovered by two personnel 

rather than one (current practice). 
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• The rate to climb a ladder should be set at 24 rungs.min-1 for all OGI 

employees and 34.5 rungs.min-1 for the ERT that do not have to perform 

trailer/foam monitor duties. 

• The minimum acceptable speed at which to pull a trailer/foam monitor be set at 

5 km.h-1
. 

• The ability to turn a valve should not decide employability, but highlight those 

individuals at that would need to use a valve key to turn a medium valve within 

five minutes.   
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CHAPTER 6 DETERMINING THE SAFE RELATIVE WORKLOAD   
 

INTRODUCTION 

In Chapter 5 the physiological demands to perform the essential tasks of the MCA 

and OGI to the minimum acceptable levels of performance were determined and 

sanctioned by the respective organisations. However, if the physical and 

physiological demands of the essential tasks were used to set the pass criteria, 

some individuals may be working at their maximum capacity and thus increase the 

risks of exhaustion and failure to complete subsequent tasks.  Thus, the aim of the 

work described in this Chapter was to determine what percentage of an 

individual’s maximum capability they should be expected to work at when 

performing an essential task at the minimum acceptable work rate. This will 

directly relate to the pass criteria of the essential tasks used in the recommended 

fitness standards for the MCA and OGI. 

In determining this percentage, consideration should be given to the duration of 

the task and its importance. For example, it may be permissible to allow 

employees to work at maximum capability for short durations followed by rest, or in 

an emergency situation, but this should not become the norm (Tipton et al., 2012). 

It is not acceptable to expect individuals to routinely work at their maximum 

capability, to do so will result in fatigue, with a consequent decrement in 

performance and a potential increase in the likelihood of accidents and injury (e.g. 

trips and falls; Parijat & Lockhart, 2008). This was supported by Chaffin et al. 

(1978) who reported that employees required to work above 75 % of their 

maximum work capacity had a significantly higher risk of musculoskeletal injury.  

The evidence in the literature review (Chapter 2) reported clear regulations for 

determining suitable percentages of maximum strength. The HSE guidelines 

(2004) stated that loads should be reduced if the task is repeated, for example a 

reduction of 30 % is recommended if the task is repeated once or twice a minute, 

by 50 % for five to eight times a minute and by 80 % where the task is repeated 

more than 12 times a minute. Carrying capacity was also recommended to be 

reduced by 30 % after carrying a load further than 10 m, and when the task is 

performed more frequently (Mital et al., 1997). Åstrand and Rodahl (1977) 

reported that an isometric muscle contraction can be maintained at 50 % of 

maximum voluntary contraction for about one minute before a rest is required.  
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However, the reports of the percentage of ��O2max sustainable for a given duration 

of work are not clear for specific occupational tasks. As discussed in Chapter 2, 

that continuous physical activity during an eight hour shift can be sustained at 

approximately 30 % to 40 % ��O2max (Åstrand & Rodahl, 1986). Whilst for 

occupations where the tasks are intermittent, (such as those reported for the MCA 

and OGI) sustainable percentages of ��O2max may be increased to values ranging 

from 55 % to 95 % (Doolittle et al., 1988; Bilzon et al., 2001; Jamnik et al., 2010b). 

Whilst 85 % of ��O2max has been recommended for fire-fighting tasks working for 10 

minutes at a time (Gledhill & Jamnik, 1992), the figure of 85 % originated from the 

work of Åstrand and Rodahl (1970) who presented a graph (Figure 2.1 Chapter 2, 

[removed from all later editions]) based on four participants. From this graph it is 

suggested that an “untrained” individual based on an n of one, can work for 

approximately 15 minutes at 85 % ��O2max (reported as 20 minutes by Gledhill and 

Jamnik, [1992]). This should not be considered an acceptable source to base work 

rates on and has lead to a fitness standard based on extremely limited foundation 

and ultimately invalidates the resultant standard.  

Other approaches, such as that of Bilzon et al. (2001), recommend a work rate to 

elicit 80 % of ��O2max for the essential tasks of the Royal Navy for 20 to 30 minutes. 

These figures were based on the early work of Bink (1962) and Louhevaara et al. 

(1986). Louhevaara et al. (1986) suggested an equation to calculate maximum 

work time (WTmax) based on the percentage of ��O2max (WTmax = 174.71 - 

1.89[%VO2max]; r = 0.64) at which a task is undertaken. This equation was derived 

from the early theoretical model proposed by Bink (1962) and additional data 

points collected from various experimental work trials of the time (cited in 

Louhevaara et al., 1986). Based on this equation, 80 % ��O2max would equate to an 

approximate maximum work time of 23.5 minutes. Whilst this is a more valid 

method than that employed by Jamnik et al. (2010b) for determining percentage of 

maximum work rate and work durations, the equation reported only accounts for 

41 % of the variation in work time (Louhevaara et al., 1986). From the data 

presented it was not possible to determine the validity of the equation, or the limits 

of agreement associated with the measurement, and thus the equation should be 

used with caution.  

A number of authors have reported similar work durations for certain percentages 

of ��O2max, however, the supporting literature is limited. The work by Goldman 
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(1999) recommended that working at 60 % ��O2max can be maintained for 

approximately an hour, 85 % ��O2max for approximately 15 minutes and 100 % for 

just minutes, these assumptions were based on factors such as energy cost and 

heat exchange, clothing insulation, heart rate response, load carriage, terrain, but 

no more supporting information was provided. Therefore, whilst the equation of 

Louhevaara et al. (1986) and recommendations of Goldman (1999) are useful 

references, it is perhaps beneficial to use these in conjunction with underlying 

physiological principles and the requirements of the essential tasks. One such 

principle discussed in Chapter 2, was the use of the lactate threshold. This 

concept suggests that the ability to perform long duration activity is directly related 

to the intensity at which lactate begins to accumulate in the blood “lactate 

threshold” (Coyle et al., 1988).  

Coyle et al. (1988) assessed 14 well trained cyclists with a mean (SD) ��O2max of 

67.3 (3.9) mL.kg-1.min-1 (range 60.3 mL.kg-1.min-1 to 73.8 mL.kg-1.min-1). 

Percentage ��O2max was recorded at lactate threshold and the mean (SD) was 

reported as 73.8 (9.3) % (range 59.1 % to 86.0 %). The raw data presented in the 

article were used to calculate correlations between relative ��O2max (mL.kg-1.min-1) 

and percentage ��O2max at lactate threshold, no relationship was found (R2 = 0.1). 

Therefore the difference in percentages could be due to the number of years spent 

training (participants ranged from 1 to 8 years; this was found to correlate with 

percentage ��O2max at lactate threshold [R2 = 0.7]) and current training regimes (not 

specified). Diet and training during the experiment were controlled for. The reader 

has to assume that the tests took place in a thermoneutral laboratory with the 

participants wearing standard cycling clothing. Coyle et al. (1988) found that the 

two cyclists who demonstrated a lactate threshold, of and below, 62 % ��O2max 

were on average (SD) able to work for 14 min 03 s (2 min 53 s) before exhaustion 

when required to work at 88 % ��O2max, whilst those who demonstrated a lactate 

threshold at 85 % and 86 % (n = 3) ��O2max were able to work for 68 min 48 s (8 

min 53 s) minutes before exhaustion. A further nine participants with lactate 

thresholds reported between 63 % to 84 % were able to work between 21 min 30 s 

and 66 min 36 s before exhaustion.   

The study by Coyle et al. (1988) also assessed the same 14 participants working 

at 79 % ��O2max for 30 minutes. Whilst all participants achieved this irrespective of 

the percentage ��O2max at which lactate threshold occurred, the degree of fatigue 
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was significantly greater for those with a lower percentage ��O2max at lactate 

threshold (as measured by perceived exertion, blood lactate and total 

carbohydrate oxidized).  This was the only paper found that reported time to 

fatigue when working at a set intensity in relation to the lactate threshold, and to 

observe individuals working at 79 % ��O2max. Whilst it is acknowledged that it was 

based on an n of 14 elite cyclists, it is interesting to note the similarity in the times 

reported for individuals in relation to the literature presented by Bink (1962), 

Louhevaara et al. (1986) and Goldman (1999). Whilst these times in the first 

instance appear to be closely related, the methodology adopted by Coyle et al. 

(1988) was based on either time to exhaustion or working for a set period of time 

where significant fatigue was observed. Therefore there are several points to 

consider, the first being that the MCA and OGI recruit from the general population 

where the male mean ��O2max is approximately 43 mL.kg-1.min-1 (Wilmore & Costill, 

2005), therefore care should be taken when making comparisons between the 

subject groups. Some consideration should also be given to the effect of: previous 

work undertaken during the day; the effect of clothing (work or protective) worn by 

employees; when and what food has been consumed; the environmental 

conditions in which the work is to be carried out, and the mode of exercise. All of 

these may affect the onset of blood lactate and shorten work durations. Finally the 

requirement on individuals to work intermittently throughout the day will have a 

direct impact on the rest breaks before undertaking further tasks.  

This chapter will aim to examine the fitness level required by individuals to join the 

MCA or OGI by calculating the physiological demands of essential tasks 

determined in Chapter 5 as percentages of maximum strength and/or ��O2max. The 

percentages chosen reflect the literature presented throughout this thesis and the 

decisions of the organisations. 

 

METHODS 

The physiological demand of the essential tasks of the MCA and OGI determined 

in Chapter 5 were presented as such that work rate would not exceed 30 %, 50 % 

and 80 % of an individual’s maximum strength and 30 %, 40 %, 55 %, 60 %, 70 %, 

75 % and 80 % of an individual’s ��O2max. 
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RESULTS 

Load standards for essential tasks  

Table 6.1 details the essential tasks and the maximum loads to be lifted if the 

essential task was to represent 30 %, 50 % and 80 % of an individual’s maximum 

strength.  

Table 6.1. Strength requirements of the essential tasks based on the load 

equating to 30 %, 50 % or 80 % of an individual’s maximum.  

Essential Tasks 

Measured 
Load  

Corresponding maximal strength based on the 
essential task being a percentage 

30 %  50 % 80 % 

(kg) 

Stretcher carrying 
4 man 

25.5 85 51 31.9 

Stretcher carry 2 
man 51 170 102 63.8 

Lifting a sledge 
hammer 3 10 6 3.8 

Z-drag 35 116.7 70 43.8 

Stair-climbing (10 
kg) 10 33.3 20 12.5 

Stair-climbing (20 
kg) 20 66.7 40 25 

Stair-climbing (25 
kg) 25 83.3 50 31.3 

NB. Data highlighted represent the standards chosen. 

Aerobic standards for essential tasks  

Table 6.2 details the essential task and the corresponding ��O2max requirements 

based on a range of percentages.  

  



180 
 

Table 6.2. Maximum aerobic capacities required to perform essential tasks 

assuming different percentages of maximum aerobic capacity.  

Essential Tasks  

Measured 
��O2 

demand 

Corresponding ��O2max based on a percentage 

30 % 40 % 55 % 60 % 70 % 75 % 80 % 

(mL.kg-1.min-1) 

Mud rescue 27.4 91 69 50 46 39 37 34 

Stretcher carrying 
(4 man) 

21.8 73 55 40 36 31 29 27 

Stair-climbing (no 
load) 23.4 78 59 43 39 33 31 29 

Ladder-climbing 
24 rungs.min-1 23.6 79 59 43 39 34 31 30 

Ladder-climbing 
34.5 rungs.min-1 28.9 96 73 53 48 41 39 36 

Pulling a trailer 
monitor 30.7 102 77 56 51 44 41 38 

NB. Data highlighted represent the standards chosen. 

DISCUSSION 

For those essential tasks where the requirement to handle a load was greater than 

one minute the standard was set to ensure that the load lifted did not represent 

more than 50 % of an individual’s maximum strength. This was based on the 

research of Åstrand and Rodahl (1977); Mital et al. (1997) and the HSE, (2004). 

The two essential tasks not to use 50 % was the requirement of hammering a 

stake into the ground which is repeated 10 times and a casualty recovery (using 

the Z-drag technique) which lasts approximately 15 seconds. Due to the short 

durations, it was deemed acceptable that the standard for this task be set at 3 kg 

and 35 kg respectively.  

None of the essential tasks that required a standard to be based on a percentage 

of ��O2max exceeded a duration of 30 minutes; however, both organisations 

expected their workforce to be able to continue work intermittently throughout the 

day. Thus, setting a standard for either the MCA of OGI based 30 % to 40 % 

��O2max was disregarded as these percentages were only recommended for 

continuous work lasting 8 hours (Åstrand & Rodahl, 1977).  

Considering the Goldman (1999) recommendations, and the Louhevaara et al. 

(1986) equation, working at 60 % ��O2max could be maintained for approximately an 

hour, this is also in the range reported for healthy, untrained individuals where 
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blood lactate concentration will begin to rise in an exponential fashion (Davis, et 

al., 1979). Thus, it is expected that these individuals should be able to maintain 

work continuously for in excess of 30 minutes.  

As mentioned above, Bilzon et al. (2001) recommended undertaking critical tasks 

at no more than 80 % ��O2max. The concern with setting the percentage this high is 

that after working for 20 to 30 minutes individuals would be exhausted and unable 

to continue work unless a prolonged rest was provided. This theory is supported 

by the fatigue reported in individuals with a lactate threshold of or below 73.8 % 

��O2max after 30 minutes of cycling at 79 % ��O2max (Coyle et al., 1998).  

Thus, it was proposed to the MCA and OGI that they set the percentage of ��O2max 

lower than 80 % this would minimise the risk of musculoskeletal injuries and 

ensure that individuals would be able to undertake the essential tasks without 

becoming exhausted and if in an emergency situation (e.g. mud rescue) and 

ensure that those performing intermittent tasks (e.g. stair-climbing and ladder-

climbing) as part of a working day are able to continue these tasks as required. 

Values were presented to both organisations for the resultant ��O2max if the 

percentage was set at 70 % and 75 % ��O2max (Table 6.2). Based on equation by 

Louhevaara et al. (1986) the maximum work time at 70 % ��O2max would equate to 

approximately 42 minutes, whilst setting a percentage of 75 % ��O2max would 

equate to a work time of approximately 32 minutes. Based on the information 

presented, the MCA sanctioned a percentage ��O2max of 70 % whilst the OGI 

sanctioned a percentage of 75 %.  

 

CONCLUSION 

In conclusion, the percentages of maximum strength and aerobic capacity chosen 

for the MCA and the OGI reflect the nature of the organisations, the essential 

tasks and the duration and frequency with which these tasks will be performed. 

Accordingly, the MCA required a lower percentage ��O2max due to the longer 

durations of essential task performance with periods of active recovery, whereas 

for the OGI, rest breaks could be taken at will, or where essential tasks were 

completed for short durations under emergency situations, the percentage of  

��O2max could be greater.   
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Having determined the percentage of maximum work capacity individuals should 

be allowed to work at in the MCA and OGI the next phase in determining the 

recommended minimum fitness standards was to determine how the requirements 

of the job should be assessed. 

  



CHAPTER 7 

 

INTRODUCTION 

Having established the minimal acceptable physical and physiological 

requirements of each of the essential task

strength capacity, the next phase 

tests that would constitute the recommended fitness standards. A test could be 

either a direct measurement of the task (DTM), a direct task simulation (DTS) or a 

simple to use predictive selection test (PST) (

1982; Jackson & Osburn, 1984; Biddle & Shepherd

Discussions were undertaken with the MCA and OGI to highlight the pros and 

cons associated with each sele

considerations.  

Table 7.1. The pros

Examples based on the RNLI Lifeboat fitness standard (Reilly, 2007)

Description  Example 

Ask people to 
do the tasks 
(DTM) 

ILB re

Ask people to 
do a 
simulation of 
the task (DTS) 

Rope pull to simulate 
veering down

Ask people to 
do a task that 
predicts 
performance 
of the task  
(PST) Back strength to 

predict 
recovery
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DETERMINING THE PHYSICAL ABILITY TESTS 

AND ESTABLISHING THE PASS CRITERIA

Having established the minimal acceptable physical and physiological 

requirements of each of the essential tasks as percentages of maximum aero

strength capacity, the next phase and aim of this project was to determine the 

tests that would constitute the recommended fitness standards. A test could be 

direct measurement of the task (DTM), a direct task simulation (DTS) or a 

o use predictive selection test (PST) (Reilly et al.,

1982; Jackson & Osburn, 1984; Biddle & Shepherd-Sill, 1999; Rayson

Discussions were undertaken with the MCA and OGI to highlight the pros and 

cons associated with each selection method. Table 7.1

The pros and cons of implementing three fitness test

Examples based on the RNLI Lifeboat fitness standard (Reilly, 2007)

Example  Advantages  Disadvantages 

 

ILB re-board 

• Can be built into 
training 

• High level of face 
validity  

• 

• 
• 

 

Rope pull to simulate 
veering down 

• Standardised 
conditions 

• High level of content 
validity  

• 

• 

 

Back strength to 
predict anchor 
recovery 

• Standardised 
conditions 

• Reduced injury risk  
• Can be undertaken in 

a small room when 
DTM/DTS are not 
viable 

• 

• 

 

ICAL ABILITY TESTS 

PASS CRITERIA 

Having established the minimal acceptable physical and physiological 

as percentages of maximum aerobic or 

of this project was to determine the 

tests that would constitute the recommended fitness standards. A test could be 

direct measurement of the task (DTM), a direct task simulation (DTS) or a 

al., 1979; Arnold et al., 

Sill, 1999; Rayson, 2000a). 

Discussions were undertaken with the MCA and OGI to highlight the pros and 

7.1, summaries these 

and cons of implementing three fitness test methods. 

Examples based on the RNLI Lifeboat fitness standard (Reilly, 2007).   

Disadvantages  

 Individuals could be 
working at their 
maximum capacity 

 Standardising conditions 
 Risks if not able to 

complete the task? 

 Not a direct 
measurement  

 Requires separate 
testing  

 Based on a prediction – 
reduced accuracy 

 Less association to the 
critical task 
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The MCA requested that, where possible, tests should be either DTM or DTS, 

based on the likelihood that it would be the SMs conducting the fitness standards 

in the local stations during training. Therefore they favoured tests that could be 

easily administered and required limited specialist equipment and, for CRO 

compliance, were close to the original essential task, ensuring face validity.    

In contrast, it was requested, that the selection tests for the OGI, be predominately 

PST as tests would have to be conducted in an office due to the large numbers of 

employees requiring testing, and the impracticalities of performing DTM or DTS in 

safe and controlled conditions. The EI HTC also stated that it would be preferable 

if the PST could be performed in conjunction with the medical assessment for 

employees. The only area of the OGI that it was considered feasible to introduce 

DTM and/or DTS was the ERT.  

Chapter 6 detailed the aerobic requirements of the essential tasks for both the 

MCA and OGI; therefore a measure of ��O2max was required. As discussed in 

Chapter 2, one of the most viable methods for determining ��O2max is a sub-

maximal step test; as this method of assessment requires limited space and time 

in order to complete it. It was concluded that the most suitable of the step tests 

would be the Tecumseh test as it was reported to be less physically demanding 

than other similar tests and thus preferred by its users. The test is also the same 

for males and females, with a low step height of 20.3 cm and stepping rate of 24 

steps.min-1 (Reilly, 2007; Reilly & Tipton 2010).  However, no reference was found 

that predicted ��O2max from the Tecumseh step test. Therefore the first aim of the 

work described in this chapter was to assess the ability of the Tecumseh step test 

to predict ��O2max. To ensure that the test would be simple to use and meet the 

requirements set by the MCA and OGI it was decided that individuals using the 

test should not have to use an equation to calculate specific ��O2max scores, but be 

provided “Pass/Borderline/Fail” scores obtained from the direct measurement of 

the heart beat score recorded 30 s to 60 s in the post-step test period. Therefore 

the second aim was to determine if ��O2max could be used to determine the required 

heart beat scores for each of the essential tasks.  

It should be considered that the Tecumseh step test may not be appropriate for 

individuals where heart rate is influenced by either medication or psychosomatic 

disorders such as “White Coat Syndrome”. Reilly and Tipton (2010) proposed the 
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use of a six-minute walking test as a valid alternative assessment of aerobic 

fitness, demonstrating a significant correlation (r = 0.81) between walk 

performance and Tecumseh step test results. It was also suggested that the 

exercise intensity associated with the walk test was not excessive as the mean 

distance covered during the test (690 m) resulted in a 30 s post-exercise pulse 

count of 60 beats. Therefore it appeared reasonable that if the Tecumseh step test 

is found to be a valid and reliable measure of aerobic fitness, that the six minute 

walk test be used as a valid alternative.    

For the essential tasks where there was a need to assess an individual’s strength, 

PST of grip, arm, chest and back strength where examined with relation to 

performance of the essential tasks. Reilly (2007) determined that the ability to 

carry a stretcher as part of a two man lift (n = 58) was best predicted by 10 second 

right hand grip endurance (RH10GE) and right hand maximum grip strength 

(RHMGS); with an R2 = 0.52; p<.001 for RH10GE and R2 = 0.50; p<.001 for 

RHMGS, these were adopted to assess the strength component of stretcher 

carrying. To predict manual handling performance, 30 second right hand maximum 

grip endurance (RH30GE) with an R2 = 0.45; p<.001 was calculated from the data 

of Reilly (2007). The prediction equations used by Reilly (2007) were as follows: 

• RH10GE = 10.30 + (0.300*casualty mass) 

• RHMGS = 20.30 + (0.325*casualty mass) 

• RH30GE = (0.549*load to be lifted) - 1.10 

The null hypotheses to be tested were: 

a. H01: The Tecumseh step test will not be a suitable predictor of ��O2max.  

b. H02: ��O2max will not be a suitable predictor of the heart beat scores required 

to undertake the essential tasks of the OGI and MCA.  

c. H03: Predictive selection tests of strength (grip, arm, chest and/or back) will 

not be suitable predictors of valve turning.  

 

METHODS 

Direct simulations 

Direct task simulations where used when a DTMs was deemed not suitable; this 

included essential tasks that were completed as part of a two or four man team. 

This approach was adopted to ensure that an individual was capable of 
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undertaking their proportion of the work. The DTS were designed in conjunction 

with the MCA or OGI, and replicated the essential task as accurately as possible 

using the minimum performance standards and the MOBP detailed in Chapters 4 

and 5.   

Predictive selection tests 

Participants 

Participant numbers were based on similar work (Reilly & Tipton, 2010) and a 

power calculation (G*Power 3.1, Dusseldorf), it was reported that for regressions 

using one to three predictors, participant numbers should range between 76 and 

107 given a medium effect size and a power of 0.8 (Table 3.1 p. 99).  

Seventy participants were initially tested for the prediction of aerobic capacity and 

73 for the prediction of valve turning performance, to determine if the PST selected 

could be suitable predictors of essential task performance (the additional three 

participants in the valve turning tests were unable to take part in the aerobic tests). 

A separate cohort of 30 participants were assessed to validate the prediction 

equations (Annex F) and to ensure that the original samples of 70 and 73 

participants were representative and could be used by the general population 

(Reilly, 2007). The validation study concluded that the initial cohort’s of 70 and 73 

participants could be used to represent the general public, therefore the validation 

cohort (n = 30) were added to the original data set to provide participant numbers 

of 100 for the prediction of aerobic capacity and 103 for the prediction of valve 

turning performance; this met the criteria produced by G*Power.  

Predicting aerobic capacity  

One hundred participants (n = 52 male; n = 48 female) undertook a direct 

measurement of maximal aerobic capacity (Chapter 3) and the Tecumseh step 

test (Chapter 3). Statistical analysis was performed using the methodology 

detailed in Chapter 3 on all the independent variables (height, mass, age, sex, and 

HR) at various time points during and after the step test. Validation methods 

included paired sampled t-tests, coefficient of variation (CV), confidence intervals 

(CI) and limits of agreement (LoA) (Atkinson & Nevill, 1998; Bland & Altman, 

1986).    

An alternative to the Tecumseh step test 

The six minute walk test was used as an alternative to the Tecumseh step test. 

The required distance to be travelled for the six minute walk test was determined 
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from the heart beat scores required for each of the ��O2max requirements for the 

OGI and MCA using the relationship established by Reilly and Tipton (2010). 

Predicting valve turning ability 

One hundred and three participants (n = 54 male; n = 49 female) undertook the 

essential task of medium valve turning to fatigue or until they reached a cut-off 

point of 25 minutes, using the modified arm crank set to a resistance of 8.3 N.m. 

Measures of maximal grip strength, 10 s and 30 s grip endurance (Chapter 3), and 

isometric strength of the arms, chest and back (Chapter 3) were taken. Statistical 

analysis was performed using the methodology detailed above in predicting 

aerobic capacity. 

Predicting manual handling and stretcher carrying  

The PST recommended to assess the abilities of carrying a stretcher and manual 

handling were calculated from the work of Reilly (2007). The raw data from this 

study were obtained and statistical analysis was performed using the methodology 

detailed above in predicting aerobic capacity. 

Prediction intervals 

Upper and lower prediction intervals were calculated at 75 % and 99 % using 

Minitab 15 to take into account the inherent error within the prediction (Chapter 3). 

Data were subsequently categorised into “Pass”, “Borderline” and “Fail” groups 

using the physical and physiological requirements of the essential task established 

for the MCA and OGI in Chapter 6. The original data were subsequently coded 

using the scores produced by the prediction intervals to determine the percentage 

of participants categorised correctly or incorrectly.  

  

RESULTS 

The results are divided into three sections. The first reports those essential tasks 

that could be assessed through DTM or DTS and the resultant scenarios. Section 

two presents those data of the Tecumseh step test as a means of assessing 

essential task performance based on ��O2max. The final section details those data 

found to predict the ability to turn a medium valve, manual handling and stretcher 

carrying.  
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Direct task measurements and simulations 

None of the essential tasks of the MCA could be replicated using DTM, due to 

these tasks either requiring a skill component (hammering a stake into the ground) 

or tasks performed as a team (stretcher carrying, rope haul and mud rescue). 

Thus DTS were used to eliminate any skill requirements and ensure that 

individuals would be able to perform an equal share of the essential task to the 

minimum acceptable standard (Table 7.2). 

With regard to the OGI ERT, it was viable to use DTM for the essential task of 

hauling kit up a gantry and unrolling hoses (Table 7.3).  The essential task of 

manual handling was prescribed as both a DTM and DTS, dependant on the 

availability of a flight of stairs (Table 7.3).  

Some of the essential tasks required a PST to be undertaken prior to completing 

the DTM or DTS, to ensure that individuals were not at an increased risk of injury 

due to the nature of the DTM or DTS.  
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Table 7.2. Direct task simulations recommended for the Maritime and Coastguard 

Agency fitness standard. 

Essential Task  Simulation  Comments/MOBP 

Rope rescue: 
hammering a stake 
into the ground 

Continuously lift a 3 kg hammer 
10 times above shoulder height 
(DTS).  
 

 

Rope rescue: 
performing a Z-drag  

Pull a rope, with a resistance of 
35 kg, and maintain this load for 
15 seconds (DTS). 

 

Stretcher carrying Carry a 19 kg load, 200 m in 3 
min 45 s allow 3 min 45 s rest 
carry 25.5 kg, 200 m in 3 min 45 
s. The load should be in one hand 
with a strop around the shoulder 
and held in the other hand to 
replicate how a stretcher is 
carried (DTS). 

Only to be undertaken after a 
PST for the assessment of 
aerobic capacity has been 
passed. 

 

Mud rescue Pull a stretcher of 25.5 kg, 200 m 
in 15 min whilst wearing Mudders 
(DTS). 

Only to be undertaken after a 
PST for the assessment of 
aerobic capacity has been 
passed. 
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Table 7.3. Direct task measurements and simulations recommended for the Oil 

and Gas Industry and Emergency Response Teams fitness standard. 

Essential Task  Task Comment 

Manual handling: 
10 kg, 20 kg, 25 kg  

Walk-up and down stairs (20.3 
cm, 80 steps.min-1) carrying 20 
kg (DTM). 
 
OR 
 
Step up for 1 minute (19 cm, 20 
steps.min-1) carrying the 
required load (DTS). 
 

Although stepping on and off a 
box is representative of the task, 
the work load is less than true 
stair-climbing and thus this test 
should be conducted only as a 
guide until a proper assessment 
can be undertaken on stairs. 
All employees should undertake 
the relevant grip strength and 
endurance tests prior to the 
simulation. 

ERT Rope haul the heaviest 
anticipated load (10 kg first aid 
kit) up 10 m gantry. 

 

ERT Roll out a 23 m fire hose  

 

Predictive selection tests 

Predicting aerobic capacity 

The initial analysis (n = 70) revealed that percentage body fat (BF%), heart beat 

count 30 seconds to 60 second post-exercise (HB30to60) and age significantly 

(p<.001) predicted ��O2max (R2 = 0.76). The single largest predictor of relative 

��O2max (mL.kg-1.min-1) was found to be BF% with an R2 of 0.62.  Heart beat count 

30 seconds to 60 second post-exercise combined with BF% increased the 

prediction R2 = 0.70. Heart beat count 30 seconds to 60 second post-exercise was 

found to account for 43 % of the observed variance (R2 = 0.43 (��O2max = 76.20 – 

0.831[HB30to60]). Age was found to have a significant (p<.001) relationship with 

��O2max accounting for 31.2 % of the observed variance (��O2max = 60.70 – 

0.496(age)).  However, it was decided that it would not be suitable to use BF% for 

reasons presented in the discussion and thus was removed from the analysis. 

Participant demographics are presented in Table 7.4. 
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Table 7.4.  Mean (SD), plus the minimum and maximum range for the participants’ 

height, weight, age, maximum oxygen uptake and Tecumseh step test score (n = 

100, 52 males, 48 females). 

 Mean (SD) Minimum Maximum 

Age (yrs) 32.0 (11.5) 18.0 58.0 

Height (cm) 172.3 (10.2) 156.1 194.9 

Mass (kg) 72.3 (14.4) 46.9 114.0 

��O2max (mL.kg-1.min-1) 44.6 (9.9) 25.61 65.1 

TST heart beat score 30 s to 60 
s post exercise   

38.4 (7.5) 21 60 

 

Simple and multiple linear regressions were run to determine the best predictor/s 

of ��O2max.  These correlations and prediction equations are summarised in Table 

7.5. Measures of HB30to60, Age and Sex demonstrated a significant (p<.001) 

prediction of ��O2max.  

Table 7.5. Equations for predicting maximum aerobic capacity (n = 100). 

Symbol Independent 
variables 

R2 Prediction Equation 

A HB30to60 0.43 ��O2max = 76.425 – 0.830(HB30to60) 

B HB30to60; Age 0.59 ��O2max = 84.687 – 0.722(HB30to60)-0.383(age) 

C HB30to60; Age; 
Sex (0 = male; 1 

= female) 
0.70 ��O2max = 83.477– 0.586(HB30to60)-0.404(age)-7.030(sex) 

Data were found to be homoscedastic as evidenced by the small amount of 

variation demonstrated in the P-P plots, this showed there was little variation 

within the expected and observed residuals, and therefore the selected variables 

closely matched the test distribution. Standardised residuals fell between -3 and 3 

(-2.3 and 2.3) therefore the model can be viewed with confidence as none of the 

predicted values are deemed significantly dissimilar to the actual values (Field, 

2011).  

Table 7.6 details the measures of validity for each of the equations. The prediction 

equations proposed to determine ��O2max (A, B and C, see Table 7.5) were found to 

be non-significantly different from the measured ��O2max (A: t(99) = -0.18; B:  t(99) = -
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0.044; C: t(99) = -0.333; p>.05 for all tests).  Equation C reported the highest 

correlation (R2 = 0.70), but also reported the largest degree of over (17.7 mL.kg-

1.min-1) and under estimations (-17.1 mL.kg-1.min-1 [Table 7.6]). Equation A was 

found to have a lower CI, mean difference and percentage of individuals falling 

outside the LoA, but a greater CV and LoA than equation B, with a best case 

scenario (lowest possible error) of over and under predicting ��O2max by 12.6 

mL.kg-1.min-1 compared to equation B where the best case scenario would be that 

��O2max is over or under predicted by 9.7 mL.kg-1.min-1. Equation A was chosen for 

reasons detailed in the discussion.  

Table 7.6. Mean (SD), coefficient of variation, confidence intervals, bias 95 % 

limits of agreement and percentage of cases falling outside the limits of 

agreement, based on predicted and actual maximum oxygen uptake.  

 
Prediction Equation 

A B C 

Mean (SD) predicted ��O2max 

(mL.kg-1.min-1) 
44.6 44.6 44.6 

CV (%) 10.5 8.2 11.8 

CI (mL.kg-1.min-1) 43.1 to 46.0 43.0 to 46.2 42.9 to 45.9 

Mean difference (SD)  -0.01(7.7) -0.03(6.4) 0.30(8.9) 

LoA (mL.kg-1.min-1) -15.1 to 15.1  -12.5 to 12.5 -17.1 to 17.7  

95 % CI for the upper LoA 
(mL.kg-1.min-1) 17.6 to 12.6 15.3 to 9.7 20.3 to 15.2 

95 % CI for the upper LoA 
(mL.kg-1.min-1) -12.6 to -17.6 -9.7 to -15.4 -14.6 to -19.7 

Percentage falling outside the 
LoA (%) 2 4 4 

Predicting the heart beat score of the Tecumseh step test  

Having determined that HR30to60 was a predictor of ��O2max the relationship was 

reversed, due to the requirement to prescribe a heart beat score that would equate 

to the previously determined ��O2max requirements of the essential tasks of the 

MCA and OGI.  Maximum oxygen uptake was found to predict HB30to60s (R2 = 

0.44; HB30to60 = -0.473��O2max + 59.50). Table 7.7 details the results of the 

measures of validity for the equation. There was no significant difference (t(99) = 
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0.002; p>.05) between the measured HB30to60 38.4 (7.5) beats and the predicted 

HB30to60 scores (38.4 [4.7] beats).  The LoA showed that best case scenario 

heart beat count would be over or under estimated by 9.5 beats whilst worst case 

scenario (highest possible error) was found to be over or under estimated by 13.3 

beats. 

Table 7.7. Mean (SD), coefficient of variation, confidence intervals, bias 95 % 

limits of agreement and percentage of cases falling outside the limits of 

agreement, based on predicted and actual heart beat count 30 s to 60 s post-

exercise.  

Mean (SD) predicted heart beat (beats) 38.4(4.7) 

CV (%)  8.6 

CI (beats) 37.3 to 39.5 

Mean difference (SD) (beats) 0.001(5.8) 

LoA (beats) -11.4 to 11.4  

95 % CI for the upper LoA (beats) 9.5 to 13.3 

95 % CI for the upper LoA (beats) -9.5 to -13.3 

Percentage falling outside the LoA (%) 4 

To deal the with the inherent error present with the prediction, it was decided that 

“Pass”, “Borderline” and “Fail” categories be obtained from the 75 % and 99 % 

prediction intervals in an attempt to account for the reported error. Figure 7.1 

details the relationship between HR30to60 and ��O2max with the upper and lower 

75 % and 99 % prediction intervals.  
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Figure 7.1. The relationship between maximum oxygen uptake and the heart beat 

score from the Tecumseh step test 30 s to 60 s post-exercise. Prediction intervals 

are set at 75 % and 99 % (n = 100). 

NB. The equations displayed on Figure 7.1 represent the upper and lower 75 % and 95 % 

prediction intervals and were used in the calculation of test scores. The middle equation (y = -

0.473x + 59.50) was produced from the linear regression.  

Using the upper prediction intervals shown on Figure 7.1, tables were produced 

for the MCA and OGI to be used as “Pass/Borderline/Fail” criteria (Table 7.8 to 

7.10). 

Table 7.8. Pass, Borderline and Fail criteria for potential and existing CROs 

(except Mud Rescue) based on the heart beat score from the Tecumseh step test 

30 s to 60 s post-exercise. 

��O2max 

(mL.kg-1.min-1) 
PASS BORDERLINE FAIL 

31 Equal to or less 
than 52 beats 

Between 

53 to 59 beats 

Equal to or above 

60 beats 

 

  

y = -0.473x + 59.50

y = -0.4733x + 66.315

y = -0.4725x + 74.971
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Table 7.9. Pass, Borderline and Fail criteria for potential and existing mud 

technicians based on the heart beat score from the Tecumseh step test 30 s to 60 

s post-exercise. 

��O2max 

(mL.kg-1.min-1) 
PASS BORDERLINE FAIL 

39 Equal to or less 
than 48 beats 

Between 
49 to 56 beats 

Equal to or above 
57 beats 

 

Table 7.10. Pass, Borderline and Fail criteria for potential and existing Oil and Gas 

Industry employees based on the heart beat score from the Tecumseh step test 30 

s to 60 s post-exercise. 

��O2max  

(mL.kg-1.min-1) PASS BORDERLINE FAIL 

31 
Equal to or less 
than 52 beats 

Between 
53 to 59 beats 

Equal to or above 
60 beats 

39 
Equal to or less 
than 48 beats 

Between 
49 to 56 beats 

Equal to or above 
57 beats 

41 
Equal to or less 
than 47 beats 

Between 
48 to 55 beats 

Equal to or above 
56 beats 

 

Table 7.11 classifies the participants (n = 100) based on the upper percentile 

prediction intervals, into those that would have achieved a: 

1. Correct pass  

2. Pass when they should fail;  

3. Borderline (should have failed);  

4. Fail when they should pass;  

5. Borderline (should have passed);  

6. Correct fail.  

Of the 100 participants that took part in the study, 92 had a ��O2max of 31 mL.kg-

1.min-1 or above, 69 had a 
��O2max of 39 mL.kg-1.min-1 or above and 61 had a 

��O2max of 41 mL.kg-1.min-1 or above. With data based on the upper 99 % and 75 % 

prediction intervals, it would appear that as the ��O2max requirement increased the 

number of correct passes fell, whilst the number of passes when they should have 

failed, and correct failures, increased. For each ��O2max score (31 mL.kg-1.min-1, 39 

mL.kg-1.min-1 and 41 mL.kg-1.min-1) the percentages of correct passes (as a 
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percentage of n = 100) were 89 %, 67 % and 59 % respectively. Whilst those that 

should have passed, but were failed were 1 %, 0 %, and 2 % respectively. 

Table 7.11. Pass, Borderline and Fail classifications based on the upper 75 % and 

99 % prediction (n = 100).  

��O2max (mL.kg-1.min-1) 31 39 41 

Correct pass (n)  89  67  59  

Pass when they should fail (n)  7  24  30  

Borderline (should have failed) 
(n) 1  5  0  

Fail when they should pass (n)  1  0  2  

Borderline (should have 
passed) (n) 2  2  0  

Correct fail (n)  0  2  9  

The same classifications presented above and in Table 7.10 were used to classify 

the participants (n = 100) based on the lower percentile prediction intervals (Table 

7.12). These data indicate that as the ��O2max requirement increased the number of 

correct passes fell, whilst the number of “passes when they should have failed” 

was nil for all ��O2max requirements. The number of correct fails increased as the 

��O2max requirement increased (31 mL.kg-1.min-1, 39 mL.kg-1.min-1 and 41 mL.kg-

1.min-1) from 8 %, to 30 % to 39 % respectively. The percentage of correct passes 

was found to be 13 %, 2 % and 2 % respectively. Whilst those that should have 

passed, but were failed were 39 %, 42 %, and 37 % respectively.  
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Table 7.12. Pass, Borderline and Fail classifications based on the lower 75 % and 

99 % prediction intervals (n = 100).  

��O2max (mL.kg-1.min-1) 31 39 41 

Correct pass (n)  13 2 2 

Pass when they should fail (n)  0 0 0 

Borderline (should have failed) 
(n) 0 1 0 

Fail when they should pass (n)  39 42 37 

Borderline (should have 
passed) (n) 40 25 22 

Correct fail (n)  8 30 39 

Predicting valve turning ability 

The participants who reached the maximum time of 25 minutes were excluded 

from the analysis, as this caused a right censor in the data set, thus a bias would 

have been reported that no-one could turn a valve for more than 25 minutes; 

however, this is a false assumption based on stopping those participants who 

reached 25 minutes. Excluding these participants left 57 for the PST correlation 

analysis.  

Static arm strength (SAS) (r = 0.69; p<.001) and RHMGS (r = 0.68; p<.001) were 

found to be good predictors of valve turning ability. The relationship between valve 

turning and maximum grip strength was based on the right hand, however the left 

hand maximum grip strength was also correlated with medium valve turning 

duration (r = 0.66; p<.001). There was a high interclass correlation between right 

and left maximum grip strength (r = 0.88; p<.001). 

The combination of right hand maximum grip and static arm strength into linear 

multiple regression resulted in an R2 of 0.54 (Time = 0.266[RHMGS] + 0.273 [SAS] 

– 9.356). The equation was found to significantly (F(2,56) = 31.485; p<.001) predict 

valve turning ability. However, it was felt that RHMGS and SAS should be treated 

independently of each other. This was due to the possibility that some individuals 

passing the test may only have done so by being significantly more dominant on 

one of the tests and not possessing sufficient strength requirements in the other 
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test. This approach and theory was also adopted for the fitness standards 

produced for the RNLI Lifeboat Crew (Reilly, 2007).  

It should be noted that similar to the predictions of pulse count from ��O2max, the 

relationship had to be reversed, due to the requirement to prescribe a strength 

score that would equate to the previously determined valve turn time. Thus time 

would be used to predict RHMGS and SAS. 

This resulted in time accounting for 46 % of the variance in predicting RHMGS. 

This was found to be significant (p<.001) with the prediction equation being 

RHMGS = 0.960(time) + 27.74. The P-P plot demonstrated that RHMGS closely 

matched the test distribution. Standardised residuals fell between -3 and 3 (-2.3 

and 2.2), therefore the model can be viewed with confidence, as none of the 

predicted values are deemed significantly dissimilar to the actual values. There 

was no significant difference (t(56) = -0.007; p>.05) between the actual RHMGS 

(34.0 [6.7] kg) and the predicted RHMGS (34.0 [4.6] kg). The LoA showed that 

best case scenario RHMGS over or under estimated by 7.9 kg whilst worst case 

scenario was found to be over or under estimated by 11.5 kg (Table 7.13). 

Table 7.13. Mean (SD), coefficient of variation, confidence intervals, bias 95 % 

limits of agreement and percentage of cases falling outside the limits of 

agreement, based on predicted and actual right hand maximum grip strength (kg). 

Mean (SD) RHMGS (kg) 34.0(4.6) 

CV (%) 8.1 

CI (kg) 23.8 to 44.8 

Mean difference (SD) (kg) 0.01(4.9) 

LoA (kg) -9.7 to 9.7 

95 % CI for the upper LoA (kg) 7.9 to 11.5 

95 % CI for the upper LoA (kg) -7.9 to -11.5 

Percentage falling outside the LoA (%) 7 

It was considered by the EI HTC that it would be reasonable to expect an 

individual to turn a valve for at least five minutes. Also to account for the error 

reported, it was decided to base test scores on the 75 % and 95 % prediction 

intervals. Figures 7.2 shows the relationship between the time individuals were 
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able to turn the medium valve, RHMGS and the upper and lower 75 % and 95 % 

prediction intervals.  

 

 

Figure 7.2. The relationship between right hand maximum grip strength and time 

spent turning a medium valve to fatigue.  Data from those unable to complete 25 

minutes of valve turning (n = 57). Prediction intervals are set at 75 % and 95 %. 

NB. The equations displayed on Figure 7.2 represent the upper and lower 75 % and 95 % 

prediction intervals and were used in the calculation of test scores. The middle equation (y = 

0.960x + 27.74) was produced from the linear regression.  

The same approach was taken for SAS. Time accounted for 48 % of the variance 

and was found to significantly (p<.001) predict SAS (SAS = 1.034[time] + 18.15). 

The P-P plot demonstrates there was little variation within the expected and 

observed residuals and no heteroscedasticity, thus SAS closely matched the test 

distribution. Standardised residuals fell between -3 and 3 (-2.5 and 2.8), therefore 

the model can be viewed with confidence, as none of the predicted values are 

deemed significantly dissimilar to the actual values.  There was no significant 

difference (t(56) = 0.001; p>.05) between the actual SAS (24.9 [4.9] kg) and the 

predicted SAS (24.7 [5.6] kg). The LoA showed that best case scenario SAS was 

over or under estimated by 8.3 kg, whilst worst case scenario was found to be 

over or under estimated by 12.1 kg (Table 7.14). 
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Table 7.14. Mean (SD), coefficient of variation, confidence intervals, bias 95 % 

limits of agreement and percentage of cases falling outside the limits of 

agreement, based on predicted and actual static arm strength (kg) 

Mean (SD) SAS (kg) 24.8(5.6) 

CV (%) 11.0 

CI (kg) 13.9 to 35.8 

Mean difference (SD) (kg) 1.82x10-5(5.2) 

LoA (kg) -10.2 to 10.2 

95 % CI for the upper LoA (kg) 8.3 to 12.1 

95 % CI for the upper LoA (kg) -8.3 to -12.1 

Percentage falling outside the LoA (%) 5 

Figures 7.3 shows the relationship between the time individuals were able to turn 

the medium valve, SAS and the upper and lower 75 % and 95 % prediction 

intervals.   
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Figure 7.3. The relationship between static arm strength and time spent turning a 

medium valve to fatigue. Data from those unable to complete 25 minutes of valve 

turning (n = 57). Prediction intervals are set at 75 % and 95 %. 

NB. The equations displayed on Figure 7.3 represent the upper and lower 75 % and 95 % 

prediction intervals and were used in the calculation of test scores. The middle equation (y = 

1.034x + 18.15) was produced from the linear regression.  

The “Pass/Borderline/Fail” categories calculated from Figure 7.2 and 7.3 for 

RHMGS and SAS respectively are presented in Table 7.15. It should be noted that 

to calculate these scores the lower prediction intervals were selected. 

Table 7.15. Pass, Borderline and Fail criteria for right hand grip strength and static 

arm strength to predict the ability to turn a medium valve for 5 minutes (n = 57). 

PST PASS BORDERLINE FAIL 

Grip strength Equal to or above 
27 kg 

<27 kg to >22 kg  

 

Equal to or less than 

22 kg 

Static arm 
strength 

Equal to or above 
17 kg <17 kg to >13 kg 

Equal to or less than 

13 kg 
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Table 7.16 categorises the original 103 participants in the same manner as the 

aerobic standard. Of the 103 participants 74 achieved 5 minutes of valve turning or 

above, with 29 participants failing to achieve the 5 minutes. Thus, based on both 

the lower prediction intervals for RHMGS and SAS, 73 of those that achieved 5 

minutes of valve turning were classified correctly with 1 being categorised as 

borderline. Of the 29 that failed to turn a valve for five minutes, 23 (RHMGS) and 

25 (SAS) were passed when they should have failed, with the remaining falling in 

to the borderline category. Based on these data 78 % (RHMGS) and 76 % (SAS) 

of the 103 participants were correctly categorised.   

Table 7.16. Pass, Borderline and Fail classifications based on the lower 75 % and 

95 % prediction intervals (n = 103).  

RHMGS SAS 

Correct pass (n)  73 73 

Pass when they should fail (n)  23 25 

Borderline (should have failed) 
(n) 6 4 

Fail when they should pass (n)  0 0 

Borderline (should have 
passed) (n) 1 1 

Correct fail (n)  0 0 

The data presented in Table 7.17 categorises the participants (n = 103) based on 

the upper 95 % and 75 % prediction intervals. Based on these intervals 80 % 

(RHMGS) and 81 % (SAS) of the 103 participants were correctly classified. Whilst 

those that achieved a pass when they should have failed was reduced to 0 and the 

number fails correctly classified increased to 90 % (RHMGS) and 100 % (SAS), 

the number of those that were classified as a fail when they should have passed 

increased to 28 % (RHMGS) and 30 % (SAS).  
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Table 7.17. Pass, Borderline and Fail classifications based on the upper 75 % and 

95 % prediction intervals (n = 103).  

RHMGS SAS 

Correct pass (n)  48 48 

Pass when they should fail (n)  0 0 

Borderline (should have failed) 
(n) 3 0 

Fail when they should pass (n)  21 22 

Borderline (should have 
passed) (n) 5 4 

Correct fail (n)  26 29 

Predicting manual handling capability  

The raw data obtained from Reilly (2007) predicted maximum load lifted using 

RH30GE (R2 = 0.45; p<.001). Thus to determine the required RH30GE, the 

prediction equation was reversed (i.e. RH30GS became the y variable and 

maximum load carried the x). 

The P-P plot demonstrated little variation within the expected and observed 

residuals, but no heteroscedasticity. Standardised residuals were found to be -2.4 

and 2.0, resulting in both residuals falling inside the acceptable range of -3 and 3 

(Field 2011), therefore the predicted values based on RH30GE were deemed 

similar to the actual values of maximum load lifted. There was no significant 

difference (t(57) = 0.002; p>.05) found between  RH30GS (28.6 [7.5] kg) and the 

predicted RH30GS (28.6 [5.0] minutes). A CV of 10.6 % was found and the LoA 

showed that best case scenario maximum load lifted would be over or under 

estimated by 8.9 kg whilst worst case scenario time would over- and under-

estimate by 12.8 kg (Table 7.18). 
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Table 7.18. Mean (SD), coefficient of variation, confidence intervals, bias 99 % 

limits of agreement and percentage of cases falling outside the limits of 

agreement, based on predicted and actual 30 s right hand grip endurance. 

Mean (SD) predicted RH30GS (kg) 28.6(5.0) 

CV (%) 10.6 

CI (kg) 27.31 to 29.93 

Mean difference (SD) (kg) -0.002(5.5) 

LoA (kg) -10.9 to 10.9  

95 % CI for the upper LoA (kg) 8.9 to 12.8 

95 % CI for the upper LoA (kg) -12.8 to -8.9 

Percentage falling outside the LoA (%) 2 

 
Figure 7.4 shows the relationship between maximum load carriage and RH30GE 

and the upper and lower 75 % and 99 % prediction intervals.  

 

Figure 7.4. The relationship between 30 second right hand grip endurance and 

maximum load carriage (n = 58). Prediction intervals are set at 75 % and 99 %. 

NB. The equations displayed on Figure 7.4 represent the upper and lower 75 % and 99 % 

prediction intervals and were used in the calculation of test scores. The middle equation (y = 

0.549x – 1.10) was produced from the linear regression.  
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The “Pass/Borderline/Fail” categories calculated from Figure 7.4 for RH30GE are 

presented in Table 7.19. It should be noted that to calculate these scores the 

lower prediction intervals were selected. 

Table 7.19. Pass, Borderline and Fail criteria based on 30 second right hand grip 

endurance to predict the ability to manual handling loads of 10 kg, 20 kg and 25 kg 

(n = 58).  

NB. The manual handling loads equate to 50 % of the representative loads (see Chapter 6). 

Representative 
Load (kg) 

PASS BORDERLINE FAIL 

20 Equal to or above 
14 kg <14 kg to >6 kg  

Equal to or less than 
6 kg 

40 Equal to or above 
14 kg <14 kg to >6 kg Equal to or less than 

6 kg 

50 Equal to or above 
20 kg <20 kg to >11 kg Equal to or less than 

11 kg 

 

Table 7.20 categorises the original 58 participants in the same manner as the 

other prediction models. Based on the lower prediction intervals for RH30GE, all 

bar one individual were categorised correctly for manual handling 10 kg, 56 out of 

58 for manual handling 20 kg, and 42 out of 58 for manual handling 25 kg.  Based 

on these data 98 % (10 kg) and 98 % (20 kg)  and 86 % (25 kg) of the 58 

participants were correctly classified.   

  



206 
 

Table 7.20. Pass, Borderline and Fail classifications based on the lower 75 % and 

99 % prediction intervals (n = 58).  

 
20 kg 40 kg 50 kg 

Correct pass (n)  57 56 42 

Pass when they should fail 
(n)  0 1 8 

Borderline (should have 
failed) (n) 0 1 8 

Fail when they should pass 
(n)  0 0 0 

Borderline (should have 
passed) (n) 1 0 0 

Correct fail (n) 0 0 0 

The data presented in Table 7.21 categorises the participants (n = 58) based on 

the upper 99 % and 75 % prediction intervals. Based on these intervals 67 % (10 

kg) 24 % (20 kg) and 3 % (25 kg) of the 58 participants were correctly classified. 

Whilst those that achieved a pass when they should have failed was reduced to 0 

and the number of fails correctly classified increased to 100 % (20 kg) and 94 % 

(25 kg), the number of those that would be classified as a fail when they should 

have passed increased to 7 % (10 kg) 56 % (20 kg) and 93 % (25 kg).  
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Table 7.21. Pass, Borderline and Fail classifications based on the upper 75 % and 

99 % prediction intervals (n = 59).  

 20 kg 40 kg 50 kg 

Correct pass (n)  39 14 2 

Pass when they should fail 
(n)  0 0 0 

Borderline (should have 
failed) (n) 0 0 1 

Fail when they should pass 
(n)  3 18 26 

Borderline (should have 
passed) (n) 16 25 14 

Correct fail (n) 0 1 15 

Predicting stretcher carrying ability 

The raw data obtain from Reilly (2007) predicted stretcher carrying ability using 

RH10GE (R2 = 0.52; p<.001) and RHMGS (r = 0.70; p<.001). Thus to determine 

the required RH10GE and RHMGS, the prediction equation was reversed (i.e. 

RH10GS became the y variable and maximum stretcher carry the x). 

It was felt that RH10GE and RHMGS should be treated independently of each 

other. This was due to the possibility that some individuals passing the test may 

only have done so by being significantly more dominant in one of the tests and not 

possessing sufficient strength in the other test. This approach and theory was 

noted earlier and adopted for the fitness standards produced for the RNLI Lifeboat 

Crew (Reilly, 2007).  

The P-P plot for RH10GE demonstrated little variation within the expected and 

observed residuals, and no heteroscedasticity. Standardised residuals were found 

to be -1.90 and 2.27, resulting in the residuals falling inside the acceptable range 

of -3 and 3 (Field 2011), therefore the predicted values were deemed similar to the 

actual values. There was no significant difference (t(57) = -0.006; p>.05) between 

the measured RH10GE (39.1 [8.9] kg) and the predicted RH10GE (39.1 [6.4] 

minutes). A CV of 9.1 % was found and the LoA showed that best case scenario 

time would be over or under estimated by 9.7 kg whilst worst case scenario time 

would over or under estimated by 14.6 kg (Table 7.22). 
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Table 7.22. Mean (SD), coefficient of variation, confidence intervals, bias 95 % 

limits of agreement and percentage of cases falling outside the limits of 

agreement, based on predicted and actual right hand grip endurance 10 s. 

Mean (SD) predicted RH10GE (kg) 39.1(6.4) 

CV (%) 9.1 

CI (kg) 37.4 to 40.8 

Mean difference (SD) (kg) 0.001(6.2) 

LoA (kg) -12.1 to 12.1  

95 % CI for the upper LoA (kg) 9.7 to 14.6 

95 % CI for the upper LoA (kg) -9.7 to -14.6 

Percentage falling outside the LoA (%) 2 

 
The P-P plot for RHMGS demonstrated a small amount of variation within the 

expected and observed residuals, and no heteroscedasticity. Standardised 

residuals were found to be -2.4 and 2.7, resulting in the residuals falling inside the 

acceptable range of -3 and 3 (Field 2011), therefore the predicted values were 

deemed similar to the actual values. There was no significant difference (t(57) = -

0.004; p>.05) between the measured RHMGS (51.5 [9.8] kg) and the predicted 

RHMGS (51.5 [6.9] minutes). A CV of 7.9 % was found and the LoA showed that 

best case scenario time would be over or under estimated by 11.0 kg whilst worst 

case scenario time would over or under estimated by 16.4 kg (Table 7.23). 
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Table 7.23. Mean (SD), coefficient of variation, confidence intervals, bias 95 % 

limits of agreement and percentage of cases falling outside the limits of 

agreement, based on predicted and actual right hand maximum grip strength (kg). 

Mean (SD) RHMGS (kg) 51.5(6.9) 

CV (%) 7.9 

CI (kg) 49.7 to 53.4 

Mean difference (SD) (kg) 0.003(7.0) 

LoA (kg) -13.7 to 13.7 

95 % CI for the upper LoA (kg) 11.0 to 16.4 

95 % CI for the upper LoA (kg) -11.0  to -16.4 

Percentage falling outside the LoA (%) 5 

 
To account for the error reported it was decided to base test scores on 75 % and 

99 % prediction intervals. Figures 7.5 and 7.6 show the relationships between the 

stretcher loads lifted, RHMGS and RH10GE with the upper and lower 75 % and 99 

% prediction intervals highlighted as the red and green lines.   
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Figure 7.5. The relationship between right hand grip strength and the maximum 

stretcher load lifted.  Prediction intervals are set at 75 % and 99 % (n = 58). 

NB. The equations displayed on Figure 7.4 represent the upper and lower 75 % and 99 % 

prediction intervals and were used in the calculation of test scores. The middle equation (y = 

0.325x – 20.33) was produced from the linear regression.  
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Figure 7.6. The relationship between right hand 10 second grip endurance and 

the maximum stretcher load lifted. Prediction intervals are set at 75 % and 99 % (n 

= 58). 

NB. The equations displayed on Figure 7.4 represent the upper and lower 75 % and 99 % 

prediction intervals and were used in the calculation of test scores. The middle equation (y = 

0.300x – 10.30) was produced from the linear regression.  

The “Pass/Borderline/Fail” categories calculated from Figure 7.5 and 7.6 for 

RH10GE and RHMGS respectively are presented in Table 7.24 for a two person 

stretcher carry and Table 7.25 for a four person stretcher carry. It should be noted 

that to calculate these scores the lower prediction intervals were selected. 
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Table 7.24. Pass, Borderline and Fail criteria for right hand 10 second grip 

endurance and right hand maximum grip strength to predict the ability of two 

person stretcher carry (based on a load of 102 kg which is representative of the 

head end of a 89 kg stretcher equating to 50 % maximum strength) (n = 58). 

PST PASS BORDERLINE FAIL 

Right Hand 10 s 
Grip Endurance  

Equal to or above 
34 kg 

<34 kg to >24 kg 

 

Equal to or less than 

24 kg 

Right Hand 
Maximum Grip 

Strength 

Equal to or above 
45 kg <45 kg to >34 kg 

Equal to or less than 

34 kg 

Table 7.25. Pass, Borderline and Fail criteria for right hand 10 second grip 

endurance and right hand maximum grip strength as PST for a four person 

stretcher carry (based on a load of 51 kg which is representative of half the head 

end of a 89 kg stretcher equating to 50 % maximum strength) (n = 58). 

PST PASS BORDERLINE FAIL 

Right Hand 10 s 
Grip Endurance  

Equal to or above 
18 kg 

<18 kg to >9 kg  

 

Equal to or less than 

9 kg 

Right Hand 
Maximum Grip 

Strength 

Equal to or above 
29 kg <29 kg to >18 kg 

Equal to or less than 

18 kg 

Table 7.26 categorises the original 58 participants in the same manner as the 

aerobic standard. Based on the lower prediction intervals for RH10GE, all 

individuals are correctly categorised except for four participants for a two person 

stretcher carry, and one for a four person carry.  Based on these data 93 % (two 

person stretcher carry) and 98 % (four person stretcher carry) were correctly 

categorised.  For RHMGS 50 participants were categorised correctly for a two 

person stretcher carry, and 57 for a four person carry.  Based on these data 86 % 

(two person stretcher carry) and 98 % (four person stretcher carry) were correctly 

classified.   
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Table 7.26. Pass, fail categories based on the lower 75 % and 99 % prediction 

intervals with borderline cases included for the critical task of two and four person 

stretcher carrying (n = 58).  

RH10GE 

(2 person) 

RH10GE 

(4 person) 

RHMGS 

(2 person) 

RHMGS 

(4 person) 

Correct pass (n)  42 57 42 57 

Pass when they should 
fail (n)  4 1 7 1 

Borderline (should have 
failed) (n) 11 0 8 0 

Fail when they should 
pass (n)  0 0 0 0 

Borderline (should have 
passed) (n) 0 0 0 0 

Correct fail (n)  1 0 1 0 

Table 7.27 categorises the original 58 participants in the same manner as the 

aerobic standard. Based on the upper prediction intervals for RH10GE, 26 

individuals would have failed the test when they should have passed for a two 

person stretcher carry, with 16 being categorised as borderline when they should 

have passed. Seven would have failed the test when they should have passed for 

a four person carry, with 24 being categorised as borderline when they should 

have passed.  However, the number of individuals passing the test when they 

should have failed decreased to 0 for both the two and four person stretcher carry. 

For RHMGS 29 participants would have failed the test when they should have 

passed for a two person stretcher carry, with 13 being categorised as borderline 

when they should have passed. Seven would have failed the test when they 

should have passed for a four person carry, with 29 being categorised as 

borderline when they should have passed.  However, the number of individuals 

passing the test when they should have failed decreased to 0 for both the two and 

four person stretcher carry. 
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Table 7.27. Pass, Borderline and Fail categories based on the upper 75 % and 99 

% prediction intervals for the critical task of two and four person stretcher carrying 

(n = 58).  

RH10GE 

(2 person) 

RH10GE 

(4 person) 

RHMGS 

(2 person) 

RHMGS 

(4 person) 

Correct pass (n)  0 26 0 21 

Pass when they should 
fail (n)  0 0 0 0 

Borderline (should have 
failed) (n) 0 0 0 0 

Fail when they should 
pass (n)  26 7 29 7 

Borderline (should have 
passed) (n) 16 24 13 29 

Correct fail (n)  16 1 16 1 

 

DISCUSSION 

Following the discussions with the MCA it was decided that the tests used to 

constitute their recommended fitness standard should be based (where possible) 

on DTM or DTS; as the fitness standard was to be administered by the SMs at 

MCA stations during competency-based training. Therefore the tests 

recommended for the MCA consisted of four DTS and one PST; it was not 

possible to select DTM, due the essential tasks of the MCA requiring either a skill 

component (hammering a stake into the ground) or teams (i.e. two or more CRO) 

to complete the task. Thus, to ensure that all CRO were capable of performing an 

equal share of the workload, DTS were designed that tested one individual at a 

time. The DTS were all prescribed based on the minimum acceptable loads to be 

lifted, hauled or pulled, performed at the minimum acceptable rate, using the 

MOBP established in Chapters 5 and 6. The DTS assessed the ability to perform 

the strength components of the essential tasks of rope rescue (hammering a stake 

into the ground, and performing a Z-drag recovery), stretcher carrying and mud 

rescue. 
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The technical requirement to strike a stake was removed from the DTS of 

hammering a stake into the ground, as this could be practiced once an individual 

had demonstrated the strength requirement to lift the hammer to shoulder height 

10 times. The figure of 10 was based on the number of strikes measured during 

the task analysis (Chapter 4) to secure the stake.  

It was not viable to set up a rope rescue DTS, due to the technicalities that would 

be involved to assess each CRO, such as: the requirement for a vertical drop; the 

space needed to walk back pulling the required load; and the inability to 

standardise the loads lifted. Thus, it was recommended that the task become 

static, with individuals being required to produce and maintain a force of 35 kg for 

15 seconds, by pulling on a rope attached to a strain gauge. It is acknowledged 

that the dynamic nature of the task has been removed; this was for practical 

reasons so the test could be performed at any MCA station throughout the 

country, with the only requirement being a place to secure a strain gauge or spring 

balance.    

The essential tasks of stretcher carrying and mud rescue have an aerobic and 

strength component as identified in Chapters 4 and 5. Thus, to ensure that 

individuals who undertake the DTS are working at or less than 70 % of their 

aerobic capacity (as prescribed in Chapter 6), it was recommended all individuals 

undertake the PST to assess aerobic capacity (the Tecumseh step test) prior to 

attempting the DTS of stretcher carrying and mud rescue.   

To ensure that the DTS of stretcher carrying would be representative of the actual 

task, individuals would be required to carry a 19 kg (representing the individual 

load of the foot-end to be carried during a four person stretcher carry of 89 kg) 200 

m in 3 min 45 s. Individuals would then take 3 min 45 s rest before carrying 25.5 

kg, 200 m in 3 min 45 s (representing the individual load of the head-end to be 

carried during a four person stretcher carry of 89 kg). The walk must be 

continuous and individuals would fail the test if they needed to put the load down. 

This would not only mimic the requirements of the actual task, but reduce the risk 

of injury, by having individuals attempt the task first with a lighter load. It would not 

have been a representative simulation if individuals were required to carry the load 

by hand, so it was recommended that the load should be carried in one hand with 

a strop around the shoulder and held in the other hand to replicate how a stretcher 

would actually be carried.  
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The DTS for mud rescue was recommended as the ability to pull a stretcher of 

25.5 kg, 200 m in 15 min whilst wearing Mudders. By asking individuals to pull half 

the load of the actual mud rescue stretcher pulled by two mud technicians, the 

DTS ensures individuals are capable of performing half the work load. Individuals 

can rest if needed, as long as they completed the 200 m in 15 min.  

In contrast to the MCA the OGI requested that where possible the tests 

recommended comprised of PST or simple DTS, this was due to the health and 

safety implications that surround performing the essential tasks as DTM and DTS, 

and that it would be virtually impossible to assess and monitor thousands of 

workers through potentially time consuming simulations. It was also stated by the 

EI HTC that it would be preferred if the recommended fitness tests could be 

performed in conjunction with the medical assessments of employees. Thus the 

recommended tests for the OGI consisted of two DTM (ERT only), one DTS and 

four PST.  

The two DTM recommended were for the ERT. This was due to the ERT being the 

only sector within the OGI that undertake competency-based training on a regular 

basis.  Neither DTM have a time requirement as it was not possible to determine 

what would constitute a minimal acceptable time to complete the tasks. Thus, the 

DTM of the OGI ERT are; to rope haul the heaviest anticipated load (10 kg first aid 

kit) up 10 m gantry and roll out a 23 m fire hose. These tests formed two of the 

seven tests recommended for the ERT; the remaining PST could be performed in 

conjunction with the medical assessments.  

The DTS recommended is based on the essential task of manual handling. 

Individuals have to demonstrate the ability to manually handle 10 kg, 20 kg or 25 

kg. Determination of the appropriate load is based on the maximum load required 

to be lifted in the specific job the individual is being tested. The DTS requires 

individuals to step up and down for 1 minute (20.3 cm, 20 steps.min-1) carrying the 

required load. It is acknowledged that although stepping on and off a box is 

representative of the task, the work load is less than true stair-climbing. Thus the 

test should be conducted only as a guide until a proper assessment can be 

undertaken on stairs. It was also stipulated that all employees should undertake 

the relevant grip strength and endurance tests prior to the DTS, to minimise the 

risk of injury and to ensure that individuals would not be working maximally during 

the DTS. 
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For all PST agreement was assessed using the methodologies proposed by Bland 

and Altman (1986) and Atkinson and Neville (1998) as both authors reported that 

correlation coefficients alone measure only the strength of the relation between 

two variables, not the agreement between them.  Very few studies have reported 

these statistics when determining the suitability of PST to be used interchangeably 

with direct assessments. The results of this study show that whilst all bar two of 

the CV (SAS [11 %] and RHMGS [10.6 %]) were below the 10 % value, indicating 

that 68 % of the differences between tests lie within 10 % of the mean data 

(Atkinson & Neville 1998), the over or under estimation of the LoA were 

considered too great to base “Pass” “Fail” decisions on. Thus for all PST it was 

decided to use prediction intervals to account for the inherent error reported, this 

method also produces a “Borderline” category. Those falling into the borderline 

category would be given another assessment (ideally after undertaking a training 

programme, see Chapter 8). Thus the 75 % prediction interval was chosen to 

represent those individuals that would “Pass” the aerobic standard, whilst the 99 % 

prediction interval was chosen as the “Fail”. All individuals falling between these 

lines would be deemed as “Borderline” cases. 

The prediction interval percentages (and resulting ‘‘Pass’’, ‘‘Borderline’’ and ‘‘Fail’’ 

categories) chosen by the MCA and OGI reflect what might be termed as an 

“Inclusive” approach, whereby the number of people incorrectly denied 

employment (false negatives) will be reduced. However, the number of people 

allowed employment that may not be able to perform to the minimum acceptable 

standard increases (false positives). The alternative would be to minimise the 

number of people incorrectly gaining employment (false positives) an ‘‘Exclusive’’ 

approach. However, the number of people failing to gain employment who may be 

able to perform to the minimum acceptable standard would increase (false 

negatives). Thus, the prediction intervals selected reflect the ethos of the 

organisation. The above represents an attempt to be more objective in dealing 

with the inherent inaccuracies associated with predictive tests of physical 

capacities.  

It was decided to exclude BF% from the prediction equations of both valve turning 

and ��O2max, even though BF% was found to be the strongest predictor of both 

variables. This was due to the following reasons: 
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a. Testers would have to perform measurements of skinfold thickness, which 

would result in additional training.  

b. Inter-rater error (differences between testers) would ultimately be 

introduced. 

c. Alternative measures of BF% would each need to be validated against the 

prediction model. 

d. The remit of the test was that it should be easy to administer and be done in 

any station, office or work space; the addition of BF% would not only limit 

this, but incur additional expense. 

Thus it was decide to use physical tests of fitness not anthropometric measures to 

predict valve turning ability and ��O2max.  

The PST recommended to assess the aerobic capability was the same for the 

MCA and OGI. The Tecumseh step test was used as it was reported to be less 

physically demanding than other step tests and preferred by its users due to the 

low step height of 20.3 cm and stepping rate of 24 steps.min-1 (Reilly, 2007).  In 

assessing prediction variables for levels of agreement it became apparent that 

there were a number of limiting factors associated with inclusion of age and sex 

into the prediction of ��O2max that resulted in one variable (HB30to60) being used. 

These were: 

a. The eldest participants used were 58 years old, however this would not 

have covered all the age ranges associated with the MCA and OGI, and it 

was not statistically sound to extrapolate the data. 

b. By splitting the groups into age and sex the participant numbers in each 

sub-group became too few. 

c. Taking into consideration a, and b, CV, CI and LoA were poorer for 

predictions using age and sex than heart beat score alone. 

d. Whilst the use of prediction intervals were necessary to take into account 

the inherent error within the prediction, the values produced were not 

physiologically possible when age and sex were included.  

e. The resultant tables would have been extensive and complex and failed to 

fit the remit of a simple predictive test as requested by both the MCA and 

OGI.  

f. The relationship between the six minute walk and ��O2max was directly 

established. 
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By selecting a prediction equation based on HB30to60 and the upper 75 % and 99 

% prediction intervals overall error rates were found to be 8 % for the prediction of 

��O2max set at 31 mL.kg-1.min-1, 24 % for the prediction of ��O2max set at 39 mL.kg-

1.min-1 and 30 % for the prediction of ��O2max set at 41 mL.kg-1.min-1. It was 

recommended for any results considered questionable, or where populations were 

small enough (e.g. ERT) individuals should be referred for direct assessment. It is 

difficult to compare these results to other such tests as little to no research has 

looked at the agreement of the scores (i.e. using CV, CI or LoA) or prescribed 

prediction intervals. The only other study to perform checks of agreement and 

validity was a study undertaken by Buckley et al. (2004), looking at the reliability 

and validity of the Chester step test, however, the error reported in this study 

ranged between 11 % and 20 %, but this was calculated from the 95 % LoA ratio 

(the ratio of the 95 % LoA between the actual and estimated ��O2max divided by the 

actual ��O2max), the raw data were not available to calculate the actual 95 % LoA 

thus comparisons were not made.  

By adopting the prediction intervals stated, a high level of face validity was 

obtained when compared with the classifications provided by Montoye et al. 

(1969). In the present study the recommended requirements for individuals to pass 

the Tecumseh step test to work in the MCA and OGI ranged from 52 beats 

(equating to a ��O2max of 31 mL.kg-1.min-1) to 47 beats (equating to a ��O2max of 41 

mL.kg-1.min-1). A score of 52 beats was classified by Montoye et al. (1969) as 

“poor” for males aged 20 to 30, “low” for males aged 40 plus and “fair” for all 

females aged over 20. Face validity was further re-enforced when the required 

��O2max scores of the essential tasks were compared to the normative ��O2max 

values reported for males and females (Shvartz & Reiboid, 1990) and cross 

reference with the classifications of Montoye et al. (1969). Similarly this can be 

observed for the lower heart rate score of 47 beats (equating to a ��O2max of 41 

mL.kg-1.min-1), equating to a category of “fair” for all males age 20 plus and 

females aged 20 to 29, “good” for females aged 30 to 49 and “very good” for 

females aged 49 plus.   

Two PSTs were recommended to assess the ability of valve turning. Both RHMGS 

and SAS were found to be suitable predictors of valve turning ability. Whilst the 

strength of the prediction was found to be increased by combining the two 
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measurements into one prediction equation, it was thought unsuitable to do so. 

This was due to the possibility that some individuals passing the test may only 

have done so by being significantly more dominant in one of the tests and not 

possessing sufficient strength requirements in the other test. This approach and 

theory was also adopted for the fitness standards previously produced for the 

RNLI Lifeboat Crew (Reilly, 2007).  

However, by setting a cut off of 25 minutes, 55 % of the participants completed the 

simulated valve turning task, this presented a similar problem to that reported by 

Rayson et al. (2000), whilst this a weakness of the study design, 57 of the 

participants failed to reach this time and therefore to ensure that these data were 

not skewed the relationship between strength measures and valve turning ability 

were based solely on this cohort.  The use of these PST would not predict whether 

an individual should be refused employment, but highlight those that may be at an 

increased physical risk when undertaking the essential task of valve turning 

without using a valve key. The lower 75 % and 95 % prediction intervals resulted 

in overall error rates of 22 % for RHMGS and 24 % for SAS. Both these error rates 

were higher than those considered as an acceptable basis for decisions about 

employability (Buckley et al., 2004). This is another reason to support the use of 

these tests as ‘indicators’ and not ‘selection’ tests. It should be noted that Buckley 

et al, (2004) did not report the error rates that were deemed acceptable, just that 

error rates of 11 % and 20 % are too great.  

The error rates reported for the PST of manual handling are 0 % and 2 % for loads 

of 10 kg and 20 kg and 14 % for 25 kg, whilst these error rates are lower than 

those reported for the essential task of valve turning a DTS is still recommended in 

conjunction with the PST. The idea being that the PST would highlight individuals 

as risk of failing the DTS, thus minimising the risk of injury to the employee.  For 

stretcher carry in a two person lift the 93 % (RH10GE) and 88 % (RHMGS) of the 

original cohort were categorised correctly whilst for a four person lift 98 % (both 

RH10GE and RHMGS) were categorised correctly. Based on these findings it was 

recommended to the OGI that they could minimise these error rates of individuals 

passing when they should fail, by choosing the upper prediction intervals. 

However, whilst no one would be passed that should fail, the numbers placed in to 

the “Borderline” and “Fail” categories when they should be passed would increase 

and therefore the OGI sanctioned the use of an inclusive approach for all PST.  
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CONCLUSION 

It was possible to determine a range of DTM, DTS and PST for the MCA and OGI. 

Where possible DTM or DTS were opted for, however, where DTM or DTS were 

deemed too expensive or not viable and as a consequence not practical, a PST 

was recommended. The work in this Chapter has quantified the error associated 

with the use of the selected PST and has recommended the use of prediction 

intervals in an attempt to offer an objective measure in the classification of 

individuals by taking into account the inherent error reported. An inclusive 

approach was adopted by both the MCA and OGI which would result in 0 % to 3 % 

of individuals that should have passed being failed. In addition it was 

recommended to both organisations that if there were any questionable results 

that these individuals be referred for a direct assessment.   
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CHAPTER 8  A MODULAR FITNESS STANDARD 

 

INTRODUCTION 

As a result of the work presented so far it was possible to recommend a minimum 

fitness standard based on the essential tasks of the MCA and the OGI. Some of 

the tests were recommended to be direct measurements or simulations of an 

essential task, whilst others were indirect tests based on the relationship between 

a PST and a specific task-related performance parameter.   

A modular approach in which individuals only undertake the tests relevant to their 

occupational role was recommended, as it would be unreasonable for an 

employee who only performs certain tasks to be required to achieve the standards 

associated with more demanding tasks that they are not required to perform. 

Tables 8.1, 8.4 and 8.5 summarise this approach. Many fitness standards 

discussed in this thesis produced one fitness standard to cover a workforce in 

which individuals had to undertake the same test/s (Reilly et al., 1979; Reilly et al., 

2006b; Jamnik et al., 2010b). However, these standards did not have to account 

for the variation within job roles found within the MCA and OGI. One similar fitness 

standard previously designed for RNLI recommended one common aerobic 

standard and test for all the lifeboat crew and then separate strength standards for 

those working on ALB or ILB (Reilly, 2007). Thus, for a fitness standard to be 

valid, reliable and defensible, it has to be based on the ability of individuals to 

undertake the essentially demanding tasks of their specific role within an 

organisation.  

The tests that constitute the recommended minimum fitness standards for the 

MCA and OGI were deliberately kept as simple as possible to make conducting 

them reasonably straightforward, and to increase reliability between testers.   

 

A MODULAR FITNESS STANDARD FOR THE MARITIME AND COASTGUARD 

AGENCY 

The modular minimum fitness standard recommended to the MCA is summarised 

in Table 8.1. To use Table 8.1 the tester must first determine which category the 

CRO is going to operate under, from this the fitness tests can be chosen. Further 

details of the tests are provided below the table. 
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Table 8.1. A modular fitness standard for the Coastguard Rescue Service. 

 Group 1 Group 2 Group 3 

 Operations Rope Technicians Mud Technicians 
A

c
ti

v
it

ie
s
 

- Search (including 
stretcher carrying). 

- Rope and Mud Rescue 
set up. 

- Rope recovery. 

As Group 1 plus: 

- Casualty recovery from cliff 
face. 

Self-recovery using a 2:1 
pulley system. 

 

As Group 1, plus: 

- Walk out to the 
casualty hauling 
stretcher and load. 

-  Dig and recover 
casualty from the mud. 

T
e

s
t 

- Step test, based on 
stretcher carrying. 

- Strength test: simulated 
stretcher carry. 

- Hammer raises. 

- Simulated rope 
recovery. 

As Group 1 plus: 

- Rope technician 
competencies. 

 

- As Group 1 plus: 

- Step test, based on 
simulated mud rescue. 

- Simulated mud 
rescue. 

Fitness Tests for Group 1 (All Operations) 

• Achieve a predicted ��O2max score of at least 31 mL.kg-1.min-1. “Pass”, 

“Borderline”, or “Fail” categories are based on the aerobic requirement to 

carry the stretcher (Table 8.2).  

• Continuously lift a 3 kg hammer 10 times above shoulder height. “Pass” or 

“Fail” based on hammering a stake into the ground. 

• Pull a rope, with a resistance of 35 kg, and maintain this load for 15 

seconds. “Pass” or “Fail”. Based on manning the main line.   

• Carry a 19 kg hand held load, 200 m in 3 min 45 s, allow 3 min 45 s rest 

carry 25.5 kg hand held load, 200 m in 3 min 45 s. The load should be in 

one hand with a strop attached to the load. The strop should be placed 

around the shoulder and gripped in the other hand to replicate how a 

stretcher is carried. “Pass” or “Fail”. 

Fitness test for Group 2 (Rope Technicians) 

• As for Group 1 above, plus: 

• Rope rescue technicians currently have to pass a series of competencies 

which involve several simulated tasks, within this is the most strenuous 
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essential task associated with being a rope technician, the 2:1 self-

recovery. Therefore, a CRO wishing to become a rope technician should be 

required to pass the same fitness standards as Operation staff and 

successfully complete all the required competencies of rope technicians, 

which includes the 2:1 self recovery.  

Fitness test for Group 3 (Mud Technicians) 

• As Group 1 above,  plus: 

• Achieve a predicted ��O2max score of at least 39 mL.kg-1.min-1. “Pass”, 

“Borderline”, or “Fail” categories are based on the aerobic requirement to 

pull a stretcher across the mud at 0.8 km.h-1, this equates to 200 m being 

covered in 15 minutes (Table 8.3).  

• Perform a simulated mud rescue in the required time. Travel 200 m in 15 

minutes. “Pass” or “Fail”. 

Table 8.2. Pass, Borderline and Fail criteria for all potential and all existing CRO 

(excepting Mud Rescue), using the Tecumseh step test heart beat count, 30 to 60 

seconds of the first minute post-exercise. 

PASS BORDERLINE FAIL 

Equal to or less than 

52 beats 

Between  

53 to 59 beats 

Equal to or above  

60 beats 

 

Table 8.3. Pass, Borderline and Fail criteria for all potential and existing mud 

technicians. Using the Tecumseh step test heart rate count, 30 to 60 seconds of 

the first minute post-exercise. 

PASS BORDERLINE FAIL 

Equal to or less than  

48 beats 

Between 

49 to 56 beats 

Equal to or above  

57 beats 

 

A MODULAR FITNESS STANDARD FOR THE OIL AND GAS INDUSTRY 

It was decided that an individual’s job should be assessed, and depending on the 

physical characteristics of that job the relevant fitness tests should be selected and 

administered. To use Table 8.4 the tester must first determine which essential 

tasks are undertaken by the employee (as a guide Table 8.5 presents the 
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essential tasks associated with a selection of jobs in the OGI based on the task 

analysis conducted in Chapter 4), from this the fitness tests can be chosen. An 

example is given after Table 8.5.  



226 
 

Table 8.4. Matrix of essential tasks and associated recommended fitness tests for 

the Oil and Gas Industry.  

Tests: GE30 = Grip endurance for 30 seconds (separate tests to be performed on the left and right 
hand); SAS = Static arm strength; RHMGS = Right hand maximum grip strength; GE10 = Grip 
endurance for 10 seconds (separate tests to be performed on the left and right hand). 
 

Job-related 
Tasks 

Predictive selection Test 
Aerobic Tecumseh Step 

Test 

30 s Pulse count (30 s 
pulse count 30s after 

exercise) 

Predictive selection Tests for  Strength 

(kg) 
Direct Task Simulations 

Pass Borderline Fail Test Pass Borderline Fail Pass or Fail 

Stair-
climbing ≤52 53 to 59 ≥60 N/A N/A N/A N/A N/A 

Ladder-
climbing ≤52 53 to 59 ≥60 N/A N/A N/A N/A N/A 

Manual 
handling 10 
kg 

≤52 53 to 59 ≥60 GE30 ≥14 <14 to 6  <6 

Step up for 1 minute 20.3 cm, 

20 steps.min-1 carrying 10 kg 

load by the side.2 

Manual 
handling 20 
kg 

≤52 53 to 59 ≥60 GE30 ≥14 <14 to 6 <6 

Step up for 1 minute 20.3 cm, 

20 steps.min-1 carrying 20 kg 

load by the side.* 

Manual 
handling 25 
kg 

≤52 53 to 59 ≥60 GE30 ≥20 <20 to 11 <11 

Step up for 1 minute 20.3 cm, 

20 steps.min-1 carrying 25 kg 

load by the side. 2 

Valve 
turning ≤52 53 to 59 ≥60 

SAS 

RHMGS 

≥17 

≥27 

<17 to 13  

<27 to 22 

<13 

<22 
N/A 

ERT 
offshore (or 
those who 
do not use a 
trailer 
monitor) 

≤48 49 to 56 ≥57 

 

 

SAS 

 

 

 

≥17 

 

 

<17 to 13  

 

<13 

• Rope haul the 10 kg first 
aid kit) up a 10 m 
gantry. 

• Roll out a 23 m fire 
hose. 

• Step up for 1 minute 
20.3 cm, 20steps.min-1 
carrying 20 kg load by 
the side. 2 

ERT 
onshore (or 
those who 
use a trailer 
monitor) 

≤47 48 to 55 ≥56 

 

SAS 

 

 

≥17 

 

 

<17 to 13  

 

 

<13 

 

• Rope haul the 10 kg 
(first aid) kit up a 10 m 
gantry. 

• Roll out a 23 m fire 
hose. 

• Step up for 1 minute 
20.3 cm, 20 steps.min-1 
carrying 20 kg load by 
the side. 2 

ERT 2 man 
stretcher 
carry As per the ERT 

requirements above 

RHMGS3 

GE10 

≥45 

≥34 

 

<45 to 34  

<34 to 24  

 

<34 

<24 

 

As per the ERT requirements 
above 

ERT 4 man 
stretcher 
carry 

RHMGS3 

GE10 

≥29 

≥18 

<29 to 18  

<18 to 9 

<18 

 <9 
As per the ERT requirements 

above 
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Table 8.5. Recommended selection tests for the jobs in the Oil and Gas Industry.  

Job Category Test* 

ONSHORE N/A 

Laboratory N/A 

Office/Management/ 

Technical/Sedentary 

N/A 

Supervisors 1a, (2,3 & 6 if manual handling occurs) 

ERT (trailer monitors on site) 1c, 2-7 

Stretcher bearer 1a, 2-6 

Operations 1a, 2,3,5 & 6 

Maintenance electrical 1a, 2,3,5 & 6 

Maintenance mechanical 1a, 2,3,5 & 6 

OFFSHORE  

Licensed Deck Crew 1a, 2,3,5 & 6 

Licensed Engine Crew 1a, 2,3,5 & 6 

Unlicensed Deck Crew 1a, 2,3,5 & 6 

Unlicensed Engine Crew 1a, 2,3,5 & 6 

Drill Crews  

   Drillers 

   Roughnecks 

   Roustabouts 

   Derrickman  

1a, 2,3,5 & 6 

Toolpushers 1a, 2,3,5 & 6 

Scaffolders 1a, 2,3,5 & 6 

Abseilers 1a (Pass specific competencies) 

ERT (no trailer monitors on site) 1b, 2-7 

Stretcher bearer 1a, 2-6 

Supervisors 1a, (2,3,5 & 6 if manual handling occurs) 

Platform services 

    Stewards  

    Stores 

    Hotel Services 

1a, 2,3,5 & 6 

 
*Key: 
1a. Aerobic Assessment 31 mL.kg-1.min-1 (Pass pulse count 52 beats) 
1b.  Aerobic Assessment 39 mL.kg-1.min-1 (Pass pulse count 48 beats) 
1c.  Aerobic Assessment 41 mL.kg-1.min-1 (Pass pulse count 47 beats) 
2.  Maximum Grip Strength 
3.  Static Arm Strength  
4.  10 Second Grip Endurance  

5.  30 Second Grip Endurance 
6.  Manual Handling Simulation (10 kg or 20 kg) 
7.  ERT Simulations  
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Worked example: 

Employee: ERT member who is based offshore with no trailer monitor 

responsibilities, but has to perform two-man stretcher duties. 

Tests:   

• Aerobic Test (based on ladder-climbing; 39 mL.kg-1.min-1) 

• The Tecumseh Step test Pass ≤ 48 beats; Borderline 49 beats to 56 beats; 

Fail ≥ 57 beats. 

• Strength Tests (based on turning a valve for 5 minutes and two man 

stretcher carrying 102 kg [head-end])   

• Static arm strength (SAS) Pass ≥ 17 kg; Borderline < 17 kg to 13 kg; Fail < 

13 kg. 

• Right Hand Maximum Grip Strength (RHMGS) Pass ≥ 45 kg; Borderline < 

45 kg to 34 kg; Fail < 34 kg. 

• Ten Second Grip Endurance (GE10) both hands Pass ≥ 34kg; Borderline < 

34 kg to 24 kg; Fail < 24 kg. 

• Direct task simulation (Pass/Fail tests based on essential tasks) 

� Rope haul the 10 kg first aid kit up a 10 m gantry 

� Roll out a 23 m fire hose 

� Step to and from a 20.3 cm step at 20 steps.min-1 whilst carrying a 

20 kg load by the side using one arm for 1 minute. 

IMPLEMENTING THE FITNESS TESTS 

It was concluded in the fitness standards for the RNLI that the logistics and policy 

for the implementation and instruction of the tests were a matter for the 

organisation (Reilly 2007). This was also recommended to the MCA and OGI. For 

example, the tests could be undertaken every three years up to a certain age; 

above this age they could be administered on an annual basis.  

It was explained to the MCA and the OGI that additional fitness training can 

increase an individual’s capacity to do work. Thus for those individuals that do not 

pass the fitness standards a training programme was recommended. A review of 

the RNLI boat crew fitness standard showed that all the individuals that originally 

failed the fitness standard and subsequently undertook a task-related training 

programme passed the tests on a second attempt (Milligan et al., 2011). Due to 
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the similarities between organisations in terms of occupational task requirements, 

the same fitness programme was designed for both. The recommended training 

programme for the MCA and OGI is provided at Annex G. 

It was also suggested that if individuals repeatedly achieve “Borderline” or “Fail” 

after a period of training that they could undertake a direct ��O2max assessment 

performed in a physiology laboratory, as this would be the most valid method for 

the assessment of aerobic capacity, although this has additional cost implications. 

REVIEWING AND AMENDING THE FITNESS STANDARD 

The tests presented to the MCA and OGI constituted the first fitness standards for 

both organisations. The standards were based upon performing the essential 

tasks associated with being a volunteer/employee of the organisations by an 

agreed method, to a minimum acceptable standard. An individual who passed all 

of the tests should be able to perform to at least this standard as defined by the 

organisations. The “Pass”, “Borderline” and “Fail” criteria chosen reflected the 

inclusive philosophy of the organisations and can be amended as the organisation 

see fit. The fitness standards may be changed if: 

a. New equipment is developed that removes the requirement, or 

changes the demands associated with one of the essential tasks. 

b. The MCA and OGI decide to raise or lower the minimum 

performance standard on the basis of alterations in one of the factors 

that determined the standards, such as the increasing trend in 

population body weight increases the load of stretchers. 

It was recommended that the MCA and OGI record and analyse the results of the 

fitness tests to assess the number of potential employees and existing employees 

passing and failing the tests.   
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CHAPTER 9  GENERAL DISCUSSION AND CONCLUSIONS 

 

The series of studies described within this thesis have enabled the first task-based 

minimum fitness standards to be recommended to the MCA and OGI. The fitness 

tests can be used as valid and reliable occupational employment standards, 

resulting in the fair and unbiased selection of employees and/or volunteers for the 

physically demanding tasks associated with both organisations, thus achieving the 

primary aim of this program of work.  The following will discuss how this program 

of work has added to the existing body of research and challenged existing 

research in the area of occupational fitness standards, with respect to the 

methodologies implemented and the validity of the resultant decisions that led to 

the design of the minimum fitness standards for the MCA and OGI. 

The processes involved in the development of any occupational fitness standard 

are integral to its validity and defensibility. In Canada legislation states that the 

following criteria must be met for any fitness standard to be deemed valid 

(Canadian Human Rights Commission, 2007): 

a. That the employer adopted the standard for a purpose rationally connected 

to the performance of the job.  

b. That the employer adopted the particular standard in an honest and good 

faith belief that it was necessary to the fulfillment of that legitimate work-

related purpose.  

c. That the standard is reasonably necessary to the accomplishment of that 

legitimate work-related purpose.  

Although these criteria are not law in the UK to date, the development of the 

minimum fitness standards for the MCA and OGI have attempted to 

accommodated these criteria. 

To ensure that the fitness standards for the MCA and OGI met the above criteria 

the suitability of employment was based on the physical and physiological 

components of individual tasks that were considered to be “essential” to the safe 

and successful completion of a job. Thus, employment shall be based on the 

physical capacity to undertake a job and would meet the requirements of the 

Department of Business Innovation (BIS) & Skills & Department for Work & 

Pensions (DWP) charter, (2010). This philosophy is widely accepted as integral to 

the development of any fitness standard (Stevenson et al., 1992; Rayson et al., 
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2000a; Anderson et al., 2001; Allsopp et al., 2003; Reilly et al., 2006a; Reilly, 

2007; Jamnik et al., 2010a; Tipton et al., 2012). However, whilst there is a general 

consensus with respect to the philosophy underpinning fitness standards, 

differences are evident in the methods used in their development. The 

methodology introduced in Chapter 2 was developed and used by Reilly et al. 

(2006a) and Reilly (2007) in the design of the fitness standards for the RNLI beach 

lifeguards and boat crews, was considered to be the most valid and defensible 

methodology available and thus implemented in the development of the fitness 

standards for the MCA and OGI.  

In contrast, other standards, such as those proposed for correctional officers 

(Jamnik et al., 2010b) have failed to control the MOBP or establish a minimum 

acceptable work rate before establishing the physiological demands of the 

essential tasks. Instead selection is based on a cross-sectional sample of existing 

employees with the rationale that they would, subjectively, ‘‘know’’ how, and at 

what pace, to undertake the essential tasks. This approach was not adopted in the 

development of the fitness standards for the MCA and OGI as it was thought to 

restrict employment to those with similar capabilities to the existing workforce and 

therefore be less defensible, in essence changing the philosophy of selection. A 

more inclusive approach used in the present studies, whereby the MOBP and 

work rate were established through task analysis, and a representative sample 

from the wider population of those that could apply for a job were tested. This 

ensured that the resulting fitness tests could be used without fear of discriminating 

against new and existing workforce. The two approaches outlined above are 

fundamentally different. The first approach, adopted by Jamnik et al. (2010b) 

results in essential task performance in emergency situations being determined by 

the existing workforce, with particular reference to occupational subgroups such as 

women and older workers whose self-paced capabilities defined the minimum 

performance requirement, which therefore must be regarded as age and sex 

‘‘neutral’’. In contrast, the approach adopted in the development of the fitness 

standards for the MCA, OGI, and RNLI used task analysis to determine the 

minimum acceptable performance by establishment of a MOBP and detailed 

theoretical and practical considerations of factors such as the minimum time to 

initiate and complete a rescue and the minimum acceptable pace to perform an 

essential task (Reilly et al., 2006a; Reilly et al., 2006b; Reilly, 2007). From this a 

performance requirement was established independently of the consideration of 
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subgroups, making the resulting standards age and sex ‘‘free’’. This was 

considered a more valid and defensible approach. However, it is imperative that if 

the standard is designed to be a minimum fitness standard then the MOBP and 

rate of work should be justifiable, with the slowest rate implemented with regard to 

that which is deemed acceptable in terms of health, safety, capability and work 

performance. This is not a simple decision, as shown throughout this series of 

work, but it has very significant consequences because the work rate chosen 

directly translates into the requirement for a “Pass” in a fitness standard. Thus, 

where these could not be established no time limit was set for the completion of 

the essential task (i.e. ERT hose role out and ERT rope haul up a 10 m gantry), as 

this would not be defensible. 

Having determined the essential tasks, the MOBP and the minimum acceptable 

rate at which to perform the task; the physical and physiological demands are 

measured. This opens another debate within the literature with regard the most 

appropriate method to deal with the inevitable variation within the measured 

physical and physiological demands of the essential tasks. There was inevitably 

variation reported within the data collected for both the MCA and OGI (e.g. ladder-

climbing, stair-climbing and mud rescue). For those essential tasks of the MCA 

and OGI that were “weight-bearing” the variation was reduced by expressing the 

data in ‘‘unit per body mass’’. This method has been widely adopted and currently 

appears to be the most accepted in the development of occupational fitness 

standards (Gledhill & Jamnik 1992; Bilzon et al., 2002; Reilly et al., 2006b; Jamnik 

et al., 2010b).  The scaling of oxygen consumption data based on basal metabolic 

rate by mass in kg0.67  to normalise basal heat production (Nevill et al., 1992) was 

considered and discussed in Chapter 2, however, it is not known if this approach is 

optimal across a range of different occupational tasks (e.g. ladder-climbing, 

digging, stair-climbing, casualty carrying); therefore this area would require further 

research, beyond the scope of the present studies, before being adopted as an 

acceptable alternative approach. 

The next consideration was which aspect of the physiological and physical data 

should be taken as representative of the minimum demand of a task. The options 

included using the performance data to calculate: the mean, mean plus or minus 

one or two standard deviations, minimum, maximum, or a percentile score. The 

choice is of significant consequence and needs to be justifiable, as this figure will 

be used to set the ‘‘Pass’’ score. Accordingly, in the fitness standards developed 
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for the MCA and OGI, the mean of the data collected was used. The rationale 

being that with normally distributed data, this would be the point that any new, 

untested, individual is most likely to be closest to (Bilzon et al., 2002; Reilly et al., 

2006a; Reilly et al., 2006b; Reilly 2007). Others (Jamnik et al., 2010b) have used 

the mean minus 1 standard deviation (SD) for the aerobic requirement, and mean 

plus 1 SD for job circuit times, with the justification that this statistically 

incorporates 83.3 % of the work force used in the determination of the fitness 

standard. Whilst this approach is more inclusive of the population that were able to 

complete the essential tasks of correctional officers, the impact on the resultant 

fitness standard was the reason for not adopting this approach. For example the 

mean (SD) ��O2 demand to complete the job demand circuit set by Jamnik et al. 

(2010b) was reported as 39.5 (4.3) mL.kg-1min-1 the ��O2 used to set the standard 

was 35.2 mL.kg-1min-1 (39.5 – 4.3 = 35.2 mL.kg-1min-1). Jamnik et al. (20010b) 

based the ��O2max standard on individuals working at no more than 95 % ��O2max, 

which equated to a final ��O2max standard of 37.1 mL.kg-1min-1. The resultant 

aerobic fitness standard is therefore 2.4 mL.kg-1min-1 less than the ��O2 required by 

50 % of the population tested during the job demand circuit. This would result in 

only 16.9 % of employees working at 95 % or below their ��O2max to undertake the 

essential tasks of correctional officers.  

Having determined the physical or physiological demand of the essential tasks of 

the MCA and OGI, it was important to decide what percentage of an individual’s 

maximum capability they should be expected to work at when performing these 

essential tasks at the minimum acceptable rate. This was discussed in detail in 

Chapter 6, where it was concluded that the percentages of maximum strength and 

aerobic capacity chosen for the MCA and the OGI reflected the duration and 

frequency with which these tasks are performed. Accordingly, the MCA required a 

lower percentage ��O2max due to the longer durations of essential task performance 

with periods of active recovery, as opposed to the OGI where rest breaks could be 

taken at will or where essential tasks were completed for short durations under 

emergency situations where rest could be provided on completion. However, it is 

clear from this work that there remains scope for additional research aimed at 

determining the percentage of a task-specific ��O2max at which it is reasonable to 

work, for a given period of time, for a range of occupational tasks with associated 

clothing, equipment and in different environments.  
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Having determined the scores that would constitute the “Pass” criteria for the MCA 

and OGI, it remained to be decided how these fitness requirements would be 

assessed. There were two main approaches to the design of the tests that 

constitute the final fitness standard. If the task is amenable, a direct task 

measurement, or simulation, can be implemented which requires potential 

volunteers/employees to undertake and demonstrate that they are capable of 

completing the job. Ideally if a DTM is not feasible (e.g. requires two individuals to 

complete the task) a simulation should be simple and easy to administer, with the 

potential of being built into competency-based training. This approach could be 

adopted by the MCA with four of the five tests recommended being DTS.  The 

benefits of valid simulations are that they can be easily administered, had good 

face validity and result in a straight forward ‘‘Pass’’ or ‘‘Fail’’. However, there are a 

number of potential problems with simulations which should be acknowledged, 

these include:  

• The validity of such a test is dependent on the accuracy of the simulation.  

• It is difficult to simulate some essential tasks in a way that allows the 

simulations to be undertaken in a variety of locations and within controlled 

environmental conditions.  

• There is no way of knowing what percentage of their maximum work rate an 

individual is working at when they undertake a simulation. 

• It is not viable to use simulations requiring significant skill components that 

should be acquired as a result of performing the job. 

For tasks that cannot be easily simulated, or for the measurement of certain 

physiological parameters, such as ��O2max, PST were employed. The major 

advantage of these tests is that they are quick and easy to administer, with the 

consequence that this approach has been widely adopted (Arnold et al., 1982; 

Jackson & Osburn, 1984; Rayson et al., 2000a; Reilly et al., 2006b; Reilly, 2007).  

A PST was recommended to the MCA to measure aerobic capacity, this was to 

ensure that individuals would have the ability to perform the aerobic components 

of the essential tasks of stretcher carrying or mud rescue. This PST was also 

recommended to the OGI to ensure individuals would have the ability to perform 

the aerobic components of the essential tasks such as stair and ladder-climbing, 

along with four other PST to assess strength capabilities. However, they all relied 
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on the relationship established between performance on the essential task and an 

easy-to-measure predictive function.  

The major issue with all predictive tests is the fact that no prediction is perfect; this 

means that there is a possibility of misclassifying individuals as not fit enough 

when they are (false negatives) or fit enough when they are not (false positives). 

Many recommended PST simply use the predicted scores as the final result 

(Arnold et al., 1982; Jackson et al., 1984; Sykes & Roberts, 2004; Jamnik 2010b), 

whilst Reilly, (2007) has attempted to accommodate the imprecision in predictive 

tests by using  ‘‘Pass’’ ‘‘Borderline’’ and ‘‘Fail’’ categories, where the ‘‘Borderline’’ 

region covers the range of values associated with the variation in the relationship 

between the predicted variable (e.g. aerobic power) and predicting variable (e.g. 

pulse count). It was decided that for all the PST recommended to the MCA and 

OGI that ‘‘Pass’’ ‘‘Borderline’’ and ‘‘Fail’’ categories would be prescribed. These 

categories were established by calculating the prediction intervals around the data 

obtained (Chapter 7). The benefit of this method is that the inherent error involved 

with a PST is taken into account with the inclusion of a ‘‘Borderline’’ category as 

well as the ‘‘Pass’’ and ‘‘Fail’’ categories (Reilly, 2007). In this way, the 75 % and 

99 % prediction intervals are used to determine the ‘‘Pass’’ and ‘‘Fail’’ categories, 

whilst the area that exists between the ‘‘Pass’’ and the ‘‘Fail’’ intervals represented 

the ‘‘Borderline’’ category. Other percentages can be used for the ‘‘Pass’’ and 

‘‘Fail’’ categories; as demonstrated by the categories selected for valve turning 

whereby the 95 % prediction interval was used, reflecting the criticality of a task.  

The prediction interval percentages chosen (and resulting ‘‘Pass’’, ‘‘Borderline’’ 

and ‘‘Fail’’ categories) ultimately reflect the philosophy of an employing 

organisation. An organisation can choose to reduce the number of people 

incorrectly denied employment (false negatives), thus adopting an ‘‘Inclusive’’ 

approach. However, the number of people allowed employment that may not be 

able to perform to the minimum acceptable standard would increase (false 

positives). Alternatively, an organisation can choose to minimise the number of 

people incorrectly gaining employment (false positives) adopting an ‘‘Exclusive’’ 

approach. However, the number of people failing to gain employment who may be 

able to perform to the minimum acceptable standard would increase (false 

negatives). Thus, the use of prediction intervals in the recommendation of a 

minimum fitness standard for the MCA and OGI represented an attempt to deal 

with the inherent inaccuracies associated with the use of PST. The prediction 
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intervals selected reflect the ethos of the organisation, with the MCA and OGI 

opting for an “Inclusive” approach.  

It is important that any occupational fitness standard that is developed is assessed 

on a separate but suitable cohort of individuals to demonstrate that it is valid, 

robust and not merely relevant for those who contributed to its development 

(Reilly, 2007). Validation should include the relationships that were established 

between predictive measures and performance on essential tasks. Finally, it was 

recommended to both the MCA and OGI that they collect the results of the newly 

implemented occupational fitness standards and compile them into a database to 

determine which tests are being failed by which individuals or groups 

The defensibility of a minimum fitness standard could be challenged if the physical 

and physiological strain associated with a task could be reduced by changes to 

technique, equipment or work rate. Therefore the second aim of this programme of 

work was to determine whether any of the essential tasks of the MCA and OGI 

could be modified to reduce the physical and physiological strain. This was 

achieved in Chapter 5 for the essential tasks of rope rescue, mud rescue, ladder-

climbing, pulling a trailer monitor and valve turning. The work carried out ensured 

that the recommended fitness standards for the MCA and OGI are based on the 

minimum acceptable requirement to perform the identified essential tasks.  

In conjunction with aim two it was possible to compare across essential tasks and 

the resultant standards. Table 2.1 (Chapter 2) identified the essential task of a 

number of occupations. It is clear that there are several essential tasks that span 

occupations including the MCA and OGI, these include: Manual handling; Stair 

and ladder climbing; Stretcher carrying, and fire-fighting tasks such as rolling out 

hoses. The physical and physiological demands of these tasks were compared in 

Chapter 5, differences were mainly attributed to variations in the MOBP and work 

rates prescribed for the completion of these essentials tasks.  

It is interesting to compare the scores that make up fitness standards, (albeit that 

different methodologies led to their development), especially in terms of aerobic 

standards. For example, Scott et al., (1988) cited by Stevenson, (2007) and 

Gledhill and Jamnik (1992) recommended a minimum V�O2max standard or 45 

mL.kg-1.min-1 for UK and Canadian Fire-fighters. Bilzon et al. (2002) recommended 

for the Royal Navy a minimum V�O2max of 41 mL.kg-1.min-1 and Jamnik et al. 

(2010b) prescribed an aerobic standard of 39.5 mL.kg-1.min-1 for correctional 
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officers. These are directly comparable to the aerobic standards recommended for 

the Mud Technicians of the MCA (39 mL.kg-1.min-1) and the ERT members of the 

OGI (39 mL.kg-1.min-1 [offshore]; 41 mL.kg-1.min-1[onshore]). Whilst the essential 

tasks are different the aerobic standards are similar across occupations, one 

explanation for this maybe that these tasks are all undertaken during emergency 

situations and could ultimately highlight a minimum aerobic requirement during 

emergency situations. However, this could just be coincidence and would require 

further investigation to substantiate the claim. The lower standards reported for the 

remainder of the OGI (31 mL.kg-1.min-1) reflect the criticality of the essential tasks 

(stair and ladder climbing) and their intermittent nature. Whilst for the MCA 

operations staff (31 mL.kg-1.min-1), this standards reflect a minimum standard 

based on the slowest acceptable pace to perform stretcher carrying which is 

restricted by the mechanics of carrying the stretcher as part of a four person team. 

Thus, it should be considered that other factors such as criticality of the essential 

task may influence test scores.   

The final aim of the work undertaken was to further evaluate the use of DTM, DTS 

and PST taking into consideration the results of the present work and the available 

literature. It is apparent that whilst a number of the essential tasks are similar 

between the MCA and OGI (e.g. stretcher carrying and manual handling); the way 

in which they are to be assessed is different, with the MCA opting predominately 

for the use of DTS and the OGI for PST. The decision of the MCA to use DTS was 

based on the ability to integrate the DTS into the regular task-based training 

undertaken by the SMs. This was thought not only to save time of the CROs and 

SMs, but also reduce any additional costs to the MCA that maybe incurred from 

the additional training of SMs or the outsourcing of PST to be undertaken in 

conjunction with the medical., The use of DTS has also been used by the RNLI in 

a similar fashion (Reilly et al., 2006b; Reilly, 2007). The EI HTC reasons for the 

use of predominately PST was that they have occupational physicians employed 

within the industry who would be able to perform the tests in conjunction with 

existing medical screening, across a large number of employees, without the need 

for bespoke equipment to perform the tests.  

These reasons would suggest that perhaps organisational size, and structure may 

have a role in deciding whether to implement DTM, DTS or PST rather than the 

rationales provided by Arnold et al. (1982) and Washburn and Safrit, (1982) that 

the use of PST is more practical as DTM and DTS tend to be more time 
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consuming and expensive, and as a consequence, impractical. It was the 

additional time and expense it would take to train SMs to undertake the PST or 

employ an outside organisation to undertake the tests that were the reasons 

provided by the MCA for limiting the number of PST. Thus it is suggested that 

future research should considered organisational structure and size during the 

tasks analysis to determine whether there is a direct link between these factors 

and the implementation of DTM, DTS and PST.  

The single biggest difference between the design of the fitness standards for the 

MCA and the OGI and previous fitness standards is the way DTM and/or DTS 

have been used in conjunction with PST. Some studies have recommended 

implementation of DTM and/or DTS to assess the ability of individuals to 

undertake the essential task of the job (Williams-Bell et al., 2009; Jamnik et al., 

2010a). Whilst these tests are considered to be the most valid form of assessment 

and tend to be favoured by the courts (Berkman v. City of New York, 1982; 

Henderson et al., 2007), this method of assessment cannot identify how hard an 

individual is working to achieve a pass and thus individuals may be working close 

to their maximum effort, to complete an essential task to the minimum acceptable 

standard as mentioned previously. Alternatively PST are generally less time 

consuming, can be performed in a controlled environment and in some cases (e.g. 

the Tecumseh step test) can be low impact and therefore reduce the risk of 

individuals suffering injury whilst undertaking a fitness test. These arguments for 

and against the use of DTM, DTS and PST are not new and whilst the courts 

prefer the use of DTM and DTS (Berkman v. City of New York, 1982; Henderson 

et al., 2007), a PST would allow more individuals to be tested in a shorter time, 

with a lower risk of injury (Arnold et al., 2001; Thomas & Nelson, 2001).  One 

possible way to overcome this problem is to use an integrated approach where 

PST is used alongside DTM and DTS. One organisation that has already adopted 

a similar approach is the RNLI in their standards for RNLI boat crew (Reilly, 2007), 

whereby individuals could only undertake the proposed DTS if they had undergone 

the competency-based training to obtain the skill level required for all bar one of 

the DTS, those that had not yet gone through the competency-based training 

would perform the corresponding PST. Based on this work, it is suggested that, 

where possible, the use of a DTM or DTS should either be progressive (e.g. 

stretcher-carrying as prescribed for the MCA), or performed after a PST, in order 

to reduce the risk of injury to the individuals (e.g. manual handling for the OGI). 
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This approach has meant that consideration is given to the health and safety of the 

individuals undertaking the fitness standard whilst maintaining a high level of face 

validity.  

Applications 

The mathematical relationships established between essential tasks and PST 

means that if one of the factors that determined the standards changes (e.g. 

increase in casualty body weight); these can be inputted into the existing 

mathematical equations to obtain a new standard. Or future fitness standards 

could use the PST with the same essential tasks using the equations formulated to 

determine PST pass criteria.  

The minimum fitness standard for the EI is being piloted by a number of the larger 

oil companies across the world. The MCA are currently in the early stages of 

introducing the fitness standard into CRS and it is hoped to have the fitness 

standard operational within the year (see postscript).   
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CHAPTER 10  ASSUMPTIONS, LIMITATIONS AND 

DELIMITATIONS 

ASSUMPTIONS 

The following assumptions were made in this research:  

1. A number of decisions throughout the design of the fitness standards were 

based on subjective measures, gained from the opinions of subject-matter 

experts.  

 

2. The loads (casualty plus rope technician) prescribed by the MCA were 

provided by the MCA subject-matter experts as loads considered 

representative of actual rescue loads. This assumption was necessary as 

there were no data available on the combined rope rescue loads. 

 

3. The effort required to open and close a valve was considered to be equal.  

 

4. The relative physiological demand to pull a trailer monitor and a foam 

monitor would be equal. This assumption was made as access to a foam 

monitor was not possible and no information was provided on its mass. 

However based on an internet search (see link below) it is thought that the 

monitor would weigh approximately 200 kg. 

http://www.guardianfire.com/products/firemonitors/7325FoamEquipment.ht

ml)  

 
5. It was assumed that oxygen steady state would be achieved by all 

participants in three minutes; whilst other studies have used four minutes 

(Bilzon et al., 2001). Comparing the data obtained during the performance 

of a number of the essential tasks (e.g. stair-climbing, ladder-climbing, 

stretcher-carrying) and the data obtained from 100 participants performing 

the Bruce ��O2max protocol (which used a ramped protocol of 3 minute 

stages), it was observed that for similar aerobic demands the majority of 

individuals were able to achieve steady state within the 3 minutes. Tables 

10.1 and 10.2 demonstrate this for 20 randomly selected participants (n = 

10 that completed the Bruce ��O2max protocol at 2.7 km.h-1 and n = 10 that 

completed the Bruce ��O2max protocol starting at 4 km.h-1.  
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Table 10.1. The Oxygen required (mL.kg-1.min-1) to complete the first two stages 

of the Bruce ��O2max protocol (n = 10 female; mean (SD) ��O2max  35.7 [4.5] mL.kg-

1.min-1). 

Time Speed/ 
Gradient Participant 

min:sec km.h-1/ % 1 2 3 4 5 6 7 8 9 10 

00:02:15 2.7/10 14.7 9.8 16.3 12.5 18.4 13.9 14.7 14.1 14.9 16.3 

00:02:30 2.7/10 14.9 13.1 15.8 15.8 18.0 17.1 15.7 14.2 15.9 15.5 

00:02:45 2.7/10 16.8 16.2 17.2 14.5 15.0 14.9 12.9 13.6 15.6 15.4 

00:03:00 2.7/10 14.7 14.8 16.3 14.1 15.5 14.3 14.3 13.0 13.6 16.4 

Average 
 

15.3 13.5 16.4 14.2 16.7 15.1 14.4 13.7 15.0 15.9 

SD 
 

1.0 2.8 0.6 1.3 1.8 1.4 1.1 0.5 1.0 0.5 

00:05:15 4/12 21.7 17.8 20.0 19.2 22.7 21.3 20.2 20.6 19.2 24.3 

00:05:30 4/12 24.4 22.3 21.3 20.6 18.2 20.9 20.5 20.9 21.5 24.0 

00:05:45 4/12 25.7 10.0 22.0 20.1 22.0 22.0 19.6 23.6 22.3 25.4 

00:06:00 4/12 22.7 25.0 21.2 20.3 19.5 26.9 19.5 25.3 19.2 27.7 

Mean 
 

23.6 18.8 21.1 20.0 20.6 22.8 19.9 22.6 20.5 25.3 

SD 
 

1.8 6.6 0.8 0.6 2.1 2.8 0.5 2.2 1.6 1.7 

 

Table 10.2. The Oxygen required (mL.kg-1.min-1) to complete the first two stages 

of the modified Bruce ��O2max protocol (n = 5 female; n = 5 male; mean (SD) 

��O2max  50.5 [6.2] mL.kg-1.min-1). 

Time Speed/ 
Gradient Participant 

min:sec km.h-1/ % 1 2 3 4 5 6 7 8 9 10 

00:02:15 4/10 22.0 18.1 19.5 19.0 21.5 22.9 19.8 22.6 23.9 19.3 

00:02:30 4/10 21.0 19.7 26.7 26.0 21.0 23.1 19.5 23.4 21.3 18.9 

00:02:45 4/10 22.7 16.6 25.5 23.4 20.2 23.1 18.4 21.2 24.4 18.5 

00:03:00 4/10 21.0 20.3 24.9 27.4 22.2 22.2 20.2 21.6 21.5 18.4 

Mean 
 

21.7 18.7 24.2 24.0 21.2 22.8 19.5 22.2 22.8 18.8 

SD 
 

0.8 1.7 3.2 3.7 0.8 0.5 0.8 1.0 1.6 0.4 

00:05:15 5.4/12 27.6 28.7 33.8 31.5 29.0 33.8 26.8 27.8 31.7 25.9 

00:05:30 5.4/12 27.5 26.4 31.1 32.7 26.7 32.4 28.8 28.3 31.7 27.2 

00:05:45 5.4/12 27.5 26.3 32.6 32.3 29.5 31.6 27.1 29.4 31.6 27.0 

00:06:00 5.4/12 27.3 28.3 33.2 30.2 29.3 31.8 28.2 24.3 34.2 26.6 

Mean 
 

27.5 27.4 32.7 31.7 28.6 32.4 27.7 27.5 32.3 26.7 

SD 
 

0.1 1.3 1.2 1.1 1.3 1.0 0.9 2.2 1.3 0.6 

00:08:15 6.7/14 35.4 38.2 40.0 39.8 35.0 40.0 37.9 35.1 42.0 34.4 

00:08:30 6.7/14 34.5 43.3 42.4 39.4 39.4 41.8 38.4 37.8 41.4 35.2 

00:08:45 6.7/14 35.8 38.7 42.3 39.7 38.9 41.4 38.1 39.3 41.8 35.3 

00:09:00 6.7/14 37.1 39.2 41.6 40.9 39.2 41.4 38.2 39.1 42.4 35.4 

Mean  35.7 39.9 41.6 39.9 38.1 41.2 38.2 37.8 41.9 35.1 

SD  1.1 2.3 1.1 0.6 2.1 0.8 0.2 2.0 0.4 0.5 
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For the essential tasks where the physiological demand was greater (e.g. 

mud rescue), the time chosen reflected the time originally stated by the 

MCA as that in which the task should be completed.  

 

LIMITATIONS 

Limitations are defined as factors that were out of the researcher’s control. The 

following limitations occurred: 

1. When asked to perform the simulation of turning a small valve, the MOBP 

employed resulted in a number of participants withdrawing as a result of 

discomfort and pain to the hand, or stopping due to being unable to 

maintain the work rate with the weaker hand, when the dominant hand 

could, thus resulting in early termination of the test. 

 

2. Ladder climbing was performed with participants wearing trainers due to the 

difficulty in getting access to smaller sizes of steel toe capped boots for the 

female participants.  

 

3. The standards for the ERT were based on members not wearing breathing 

apparatus (13 kg) due to members not always having to wear the apparatus 

when performing the essential tasks.  

 

4. The relative physiological demand to perform ladder-climbing was 

determined from individuals ascending and descending a ladder. This 

limitation was necessary as a ladder was not available that would have 

been tall-enough to allow a three minute ascent. 

 

5. The relative physiological demand to perform stair-climbing was determined 

from individuals ascending and descending a flight of stairs. This 

assumption was necessary as a stair case with the required step height 

was not available that would have been tall enough to enough to allow a 

three minute ascent. 

 
6. A correlation was not directly established between ��O2max and the six 

minute walk test. Instead a direct calculation was made between the 
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Tecumseh step test scores obtained in beats (Chapter 7) and the work 

undertaken by Reilly and Tipton (2010). 

DELIMITATIONS  

The following delimitations were the limitations set by the researcher to control the 

range of the studies. They were created before the studies were carried out, to 

reduce the amount of time spent in certain areas that were deemed beyond the 

scope of work: 

1. As with similar studies (Reilly et al., 2006a; Reilly, 2007) the MOBP of the 

essential tasks were standardised to ensure a uniform design and 

assessment, even though some members of the MCA and the OGI reported 

that they would perform these tasks slightly differently.  

 

2. Standards were not based on the physiological requirements of 

experienced employees to undertake the essential tasks, but of novices. 

This was due to the differences observed between experienced mud 

technicians and novices. Recruitment for both the MCA and OGI comes 

from the general public, thus it was decided that the decreased 

physiological cost obtained through years of experience would artificially 

lower the resultant standards, this is perhaps an area that warrants further 

investigation.    

 
3. Prediction intervals were established to ensure that the number of people 

who would be incorrectly denied employment would be minimised, but the 

number allowed employment that may not be able to perform to the 

minimum acceptable standard would be increased. 

 

4. Flexibility and functional movement were not considered independently 

during the development of the fitness standards as minimum performance 

standards and MOBP could not be standardised for specific tasks. Those 

essential tasks with a DTM or DTS would directly incorporate the specific 

flexibility and functional movement related to the essential task being 

tested. 
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CHAPTER 11 RECOMMENDATIONS FOR FUTURE WORK 

 

This chapter is split into two sections: the first recommends future work specific to 

the MCA or OGI; the second proposes research that could be related to the design 

of fitness standards in general. 

RESEARCH PROPOSALS SPECIFIC TO THE MCA AND OGI 

1. The DTS implemented for the MCA fitness standard require a validation 

study. The study would require participants to perform both the essential 

tasks and the DTS to determine whether the DTS elicited the same 

physiological strain.  

 
2. Two areas of research arose from the work conducted with the mud 

technicians: 

 
a. To quantify the efficiency of experienced Mud Technicians compared 

to novice technicians and devise a training regime on the mud that 

may achieve this. This would require matching experienced Mud 

Technicians with novices of the same aerobic capacity. 

b. During mud rescues dry suits are worn which may impair 

thermoregulation due to the restriction of evaporative heat loss.  

Thermoregulation could be further impaired by the addition of 

external heat loads such as a hot, sunny day. Thus, a study to 

determine the heat load experienced by Mud Technicians as a result 

of wearing a dry suit and exercising for extended periods, in hot, 

sunny conditions is recommended.  

 

3. The current fitness standards for the OGI were undertaken in temperate 

conditions. Thus it has been recommended to investigate the influence of 

environmental factors on work performance. This would not change the 

fitness standards already in place, but would quantify the additional strain 

that external factors may place on employees. The proposed work would 

constitute a comprehensive and scientific assessment of the impact of 

extreme environments on the ability to perform the essential tasks 

associated with the OGI as determined by this proposed fitness standard. 

The work would also review and provide recommendations on personal 
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protective equipment (PPE) and other interventions (e.g. hydration and 

cooling strategies) for maintaining physical performance on the essential 

tasks. It is hoped that this work would help to avoid worker injury, and 

enhance safety and productivity. 

GENERAL RESEARCH PROPOSALS FOR FITNESS STANDARDS 

1. It would be useful to increase the number of participants used to determine 

the relationship between ��O2max and the Tecumseh step test to ensure that 

equal numbers were used across all age ranges and sexes, and to quantify 

the sensitivity of the test to determine changes in ��O2max This would require 

additional participants particularly aged 35 years and over to undertake 

both the Bruce ��O2max  and Tecumseh step test.  

 

2. It would be of great benefit to determine the physical work capacity of 

essential tasks that appear generic across occupations e.g. ladder-climbing, 

stretcher carrying etc. and quantify these in terms of sustainable 

percentage of maximum aerobic capacity. 

  

3. One of the limitations of this current work was the prescription of the six 

minute walk test as alternative assessment for aerobic capacity. Thus, an 

investigation into the relationship between distance travelled during the 6 

minute walk test and ��O2max  is required. 

 
4. As a result of recent government legislation that phased-out the default 

retirement age, it has become increasingly important to ensure that job 

selection and retention are based on an individual’s ability to sustain the 

occupational demands of a job. It follows that employers should base 

retirement age on capability rather than an arbitrary age. Thus, building on 

the work of this thesis that has looked into the relationships between the 

performance of essential physically demanding occupational tasks and 

Predictive selection tests, future work is needed to establish the effects of 

ageing on physical work capacity in occupational tasks. Thus the work 

would aim to provide recommendations on the occupational performance of 

an ageing workforce and recommend suitable interventions (e.g. work/rest 

schedules) and guidance to ensure the maintenance of physical capability, 

well-being and productivity. 
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CHAPTER 12 POSTSCRIPT 

 

Following the development of the Fitness Standard for the Maritime Coastguard 

Agency’s Coastguard Rescue Officers, the University of Portsmouth was 

contracted to oversee a pilot introduction of the fitness standard into four sectors 

across the South of England.  The aims of this work were to provide: 

I. Details on the equipment required to run the recommended tests, including 

specifications and cost. 

II. A fitness test instruction manual to provide Sector Managers with a step by 

step guide for undertaking the fitness tests. The manual was to include an 

introduction to the fitness standard, step by step instructions for running and 

interpreting the results of each fitness test, instruction on the calibration and 

maintenance of the equipment and remedial fitness training regimes for those 

that fail any of the tests.  

III. A training day at High-Cliff for eight members of the MCA (including four Sector 

Managers).  

IV. Support in the implementation of the recommended fitness standard in four 

sectors (Southampton [Hill Head], Isle of Wight [Ventnor], Lyme Regis and 

Burnham-on-Sea/Weston-Super-Mare). 

An account of the work undertaken, the results obtained recommendations for the 

implementation of the fitness standard and considerations for the future can be 

found in Annex H. 
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ANNEX A QUESTIONNAIRE MCA 

 

Questionnaire for structured interviews with MCA 

Department of Sport and Exercise Science 

University of Portsmouth 

Questionnaire 

 

Introduction 

Who we are  

We are from the University of Portsmouth and we are studying the physical work 
done by the CRS. The purpose of the study is to identify the tasks and duties that 
must be carried out and to set minimum standards of fitness required to undertake 
the operational role as a CRO. 

 

Aims of the study  

The first part of the study involves interviews with MCA personnel to gather 
information on the tasks that are carried out during normal duties and during 
emergency response drills, exercises or incidents. The questions we have are 
straightforward and your answers should be based upon your own experiences of 
what you do at work. 

 

Confidentiality  

This interview is being conducted with the full co-operation of the MCA.  The 
information that you provide, however, will be held in strictest confidence.  Neither 
you, nor any other individual will be identified when the results of the study are 
finally presented, unless we have been given the expressed permission of the 
individual concerned. 

 

Informed consent 

Your participation in this interview is entirely voluntary and you have the right not 
to answer any of the questions if you so wish. 
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Subject details 

Name: 

Age: 

Sex: 

Job title: 

Place of work: 

Height: 

Weight: 

Role: 

Relevant Experience (what and for how long) : 

 

Relevant Qualifications: 

 

Physical Training details: 

Type of exercise Frequency Intensity Duration 

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

Duration of average shift: 

Frequency and duration of breaks: 
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Normal Duties 

 

Please list the non-emergency tasks (including during training) you undertake. Please break down complex tasks into individual elements. If 
a task has a “severe” mental demand please note the nature of that demand (e.g. observational, intelligence, concentration, memory, 
decision making) 

 

Specific element 
Tick here if 
element involves 
team work 

Frequency 
(per week) 

Duration 
(min) 

Physical Intensity 

(Easy, Moderate or Severe) 

Mental Demand 

(Easy, Moderate 
or 

Severe) strength speed stamina power flexibility 
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Normal duties cont. 

 

Which of the above tasks have the most time pressure? 

 

 

Which of these tasks are most affected by environmental factors? (e.g. wind 
speed, air temperature). 

 

 

The performance of which, tasks deteriorate most during the course of the day? 
(e.g. searching for a casualty) 

 

 

What problems have you encountered in performing normal tasks/duties 
effectively? 

 

Are any items of equipment badly designed? 

 

Are there any improvements that you would like to see in the way you carry out 
your work? 
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Emergency Tasks 

 

If you are willing, please list the emergency tasks you have undertaken. Please break down complex tasks into individual elements. If a task 
has a “severe” mental demand please note the nature of that demand (e.g. observational, intelligence, concentration, memory, decision 
making) 

 

Specific element 
Tick here if 
element involves 
team work 

Frequency 
(per week) 

Duration 
(min) 

Physical Intensity 

(Easy, Moderate or Severe) 

Mental Demand 

(Easy, Moderate 
or 

Severe) strength speed stamina power flexibility 
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Which of the above tasks have the most time pressure? 

 

 

Which of these tasks are most affected by environmental factors? (e.g. wind 
speed, air temperature). 

 

 

The performance of which tasks deteriorate most during the course of the day? 
(e.g. searching for a casualty) 

 

 

What problems have you encountered in performing emergency tasks/duties 
effectively? 

 

 

Are any items of equipment badly designed? 

 

 

Are there any improvements that you would like to see in the way you carry out 
your work? 

 

General 

 

Have you ever been injured whilst on duty with the CRS? 

 

Are there any further points or issues that you wish to raise? 

 

 

Many thanks for your help and co-operation. 
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ANNEX B QUESTIONNAIRE OGI 

 
 

Questionnaire for structured interviews 

Department of Sport and Exercise Science 

University of Portsmouth 

Questionnaire 

Introduction 

Who we are  

We are from the University of Portsmouth and we are studying the physical work 
done in Refineries and the Offshore Petroleum Industry. The purpose of the study 
is to identify the tasks and duties that must be carried out and to set minimum 
standards of fitness required to undertake the operational role. 

Aims of the study  

The first part of the study involves interviews with personnel to gather information 
on the tasks that are carried out during normal duties and during emergency 
response drills, exercises or incidents. The questions we have are straightforward 
and your answers should be based upon your own experiences of what you do at 
work. 

Confidentiality  

This interview is being conducted with the full co-operation of the Refineries and 
the Offshore Petroleum Industry.  The information that you provide, however, will 
be held in strictest confidence.  Neither you, nor any other individual will be 
identified when the results of the study are finally presented, unless we have been 
given the expressed permission of the individual concerned. 

Informed Consent 

Your participation in this interview is entirely voluntary and you have the right not 
to answer any of the questions if you so wish. 
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Subject Details 

Name: 

Age: 

Sex: 

Job title: 

Place of work: 

Height:  

Weight: 

Role: 

Relevant Experience (what and for how long) : 

 

Relevant Qualifications: 

 

Physical Training details: 

Type of exercise Frequency Intensity Duration 

    

    

    

    

 

Duration of average shift: 

Frequency and duration of breaks: 
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Normal duties 

Please list the non-emergency tasks (including during training) you undertake. Please break down complex tasks into individual elements. If 

a task has a “severe” mental demand please note the nature of that demand (e.g. observational, intelligence, concentration, memory, 

decision making) 

Specific element 

Tick here if 

element involves 

team work 

Frequency 

(per week) 

Duration 

(min) 

Physical Intensity 

(Easy, Moderate or Severe) 

Mental Demand 

(Easy, Moderate 

or 

Severe) 
strength speed stamina power flexibility 
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Normal duties cont. 

 

Which of the above tasks have the most time pressure? 

 

 

Which of these tasks are most affected by environmental factors? (e.g. sea state, 

wind speed, air and water temperature). 

 

 

The performance of which, tasks deteriorate most during the course of the day? 

(e.g. climbing ladders) 

 

 

What problems have you encountered in performing normal tasks/duties 

effectively? 

 

Are any items of equipment badly designed? 

 

 

Are there any improvements that you would like to see in the way you carry out 

your work? 
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Emergency tasks 

If you are willing, please list the emergency tasks you have undertaken. Please break down complex tasks into individual elements. If a task 

has a “severe” mental demand please note the nature of that demand (e.g. observational, intelligence, concentration, memory, decision 

making) 

Specific element 

Tick here if 

element involves 

team work 

Frequency 

(per week) 

Duration 

(min) 

Physical Intensity 

(Easy, Moderate or Severe) 

Mental Demand 

(Easy, Moderate 

or 

Severe) 
strength speed stamina power flexibility 
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Which of the above tasks have the most time pressure? 

 

Which of these tasks are most affected by environmental factors? (e.g. sea state, 

wind speed, air and water temperature). 

 

The performance of which tasks deteriorate most during the course of the day?  

 

What problems have you encountered in performing emergency tasks/duties 

effectively? 

 

Are any items of equipment badly designed? 

 

Are there any improvements that you would like to see in the way you carry out 

your work? 

 

General 

 

Have you ever been injured whilst on duty? 

 

Are there any further points or issues that you wish to raise? 

 

 

Many thanks for your help and co-operation. 
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ANNEX C EXAMPLE OF JOB EVALUATIONS – BRENT DELTA, 

OFFSHORE PRODUCTION PLATFORM - JUNE 2008 

 

The tasks analysis detailed below was undertaken by Tipton and House (2008), as 

it was not possible for me to obtain the relevant safety training to go off-shore at 

this time.  

There were 166 personnel working on board (POB), 16 of these were Shell 

personnel while the remainder were contracted workers. 

BIS SALAMIS (Company) Supervisor 

BIS SALAMIS is a contracting company providing scaffolding, abseiling, 

inspection, sheet metal work and plumbing services to the platform. 

Scaffolding 

There are 200 tons of scaffolding stored on Brent Delta. This requires: 

• manual handling and agility 

• Shifting scaffolding from crane-drop position to job, or from store/old job to 

new job if crane not working (possibly due to weather conditions). 

 

The largest items scaffolders have to shift are: 

• Longest scaffold pole is 5.47 m, and weighs 4.39 kg per meter (24.50 kg 

total). 

• Longest board is 13 feet, again 4.39 kg per meter (17.70 kg total). 

• Steel ladder beam (6.10 m) contains 18.29 m of scaffolding (81.60 kg total) 

– this is a 3-man lift. 

• There are some 6.40 m scaffolding poles (28.6 kg total) for specialist jobs. 

 

Scaffolders are not allowed to carry more than a 16 foot scaffolding pole (more is a 

2 man lift). However, this is often exceeded. 
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Abseiling 

Abseilers generally conduct inspection work, blasting or light non-destructive 

testing. The heaviest task is generally raising their own body weight when 

ascending a line. The upper-body used for steadying, main lift using legs in rope 

loop. 

Senior Tool Pusher 

Senior tool pusher has two tool pushers working for him and has responsibility 

over the: 

• Drill crews 

• Mechanics 

• Electricians 

 

PSS – Platform Services Supervisor 

This group is responsible for manual handling (storing/de-storing the rig), shifting 

stores around the rig, collecting all waste for disposal (bin emptying, general and 

specialist waste).  

Stores are delivered in containers (by sea). Heavy loads are supposed to be 

loaded on pallets in open-top containers (to be removed by crane). Lighter loads 

can be loaded in closed containers, but all of these loads have to be manually 

handled out of the container (there are no mechanical aids available for use inside 

the container). If heavy loads are sent in closed containers, the heaviest items are 

supposed to be loaded last, nearest the doors, to reduce the manual handling 

requirements. This often does not happen and attempts have been made with the 

Altens Operations Base at Toray Dock to resolve this issue. Items to be manually 

handled are supposed to be no heavier than 25 kg, but this load is often 

exceeded. 

Barrels (158.99 L; 42 US gallons) are supposed to be loaded on pallets and 

delivered in open containers. 

Boxes / loads for manual handling are not supposed to exceed 25 kg, but routinely 

do. Note that such loads may have to be carried one-handed when ascending or 

descending stairs due to the requirement to hold a handrail. 
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At the loading facility at Altens, if a box is heavier than 25 kg it is labelled “Heavy” 

but the actual weight is not recorded on the box. Note: It would be a good idea to 

actually write on the weight (assuming that it is weighed to find out that it is heavier 

than 25 kg). 

The heaviest item that the riggers would carry is a beam clamp, the largest of 

which is 40.9 kg and has to be manually handled by one man. These are used 

approximately three to four times a year, primarily in the gas turbine rooms. 

The most common manually handled weights are 20 L to 25 L containers 

containing a variety of chemicals. A common one is 25 L drums of de-icing 

product.   

A Storeman could be emptying three to four containers of stores per week (single 

handed). Note that Assistant Driller advised that stores’ unloading is often assisted 

by roustabouts under the direction of the stores. 

For Deck Crews and Stores, 95 % of jobs are manual handling. 

Another departmental task is bin emptying. Standard and special/hazardous waste 

bags. 

Drill Crews 

Drill crews comprise of: 

• Driller (in charge)  

• Assistant driller  

• Derrickmen  

• Roughnecks 

• Roustabouts 

 

Drill Crews work a 12 hour shift. When drilling, pipe tripping (relaying pipe in pre-

drilled shafts) or pulling out of the hole (removing pipe).   

Drill Crews should work 12 hours, with breaks as follows: 

• 15 mins (Tea) 

• 30 mins (Lunch) 

• 15 mins (Tea) 
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These breaks may not always be possible depending on the drilling operation. 

Driller  

The driller will be stood-up operating a brake and monitoring the derrick and up to 

eight gauges. Could be doing this for 1.5 to 3 hours without a break (relieved by 

assistant driller). 

Assistant Driller 

In charge of the roustabouts. Will relieve the driller. Will also work with the driller to 

plan each drilling job and decide on the manual handling requirements and how 

this will impact on the crew. To risk assess the task and try and use mechanical 

aids whenever they can. Also works with the roughnecks. 

Roustabouts 

The roustabouts clean-up, assist in operations, crane-lifts, feed drill pipes, 

unbundle pipes, getting everything ready for drilling. All under supervision of the 

assistant driller. Use 1.52 m (5 foot) pichbars. Not allowed to be near the load. 

Could be unloading cargo when not drilling. Lots of manual handling and 

walking/stair-climbing. 

Derrickmen 

Control the pipe stacks feeding into the drill. 

Roughnecks 

Handle the pipes and drill. Work in 3-man teams. Could lift-in and then remove the 

slips (63.50 kg), as frequently as every two minutes. The slips are a three-man lift, 

and have to be moved five feet away each time. Could be automated using a 

PS21 automatic slips (£100k to £200k). Also use the tongs to hold, connect and 

tighten pipes. 

Derrickmen and Roughnecks are involved in repairing pumps (e.g. mud pumps) 

used to lubricate during drilling. Heavy jobs may need to be done quickly to get 

drilling operations restarted as soon as possible. Two pumps are needed to drill. If 

one pump fails, drilling has to be withdrawn slightly, and continuously turned over 

and fed with remaining pump to ensure that it doesn’t become seized. A seized 
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pump and snapped drill pipe could cost £5m to £10m in lost equipment and drilling 

time. 

The Drilling team (except the Driller) are exposed to all weathers. They are often 

completely covered in mud when pulling out of the hole. In wet weather wear 

impermeable oilskins. Due to high intensity workload, become very hot and 

saturated in sweat. There could be 50 knots of wind blowing over the drill deck. 

Thermal liners are issued, used by driller and Derrickmen, but not used by 

roughnecks or assistant driller as these personnel working too hard and would 

overheat.  

Drill teams generally work two weeks of nights, then two weeks of days on 

alternative shifts.  

Due to extended duration shifts (12 hours), often only minimum breaks (15, 30 and 

15 minutes), and with limited fluid intake (fluids not allowed on drilling deck due to 

risk of mistaking chemicals for drinks) then team likely to be dehydrated. No 

rehydration strategies or general advice given. 

Discussions with HSE Engineer 

Drilling is the most physically demanding occupation. Ranges in exercise intensity 

as follows: 

 a. Manual drilling (Brent Delta). 

 b. Assisted drilling (Brent Charlie). 

 c. Fully automated (Norwegian sector drilling). 

Maintenance 

Supervisor (Mechanical maintenance), Wood Group. 

A pump change is the most difficult task. Employees are often working over 

awkward pipe work; lifting out pumps with lifting rig, and manually handling around 

decks / gratings using trolleys. Electrical maintenance involves lighter work. 

Emergency Response Team (ERT) 

All wood Group Employees must participate in the ERT (essentially fire-fighting), 

the first aid party, or as a lifeboat coxswain. The ERT members have to pass the 
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fire service fitness requirements. Use composite bottle BA systems, with much 

lighter ottles than the previous steel-bottled sets. BA endurance is equal to 40 

minutes. ERT members have to be non-claustrophobic. Stretcher Bearers - 

Responsibility of the medical department. 

General Duties 

• Box of photocopy paper (5 reams of 500 sheets each) = 12.8 kg. 

• OIM – Offshore Installation Manager. 
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ANNEX D PHYSICAL REQUIREMENTS FOR VALVE TURNING 

 

INTRODUCTION 

There are a wide variety of manually operated valves in the UK Oil & Gas industry. 

Operating these valves is a common routine and emergency work task. The valve 

handles can range in diameter from a few centimetres up to a metre across, 

although the most common sizes are between 7.62 cm (3”) to 30.48 cm (12”). 

Examples of valves are given in Figure D1. 

 

Figure D1.  Examples of valves 

There are two requirements for operating a valve: 

a. Apply a relatively high force to a manual actuator so as to cause a valve to 

break loose (‘crack’ open to overcome the initial resistance). 

b. Apply enough force to continually open or close the valve (‘operate’). 

If valves are too stiff to ‘crack’ or operate, users use a wheel/valve key, which is 

essentially a lever which increases the torque applied to the valve for a set 

application of force (see Figure D2). 

 

       Figure D2.  Valve keys. 
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Force Requirements – Standards 

There are limited standards available that deal with the forces required to operate 

valves, it has not been possible to obtain any information from UK Operators on 

the specific force requirements for new or old valves. The effect of exposure to the 

elements and the effect of pressure from the liquids or gases that pass through the 

pipes, might be expected to change the characteristics of a valve and therefore the 

forces required to “crack” or operate the valve. 

In addition, the vast array of valve types, ages and conditions, make it unlikely that 

there is a uniform force requirement for users. 

The guidelines for valve operators in the United States of America are given in the 

Manufactures Standardization Society (MSS) Guidelines for Manual Operation of 

Valves (1996). These guidelines define a variety of valve operations as follows: 

A. Typical Operator 

Paragraph 2.4:  “A typical operator is one who is capable of exerting approximately 

150 pounds (670 N) on a lever with an effective length of 12” (30.5 cm) at waist 

level.”  

The force exerted on the lever applies a force on the spindle at the centre of the 

wheel, and produces a torque value, depending upon both the force applied, and 

the length of the lever. Torque is a pseudo-vector that measures the tendency of a 

force to rotate an object about an axis (Serway & Jewett, 2003). The magnitude of 

a torque is defined as the product of a force and the length of the lever arm (wheel 

radius) (Tipler, 2004). 

Applying a force of 670 N at the edge of a 12” wheel (a radius of 0.305 m) is a 

torque of  

670 x 0.305 = 204.2 N.m 

B. Momentary Force 

Paragraph 2.12:  “If an operator must apply a relatively high force to a manual 

actuator so as to cause a valve to break loose4 but may exert relatively lower 

forces to continue actuation of the valve, the initial high force is referred to as a 

momentary force.” 

                                            
4 i.e. ‘Crack’ 
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The following chart represents operators capabilities as related to manual actuator 

dimensions, when a valve is not pressurised (Figure D3). 

 

Figure D3.  Hand wheel diameter vs. force input capability with normal operating 

conditions (taken from Figure 2, page 3, MSS Guidelines for Manual Operation of 

Valves [1996]). 

From Figure D3, the force required to ‘crack’ an 8” diameter wheel (radius of 

0.1016 m) is 814 N, this is a torque of  

814 x 0.1016 = 82.7 N.m 

C. Short Term Force 

Paragraph 2.13: “This is the force which an operator could be expected to exert on 

an actuating device for a small portion of the total valve travel such as for seating 

and unseating. 

It is proposed that no consideration of this force is required, as an operator would 

always have the option of using a valve key.  

D. Uniform Force 

Paragraph 2.14:  “Certain valves require that an operator exert a relatively 

constant force to an actuating device throughout the valve travel. The uniform 

force is that force that an operator could be expected to exert for a period of up to 

5 minutes.” 

Table D1, gives a series of Input Factor Multipliers that are used to give force 

requirements relative to the Momentary force. 
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Table D1. Input Table Multipliers (taken from Table 1, page 4, MSS Guidelines for 

Manual Operation of Valves [1996]). 

Input factor Multiplier 

Position 

 Shoulder level to hip level 

 Below hip level 

 Above shoulder level 

 

Manual Impact Devices(a) 12” dia (300 mm) 

           24” dia (600 mm) 

           36” dia (900 mm) 

 

Space available 

 

Momentary force 

Short-term force 

Uniform force 

Long-term force 

Environmental considerations 

 

 

1 

0.5 

0.5 

 

2 

3 

4 

 

Must be considered on an individual 
basis 

1.0 

0.85 

0.7 

0.25 

Must be considered on an individual 
basis 

NB:(a) The effectiveness of impact devices is dependent on the diameter and 

length of the stem shaft and the mass of the handwheel. Consult the valve 

manufacturer for recommendation for using impact devices. 

From Table D1, it can be seen that the Uniform Force is considered to be 0.7 that 

of the Momentary Force. So a typical uniform force for an 8” diameter wheel would 

be  

0.7 x 82.72 = 57.9 N.m 
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E. Long-term force 

Paragraph 2.15: “This is the force which an operator could be expected to exert on 

an actuating device for extended periods of time. 

There is no further detail provided with this statement. Based on the experience of 

employees at Exxon Mobil’s Fawley Oil Refinery (ESSO), this statement could 

equate to the opening and closing of numerous valves. 

Force Requirements – Open Literature 

It is apparent from the literature that recommendations are varied and incomplete; 

due to the lack of consistency with respect to the units used to express force limits 

(see Tables D2 to D4). Whilst force can be calculated when the valve diameter is 

known, this is not always the case in the available literature.  

Table D2. Recommended design values for industrial handwheel torque and size 

based upon a vertical handwheel orientation. Adapted from Murrel (1965) as cited 

by Amell and Kumar, (2001).  

Torque (N.m) 
Wheel Diameter (cm) 

96.5 to 121.9 above floor 
level 

Wheel Diameter (cm) 

Less than 96.25 or 121.9 
above floor level 

2.2 to 4.4  15.2 (6 inch) 25.4 (10 inch) 

4.4 to 6.6 25.4 (10 inch) 40.6 (16 inch) 

6.6 to 9.9 25.4 (10 inch) 40.6 (16 inch) 

> 9.9 40.6 (16 inch) 40.6 (16 inch) 

 

The values detailed in Table D2 are similar to the forces identified as ‘average’ by 

the experienced operators at the Fawley Oil Refinery (see below). 

A standard produced by the State Committee of the USSR for Standards, (1984) 

for the operation of handwheels and steering wheels provides maximum exertion 

forces in kilograms for the number of handwheel operations per shift. Table D3 

details the specifications included in the standard. 
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Table D3. Recommended design values for industrial handwheel tangential force 

based upon frequency of actuation. Adapted from the State Committee for 

Standards of the USSR (1984), as cited by Schulze et al. (1997). 

Activity description 
Frequency of use per shift (N [kg]) 

<5 5-16 

By hand with forearm 58.9 (6) 29.4 (3) 

Entire arm 147.2 (15) 39.2 (4) 

Two arms 196.2 (20) 58.9 (6) 

NB: conversion of kg to N was based on 1 kg = 9.8 N 

Table D4. Recommended design values for industrial handwheel size, rim size 

and tangential force. Adapted from the Eastman Kodak Company (2003). 

Parameter Recommended design value 

Handwheel diameter   18 cm to 53 cm (7 to 21 inch) 

Rim diameter  20 mm to 50 mm 

Resistance at rim (tangential force) 

 One handed operation 

 Two handed operation 

      

                                  20 N to 130 
N  

20 N to 220 N   

 

Woldstad et al., (1995) reported average isometric wheel strengths for men were 

found to be in the range of 393 N to 614 N when applying force to a 56 cm wheel 

with one hand. 

Applying a force of 393 N at the edge of a 22” wheel (a radius of 0.28 m) is a 

torque of  

393 x 0.28 = 110.04 N.m. 

Applying a force of 614 N at the edge of a 22” wheel (a radius of 0.28 m) is a 

torque of  

614 x 0.28 = 171.92 N.m. 

For females the range was found to be 235 N to 348 N.  
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Applying a force of 235 N at the edge of a 22” wheel (a radius of 0.28 m) is a 

torque of  

235 x 0.28 = 65.8 N.m. 

Applying a force of 348 N at the edge of a 22” wheel (a radius of 0.28 m) is a 

torque of  

348 x 0.28 = 97.44 N.m. 

These values are lower than the guidelines described by the MSS (1996). 

However, it should be remembered that these values where obtained with only 

one hand operating the wheel.   Assuming that by using two hands the force 

generated would be approximately doubled, the torques produced by the males 

above were similar to those suggested in the MSS guidelines, while the torques 

measured by the female participants were considerably less. 

The maximum forces detailed (Woldstad et al., 1995) are significantly lower than 

the forces reported to be required to ‘crack’ a valve as demonstrated by Jackson 

et al. (1992), who reported that an operational torque of 400 N.m was required to 

‘crack’ 93 % of 217 valves examined at a chemical plant.  

Many studies have looked at the effort required to ‘crack’ a valve, whilst only one 

study was identified in the literature that examined the role of endurance when 

valve turning. Jackson et al. (1992) found that only 19 subjects out of 52 (37 %) 

completed 15 minutes of handwheel turning at a rate of 15 rpm and a power 

output of 1908 N.m.min-1. A power output of 1908 N.m.min-1 was considered 

sufficient to close 75 % of the emergency valves in a plant in 15 minutes or less. 

Of the 32 (63 %) that did not complete the test, 20 (63 %) stopped due to fatigue 

before 4 minutes had elapsed or before 60 revolutions had been completed. 

It is known that for the study by Jackson et al. (1992) a 12” (30.5 cm) valve was 

used to produce the 1908 N.m.min-1. Therefore: 

Total distance m.min-1 equals 2πr x rpm 

(2 x 3.14 x 0.15) x 15 = 14.4 m.min-1 

Total force required to turn the valve (N) equals power output (N.m.min-1) ÷ Total 

distance (m.min-1) 
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1908 ÷ 14.4 = 132.8 N 

Total force required to turn the valve (N.m) equals Total force (N) x radius (m) 

132.8 x 0.15 = 20.3 N.m 

This value is greater than the forces identified as ‘average’ by the experienced 

operators at the Fawley Oil Refinery of 8.3 N.m and 4.1 N.m for valves with a 

diameter of 25.4 cm and 8.89 cm respectively. The large difference seen between 

forces required to turn a valve by the participants of this study and the large 

number of subjects unable to complete the task in the previous study (Jackson et 

al., 1992), suggest that 20.3 N.m is unsustainable and unreasonable force to ask 

individuals at Fawley to maintain for a prolonged period of time.  

Force Requirements – Other Advice 

Various discussions with Transmark Ltd5 have taken place in September and 

October 2008 and provided additional insight into valves and the standards: 

a. Based on information given by a Group Trainee Manger, at Transmark, it was 

advised that operators should be capable of producing a force of 350 N to ‘crack’ a 

valve, which would equate to torques of 31 N.m, 38.7 N.m and 46.5 N.m for 8”, 10” 

and 12” wheels respectively.  

Although this force requirement is given as reasonable, there does not appear to 

be a rationale for this force level, as it is based on opinion and it should not be 

considered a standard. Also the participants of Fawley Oil refinery reported using 

a valve key for forces exceeding 8.3 N.m and 4.1 N.m for valves with a diameter of 

25.4 cm and 7.6 cm respectively.    

b. Valves under pressure are easier to ‘crack’ and turn, due to pressure applied to 

the opening mechanism, although there were no details available of the likely 

reductions in force requirements. 

c. It is thought that the MSS guidelines are describing un-pressurised valves 

(although the standards do not comment on this), therefore explaining the higher 

requirements to operate a valve.  

                                            
5 Transmark FCX is Europe's largest stockholding distributors of valves to the oil, petrochemical, 
chemical, process and pharmaceutical industries.  
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d. The use of valve keys, to reduce the forces required to operate valves, may 

sheer the stem due to over tightening when closing. 

e. A suggested ‘best-practice’ standard would be to measure the forces required to 

‘crack’, open and close a 6” valve at waist height on a 2.5 KPa line (an estimation 

of pressure in the line).  

Force Requirements – As given by experienced valve operators 

To assess the likely torque values of real valves in use, we asked twenty-six 

experienced valve operators at ESSO to adjust a variable resistance applied to a 

valve mock-up with a 3” (7.6 cm) wheel and a 10” (25.4 cm) wheel. They set the 

resistance to represent the resistance they would expect on a typical valve turned 

by hand. Details of the groups assessed are given in Table D5. 

Table D5.  Details of experienced operators who set the resistance to represent 

the resistance they would expect on a typical valve turned by hand. 

Date Area of Work Number of operators 

02 June 2008 CCR6 Shift B-D 4 

03 June 2008 CCR 3 (power formers) 
Shift C 

6 

03 June 2008 CCR 4 Shift C & E 2 

24 June 2008 BLK 5 Distillation Shift B 5 

25 June 2008 CCR5 Shift D 9 

Total  26 

 

10” wheel 

The operators set the resistance such that 30 N of force was required to be 

applied to a 7.5” wheel key placed on the 10” wheel to open the ‘valve’. The 

effective radius of the valve and wheel key was 12.5” (0.318 m), thereby giving an 

applied torque of: 

30 x 0.318 =  9.54 N.m 
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3” wheel 

The operators set the resistance such that 14.5 N of force was required to be 

applied to a 7.5” wheel key placed on the 3” wheel to open the ‘valve’. The 

effective radius of the valve and wheel key was 9” (0.229 m), thereby giving an 

applied torque of: 

14.5 x 0.229 =  3.3 N.m 

The forces applied to the wheel key were measured by an electronic strain gauge 

(Biometrics, UK). 

The torque values used to determine the relationship between valve turning and 

PST were obtained by converting the biometric values directly to an electronic 

torque wrench (Britol, Cannock, Staffordshire, UK). The force required to “crack” 

the valve was set using the biometrics kit to 30 N and 14.5 N and measured ten 

times at each load using a torque wrench to determine the required torque. The 

mean of was taken to give the 8.3 N.m and 4.1 N.m reported in the Chapter 5. The 

ergometer was marked on the belt and fly wheel to ensure that the forces were 

measured from the same place during each calibration. 

The forces given in the MSS Guidelines (1996) identify a requirement of 

approximately 83 N and 60 N to ‘crack’, and then operate an 8” valve. The 

standards also state that a typical operator should be able to apply a force of 670 

N to a 12” lever, a torque of 204 N.m, three to four times greater than the forces 

required to open an 8” valve. However, the force (torque) values set by 

experienced users were only 30 N (8.3 N.m) and 14.5 N (4.1 N.m) for 10” and 3” 

wheels respectively, and these settings appeared to inexperienced users (the 

testing team) to be relatively ‘heavy’, and certainly not only 11 % to 16 % (10” 

wheel) or 4 % to 6 % (3” wheel) of the required standard, or 2 % to 5 % of what a 

standard operator would be expected to be capable of. 

When the variable resistance torque valve-mock up was set to 28 N.m (the 

greatest value possible using the electronic torque wrench), approximately one-

third of the valve ‘cracking’ standard and less than one-half of the uniform force 

standard, it was only just possible to operate the valve ergometer. It is not thought 

likely that operators would be able to apply and maintain the forces suggested in 

the MSS guidelines. 
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ANNEX E THE CORRECTION FACTOR USED FOR THE AEROBIC 

REQUIREMENT TO PULL A TRAILER MONITOR 

 

The reduction in participant numbers (n = 17) seen for pulling a trailer monitor at 5 

km.h-1 was due to the initial 17 participants carrying an extra two hoses (additional 

load 26 kg) that we were later informed should have not been part of the set up. 

Time restrictions placed on the testing due to access to the trailer monitor meant it 

was not feasible to test each participant again at all three speeds; it was therefore 

decided to perform the task at 4 km.h-1 and 6 km.h-1; with the remaining 11 

participants being asked to repeat the trailer walk with and without the additional 

two hoses at these speeds. The correction factor used to account for this fact is 

shown below (Table E1). 

Table E1.  The correction factor used to for the aerobic requirement to pull a trailer 

monitor (n = 17). 

��O2 (mL.kg-1.min-1) ��O2 (mL.kg-1.min-1) 

Participant 
4 hoses 4 

km.h-1 
2 hoses 
4 km.h-1 RATIO 

4 hoses 
6 km.h-1 

2 hoses 6 
km.h-1 RATIO 

1 25.62 25.74 1.00 39.74 35.55 0.89 

2 24.81 24.13 0.97 38.51 36.91 0.96 

3 27.83 25.19 0.91 38.56 38.83 1.01 

4 31.48 30.72 0.98 46.8 43.46 0.93 

5 29.21 27.76 0.95 40.26 40.26 1 

6 30.98 29.17 0.94 32.98 34.15 1.04 

7 27.9 24.58 0.88 37.57 36.33 0.97 

8 29.29 25.26 0.86 40.45 33.12 0.82 

9 28.33 25.72 0.91 38.13 37.53 0.98 

10 26.37 26.37 1.00 42.12 42.12 1 

11 28.67 28.17 0.98 40.69 41.56 1.02 

MEAN 0.94 0.97 

SD 0.05 0.06 
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This ratio was applied to the 17 participants’ ��O2 that had been recorded with the 
additional two hoses. 
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ANNEX F VALIDATING PREDICTIVE SELECTION TESTS 

 

INTRODUCTION 

It is important to validate any PST identified by testing them on a different cohort of 

volunteers; this is to establish if the PST are robust and generally applicable 

(Reilly et al., 1979; Washburn & Safrit, 1982; Rayson et al., 2000). If the same 

relationships are identified and confirmed in the validation study, the validation 

data can be incorporated into the original dataset to improve the strength of the 

predictions (Washburn & Safrit, 1982). This procedure was adopted for this study.   

METHODS 

Once the potential PST were identified (n = 70), a validation study was 

undertaken. The validation study was performed on a second, independent, cohort 

of volunteers (n = 30; Table F1). The study involved the administration of the PST 

which had been shown to be the best predictor of performance on particular 

essential tasks. Performance on the essential tasks was also measured on this 

second and independent group. 

Table F1. Participants’ mean (SD) height, weight and age (n = 30 [males = 15, 

female = 15]). 

 Height (cm) Weight (kg) Age (years) 

Mean (SD) 170.1 (10.0) 69.6 (13.8) 33 (11.8) 

Minimum 156.1 47.4 19 

Maximum 189.9 97.5 56 
 

The predictive ability of the PST was reassessed with the new group (“validation 

cohort”). The distribution of the performance results of the original cohort and the 

validation cohort were compared. The predicted Q2 was used in a cross validation 

to assess how the results of a statistical analysis would generalize the validation 

cohort, and estimate how accurately the predictive model would perform in 

practice (“goodness of fit”). The results obtained from the original cohort and the 

validation cohort when performing the essential tasks and PST were compared 

using independent sample t-tests to establish if they were significantly different or 

not.  Descriptive statistics were also determined for each group (mean, SD, and 
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range). If the results from the validation cohort were found to be non-significantly 

different from that of the original cohort, then the validation data were incorporated 

into the original data set (Washburn & Safrit, 1982). 

The validation cohort performed the essential task of valve turning and the PST 

that were deemed the best predictors of valve turning (static arm strength [SAS], 

and right hand maximum grip strength [RHMGS]). The validation cohort was also 

used to determine the reliability and validity of the Tecumseh step test as a 

predictor of ��O2max.  

RESULTS 

Descriptive statistics of the validation cohort compared to with the original 

cohort.  

The Tecumseh step test and maximum oxygen uptake 

The original and validation cohorts (Figures F1 and F2) were compared to 

establish if they were significantly different or not for ��O2max and heart beat score 

following the Tecumseh step test (Tables F2 and F3 respectively). The estimate 

for difference (Original - Validation) was found to be 0.7; with 95 % confidence 

interval (CI) for difference of -3.5 to 4.9 for ��O2max scores. There were no 

significant difference (t(98) = 0.3; p = .74) reported between the validation and 

original cohorts ��O2max. The estimate for difference (Original - Validation) was 

found to be -1.9; with 95 % confidence interval (CI) for difference of -4.8 to 10 for 

heart beat scores following the Tecumseh step test. There were no significant 

difference (t(98) = -1.3; p = .19) reported between the validation and original cohorts 

heart beat scores. The Q2 value (“goodness of fit”) was found to be 0.2, the 

optimum value is plus one, negative values are indicative a poor relationship.   
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Figure F1. Box-plot comparison of the ��O2max data using the Bruce protocol, 

obtained from the original and validation cohort of participants (original cohort = 

70; validation cohort = 30). 

 

Table F2. Comparison of the ��O2max data obtained from the original and validation 

cohort of participants. 

Cohort n Mean ��O2max 

(mL.kg-1.min-1) 
SD SE Mean 

Original 70  44.8   10.2      1.2 

Validation 30 44.1 9.4     1.7 
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Figure F2. Box-plot comparison of the Tecumseh step test data obtained from the 

original and validation cohort of participants (original cohort = 70; validation cohort 

= 30). 

Table F3. Comparison of the original pulse count data and the validation pulse 

count data. 

Cohort n Mean SD SE Mean 

Original 70  37.8 8.0 1.0 

Validation 30 39.7 6.1 1.1 
 

Static arm strength and medium valve turning 

The original and validation cohorts were compared (Figures F3 and F4) to 

establish if they were significantly different or not during the performance of 

essential tasks of valve turning and SAS (Tables F4 and F5 respectively). The 

estimate for difference (Original - Validation) was found to be 0.2, with 95 % 

confidence interval (CI) for difference of -3.1 to 2.8 for maximum valve time. There 

were no significant difference (t(55) = -0.1; p = .915) reported between the 

validation and original cohorts maximum valve time. The estimate for difference 

(Original - Validation) was found to be -1.6, with 95 % confidence interval (CI) for 

difference of -2.4 to 5.6. There were no significant difference (t(55) = 0.8; p = .430) 
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reported between the validation and original cohorts SAS. The Q2 value 

(“goodness of fit”) was found to be 0.9.   

 

Figure F3. Box-plot comparison of the time turning a medium valve obtained from 

the original and validation cohort of participants (original cohort = 38; validation 

cohort = 19). 

 

Table F4. Comparison of the time turning a medium valve obtained from the 

original and validation cohort of participants. 

Cohort n Mean SD SE Mean 

Original 38 6.4   4.4     0.7 

Validation 19 6.6 5.6 1.3 

NB: The validation cohort was reduced to 19 as those achieving 25 minutes were excluded. 
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Figure F4. Box-plot comparison of static arm strength obtained from the original 

and validation cohort of participants (original cohort = 38; validation cohort = 19).  

 

Table F5. Comparison of the static arm strength data obtained from the original 

and validation cohort of participants. 

Cohort n Mean SD SE Mean 

Original 38 25.4   7.8      1.3 

Validation 19  23.8 5.7 1.3 
 

Right hand maximum grip strength  

The validation cohorts were compared (Figures F5) to establish if they were 

significantly different or not during the performance of RHMGS (Tables F6). The 

estimate for difference (Original - Validation) was found to be 3.1, with 95 % 

confidence interval (CI) for difference of -0.7 to 6.8 for RHMGS. There were no 

significant difference (t(55) = 1.6; p = .107 reported between the validation and 

original cohorts maximum valve time. The Q2 value was found to be 0.6.   
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Figure F5. Box-plot comparison of right hand maximum grip strength data 

obtained from the original and validation cohort of participants (original cohort = 

38; validation cohort = 19).  

Table F6. Comparison of the right hand maximum grip data obtained from the 

original and validation cohort of participants. 

Cohort n Mean SD SE Mean 

Original 38 35.0   7.0      1.1 

Validation 19  31.9   6.1      1.4 

Correlations before and after the inclusion of the validation cohort 

Table F6 reports the correlations between the PST (Tecumseh step test, SAS and 

RHMGS) and direct measurements (��O2max and time turning a medium valve), 

before and after the inclusion of the validation cohort.  

Table F7. Correlation’s before and after the inclusion of the validation cohort. 

Relationship Correlation before inclusion 

of the validation cohort 

Correlation including the 

validation cohort 

Tecumseh step test & ��O2max r = 0.66 (n = 70) r = 0.66 (n = 100) 

SAS & medium valve turning r = 0.76 (n = 38 ) r = 0.69 (n = 57) 

RHMGS & medium valve 

turning 

r = 0.74 (n = 38) r = 0.68 (n = 57) 
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ANNEX G TRAINING PROGRAMMES 

 

PERFORMANCE 

MUSCULAR STRENGTH 

ALL TRAINING SHOULD BE UNDERTAKEN WITH CARE AND UNDER 

SUPERVISION. IF YOU HAVE ANY CONCERNS ABOUT YOUR ABILITY 

TO COPE WITH THE EXERCISES DESCRIBED IN THIS SECTION 

CONSULT YOUR DOCTOR. WHEN YOU DO EXERCISE, START WITH 

EASY LOADS AND INCREASE INTENSITY AS YOU GET FITTER. 

The whole body is used when undertaking the essential tasks associated with the 

MCA. For example during stair and ladder-climbing the focus is on the leg and 

forearm muscles, whilst during valve turning the focus moves to the upper body. 

The following exercises (Table G1) are designed to help existing MCA employees 

and those who wish to become an employee of the MCA. Exercises should be 

completed following the instructions provided in the technique section. If an 

individual is unsure of the techniques they should consult an experienced 

professional before continuing. If they have any doubt about their fitness to 

undertake an exercise programme they should consult a GP. 

The weight lifted should be such that the last 3 repetitions (reps) of a set are just 

about manageable. Increase the load once there is no fatigue during reps or after 

the specified period of 4 and 8 weeks from the start of training (Table G2). 

Programmes should not be completed more than 2 to 3 times a week for 

beginners (untrained, less than 2 months experience training), 3 to 4 times a week 

for intermediate (moderately trained, 2 to 6 months experience training) and 4 to 7 

times a week for advanced (well trained, 1+ years training).    

Exercises can be split into two sessions. Complete exercises 1, 2 and 3 in the first 

session and 4, 5 and 6 in the second. Rotate the sessions each time exercise is 

undertaken. The whole set of exercises should only be attempted all together if the 

individual is in the intermediate or advanced stages of training.   
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Table G1.  Muscular strength exercises for MCA. 

Exercise 
Superset 
grouping 

Focus Sets Reps 
Rest 

between 
sets (secs) 

1a Squat† 

1 

 

Develops thighs, gluteus 
(bottom), adductors and 

hamstrings 
3 12 60 

1b Half squat† 
Used by beginners and people 

with back  
problems instead of the squat 

3 12 60 

2 Rows Works the back muscles 3 12 60 

3 

 

Calf raises 

 2 

Calf muscles 3 12 60 

4 Shrugs 
Works the shoulder muscles 

and the trapezius (upper back) 3 12 60 

5 

 

Triceps 
Extensions 3 

Focuses on the triceps 3 12 60 

6 
 

Push ups 
Works the chest muscles 2 15 30 

7 

 

Lunge 

 4 

Isolates the front thigh 3 12 60 

8 
Lateral raise 
to front raise 
to Bicep curl 

Works the lats (back), chest  
and biceps 3 12 60 

9 
Dumbbell 
side bend 

No 
superset 

Works on the oblique’s  
(core muscles) 3 12 60 

10 
Dumbbell 
wrist curl 

5 

 

Develops the front forearms 3 12 60 

11 
Dumbbell 

wrist 
extension 

Develops the back forearms 3 12 60 

† Perform either Squat (1a) or Half Squat (1b)  
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SUPERSET GROUPINGS 

As it is fairly time consuming to perform 11 exercises consecutively, a technique 

known as ‘super setting’ can be used. Super setting groups two exercises 

together, with each exercise set being performed during the rest phase of the 

other (Table G1). This alternates the muscle groups between sets with minimal 

rest thereby saving time. 

For example with superset grouping 1 = Squat (1a) or half squat (1b) + row: 

Perform 1 x squat set followed immediately by 1 x row set and so on until 3 sets of 

each have been completed. Then rest for 2 minutes before performing the next 

superset. 

NB. Super setting should not be attempted unless you are at the intermediate or 

advanced stages of training. 

PROGRESSION 

To know when to increase the load you are lifting, try to perform an additional 2 

repetitions on the third set. If you complete these additional repetitions comfortably 

increase the load you are lifting by 2 to 4 kg for the upper body exercises and 4 to 

6 kg for the lower body exercise. Between training week 4 to 8 and 8 to 12 you 

may wish to progress your program. Table G2 details how these progressions can 

be achieved 

 

  



 

309 
 

Table G2. Progression of exercises at week 4 through to 12 of training. 

Exercise Progression week 4 to 8 Progression week 8 to 12 

Squat 

Firstly increase the load, 
reduce the number of reps 
to 10, increase the rest 
time to 1 minute 30 
seconds,  

Firstly Increase the load, 
reduce the number of reps 
to 8, increase rest time to 
2 minutes 

Half squat 

Rows 

Lunge 

Lateral raise to front raise 
to Bicep curl 

Shrugs 

Calf raises 

Triceps Extensions 

Wrist curls 

Wrist extensions   

Dumbbell side bend   

Push ups Try to increase reps Try to increase reps 
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TECHNIQUE 

Squats and Half Squats 

                      

 Figure G1.  Start position.             Figure G2. Half squat.                     Figure G3. Full squat. 

 

Start Position (Figure G1): Begin with the head up, chest out and shoulder blades 

pulled back. Feet should be a comfortable shoulder width apart and pointing 

slightly outwards. Hold the weights level in both hands. 

Beginning the descent: Breathe-in and hold-breath, bend the legs keeping the 

torso upright. Keep the feet flat on the floor at all times. Bend the legs until the top 

of the thighs are parallel with the floor (full squat, Figure G3). For beginners and 

individuals with back problems only go to the point which is comfortable, ensuring 

the heels remain on the floor (Figure G2). If the heels come up finish the squat at 

the point before they begin to lift. During the descent phase do not allow the knees 

to extend beyond your toes. The further your knees travel over your feet, the 

greater the forces on the patellar tendon and ligament in the knee. 

Base Position: Keep the head up and chest out. Ensure that the back is straight 

and the knees are pointed out along the line of the big toe. 

The Ascent:  Breathe-out during the ascent. Lead with the chest, drive upwards 

extending the hips and knees, keep the torso upright and maintain a straight back. 
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Bent Row 

 

Figure G4. Performing a Bent Row. 

Standing with flexed knees (maximum of 45 degree angle) bend over at a 45 to 90 

degree angle (or as far as comfortable), keep the back flat and contract both arms 

with weights in them and lower down again (Figure G4).  

Lunges 

                     

Figure G5. Performing a Lunge. 

Move your feet apart with one in front of the other while holding the weights in both 

hands. Bend the back leg’s knee and lower as low as possible without the back 

knee going past 90 degrees. Ensure that the front knee remains in line with the 

great toe (Figure G5).   
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Lateral raises to front raises to bicep curls 

This exercise is made up of three movements. After each movement return to the 

start position, before going on to the next. All three movements count as one rep 

(Figure G6a to E6d). 

       

               

 

 

Figure G6. Lateral raises to front raises to bicep curls. 

 

 

1. Figure G6b. Standing with a 
slight flexion in the knees, 
keep the back flat and pelvis 
tucked-in. Raise both the 
arms out to the side and 
lower-down again under 
control.  

 

 

2. Figure G6c. Standing with a 
slight flexion in the knees, 
keep the back flat and pelvis 
tucked in. Raise both the 
arms out in front of the body 
and lower slowly down again.  

 

 

3. Figure G6d. Standing with a 
slight flexion in the knees, 
keep the back flat and pelvis 
tucked in. Curl both the arms 
into the body and lower down 
again.  

 

Figure G6a. Start position 
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Calf Raises 

       

Figure G7. Performing a Calf Raise. 

Place your feet straight ahead. Carry the weight, down by the side of the body. 

Flex both feet and return to the first position (Figure G7).  

Shrugs 

       

Figure G8. Performing a Shoulder Shrug. 

While standing with the weights in the hands by the side of the body raise and 

lower the shoulders (Figure G8). 
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Triceps Extension 

                

Figure G9. Performing a Triceps Extension. 

Hold the dumbbell behind the shoulder and raise the arm up and then back down 

(Figure G9). 

Push-Ups 

        

Figure G10. Performing a Push Up. 

Place the foot or toes on the floor, legs, hips and back straight. Begin with the 

elbows extended; proceed to lower the torso and chest 8 to 10 cm from the floor. 

Try to reach an arm angle of 90 degrees at the bottom of the movement, if this is 

not achievable just go as low as possible keeping the correct position (Figure 

G10). 
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Dumbbell Side Bend 

          

Figure G11. Performing a Dumbbell Side Bend. 

Standing with a slight flexion in the knees, keep the back flat and pelvis tucked in. 

Bend over to the side and then stand up straight again, repeat for the other side. 

One rep includes the movement to both sides. Do not tip or roll the shoulders 

forward (Figure G11). 

Dumbbell Wrist Curls  

        

Figure G12. Performing Dumbbell Wrist Curl. 

Hold the dumbbells in the hands palm side up. Slowly raise and lower using the 

wrist (Figure G12). 

Dumbbell Wrist Extensions 

         

Figure G13. Performing a Dumbbell Wrist Extension. 

Hold the dumbbells in the hands palm side down. Slowly raise and lower using the 

wrist (Figure G13).  
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AEROBIC FITNESS 

Any whole-body dynamic activity that raises your heart rate for an extended period 

of time will improve aerobic fitness. Below are a number of ideas depending on 

fitness levels. 

1. Beginner: Maintain 20 minutes walking or cycling 3 times a week at a 
pace that if trying to hold a conversation it is slightly laboured. To make 
this more challenging, try walking faster or go up a hill. 
 

2. Intermediate: Maintain 30 to 45 minutes jogging or cycling 3 times a 
week at a pace that if trying to hold a conversation it is slightly laboured. 
To make this more challenging, try increasing the pace or go up a hill. 

 
3. Intermediate interval training: Start the walk or run at a pace at which 

a conversation can be held for 3 minutes. After 3 minutes increase the 
speed to that which a conversation cannot be held. Maintain this effort 
for between 1 and 3 minutes (as fitness increases, the time of the high 
intensity exercise will increase) over a 20 minute period progressing 3 
minutes a week until you reach 1 hour. 

 

Table G3 to G5 are examples of how a training week could be structured, the main 

points to remember are to allow adequate rest between training sessions and 

make the best of the available time. If this means that aerobic and strength training 

have to take place on the same day ensure the appropriate rest is taken between 

sessions. 

Table G3. Example of a training schedule for a beginner. 

Session Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Strength  �  �    

Aerobic   �  �  � 
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Table G4. Example of a training schedule for an intermediate individual., 

Session Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Strength �  �  �   

Aerobic  �  �  �  

 

Table G5. Example of a training schedule for an advanced individual., 

Session Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Strength �  �  �  � 

Aerobic  �  �  �  

 

It is advisable before individuals consider introducing more training sessions into a 

training schedule, that the intensities have been increased for the 12 weeks as 

recommended in Table G2.  It may not be possible or for all individuals to increase 

the number of session they perform in one week. Therefore individuals should aim 

to increase and vary the intensity of the training sessions which they are 

undertaking. If employees are looking to introduce training as a lifestyle change 

they should seek professional guidance to ensure that training remains varied and 

productive.   
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ANNEX H A FITNESS STANDARD FOR THE COASTGUARD 

RESCUE SERVICE: A PILOT INTRODUCTION 

 

DATA COLLECTED FROM THE FOUR SECTORS 

Four sectors located in the South of England (Southampton [Hill Head], Isle of 

Wight [Ventnor], Lyme Regis and Burnham-on-Sea/Weston-Super-Mare) were 

selected to trial the fitness standard. It was decided that the Sector Manager from 

each area would perform and run the tests with a member of the University of 

Portsmouth present in case they required assistance.   

Prior to the implementation of the fitness tests, each Sector Manager attended a 

training day ran by the University of Portsmouth. This day provided the Sector 

Managers with the necessary background and skills to perform the tests.  

During each visit the University of Portsmouth observed and advised the Sector 

Managers on the running of the tests and discussed and amended (where 

necessary) the test procedures. The test performed where: 

• Perform a simple step test and achieve a score of 52 beats or less. This is a 

“Pass”, “Borderline”, or “Fail” assessment, based on the aerobic 

requirement to carry a stretcher 

• Continuously lift a 3 kg (7 lbs) hammer 10 times above shoulder height. 

This is a “Pass” or “Fail” assessment, based on the ability to hammer a 

stake into the ground 

• Pull a rope with a resistance of 35 kg (77 lbs) and maintain this load for 15 

seconds. This is a “Pass” or “Fail” assessment based on manning the main 

line during a Z-drag  

• Carry a 19 kg (42 lbs) load 200 m (656 ft) in 3 minutes 45 seconds, rest for 

3 minutes 45 seconds before carrying a 25.5 kg (56 lbs) load 200 m (656 ft) 

in 3 minutes 45 seconds. This is a “Pass” or “Fail” assessment, based on 

carrying a stretcher at the foot and head-end. 

• Mud technicians (MT) must perform a simple step test and achieve a score 

of 48 beats or less. This is a “Pass”, “Borderline”, or “Fail” assessment; 

categories are based on the aerobic requirement to pull a stretcher across 

the mud at 0.8 km.h-1 (0.5 m.h-1) , this equates to 200 m (656 ft) being 

covered in 15 minutes. Obtain a “Pass” in all of the tests mentioned above 
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for operational staff and perform a 200 m (656 ft) simulated mud rescue in 

15 minutes. This is a “Pass” or “Fail” assessment. 

The four visits resulted in 44 Coastguard Rescue Officers (CROs) being assessed 

across all of the recommended fitness tests (Table H1).  

Table H1. “Pass” and “Fail” numbers for Coastguard Rescue Officer tested, 

defined by the four sectors and role (Operations [Ops]; Mud Technicians [MT]). 

 
Number of CROs Assessed 

Sector Total Ops MT Passes Failures Areas failed 

Hill Head 12 7 5 10 2 
1. Walk test 540 m and 
stretcher carry 25.5 kg 

2. One female all tests 

Isle of 
Wight 11 6 5 10 1 

Requirements for mud tech 
(both the step test [50 beats] 
and the walk test [610.3 m]) 

Lyme 
Regis 9 5 4 9 0 

 

Burnham-
on-Sea 12 7 5 11 1 

Requirements for mud tech 
(both the step test [50 beats] 
and the walk test [593.9 m]) 

Totals 44 25 19 40 4 
 

 

Aerobic Assessment (Step and Walk tests) 

Of the 25 Ops CROs, two failed to reach the required aerobic standard. Of the 19 

MT two failed both the step and walk tests and were stopped from attempting the 

mud rescue simulation. Both individuals scored 50 beats on the step test and 

walked distances of 610.3 m and 593.9 m in the six minute walk test, resulting in a 

borderline grading in both tests; this reinforced our confidence in the comparability 

of the step and walk tests.  

Two cases of “White Coat Syndrome” were observed; both performed the six 

minute walk test and achieved distances of 686.5 m and 757.5 m equating to 

passes at the level of mud technician. The other six minute walk tests performed 

were for CROs that reported being on medication that affected heart rate. The 

distances achieved were 687.5 m (Pass Mud tech level), 620 m (pass Ops Level), 
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and 540 m (Fail Ops level). One female Ops CRO failed the step test (54 beats), 

but did not undertake the walk test.   

For the purposes of this pilot study, if an individual failed the step test, they were 

given the opportunity to undertake the walk test to observe the comparability 

between the two. However, if the recommended fitness standard is rolled out, only 

those suffering from “White Coat Syndrome” or on prescribed medication affecting 

heart rate should undertake the walk test as an alternative to the step test.  

Simulated Tests (Hammer raises, Rope pull, Stretcher carry) 

The female Ops CRO of small stature passed the hammer raises, but failed to 

reach the required load (35 kg) on the rope pull. It should be noted that the method 

used for the rope test means that body mass becomes a factor such that those of 

low body mass (such as the female who failed this test) may be unable to 

generate the required force. However, this does not mean that the test should be 

changed or modified. The force requirement is based on three CROs manning the 

safety line and the resulting individual requirement when the force is divided 

equally between them, to modify the load for “lighter” individuals would result in the 

remaining two members having to incur an additional load.  

All CROs passed the hammer raises and, excluding the individual mentioned 

above, passed the rope pull and 19 kg stretcher carry. The stretcher carry was not 

attempted by the female CRO as she reported that after trying to lift the lighter 

load of 19 kg that she would not be able to complete the task. One individual failed 

to complete the simulated stretcher carry at 25.5 kg. It should be noted that this 

was also the individual that failed the walk test.  As a result of this it was 

emphasised that if any CRO fails to reach the standards required for Ops or Mud 

Technicians in either the step or walk test they should not be allowed to attempt 

the relevant subsequent tests.  

As a result of the first visit (Hill Head) the method of best practice for undertaking 

the stretcher carrying task was further refined to ensure individuals: 

� Use their dominant hand when carrying the 19 kg load and their non-

dominant hand when carrying the 25.5 kg. This was to ensure individuals 

would be able to carry the stretcher at every position (front, back, left or 

right) 

� Maintain a straight carrying arm 
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� Are given the one opportunity during the 200 m to lower the load and 

readjust the strop (not rest) once 

� Do not walk too fast; individuals should aim to complete 25 m in 20 s to 28 

s. If individuals are performing the task faster they  should be requested to 

slow down 

These alterations have been detailed in the testing manual., 

Mud Rescue  

Sixteen of the 19 MT were assessed on the mud. The mud chosen was 

representative of the area, as sanctioned by the Sector Manager undertaking the 

tests.  

A number of small modifications came about as a result of the mud tests:  

� Bridles were secured to the front and back of the stretchers so that the MT 

did not have to turn the stretcher 

� The 25.5 kg container used for the stretcher carry was filled to the 

appropriate mark and placed at the back of the sled. When the MT came to 

the end of the first 100 m they should unhook from the first bridle, moved 

the weight to the opposite end of the stretcher and attach to the other bridle 

� It was made clear to the MT that this was not a race and that they could rest 

any time they wished. The Sector Manager walked alongside the MT and 

provided feedback regarding time throughout the test  

� If a MT was unable to continue they were to raise their hand, sit on the sled 

and await rescue (this was not required) 

� It is recommended that water be available for all tests, but particularly the 

mud tests 

� Having established the step test performance of the MTs, it is 

recommended that the fitter individuals go first and last with less fit MTs 

being tested in-between. At least one MT should remain in kit to perform 

rescue if necessary. 

 
All 16 MT passed the test. The fastest time reported to complete 200m was 3 min 

54 s the slowest was 9 min 58 s with an mean (SD) time of 5 min 36 s (1 min 31 s) 

equating to an approximate walking pace of 2.14 km.h-1 (based on the mean time). 

Table H2 highlights the times taken to complete the mud test for each individual 

separated by sector.   
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Table H2. Reported times to complete the 200 m mud test.  

 
Sector & Individual Mud Times (min.sec) 

Mud tech Hill Head Isle of Wight Lyme Regis Burnham-on-
Sea 

1 6.35 6.15 3.54 5.06 

2 6.01 5.15 3.55 9.58* 

3 5.52 4.25 4.11 5.36 

4 8.45 
 

4.11 5.05 

5 6.34 
   

Mean (SD) 6.21 (0.23) 5.18 (0.55) 4.03 (0.10) 6.26 (2.22) 

* Reported drinking the night before  

No relationship was found between the heart beat score obtained during the step 

test and the time taken to walk 200 m on the mud. This is not surprising as 

individuals were instructed to take their time and rest when needed during the mud 

simulation (had individuals been asked to complete the mud simulation as quickly 

as possible a relationship may have been evident). Some individuals opted to rest 

for longer at the 100 m turn around point, with one individual resting considerably 

longer. This was likely due to the consumption of alcohol the night before, thus it 

should be stressed that no alcohol be consumed the day before the mud test. It 

would also appear that there is an optimal pace and technique to walk across the 

mud, which may warrant further investigation. The faster time reported by Lyme 

Regis MTs could have been due to the shallow mud at the location chosen; 

however, this was reported as representative of the area when travelling a 

distance of 200 m.  

Anecdotal evidence 

It was interesting to note that those sectors that undertake a large number of 

stretcher and mud rescues reported that the tests were a good simulation of the 

demands (load, time allowed and methods used) placed on CROs, and that they 

could easily see the direct link to their roles. A number reported that they were 

impressed to see how the standard used simulations as tests and how these 

directly represented the roles of a CRO. 
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General Comments 

“White Coat Syndrome” was observed in two individuals; in these cases the walk 

test was administered. However Sector Managers should be advised not to 

mention this condition to the CROs and to use the resting heart rate as an 

indicator. If an elevated heart rate is observed when at rest for at least 5 minutes it 

is recommended that the step test still be administered and if the individual 

subsequently fails the test the Sector Manager can then ask if the individual was 

anxious or particularly nervous before the test. If “White Coat Syndrome” is 

suspected Sector Mangers can offer the 6 min walk test.  

It should be made clear to all Sector Managers that the scores obtained during the 

fitness tests should be treated as “medical in confidence”. If an individual wishes to 

share their results with the sector this is acceptable as long as they are not 

pressured into it.  

RECOMMENDATIONS 

This pilot study was worthwhile and a great deal of useful information was 

obtained. In general, the Sector Managers performed extremely well, they were 

well prepared, had read the necessary documentation and were able to conduct 

the tests with the required competence.  

Based on the observations made during the visits to the four sectors the University 

of Portsmouth are able to make several recommendations:  

I. Those administering the test should have a clear understanding of the 

relevance of the test and should have read the manual., It is important that 

the competence and understanding of the fitness standard is conveyed to 

the CROs to ensure “buy-in”. 

II. The pre-test requirements are disseminated in ample time, and all 

individuals should receive both a written and verbal briefing.  

III. Sector Managers should not attempt to take any more than two individuals 

through the fitness test  at a  time. 

IV. During the step test the two individuals should be separated and it is 

advised that no other members of the sector are  present in the room 

during the completion of the fitness tests.  

V. Forty five minutes was found to be a typical  time to take two individuals 

through all the tests. 
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VI. One hour was found to be a typical time to take four Mud technicians 

through the mud simulation (not including wash down). 

VII. It is recommended that a standardised protocol for dealing with the rescue 

of failures during the mud test be issued and sanctioned by the MCA.  

VIII. It is recommended that an additional role be made for those existing CROs 

with considerable experience who fail any or all of the tests. This role would 

entail none of the physical elements of being a CRO and, as such, the 

individual should not be included in the number required for a shout, but 

focus on factors such as organisation on scene, dealing with the general 

public and completing the relevant paperwork. 

IX. It is recommended that a standardised protocol for dealing with failures be 

sanctioned by the MCA and training be provided to deal with those that fail  

X. It would be of useful for Sector Managers to have access to a training DVD 

that provides visual guidance on performing and recording the data from 

the fitness tests.  

XI. The results of the fitness test should be collated into a database to allow for 

a review of the fitness standard, and to provide information of the general 

fitness and status of the Coastguard Rescue Service. 

CONSIDERATIONS 

As a result of this pilot work a number of considerations should be given to further 

work. These are:  

I. High deep body temperatures in MT due to the impermeable nature of the 

protective clothing worn and the high work load  during mud rescues could 

have implications for operational capability as well as health. This should be 

investigated and, if confirmed as a problem, cooling interventions and other 

strategies considered. 

II. It is accepted that mud rescue is the most physically demanding task 

performed by CROs.  Based on previous research1 and the evidence of this 

pilot study, it is suggested that efficiency can be improved on the mud. 

Consideration should be given to optimising efficiency as quickly as 

possible and thereby reducing the potential for injury,  through the 

implementation of a competence-based training programme that integrates 

physical fitness training on land and competency-based training on the 

mud. 
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III. The use of heart rate in the determination of the aerobic requirements can 

be affected by a number of external factors. If individuals are failing by one 

or two beats it would be of use to know how influential (in terms of number 

of beats) factors such as menstrual cycle, and environmental temperature, 

caffeine ingestion etc are. This would enable Sector Mangers to know if 

they could offer CROs a retest on a different day. 

 

 

 

 

 


