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1. COURSE OVERVIEW 
 
1.1 INTRODUCTION 
 
 This Course has been developed so that it follows the international module 

syllabus W506 ï Ergonomics Essentials published by the British 

Occupational Hygiene Society (BOHS), Faculty of Occupational Hygiene.  

The BOHS administers a number of such modules; further information on 

which can be obtained by visiting the BOHS website at www.bohs.org. 

 

 At the time of publication every care has been taken to ensure all topics 

covered in the BOHS syllabus for the subject (W506) have been included in 

this Student Manual.  Providers of training courses should check the BOHS 

website for any changes in the course content. 

 

 The developers of this Student Manual take no responsibility for any material 

which appears in the current BOHS syllabus for Module W506 which is not 

covered in this manual. 

 

1.2 AIM OF COURSE 
 
 To provide the student with a broad based introduction to ergonomics 

principles and their application in the design of work, equipment and the 

workplace.  Specific consideration is given to musculoskeletal disorders, 

manual handling, ergonomic aspects of the environment, as well as to the 

social aspects and relevant international standards.   

 

1.3 LEARNING OUTCOMES 
 
 On successful completion of this module the student will be able to: 

· Describe and apply ergonomics principles to promote safety, health and 

productivity 

· Outline the process of ergonomics risk assessments 

· Explain the causes of upper limb disorders 

http://www.bohs.org/


2. 
 
 

 

· Examine workplace layout and equipment design according to 

ergonomics principles 

· Identify environmental aspects of good ergonomic design 

 

1.4 FORMAT OF MANUAL  
 
 This manual has been specifically designed to follow the syllabus for this 

course as published by the BOHS.  Similarly, the material provided in this 

manual has been aligned with the presentations for each topic so students 

can follow the discussion on each topic. 

 

 It should be recognised that the format presented in this manual represents 

the views of the authors and does not imply any mandatory process or 

format that must be rigidly observed.  Presenters using this manual may well 

choose to alter the teaching sequence or course material to suit their 

requirements.  In this regard the case studies are provided as illustrative 

examples and alternate case studies relevant to a particular industry may be 

used if desired. 

 

 In the final outcome, the aim of this manual is to transmit the principles of 

ergonomics essentials to attendees and provide guidance as to how those 

principles should be applied. 

 



3. 
 
 

 

2. OVERVIEW OF ERGONOMICS 
 
 This topic outlines general information about the domain of ergonomics, and 

provides an overview of human characteristics, capacities and the specific 

considerations for the human in a work system.   

 

2.1 GENERAL PRINCIPLES  
 
2.1.1 Definition 
 
 The word óergonomicsô is derived from an Ancient Greek word meaning 

órulesô or óstudy of workô. It is also referred to as óhuman factors (in design)ô. 

Ergonomics is concerned with appropriate design for people - the design of 

systems, processes, equipment and environments so that tasks and 

activities required of them are within their limitations but also make the best 

use of their capabilities. Therefore the focus of the design is on the person or 

a group of people. This is often termed ñuser-centred designò. 

 

 Ergonomics is a science; it is a rigorous, user-centred approach to research 

and design. It is also a philosophy and a way of thinking. It is applied widely 

in areas such as aviation and other transport systems, sport, education, 

public facilities, the home, recreational equipment and facilities and in the 

workplace generally. In fact, the whole community benefits from ergonomics 

design. Ergonomics considers the whole work system, and the effects of the 

system on human and system performance (see Figure 2.1). 

 

 Ergonomics has three domain areas: Physical ergonomics, Cognitive 

ergonomics and Organisational ergonomics.   
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Adapted from Stevenson (1999) 
 

Figure 2.1 - Ergonomics: The Systematic Study of the Human at Work 

 

2.1.2 History of Ergonomics 
 
 Ergonomics in the United Kingdom arose out of World War 2 when scientists 

were asked to determine the capabilities of the soldier in order to maximise 

efficiency of the fighting man (Pheasant, 1991).  In the United States, 

ergonomics arose out of psychology and cognitive function in the aviation 

industry and was termed óhuman factorsô.  Today these terms are used 

interchangeably.  Since the industrial revolution, work has turned away from 

its agricultural base to city-based work environments.  Further changes have 

occurred in recent times with an increase of females in paid employment, an 

increasing age of workers, an internationalisation of the workforce and an 

increased trend to contract or outsource work.  All of these changes have 

implications for design of equipment and work systems, and a role for 

ergonomics. 

 

Societal and Cultural Environment 

External Environment ï Legislation, Economy, Standards 

Organisation Structure & Job Design 

Workplace Environment 

Workstation 

Worker 

Output 

Goods/ 
Services 

Input 

Orders/ 
Planning 
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2.1.3 Scope of Ergonomics and Systems of Work 
 
 Ergonomists and designers take into account a wide range of human factors 

and consider biological, physical and psychological characteristics as well as 

the needs of people - how they see, hear, understand, make decisions and 

take action, (see Figure 2.2). They also consider individual differences 

including those that occur due to age, fitness/health, or disability and how 

these may alter peopleôs responses and behaviours.  

 
 

Anatomy 
 Anthropometry Dimensions of the body (static and dynamic) 
 Biomechanics Application of forces by gravity and muscles 
 
Physiology 
 Work physiology Expenditure of energy 
 Environmental physiology Effects on humans of the physical environment 
 
Psychology 
 Skill psychology Information processing and decision-making 
 Occupational psychology Training, motivation, individual differences, stress 
 

 
Figure 2.2 - Human Characteristics and Capacities Considered in 

Ergonomics 
 

 As there are many factors to be considered in ergonomics, a range of people 

are involved in its research and application. Specialist Ergonomists usually 

have university qualifications in ergonomics and related fields and can come 

from a range of disciplines such as physiology, psychology, engineering, 

physiotherapy, occupational therapy, medicine, industrial design, 

architecture, occupational health and safety (OHS), industrial relations and 

management.  In order to address ergonomics issues at workplaces, 

Ergonomists interact and consult with designers, engineers, managers and 

the end users of any system, the workforce and individual workers. 
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2.1.4 Aims, Objectives and Benefits of Ergonomics 
 
 The overall aim of ergonomics is to promote efficiency and productivity and 

ensure that the capacities of the human in the system are not exceeded.  

The word óoptimumô is often used in ergonomics and refers to the balancing 

of the needs of people with real-life limitations such as the availability of 

solutions, their feasibility and costs. Successful solutions depend on solving 

the real, rather than the apparent problems. This in turn requires careful 

observation and analysis.  

 

 Ergonomics problems and solutions may not transfer exactly from one 

country, region or industry to another ï they have a social context. Although 

the basic human characteristics are the same they take on local differences 

for a range of reasons ï geographical, social, economic or historical. It can 

be described as óthe way we do things around hereô and relates to the culture 

of a country, region, industry and/or company. Consequently, ergonomics 

issues should be identified and addressed locally because each set of 

circumstances is different. Importing solutions without reference to local 

issues and resources may fail. 

 

 In terms of cost benefits the advantage of ergonomics changes is that they 

will make the job faster, easier, safer and enhance productivity. It is 

important to assess the benefits in the short, medium and long term, as 

expensive equipment and process changes may take some time to take 

effect.  

 

2.1.5 Fitting the Job to the Person and Person to the Job, Occupational 
Ergonomics 

 
 At work ergonomics is applied to the design of the workplace and tasks and 

to work organisation. It is often referred to as occupational ergonomics within 

the OHS community. As such it aims to promote health, efficiency and 

wellbeing in employees by designing for safe, satisfying and productive work.  
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 Positive performance factors such as worker comfort, well being, efficiency 

and productivity are all considered in determining how to achieve an 

acceptable result. In this respect ergonomics is different from many other 

areas of OHS hazard management, where the primary aim is to reduce risks 

of injury or disease.  Good ergonomics in the workplace should improve 

productivity and morale and decrease injuries, sick leave, staff turnover and 

absenteeism. 

 

 When analysing work and how it can be improved from an ergonomics point 

of view there are five elements that need to be addressed: 

 

1. The worker: the human element of the workplace.  Employees have a 

range of characteristics that need to be considered including physical 

and cognitive capacities; experience and skills; education and training; 

age; sex; personality; health; residual disabilities.  An individualôs 

personal needs and aspirations are also considered. 

 
2. Job/task design:  what the employee is required to do and what they 

actually do.  It includes job content; work demands; restrictions and 

time requirements such as deadlines; individualôs control over workload 

including decision latitude, working with other employees; and 

responsibilities of the job. 

 
3. Work environment: the buildings, work areas and spaces; lighting, 

noise, the thermal environment. 

 
4. Equipment design:  the hardware of the workplace.  It is part of 

ergonomics that most people recognise and includes electronic and 

mobile equipment, protective clothing, furniture and tools. 

 
5. Work organisation:  the broader context of the organisation and the 

work and how this affects individuals.  It includes patterns of work; 

peaks and troughs in workload, shiftwork; consultation; inefficiencies or 

organisational difficulties; rest and work breaks; teamwork; how the 

work is organised and why; the workplace culture; as well as the 

broader economic and social influences. 
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(Source: McPhee ï reproduced with permission) 
 

Figure 2.3 ï The Five Elements to Consider in Ergonomic Analysis of 
Work 

 

 To design better jobs we need to know about the work and how it will be 

done. We also need to know about the people who will do the work and their 

capabilities and limitations. Not only do we need to consider physical and 

cognitive aspects but we also need to take into account individual aspirations 

and needs - the social component. As work changes over time reviews and 

modifications are constantly required if systems and people are to work 

harmoniously and efficiently. No matter how well the workplace is designed it 

can be undermined by poor job design and work organisation.  

 

2.1.6 Systems of Work: Seeing the Whole Picture 
 
 As most people realise, disorders arising from work can have a number of 

causes and they are not always obvious. Organisations are complex and 

people are too. For instance we now know that physical disorders may not 

arise purely from physical stresses.  

 

 In order to understand these issues we need to examine the work and its 

organisation more broadly and understand how various work factors may 

interact with each other and how personal factors might change the impact of 

work factors.  
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 In occupational ergonomics, the physical design aspects of work or the 

óhardwareô may be only part of the problem and therefore part of the solution. 

In some cases it may be a small part. Other factors influence the 

development of a problem including work organisation and task design, job 

content, work demands and control over workload, support and training. 

Usually these aspects require ergonomics to be integrated into the broader 

work systems.  

 

 Therefore to determine if an optimum solution has been achieved the people 

who will perform the work (the ówhoô), the nature of the tasks (the ówhatô) and 

the context in which they are done (the ówhereô, ówhenô and the óhowô) need to 

be considered. 

 

2.1.7 Human Characteristics, Capabilities and Limitations 
 
 As outlined above, the human characteristics and capabilities Ergonomists 

consider are the physical and cognitive capacities of the human at work.  

These capacities are affected by personal characteristics such as gender, 

age, pre-existing injury or disability and work organisation factors such as 

shift work, intensive work cycles and issues such as low morale.  We will 

examine these factors throughout this course. 

 

2.1.8 Human Error 
 
 óHuman errorô is a term often used to describe the cause of an accident.  

Human error has been defined as an inappropriate or undesirable human 

decision or behaviour that reduces, or has the potential for reducing 

effectiveness, safety, or system performance.  Ergonomics applied to system 

design will make the system óerror tolerantô by considering the cognitive 

capacity of the human to make decisions in a number of situations.  Human 

error is an unintentional act and is distinguished from a pre-mediated 

violation of rules and/or procedures by an individual. 
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 Conversely then, óhuman errorô ascribed to accident causation is really 

indicative of poor design.  The ófailureô that results from this can be 

immediate or delayed.  (HSE, 2007, p.10.) 

 

 In order to make systems óerror tolerantô, we need to understand why and 

how people make errors so that we can design the system appropriately.   

 

Active failures are usually made by operators at the front line.  These 

failures have immediate consequences. 

 

Latent failures are made by personnel removed from the ófront lintô, for 

example designers and managers.  Latent failures are system failures and 

include poor design of plant, processes and/or procedures 

(eg: communication, roles, responsibilities, training).  These types of failures 

typically pose a greater risk to health and safety.  (HSE, 2007.) 

 

A useful diagram to illustrate the types of human error and violations (Human 

Failure) can be found in the HSE book: óReducing Error and Influencing 

Behaviourô, and has been reproduced below. 
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 (Source: HSE, 2007 ï reproduced with permission) 
 

Figure 2.4 ï Causes of Human Failure 
 

From this model, it can be seen that human error falls into two main 

categories, Skill-based errors (slips and lapses) and Mistakes (either rule or 

knowledge-based). 
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a) Skill-Based Errors 
 

i) Slips ï these types of errors are ones in which the action taken is 

not as intended and include: 

 

 Performing an action too soon or too late (eg: selecting a 

button during timed process) 

 Leaving out a step or steps in a process 

 Performing the action in the wrong direction (eg: turning 

steering wheel the wrong way when reversing) 

 Performing the correct function, but with the incorrect object 

(eg: using incorrect control lever) 

 Carrying out the wrong check on the right item (eg: checking 

a dial for wrong value) 

 
ii) Lapses ï these types of errors are ones in which the action is not 

taken because the operator forgets or loses their place in the 

process, or forgets what they had meant to do.  Often these errors 

are due to distractions and interruptions, and lack of systems to 

monitor work process (eg: checklist). 

 

b) Mistakes 
 

This is a complex form of human error, when an incorrect action is 

taken under the misapprehension that it is the correct action.  These 

human errors are related to information processing in planning and 

action, assessing information and making intentions and judging 

consequences. 

 

i) Rule-based ï humans tend to rely on past rules or familiar 

procedures and will use these in new situations (eg: driving to 

previous set speed although the speed limit has changed). 

 



13. 
 
 

 

ii) Knowledge-based ï using past knowledge/analogies to determine 

planning or problem solving in a new situation, and coming to the 

incorrect conclusion or action (eg: applying cold climate clothing 

PPE principles to working in hot climates). 

 
Errors can also be made through inexperience and inadequate training. 

 

c) What Causes Errors? 
 

An individual may be susceptible to making an error due to the 

influence of numerous organisational and individual factors. 

 

Organisational factors include: 

 

 Inadequate or inappropriate work layout 

 Poor physical environment eg noise, heat, humidity, poor lighting 

or visual distractions 

 Inadequate design of equipment including poor ergonomics 

 Poor supervision  

 

Individual factors include: 

 

 Inadequate training 

 Inexperience on a task 

 Poor knowledge of a task 

 Inadequate skill level 

 Low motivation 

 Attitude and emotional state 

 Perceptual disabilities 

 Stress levels 

 Poor physical condition 

 Social factors 
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d) Avoiding Errors 
 

 There are three basic ways to decrease human errors: 

 

1. Improve the training received by an individual on a particular task 

so errors are minimised 

2. Reduce the likelihood of a human error by: 

 Improving the work design and work layout - make 

improvements that will accommodate human limitations and 

reduce error provocative situations 

 Ensuring early detection of errors and early remedial action 

eg: installing safeguards and early feedback devices that will 

alert the individual that an error has occurred and ensure that 

remedial action is well practiced 

3. Reduce the impact of a human error by ensuring that the impact is 

minimised when things do go wrong 

 

2.1.9 Teamwork 
 
 Teamwork is often used in organisations and understanding the types of 

teams and the mechanism by which they operate is essential when 

understanding work systems. (See also Section 7.2.) 

 

 A work team is a collection of individuals who are required to work together 

to complete a goal or set of tasks. This type of teamwork can reduce worker 

alienation that can occur in some work places. 

 

 Work teams can either be: 

 

1. Self-managed ï the team is given a goal to be achieved. It then 

determines how the work will be conducted to achieve the goal. 

2. Integrated ï a supervisor oversees the work of the team in achieving 

the goal.  This type of teamwork often occurs in mining where the 

supervisor oversees the work of a crew. 
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a) Types of Teams 

 
There are four main types of work teams: 

 

1. Involved teams ï usually involved in providing recommendations 

or making decisions regarding a particular problem eg safety 

committees and quality circles. 

2. Production teams ïusually involved in providing goods and 

services eg manufacturing or mining teams. 

3. Project teams ï usually provide information in the form of reports 

and/or plans eg: research teams or a panel of experts in a 

particular field. 

4. Active teams ï can provide a variety of functions eg sporting 

teams scoring goals and medical groups performing a successful 

operation. 

 

b) Benefits and Drawbacks of Teams 
 

Some benefits of teamwork include: 
 

 Increased problem solving skills 

 Improved performance of employees 

 Potential increase in lateral thinking and innovative ideas derived 

from multiple perspectives in brainstorming 

 Increased output of the organisation 

 Opportunities for managers to direct their attention to more long 

term strategic goals, rather than rudimentary supervisory functions 

 
Common drawbacks of working in teams include: 
 

 Some individuals may not pull their weight in the team  

 Some individuals may have difficulty keeping up and may put 

themselves and others at risk of injury or overload 
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 Some team members may not agree on a particular course of 

action, creating a stalemate 

 Conflict and competition may arise within the group 

 

If teamwork is to be effective team members must have the necessary skills 

to operate within the team, including both good communication and 

negotiating skills. The team must have clear goals to fulfil, be committed to 

completing these goals and have appropriate management support. 

 

2.1.10 Ageing 
 
 One of the biggest features in industry today is that of the rapidly ageing 

workforce.  Ilmarinen (2006) found that the proportion of 50 to 64-year-olds in 

the workforce will be double in size compared to workers younger than 

25 years (35% versus 17%) in the EU15 (the first 15 European countries to 

join the union) by the year 2025. Additionally his findings illustrate that some 

countries will experience this by 2010, and that the situation will last for 

decades to come.   

 

 An ageing workforce does have advantages.  Older workers tend to be more 

consistent, careful and conscientious as evidenced by the following: they 

have no more work absences than other workers, they have fewer accidents 

and are less inclined to leave their jobs (see section below). They usually 

have extensive work and life experience which can be used to advantage in 

most jobs.  However, increasing age brings some limitations including some 

reduced physical and cognitive capacity. The main limitations include: 

 

 Vision and hearing acuity which decrease with increasing age 

 Decreased ability to concentrate for long periods on difficult tasks 

especially in noisy or difficult work environments 

 Lowered ability to focus and divide attention and to suppress irrelevant 

information 
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 Slower rates of information processing, recalling from memory, speech 

processing and language production 

 Cumulative musculoskeletal wear and tear (sprains and strains) and 

decreasing physiological capacities leading to a decreased work ability 

(this appears to be greater in those who have worked in physically 

demanding jobs) 

 Other health problems such as cardiovascular disease, diabetes and 

digestive disorders 

 

 The design of tasks and work organisation need to take these factors into 

account.  Strategies to accommodate older workers might include: 

 

 The reduction of physically heavy work as age increases 

 The use of corrective spectacles especially where the tasks are 

computer based 

 Allowing time to learn new tasks and understand new technology 

 Designing training programs to assist older workers adapt to new 

methods and systems. The programs should be based on what older 

workers already know, ólearn by doingô methods. Using older trainers 

may help overcome difficulties 

 

 Generally older workers have considerable knowledge and experience to 

contribute that is important in decision-making. 

 

 They are usually keen to give information and offer suggestions and opinions 

and they respond well to consultative and participatory processes. These 

factors need to be considered systematically during job reviews and in 

long-term planning. 

 

Evidence concerning the influence of age on the shift-working population is 

not conclusive but it is generally accepted that the ability to tolerate shiftwork 

declines after 45 years (Harma, 1996). 
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In summary, a review of the literature regarding occupational accidents 

showed that: 

 

1. Older workers do not have more accidents at work than younger 

workers. 

2. In an Australian study, the greatest number of traumatic work-related 

deaths occurred in the age range 20ï54 years (about three-quarters); a 

smaller number of deaths occurred in individuals aged less than 

20 years (6%) and those over 65 years (5%). 

3. Older workers generally require longer periods of recuperation from 

injury due to age-associated physiological changes.  

4. Factors that can influence recovery time from injury include the type of 

workplace hazard exposure, socio-economic factors and possible 

changes in reporting of minor workplace accidents (older workers may 

tend not to report minor injuries). 

5. Older workers may be at risk of particular types of accidents, 

specifically sprains and strains of joints such as the shoulder, knee, 

ankle or back. However, information on exposure to work hazards, 

taking age into account, is not available. 

 

2.1.11 The Role of the Ergonomist 
 
 The role of the Ergonomist is a significant and important one; they have a 

valuable role to play in assisting industry design appropriate work systems, 

equipment and human:machine interfaces to promote productivity, efficiency 

and worker comfort and satisfaction.  

 
 Throughout this course we will examine the principles of ergonomics theory, 

methods and techniques.  The course will not turn you into an Ergonomist, 

but help you see workplace issues with ergonomics in mind and know when 

a specialist Ergonomist is needed. 
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2.2 BIOLOGICAL ERGONOMIC S 
 
2.2.1 Body Systems 
 
 Simply put, the human body is a complex system of framework (skeleton), 

moving parts (bones, joints, muscles, ligaments and tendons), energy 

conversion system (metabolism and physiology), movement control system 

(nervous system), feedback and decision-making system (senses and brain).  

From an ergonomics perspective, we need to understand how these systems 

work, what they are capable of and requirements for optimum function before 

we can effectively design work systems, equipment and interfaces which rely 

on their capacity.  We will briefly examine these systems in this section. 

 

2.2.2 The Musculoskeletal System 
 

a) Anatomy 
 
 The human skeleton performs four main functions, it protects vital 

organs (brain, heart, lungs); allows movements through its joints; 

provides framework for upright stature; and contributes to red blood cell 

production.  From an ergonomics perspective, it is the range of 

movement and types of movements at the joints which are important.  

These determine the direction and limit of human movements such as 

reach, important for workstation design. 

 

The skeleton needs ligaments, tendons and muscles to become 

functional, and together these structures are termed the 

ómusculoskeletal systemô and will be the focus of our discussion in this 

section, as this system is the functional system of human movement. 
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(Source: Stevenson, 1999 ï reproduced with permission) 
 

Figure 2.5 ï Front View of Human Skelton 
 

b) Joints 
 

The human skeleton has three main types of joints, synovial joints, 

hinge joints and ball and socket joints.  Each type of joint allows certain 

movements.  Synovial joints can be found in the hands and feet; hinge 

joints allow movement in one plane only and are found in the elbows 

and knees (although the forearm can rotate around its long axis due to 

the movement of bones in the wrist); while the shoulder and hip are ball 

and socket joints which allow movement in 3 dimensions (though with 

limits!).  
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(Source: Mosbyôs Medical Encyclopedia) 
 

Figure 2.6 ï Examples of ñHingeò Joints, Elbow & Knee 
 

c) Muscle  
 

The muscles produce movement, enable posture and contribute to 

maintaining body temperature through heat production.  Muscles are 

attached to bone via tendons, and are of two main fibre types: fast 

twitch or slow twitch.  Postural muscles are slow twitch while dynamic 

muscle is fast twitch.  Postural muscles are able to more efficiently 

sustain a contraction.   
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(Source: Stevenson, 1999 ï reproduced with permission) 
 

Figure 2.7 ï Hand & Arm Movements and Associated Terminology 
 

Essentially, muscles require oxygen to work efficiently.  If they are 

starved of oxygen, for example by prolonged contraction to sustain a 

static posture, the muscle will use energy within itself for fuel and form 

lactic acid which leads to rapid muscle fatigue.  This type of contraction 

is termed an óanaerobicô contraction (without oxygen).  An óaerobicô 

contraction provides adequate supply of oxygen and nutrients to the 

muscle to work efficiently.  Aerobic contractions allow time for muscles 

to contract and relax to access optimum oxygen, and continue to work. 
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The muscle contraction is the development of tension in a muscle. 

However when the muscle ócontractsô it does not always shorten. 

Contraction may be static (no movement) or active (movement). These 

states are further categorised as: 

 
1. Isometric (static) - the muscle builds up tension but the length 

remains unchanged. Static muscle work is the most energy 

efficient but is also the most tiring. Compression of blood vessels 

and nerves stops nutrients and wastes from muscle activity from 

being dispersed eg when attempting to lift an immovable object or 

when an object is held stationary.  

2. Concentric (active) - muscle fibres contract to shorten the muscle 

eg: the biceps muscle bends the elbow and overcomes the 

resistance of the weight of the arm, the source of the resistance 

being inertia and the force of gravity.  

3. Eccentric (active) - allows for controlled lengthening of the 

muscle(s) against gravity eg: thigh muscles controlling knee 

movements while going down stairs.  

 

 
 

(Source: Mosbyôs Medical Encyclopedia) 
 

Figure 2.8 ï Isometric Muscle Contraction.  Muscle length 
remains unchanged, tension increased. 
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2.2.3 Posture and Movement 
 
 The science of human movement is known as kinesiology and describes 

motions of the body segments, as well as identifying the muscle actions 

responsible for the movements. 

 

 Posture provides the basis for movement and refers to the angular 

relationships of the body parts and the distribution of their masses. These 

elements influence the stability of postures, the loads on the muscles and 

joints, and how long different body positions can be maintained before 

fatigue sets in. 

 

 Movement and posture is fundamental to human existence. People have 

evolved through the activity and postures imposed by their living conditions 

and their need to feed, clothe and look after themselves. As a result, human 

physical performance is optimum when postures and movements are 

dynamic and varied.  

 

 In general the human body moves and works most efficiently when joints are 

in the neutral (mid) range and the muscles are around mid length pulling at 

right angles to the bone. However, movement of joints through their full 

range each day is necessary to keep the body supple and the joints and 

muscles working efficiently.  

 
a) Static and Dynamic Postures 
 

The information about muscle contraction is important for ergonomics, 

as any action/movements in the work process which does not allow the 

muscle to work aerobically should be avoided.  Static muscle work is 

common in postural muscles of the neck, shoulders, back and buttocks. 

These stabilise the trunk allowing for more accurate and efficient 

movement of the limbs. The positioning of the body for optimum 

movement occurs naturally where the environment allows.  
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Both types of active muscle work (concentric and eccentric) use more 

energy but are less tiring than static muscle work.  

 

 
 

(Source: Stevenson, 1999 ï reproduced with permission) 
 

Figure 2.9 ï Examples of Static Muscle Loading in Work Tasks 
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b) Balance and Movement Control 
 

Balance is the ability to maintain equilibrium in different positions. This 

changes with the size of the base of support such as the feet, the 

buttocks in sitting or the whole body in lying and the height of the centre 

of gravity. Balance is maintained in standing and sitting by continually 

making minor corrections of position. In general we maintain stable 

postures by static balancing and unstable postures by dynamic 

balancing such as in walking. 

 

As the position of a personôs limbs changes sensors in the muscles, 

tendons and joints relay this information to the brain.  This allows a 

person to know where different parts of their body are in space even 

when they cannot see them. This feedback mechanism is known as 

proprioception. 

 

Both the muscle and joint sensors as well as those located in the ear 

(semicircular canals) are essential for balance and co-ordinated 

movement. 

 

2.2.4 Biomechanics 
 
 The interaction of human movement and posture is called biomechanics and 

describes the levers and arches of the skeleton, and the forces applied to 

them by the muscles and gravity.  

 

a) Levers in the Body 
 

A muscle seldom acts alone; most muscle action involves the complex 

integration of muscle activity to produce whole movements. Most 

movements employ lever action, the bones acting as levers and the 

muscles applying force about a fulcrum (joints). 
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Three types of lever action are employed: 

 
1. First order lever - mechanical advantage is determined by the 

length of the lever on either side of the fulcrum eg: the see-saw 

and nodding of the head. 

 

 
 

 (Source: McPhee, 2005 ï reproduced with permission) 
 

Figure 2.10 ï First Order Lever 
 

2. Second order lever - a relatively small force (the pull of the arms 

or the calf muscles respectively) acting through a large distance 

lifts a large weight through a short distance. This always imparts a 

mechanical advantage eg: a wheelbarrow or in tip toeing. 
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 (Source: McPhee, 2005 ï reproduced with permission) 
 

Figure 2.11 ï Second Order Lever 
 

3. Third order lever- a relatively large force (in this case the muscles 

of the upper arm) acting through a short distance lifts a smaller 

weight through a large distance. This always leads to a 

mechanical disadvantage eg pulling up a fishing rod the lower end 

of which is supported against the thigh or in lifting an object by 

bending the elbow.  
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(Source: McPhee, 2005 ï reproduced with permission) 

 

Figure 2.12 ï Third Order Lever 
 

Most levers in the body are third order and as a result the body is very 

inefficient at generating force. The human body usually works at a large 

mechanical disadvantage and considerable energy is required to 

achieve modest output.  

 
However, third order levers give humans some special advantages. 

These are speed, range and precision of movement.  

 
As a general ergonomics principle, work should never be designed so 

that it requires strength and precision at the same time. This can place 

intolerable stresses on muscles and joints especially if it is required for 

repeated or extended periods during the working day. 
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2.2.5 Anthropometry 
 
 From an ergonomics viewpoint, appropriate design needs to cater for the 

range of humans at work. To do this, Ergonomists utilise anthropometric 

data.  Anthropometry refers to the dimensions of the human body and how 

these are measured. It covers the size of people; their height and 

circumference; their weight and percentage body fat; the length and range of 

movement of their limbs, head and trunk; and their muscle strength. 

 
 Measurements of large numbers of people are needed in any given 

population to determine ranges, averages and percentiles. Children of 

different ages, male and female adults and older people all may be included 

in the population sample depending on how the data may be used.  

 
 Measurements are made in two different ways ï referred to as static and 

dynamic anthropometry. The most common measurements are made with 

the body in rigid standardised positions and this is static anthropometry. 

Dimensions are linear and are made relative to the body surface eg standing 

height, length of leg, head circumference. Measurements are standardised 

using the same methods and postures on different individuals but they allow 

comparisons between individuals and between population groups. They 

provide information on the size differences of individuals but they are not 

functional measurements (that is they are static length measurements). 

 

 
 

 (Source: McPhee, 2005 ï reproduced with permission) 

 
Figure 2.13 ï Static Anthropometric Body Measurements 
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a) Dynamic Anthropometry 
 

Dynamic or functional anthropometry, in which dimensions are 

measured with the body in various working positions, is more complex 

and difficult to perform but it has important applications in the 

workplace. Measurements are three-dimensional and describe such 

things as space envelopes in driving cabs, arcs and ranges of 

movements for the optimum use of controls, and safety clearances.  

 

 
 

 (Source: McPhee, 2005 ï reproduced with permission) 
 

Figure 2.14 ï Space Envelope Depicting Hand Movements and Hand 
Grasps in 3 Dimensional Space Showing the Optimum for Different 

Manipulations 
 

b) Using Anthropometric Information 
 

In workplace and equipment design, ranges of dimensions are often 

specified to allow for the short and the tall, the fat and the thin and 

those who may be differently proportioned to the average. Ranges can 

include extremes at either end such the 5th percentile in height 

represents people who are in the shortest 5%, while the 95th percentile 

represents the tallest 5%.  
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Often a design needs to suit the majority of the population as far as 

possible while not accommodating everyone in the extremes of range 

eg seats in a bus or an aeroplane suit 90% of the population adequately 

but may be very comfortable for very short or tall or obese people. 

In these cases static dimensions are used as a guide eg: average 

(mean) height of the travelling population. 

 

In most dimensions the middle 68% of the population can be 

accommodated relatively easily with little or no adjustment required. 

 

 
 

 (Source: McPhee, 2005 ï reproduced with permission) 
 

Figure 2.15 ï Curve of Normal Distribution showing Range of 
Height for British Men.  One Standard Deviation From the Mean 
Represents Almost 68% of Men With a Range of Approximately 

7 inches (180 mm) 
 

Ninety-five percent of the population can be accommodated with some 

flexibility in design or by using adjustments eg desks and chairs. It may 

be very difficult to achieve a fit for very tall/short or big/small people 

above 97.5th percentile or below 2.5th percentile.  
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If it is possible to use equipment lower/higher/wider/narrower than the 

optimum, variation is limited to one direction - it has a one-way 

tolerance eg: the height of a door for a tall person, the height of shelf for 

a small person.  

 

Some design is concerned with static dimensions such as body height 

(stature), leg length or shoulder width. For instance, thigh length 

governs the optimum depth of a seat for a particular person while lower 

leg length dictates the height of the seat.  

 

Where dimensions may not be critical, one dimension, usually stature, 

may be used as an approximation of other dimensions such as leg 

length and shoulder width. Using commercially available data tables 

other static dimensions can be derived. However, this method must be 

used with care as there are many exceptions to the rule and all the data 

that are readily available in this form are from the USA or Europe. 

 

Factors that Affect Body Size 
 

 Age - there is an increase in dimensions from birth to age 20 in 

males and to age 17 in females with a decline after 60 years 

 Sex - men generally are physically larger except in hip breadth 

and thigh circumference than women. Menôs arms and legs are 

longer than womenôs absolutely and relatively in standing and 

sitting 

 Ethnicity ï statistical variations occur in size, proportions and body 

builds between people of Asian, Caucasian and  African racial 

backgrounds as well as within each of these groups eg between 

nationality groups such as Scandinavian and Mediterranean 

people 

 Fitness and health ï the presence or absence of disease, nutrition 

and physical fitness can significantly affect height and size 
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 Occupation - workers in active jobs may tend to be physically 

larger than those in sedentary work. This may be due a self-

selection process but is also related to age, diet, health and 

activity. However sedentary workers tend to have more body fat 

due to inactivity 

 Posture and body position - differences in measurements occur 

between rigid and slumped postures, and dynamic and static 

measurements. The rigid, static measurements may provide a 

starting point for design but the dynamic or more functional 

postures are more likely to reflect the true situation 

 

 
 

 (Source: BP International ï reproduced with permission) 
 

Figure 2.16 ï Static Anthropometry of Seated Operator 
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2.2.6 Applying Work Physiology: Body Metabolism, Work Capacity and 
Fatigue 

 
 While the musculoskeletal system has capacities and limitations, the 

Ergonomist also needs to consider the physiological capacity of the human: 

strength, work capacity, and the result of exceeding these capacities, fatigue. 

 
a) Strength 
 

Strength is affected by a number of factors, 

 

 Gender:  While some women are stronger than some men on 

average men are one third to one half stronger than women. This 

is due to body size, muscle mass (40 - 45% of body weight in men 

and 25 - 25% in women), the distribution and percentage of fat, 

and muscle bulk in the shoulders, abdomen, hips and legs 

 

 Age:  Muscle strength peaks are reached in men at about 

20 years old and in women a few years earlier. Maximal cardiac 

efficiency and muscle strength decrease significantly with age. In 

both sexes maximal aerobic power reaches a peak at the age of 

18-20 years followed by a gradual decline 

 At the age of 65 the mean value of aerobic power is about 70% of 

what it is for a 25-year-old. The mean value of aerobic power for a 

65-year-old man is roughly the same as a 25-year-old woman. 

The strength of a 65-year-old individual is, on average, 75-80% of 

that attained at the age of 20-30 years when medical conditions 

are not a limiting factor. The rate of decline in muscle strength with 

age is in both sexes greater in the leg and trunk muscles (big 

muscle groups) than in the strength of the arm muscles. The 

decline in muscle strength with age is due to a decline in muscle 

mass 

 

 Training:  Muscle strength can be enhanced through training.  In a 

work situation, the training must be highly specific to the 

movements required by the task, or the training may be ineffective 
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b) Work Capacity 
 

The capacity of an individual to undertake physical work can be 

measured directly by examining the individualôs maximal oxygen uptake 

(ability to take in oxygen in the blood via the lungs), or indirectly by 

measuring heart rate. Heart rate is a reliable measure of workload and 

is easily measured in the workplace (as opposed to the oxygen uptake 

which is measured with special equipment in a laboratory setting).  

 

To maintain a work level all day for a fit, young and healthy person, 

25-30% of the maximal aerobic power (oxygen uptake) is usually 

acceptable. Maximal aerobic power varies markedly between 

individuals and the important thing is that individuals are measured 

against their own basic cardio-vascular capacity. However for all people 

the heavier the work rate the shorter the work periods should be.  

 

Maximal heart rate can be roughly estimated as 220 beats per minute 

(bpm) minus the individualôs age. For instance for a 40 year old person 

the maximum heart rate could be expected to be about 180 beats per 

minute (220-40 bpm). 

 

In most people a heart rate of about 120-130 beats per minute 

corresponds to a workload of 50 per cent of the individualôs maximal 

oxygen uptake. These figures would need to be modified for older, less 

fit or dehydrated workers. 

 

An average heart rate of 110 beats/min for moderate levels of work is 

generally an acceptable physiological limit for an 8-hr working day for a 

20 to 30 year old person. Exceeding these limits, even slightly for some 

people, may lead to fatigue (tiredness) and general lack of coordination, 

which may result in errors and injuries. 
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Environmental factors such as temperature, humidity, air velocity, (see 

Section 6.3 Thermal Environment) noise, vibration and dust need to be 

considered carefully as these may effect the performance of individuals 

doing strenuous work. They may decrease the personôs alertness, 

concentration or physical capacity for work thereby increasing the risks 

of errors and injuries.  

 

c) Endurance  
 

Efficiency of muscular contraction is necessary to enhance endurance 

and work capacity.  To facilitate this, work tasks should:  

 

 Eliminate unnecessary movements 

 Use muscles according to their correct function 

 Make use of body weight and momentum and of gravity 

 Maintain balance 

 Vary movements 

 Vary position and posture 

 Employ postures allowing maximum torque 

 Use accessory supports for counterthrust or stability 

 Provide opportunity for training and practice 

 

Endurance of a given muscular performance varies with the nature and 

intensity of exertion, the size and structure of the muscles involved, and 

practice in the task. As noted previously in this section, static effort can 

be endured for much shorter periods than exertion involving movement. 

Endurance fails sooner when either rate of work or load is increased, or 

when degree of contraction of muscles approaches maximum levels. 

Postural muscles have greater endurance than faster moving muscles, 

which are designed more for speed of contraction; most muscles have 

variable amounts of red or pale fibres depending on their main function, 

movement or support of posture (with red fibres needed for strength 

and pale fibres for endurance). 
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Practice increases power and endurance, due largely to better 

coordination and elimination of unnecessary contraction: the same end 

is achieved with less effort. Training enhances the speed, strength and 

stamina of muscle contraction. However, motivation is also of great 

importance in any activity requiring endurance of muscular effort. 

 

In prolonged static or repetitive muscular exertion, the maintenance of 

constant speed and load requires a progressive increase in muscle 

activity ie: more contraction for the same output, both in the muscle 

group mainly involved and in recruitment of other muscles. 

 

 
 (Source: Stevenson, 1999 ï reproduced with permission) 

 
Figure 2.17 ï Example of Progressive Firing of Muscle Fibres 

(a) Indicates placement of electrodes to measure wrist extension 
activity; (b) Typical raw EMG signal during repetitive wrist 

extension.  Note: Increase in signal over time 
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d) Physical Fatigue 
 

If particular movements are carried out continuously it is reasonable to 

expect all the muscles to tire, both those executing the movement and 

those stabilising or enhancing the movement. Stabilising (static muscle 

work) is more fatiguing than muscle contractions that cause movement 

(active muscle work). 

 

As fatigue can lead to strain the effect of unchanging postures and 

static muscle work can be equally as damaging as highly repetitive 

movements. Muscles may tire and become sore to touch and move. 

Points of weakness such as the muscle/tendon/bone junction at the 

knee, shoulder or elbow or the tendons over the ankle or the wrist suffer 

damage and lead to pain. 

 

Dynamic physical work can also lead to problems if it is excessive for 

the particular individual. Movements in the outer range of the muscle or 

the joint, heavy lifting, pushing, or pulling (forces that are too high), 

movements that are prolonged (duration of activity) or repetitive can 

lead to strain and fatigue and eventually injury. In this respect younger 

and older, trained and untrained individuals, as well as men and women 

can vary widely in their capacities. Health and nutrition, previous 

injuries, lifestyles and natural abilities also play a part in contributing to 

a personôs capabilities to undertake a specific task.  

 

2.3 PSYCHOLOGY AT WORK  
 
 When people work, their output is determined by both their physical and 

cognitive capacity.  Cognitive capacity/behaviour in turn, is affected by 

intrinsic personal characteristics such as age, experience, training, 

personality and motivation; as well as extrinsic factors such as work 

organisation (shift patterns, work loads, morale, etc) and environmental 

factors which may act as a distracter to the task at hand (eg: excessive 

noise, poor lighting, etc).  Cognitive ergonomics deals with the process of 

perception, cognition (processing) and action (decision/output). 



40. 
 
 

 

 
 We will now examine the concepts of perception, motivation, memory, risk 

perception, work stress and work organisation factors. 

 

2.3.1 Perception and Cognition 
 
 Human perception begins with our senses ï sight, sound, taste, touch.  The 

information is processed and action taken.  Should the information be 

incompatible with our senses, perception can be altered.   

 
 Outlined below is a conceptual drawing of the pathway of human information 

processing and output/performance.  Memory is discussed in the following 

section. 

 

 
 

(Source: UOW - Adapted from Stevenson, 1999, p.14.7) 

Figure 2.18 ï Pathway of Human Information Processing and 
Performance.  (Note the use and interaction of short and long term 

memory which is detailed further in Figure 2.19) 
 

From an ergonomics perspective, we need to ensure that information is 

presented to the person at work in the most compatible way so that it can be 

efficiently processed.  This can be achieved in three ways: 

 

1. Not overloading the human with information 

2. Not providing too little information or stimulus 

3. Not presenting the information too quickly 

Senses: 
Sight 
Sound 
Touch 
Taste 

 

Perception Processing 
(Cognition) 

Action/ 
inaction 

 
Performance 

Long term 
memory  

Short term 
memory 
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2.3.2 Memory 
 

Human memory is divided into short and long term components.  We are all 

aware of the vagaries of short term memory!  In fact short term memory has 

a limited capacity ï we are able to hold 5 -9 small items in this repository.  

For the information to move into long term memory, it has to be made more 

meaningful, otherwise the information is discarded and new information will 

take its place.   

 

As outlined in the figure below, the pathway of information passes firstly 

through the short term memory where it is processed, and then either 

discarded or progressed into long term memory.  The pathway to long term 

memory is not one way, however, as we need information stored in the long 

term memory, it is called up into the short term memory and processed.  A 

schematic diagram below shows the movement of information into short and 

long term memory, then either acted upon or discarded. 

 

 
(Source: UOW - Adapted from Stevenson, 1999, p.14.7) 

 

Figure 2.19 ï Information Processing in the Short and Long Term Memory 
 

Information 
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2.3.3  Decision-making 
 

Once we perceive information, we make a decision to act upon it.  A useful 

model of this decision-making process has been put forward by an 

Occupational Psychologist, Wickens (2000), who outlines 3 features of 

decision-making as follows:   

 

Features of Decision-making 
 

 Uncertainty: 

If a decision has a degree of uncertainty and that uncertainty outcome 

is disagreeable, unpleasant, or a cost to us, we view the decision as 

risky. 

 

 Familiarity and Expertise: 

Making decisions when the outcomes are known and familiar, is an 

easy and quick decision.  When the outcomes are not known, and cues 

not familiar, the decision is much more difficult.  

 

There is an effect of expertise and training in this type of decision-

making, whereby an óexpertô will make a more rapid decision than a 

ónoviceô ï though as Wickens points out, accuracy is not guaranteed 

just because the decision is being made by an expert. 

 

 Time: 

People may make more óriskyô decisions if that decision is a óone-offô, 

such as property purchase, or if the decision can be made, acted upon, 

and then have additional information before another decision step is 

taken. An example of this second type would be deciding to treat a 

serious illness with an unknown outcome.  The decision can be taken to 

deliver initial treatment, have further tests, review decision, elect to 

proceed, etc. 

 
Conversely, if time is limited, time pressure can have a significant 

influence on decision-making. 
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2.3.4  Perception of Risk 
 

Kahneman and Tversky (1984) postulate that humans prefer to make gains 

rather than losses when making decisions. So, if the consequences of taking 

a risk are acceptable, this will affect our perception of that risk ï that is, by 

lowering it. 

 

This can be seen in situations where short term gains lead to acceptance 

and lower perception of risk, for example, driving too fast, not wearing 

personal protective equipment, or partaking in alcohol and other drugs.  In 

other words, if risk taking is seen to have rewards, then risks seem more 

acceptable.   

 

In addition to this phenomenon, humans have an inherent view of life that 

óthings should be fairô, and ówhat goes around, comes aroundô, so that should 

a worker take risks at work and be injured, he or she may be seen to óget 

what they deservedô and this then lowers the outrage that someone has been 

injured while working, and this in turn, lowers the perception of risk. 

 

This tendency can be seen in our daily lives.  Most of us drive a car, even 

though thousands of accidents occur every week and fatalities are not 

uncommon.  Experience on the task of driving leads us to perceive a 

relatively low level of risk, and past experiences reinforce the ñit wonôt 

happen to meò way of thinking (unless you have experienced an accident!)  

In the workplace this thinking is even more pronounced. 

 
Each time you drive, there is a small risk for each trip.  Over a lifetime this 

risk increases with the increased exposure.  Over a lifetime of driving, the 

risk of accident is calculated to be 30-50% and is dependent upon age, 

gender, geographic location, trip frequency and duration, drugs/alcohol, etc 

(Evans, 1991).  Risk is difficult to measure in these situations. 

 
Real risk is determined by the magnitude of loss if a mishap occurs (severity) 

and the probability that the accident or loss will actually happen (frequency).  

Humansô perception of risk is generally much lower than actual risk.  
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Evidence of this in the workplace is the low levels or reluctance to wear 

personal protective equipment, or to follow safe work procedures which take 

longer than other methods and in the eyes of the worker provide the same 

results.   

 
Sandman et al (1994) investigated factors influencing perceived risk, and 

found that lower risk is perceived when  

 

 Exposure is voluntary 

 Hazard is familiar 

 Hazard is forgettable 

 Hazard is cumulative 

 Collective statistics are presented 

 Hazard is understood 

 Hazard is controllable 

 Hazard affects everyone 

 Hazard is preventable 

 Hazard is consequential 

 

The following factors were found to increase risk perception: 
 

 Exposure is mandatory 

 Hazard is unusual 

 Hazard is memorable 

 Hazard is catastrophic 

 Individual statistics are presented 

 Hazard is unknown 

 Hazard is uncontrollable 

 Hazard effects vulnerable people 

 Hazard is only reducible, and cannot be eliminated 

 Hazard is inconsequential 
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From looking at these factors, we can see that the more we know about risk 

the less threatening it appears, and that personalising experiences leads to 

increased perceptions of risk as people can identify with personal stories, 

and these affect them emotionally.   Typically, the hazards we choose to be 

exposed to are perceived as less risky than those we are forced to go 

through. 

 

For example, skiing, driving, working are usually seen as less risk than 

earthquakes, pollution, and exposure to certain food additives.  If you are in a 

situation where you are feeling ótrappedô, for example, unable to leave a job 

due to factors such as income for repayments, etc you are more likely to 

perceive high levels of risk than those who feel they are free to leave their 

job.   

 

Balancing this process of risk perception, there is a concept of Risk 

Compensation, that is, that people will adjust behaviours to compensate for 

changes in perceived risk. This controversial area of research states that the 

lower the risk perception, the more and greater the risks that will be taken.  

This could be seen by workers wearing PPE feeling safer, and therefore 

behave more recklessly.  Scott Geller, well known writer on human behaviour 

and safety, believes that risk compensation is a real phenomenon 

(eg: Geller 2001). 

 

To investigate this, Geller ran a study with go-carts.  Subjects were told to 

drive go-carts quickly but only at a speed they felt comfortable with. The 56 

subjects were either buckled up or unbuckled in the first of 2 phases of 

driving trials. They then switched conditions for half the subjects so that there 

was no longer a seat belt for those previously buckled up and available for 

the group who previously did not have a seat belt. He found that people did 

feel less safe the 2nd time around when no belt was available BUT no 

change in driving speeds occurred despite the unease that people felt. Later 

a study by Jansson (1994) showed in a real situation that habitual ñhard-

coreò non users of seat belts drove much more hazardously when asked to 

wear seat-belts. 
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It is Gellerôs contention that the implications for this is that some people will 

take extra risks when wearing PPE or some safeguards have been put in 

place. Also some will only follow safe practices when supervised. Worse still, 

some people may exercise their freedom by deliberately doing unsafe things. 

 

Accordingly, interventions should focus on lowering the level of risk people 

are willing to tolerate. 

 

The implications of risk compensation is that OHS excellence cannot be 

achieved through top-down rules and enforcement; some people will only 

follow rules when they are supervised, and others may like to ómake a standô 

and deliberately not follow the rules because they feel too controlled.   

 

2.3.5 Signal Detection Theory 
 

Humans learn about their world by detecting changes within it.  Effective 

operation of a process or work system requires signals to the operator 

informing them of the state of the system and indicating when action is 

required of the operator.  This topic is relevant to the design of displays on 

equipment and should be considered with the work design and control 

design section. 

 

On a simple level, the operator needs to be able to detect whether or not a 

signal is present.  Should there be a serious overheating within a production 

line, for example, the operator should easily be able to detect and 

understand the problem in order to make a decision and deal with the issue 

with an appropriate response.  This concept is known as signal detection ï 

that is the signal is present or it is not.   

 

The workplace, however, is not usually this straight forward.  A control room 

may have multiple displays: meters, readouts, visual and auditory alarms etc.  
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This processing of information can be applied readily to the control room, 

and also judgement tasks such as reading an x-ray to view a fracture (which 

require careful professional judgement based on knowledge and 

experience).  The signal detection model was developed by Green and 

Swets, in 1966. 

 

To schematically represent this, a 2 by 2 Matrix is used as shown below.  

The operator determines whether or not a signal is present, and as a result 

of these choices, the categories of response are óhitô, ófalse alarmô, ómissô or 

ócorrect rejection.ô  In the ideal world, with clear signals, all the responses 

would be a óhitô.  However, given that the signal is not always clear and/or not 

always detected, the conventional method of considering the likelihood of 

each outcome is to consider the probability.  For example if 100 signals were 

present, there would be 25 hits, and 75 misses, or a 25% chance of getting 

the right outcome.   

 

  Condition 

 
 

Signal IS 

Present 

Signal IS 

Absent 

 

 

0ODQ@SNQ½R 

Signal Is 

Present 
HIT 

FALSE 

ALARM 

Response Signal Is 

Absent 
MISS 

CORRECT 

REJECTION 

 

Figure 2.20 ï Signal Detection Theory 
 

The probability of outcome is affected by the response bias of the operator ï 

more misses or more false alarms.  This can be due to the individual or the 

circumstances.  For example, if the outcome of missing a signal is very 

serious (as in medical diagnosis from a scan), then the operator is more 

likely to say a signal is present (ófalse alarmô); or if an operator is fearful of 

shutting down a process line due to the costs, they are more likely to ómissô 

the signal. 
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Incorrect outcomes can also be due to the signal itself ï not obvious (see 

section on vision and hearing), ódrowned outô by other ónoiseô in the 

environment such as other alarms, screens, lights, etc.; or a result of  

inadequate training or skill of the operator. 

 

These are known as operator ósensitivityô and can be improved to promote 

correct outcomes/response decisions. 

 

Three main strategies can be implemented to overcome this sensitivity: 

 

1. Reducing the unnecessary ónoiseô in the environment ï distractors, 

excessive information. 

2. Increasing the strength of the signal itself, eg: using audio and visual 

cues. 

3. Presenting relevant information simply and with good design. 

 

2.3.6 Vigilance 
 

Many work environments require ongoing monitoring of equipment and/or 

process.  This watching over of operations is termed óvigilanceô and of course 

in many workplaces can be carried out over various shifts, and with the 

operator working different shift patterns.   

 

While performing the vigilance task, the worker detects signals over a period 

of their shift and the signals are sporadic and unpredictable.  For example, 

monitoring coal mining process, x-raying luggage at an airport, or checking 

for faults in manufacturing process.  The operator is required to sustain an 

adequate level of vigilance ï the vigilance level.  Research has 

demonstrated that this vigilance level declines sharply during the first 

30 minutes of the task, and this decline is known as vigilance decrement. 
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a) Types of Vigilance Tasks 
 

Vigilance can be considered in a number of ways.  It can be a task 

which is a 

 

 óFree responseô whereby the event occurs indiscriminately and 

non-events are not defined (eg: gas plant monitor where the 

process is continuously monitored) 

 óInspectionô task where events occur at regular times 

 óSuccessiveô task in which the operator must remember a 

standard and compare data with that standard (eg: fruit grading) 

 óSimultaneousô in which the operator would have the different 

grades of fruit in front of them and be able to make direct 

comparisons each time 

 óSensoryô in which the signal requiring detection is a change in 

visual or auditory levels 

 óCognitiveô in which the change will be in cognitive demand, such 

as proof reading a document 

 

These different vigilance demands result in different outcomes for the 

vigilance task.  Despite a great deal of laboratory experiments on 

vigilance, there is limited reliable cross-over to the workplace due to the 

complexity of task demands.  However, there are a number of 

strategies that organisations can put in place to enhance vigilance 

performance, and these are outlined below (after Chengalur et al., 

2004, p.282). 

 

Promote signal detection by: 
 

 Provide good training and ensure familiarity with the signals 

 Use simultaneous presentation of signals (eg: auditory and visual) 

 Ensure the signal óstands outô from background noise 

 Make the signal dynamic 
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 Provide 2 operators for monitoring; allow them to communicate 

freely 

 Provide 10 minutes of rest or alternate activity for every 

30 minutes of monitoring 

 Provide feedback for action taken as result of the signal 

 Install óartificial signalsô that require a response, and provide 

feedback on these 

 Provide refresher training 

 Vary the environmental stimulation inversely to the task 

stimulation 

 Avoid overloading or underloading the signal detection and action 

taken 

 Not using artificial signals that do not require a response 

 Require operator to report all signals, even those in doubt 

 

b) Improvement Strategies 
 

Devising goals to be met by employees and rewarding them for meeting 

these goals are one way in which employers can motivate employees. 

In order for motivational strategies to succeed in the workplace 

employers must recognise that each employee will have different 

individual needs and goals. Thus types of organisational rewards that 

motivate one employee to perform well may not necessarily motivate all 

employees eg: monetary, or time off in-lieu. 

 
Employees must be included in the decision-making process regarding 

goal setting and have the ability to provide comment on the types of 

rewards that are proposed by management. 

 

The organisation needs to ensure that: 
 

 Goals to be achieved contain an element of challenge for the 

employee 
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 Goals are attainable 

 Feedback mechanisms are in place so that employees are 

provided with information regarding their performance 

 Any organisational rewards offered are linked to objective 

employee performance achievements and that these rewards are 

individualised. 

 Group goals do not have unwanted outcomes such as peer 

pressure that leads to overloading of slower or physically weaker 

workers 

 

2.3.7 Motivation and Behaviour 
 
Motivation in the workplace refers to as an individualôs intention or 

willingness to perform a task to achieve a goal or reward that will satisfy 

them. Each individual experiences differing amounts and types of motivation 

and considers different rewards or incentives as being attractive. 

 

Some individuals are intrinsically motivated ie: performing and completing a 

task and the resulting feeling of accomplishment is its own reward. Others 

are extrinsically motivated and prefer their rewards to come from external 

sources in the form of bonuses, promotions and/or praise. 

 

2.3.8 Work óStressô ï Causes, Preventative and Protective Measures 
 

Individuals can experience stress when demands exceed their ability to 

cope. These demands can be personal or work-related or both. Stress can 

have negative effects on an individualôs work performance, health and 

wellbeing. It can occur in the workplace when individuals experience: 

 

 A lack of control over workloads or overly demanding workloads and 

schedules 

 A lack of social support in the workplace, either through supervisors or 

peers 

 A lack of clear direction from supervisors or management 
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 A lack of information regarding the individualôs role in the organisation 

 A lack of career opportunities or job security 

 Conflict with other individuals within or external to the organisation  

 Physical work environment problems with extremes in temperature, 

noise, vibration or exposure to hazardous substances 

 Violence or aggression from fellow employees or clients or as the result 

of events such as armed hold-ups 

 
a) The Signs of Stress 

 

Individuals who are experiencing stress may have psychological 

symptoms such as increased feelings of anxiety, depression, 

aggression or confusion. They may have physical symptoms such as 

increased blood pressure, heart rate and muscle tension and 

headaches. They may also be prone to habits such as smoking or 

drinking alcohol, show signs of irritability, perform poorly at work and 

have a high rate of absenteeism. 

 
b) Overcoming Occupational Stress 

 

Identifying the real causes of stress amongst individuals may take time 

and may need mediation skills to resolve (such as counselling). In some 

cases discussions and a general willingness to listen will be all that is 

required. In general solutions to the problem of occupational stress can 

involve both alterations to the work environment itself and/or attempts 

to improve an individualôs ability to manage stressful situations. 

Stress management training can be beneficial and may include 

development of coping techniques to deal with stress such as muscle 

relaxation, meditation and time management skills. 

 
Organisations should try to identify why individuals may be feeling 

stressed. They should then structure an appropriate response that will 

address the stressor or stressors ï stress related problems could have 

several causes. All interventions should be developed in consultation 

with the individual involved, trialled and then evaluated.  
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2.3.9 Work Organisation ï Shift Work and Overtime 
 

Work organisation refers to the broader context in which the work is done ï 

the culture and the way the workplace functions as a whole. It encompasses 

management styles, organisation of work groups, responsibilities and 

accountabilities. It is influenced by the type of industry or business in which it 

operates; its history and culture; peaks and troughs in demand for services 

or products; whether or not there is shiftwork, extended hours or flexitime; 

and profitability. The extent and type of trade union involvement and the 

need to meet externally determined standards also influence how a 

workplace is organised and managed.  

 

Ultimately work organisation affects all parts of the workplace and probably 

has the greatest influence on ergonomics, occupational health and safety 

(OHS) practices and the development of high quality, satisfying work. Given 

this the application of ergonomics in the workplace needs to be understood 

in an organisational and social context. 

 

a) Flexible Work Hours 
 

The traditional 9am to 5pm eight-hour-day is no longer the primary work 

schedule available to many employees. With the introduction of flexible 

work schedules many individuals have the opportunity to use flexitime 

arrangements, time-in-lieu, 4-day weeks and other such arrangements. 

 

There can be benefits for both the organisation and the individual in 

using flexible work schedules. 

 

BENEFITS OF FLEXIBLE WORK SCHEDULES 

 
For the Organisation: The opportunity to extend services and operating times 
 

 Increased attractiveness of working conditions for 
potential employees 

 
For the Individual: The opportunity to balance the demands of private and 

working lives 
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Any changes in the pattern of work in an organisation should be 

developed in consultation with employees. 

 
b) Peaks and Troughs in Workloads 
 

One major source of excessive work demands on individuals is the 

seasonal or cyclical nature of some types of work. Mining, 

manufacturing and service industries all have problems balancing 

increased workloads and worker capacity from time to time.  Where 

these peaks and troughs can be anticipated they can be planned for 

and adjustments can be made.  Where they are unexpected careful 

scheduling is needed. Excessive overtime and unpaid extended work 

hours can be harmful to health, safety and productivity. These 

workloads need to be managed at an acceptable level.  

 

c) Shiftwork and Extended Hours  
 

Shiftwork involves working outside what are considered to be ónormalô 

working hours, generally between 7am and 6pm. As a rule of thumb the 

40-hour week (comprising five 8-hour workdays with two days break) is 

the ógold standardô. The more work hours deviate from this regular 

pattern the more strategies may be needed to overcome the effects of 

excessive fatigue and sleep disturbances. An increasing number of 

workers are performing shiftwork and many suffer adverse effects from 

it.  

 

d) Problems Associated with Shiftwork 
 

Most of the health and safety problems associated with shiftwork arise 

from the working of irregular hours, often at times that are in conflict 

with the individualôs internal biological rhythms. The bodyôs circadian 

rhythm is normally set for activity during the daytime and for rest and 

relaxation at night. Disruptions to the bodyôs circadian rhythm are most 

evident when an individual is required to work night shifts (between 

11pm and 6am) and many people experience sleep problems during 

the day. 
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During a night shift, an individualôs circadian rhythm is at a low and, 

when combined with fatigue, performance is generally reduced. Poor 

performance can affect both safety and productivity on the job. 

 

Health-related problems that have been associated with working 

irregular hours include gastrointestinal problems resulting from irregular 

diet and eating habits, an increased risk of stomach ulcers, 

cardiovascular problems and nervous complaints. Shiftwork also 

imposes restrictions on social and home life. 

 
Individual differences can play a factor in a workerôs adjustment to 

shiftwork and for a few individuals working irregular hours poses few if 

any problems. 

 

e) Minimising OHS Problems 
 

It is important to minimise any OHS problems that are associated with 

shiftwork by: 

 

 Reducing consecutive night shifts where possible, with a 

maximum of three 8-hour or two 12-hour night shifts a week 

 Rapidly rotating shift rosters, with shift changes every two to three 

days. These are preferable to slow rotating rosters 

 Forward rotating rosters (day-afternoon-night) are preferable to 

backward rotating rosters (night-afternoon-day) as they cause the 

least disruption to the bodyôs circadian rhythm 

 The adoption of compressed work weeks. These have benefited 

shift workers in some workplaces 

 Identification of individual coping strategies. These lessen some of 

the adverse effects of shiftwork experienced by many workers.  

Examples of these strategies include physical exercise regimes 

prior to sleep periods 
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f) Importance of Uninterrupted Sleep 
 

A problem for many shiftworkers, especially those with young families, 

is getting enough uninterrupted sleep during the day after working a 

night shift. 

 

Shiftworkers should try and ensure that: 
 

 Unwanted noise is controlled eg: unplugging the telephone and 

restricting noisy activities in the home such as vacuuming 

 The bedroom is free from direct sunlight through the use of 

curtains or blinds 

 Heavy foodstuffs and alcohol are avoided before sleep 

 A regular sleep routine is established 

 

g) Advantages of Shiftwork 
 

For some individuals there are advantages to performing shiftwork as 

workers do not need to commute to work during peak travel times. 

Commuting time to and from work can be reduced and shift workers are 

able to pursue hobbies and other interests and undertake family 

commitments during daylight hours, although this may be at the 

expense of sleep. 

 

h) Compressed Work Weeks 
 

One alternative to the traditional shiftwork pattern is the adoption of 

compressed work weeks. These involve the use of a set block of shifts 

of increased length, usually of 10-12 hours duration, offset by a reduced 

number of work days and with blocks of three to four days rest. 

 

Compressed work weeks can be useful to the individual as they contain 

shorter blocks of shifts, fewer successive night shifts, and increased 

blocks of free time including weekends. 
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Conversely, compressed work weeks involve additional working time 

per shift, possibly leading to fatigue that could affect performance. 

 

Extended work hours may also adversely affect an individualôs health 

and recovery may be prolonged for a worker after completing a block of 

10 or 12-hour shifts. 

 

The adoption of compressed work weeks has benefited shiftworkers in 

some industries through increasing their recreation time, improving the 

quality and duration of sleep and through improving their physical 

health and wellbeing. However, this is not always the case. Each 

workplace and workforce is unique and will require shift rosters that suit 

their particular requirements. 

 
2.3.10 Rest and Work Breaks 
 

Everybody needs to rest for some part of any 24-hour period. How much rest 

is needed and what form it takes varies widely between individuals and will 

depend on the intensity of activity in the preceding hours.  

 

Sixteen hours in a 24-hour cycle is the normal period of wakefulness for 

humans. Beyond this point the bodyôs processes increasingly promote sleep. 

If work is continued beyond 16 hours substantial performance impairment is 

observed particularly with respect to attention lapses.  

 

The following is a guide to the average amount of sleep required by 

individuals. However, some people can do with less, others may need more: 

 

 No less than 5.5 hrs sleep in each 24 hours 

 No less than 49 hrs sleep in each week 

 No less than 210 hrs sleep in each month ie: No less than an average 

7.5 hrs sleep per day 
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Work by its nature is tiring. During a work day most people need to take 

regular rest breaks in order to complete eight hours of work without 

excessive fatigue and the increased risk of injury or illness. 

 

a) Work Pauses 
 

Work pauses are additional, spontaneous breaks not incorporated into 

the job structure but taken by all individuals in the course of a day. They 

are not the normal fixed breaks in a working day such as lunch but may 

be breaks between tasks or a change in routine. They are essential 

because they delay the onset of fatigue by allowing the body to recover 

from physical or mental work. 

 

b) Work Breaks 
 

If intensive physical and/or mental work constitutes a significant part of 

a personôs workload during the day it may be necessary to for them to 

take breaks in addition to the normal lunch and personal breaks.  

 

There is no easy way to determine how long breaks should be to ward 

off the effects of fatigue at work, even for someone who is undertaking 

specific tasks. Therefore many work systems now incorporate set 

breaks to allow for mental and physical recovery. These are usually 

about 5-10 minutes within each hour for moderately demanding work. 

 

In general the length and type of break will depend on how hard the 

work is, the age and fitness of the worker and environmental conditions 

such as heat and humidity. Too short a break may lead to progressive 

or cumulative fatigue.  (See also Fatigue in Section 2.2.6.) 

 

Employees are usually best placed to determine for themselves when a 

break should be taken and how long it should be. However, workers 

often have to be encouraged to pause from work even when they are 

tired and they must be actively discouraged from accumulating breaks.   
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As work demands sometimes do not allow this to happen, care must be 

taken not to impose too demanding a work schedule with insufficient 

breaks. Consultation with employees who do the work should be 

undertaken before fixed work-rest schedules are finalised. Ongoing 

monitoring should be carried out to ensure that the breaks are 

appropriate.  (See also Repetitive Work in Section 4.2.) 

 

To estimate reasonable rest allowances in physical work it is necessary 

to examine the load and work rate against the number of hours the 

work is carried out during a work shift. There are guidelines on rest 

allowances for jobs such as heavy, physical work involving manual 

handling and work where safety is critical eg: airline pilots.  However, 

care is needed when using these guidelines as risks arising from 

fatigue may be underestimated. As a general rule, the number and 

duration of rest allowances must increase as the load and/or the 

intensity of work increases. 

 

Exercises may be useful in reducing the damaging effects of repetitive 

or sedentary tasks or work in fixed or awkward postures. However they 

need careful planning and supervision. 

 

2.4 DEVELOPING AN ERGONOMICS STRATEGY AT WORK 
 
2.4.1 Culture of an Organisation ï Commitment and Decision-making 
 

Organisations are systems and they are made up of sub-systems acting 

together to meet the objectives of the organisation. Systems are the 

structures that underlie complex situations. A system can be considered to 

be a set of interrelated and interdependent parts arranged so that it appears 

to be a unified whole.  Organisations themselves are sub-systems within 

society. The design and management of organisations has a very powerful 

effect on the safety and health of people at work.   
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 The size and complexity of an organisation is often baffling and intimidating 

for individuals within it. Understanding what constitutes a system, how it 

works and how and why decisions are made can help individuals become 

more active in the process of change and development. 

 

a) Managing Change 
 

In the developed world change is a feature of most workplaces. As a 

result óchange managementô is a term commonly used to denote a 

special approach to the way changes are handled in an organisation. 

Change is difficult to manage because normal human responses are 

subject to personal and emotional influences as well as rational, logical 

ones. 

 

No matter how good the technology, how wide the debate, how clear 

the arguments, individuals will not always agree with the experts about 

the benefits of change - whatever form they take. Responses will vary 

depending on the age, sex, education of the person and a range of 

other personal and social factors. What works well in one location for 

one group may not work in another.  These issues need to be 

recognised as a barrier to change and managed. Therefore designers 

and decision-makers must take care not to impose change without 

adequate consultation or to transfer technology and systems from one 

workplace to another without a proper analysis of local requirements 

and limitations. 

 

It is unreasonable and counter-productive to be too prescriptive in an 

approach to solutions for recognised and foreseeable problems. This 

tends to blunt imagination and discourage local, more appropriate 

solutions over the long-term. If general principles of good task and 

workplace design are understood and applied, and peoplesô local needs 

are given adequate consideration when planning the system, the basic 

mismatches and obvious problems can be avoided. 
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More specialist ergonomics input becomes necessary as the 

complexities of the systems increase and as the need to contain costs 

and to reduce errors and wastage becomes more critical. System 

reviews are essential to ensure that changes are working and to rectify 

outstanding problems.  

 

Essential elements to successful change management are: 
 

 Careful and iterative planning moving from generalised goals to 

more specific and concrete objectives 

 Commitment to the change by the most senior managers 

 Involvement of and participation by stakeholders (individuals or 

groups who will be affected by the change) 

 Knowledge and communication including adequate feedback 

 Incentives for individuals to change 

 Support by managers and fellow workers 

 

b) Consultation and Feedback 
 

Consultation with workers is considered a necessary part of the 

organisation of work and is encompassed in some OHS legislation in 

Australia. It can be defined as the sharing of information and the 

exchange of views between employers, employees and their 

representatives. It includes worker participation in identifying and 

solving problems, in decision-making and in obtaining feedback from 

workers on the success of programs and interventions. It is an active 

and inclusive process and needs to be systematically practiced in order 

to gain the benefits. 

 

Feedback and communication are necessary for effective worker 

participation. The process takes time and can be difficult to establish if 

workers are not used to making decisions and solving problems. 
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An essential component of a safety program is feedback to and from 

workers. Where there is a steady flow of information on progress, 

hurdles and developments workers respond better than when this 

information is absent. 

 

Effective communication is central to all efficient management systems 

and in order to be effective it must be optimised. Too much information, 

particularly if it is of marginal value, bogs people down and they may 

opt out by ignoring all communications. 

 

Too little information and employees can feel left out and resentful. 

Information that comes down through an organisationôs hierarchy 

should be matched by information that goes up. Its impact will be 

related to its need-to-know qualities.  (See also Risk Management, 

Section 3.2.) 

 

2.4.2 Macro-ergonomics and Participatory Ergonomic Teams 
 

Solving ergonomics problems involves improvements at various levels within 

a system. Local ergonomics solutions (microergonomics) often cannot be 

properly implemented because of wider issues. To be effective todayôs 

systems require people to be involved in implementing changes including 

ergonomics solutions if they are to be really effective. This is also required by 

some occupational health and safety (OHS) legislation. 

 

Systems ergonomics is also referred to as organisational design and 

management (ODAM) or macro ergonomics. It tries to examine the whole 

picture. It attempts to look at problems and issues in the perspective of the 

overall system so that it achieves effective and lasting change. 

 

The macroergonomic approach allows an organisation to examine the root 

causes of ergonomic issues, rather than reacting to microergonomic 

problems, and as such is a comprehensive ergonomic method. 
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Participatory ergonomics teams can be formed within organisations to 

address macroergonomic issues.  These teams are formed using employees 

from all levels and units of an organisation to address macro and micro 

ergonomics issues with the view to making good ergonomics part of the 

overall business strategy.  This type of team demonstrates the organisationôs 

commitment to the role of ergonomics within the business/organisation and 

requires effective systems, teamwork training and communication methods.  

Additionally, participatory ergonomics teams facilitate a process of continual 

improvement leading to strategic use of the teams within and across the 

business/organisation.  

 

The diagram below shows a participatory ergonomics process model linking 

various key players and business units within an organisation. 

 

 
 

 (Source: UOW: Adapted from Kodakôs Ergonomic Design for People at Work, 2004) 
 

Figure 2.21 ï Participatory Ergonomics Process Model 
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2.4.3 Ergonomics at the Design Stage 
 

Design of equipment, workplaces and systems of work require design to 

ergonomic specifications as well as the production of the output. Ergonomics 

is about designing for the user population, but also to consider the potential 

population that may access the workplace.  A good example of this is the 

consideration of wheelchair users when designing door widths and 

accommodating the needs of the ageing workforce given the foreseen 

increase in older workers in employment into the future.  Workplaces, 

equipment and work environments that are designed for a greater range of 

people to use provide greater flexibility in terms of who can effectively 

operate in that environment.  In other words, we need to design for the 

greatest percentage of the population, see Section 2.5.5. 

 

However, even with the best design process, unforseen issues may arise.  

To overcome this, the process of trials, mock-ups or prototypes is 

undertaken in order to consult with the user group and make modifications 

based on the feedback.   

 

This area will be addressed further in Section 3, Ergonomics Methods and 

Techniques. 

 

2.4.4 Developing Ergonomics, Professional Ergonomists and Competence 
 

The peak ergonomics body is the IEA (International Ergonomics 

Association).  This association has on overarching aim of promoting the 

knowledge and practice of ergonomics through initiatives and cooperation of 

its federated societies around the world.  The IEA lists its goals and 

objectives as: 

 

 To develop more effective communication and collaboration with 

federated societies  

 To advance the science and practice of ergonomics at an international 

level 
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 To enhance the contribution of the ergonomics discipline to global 

society 

 

In order to fulfil these objectives, the ñIEA establishes international contacts 

among those active in the field, cooperates with international organisations to 

facilitate the practical application of ergonomics in industry and other areas, 

and encourages scientific research by qualified persons in the field of study 

and practice.ò  (IEA 2008) 

 

The IEA has established a number of technical committees working on key 

ergonomics issues across the globe, and lists these as: 

 

 Activity Theories for Work Analysis and Design  

 Aerospace HFE  

 Affective Product Design  

 Aging  

 Anthropometry  

 Auditory Ergonomics  

 Building and Construction  

 Ergonomics for Children and Educational Environments  

 Ergonomics in Design  

 Gender and Work  

 Healthcare Ergonomics  

 Human Aspects of Advanced Manufacturing  

 Human Reliability  

 Musculoskeletal Disorders  

 Organisational Design and Management  

 Primary Industries  

 Process Control  

 Psychophysiology in Ergonomics  

 Quality Management  

 Safety & Health  

 Slips, Trips and Falls  

http://www.iea.cc/browse.php?contID=work_analysis_design&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=aerospace&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=affective_product_design&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=aging&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=anthropometry&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=auditory_ergonomics&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=building_construction&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=children_educational_environments&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=ergonomics_design&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=gender_and_work&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=healthcare_ergonomics&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=human_aspects_advanced_manufacturing&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=human_reliability&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=musculoskeletal_disorders&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=organizational_design_management&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=primary_industries&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=process_control&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=psychophysiology_ergonomics&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=quality_management&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=safety_health&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=slips_trips_falls&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
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 Work With Computing Systems - WWCS 

 

While the IEA does not act as an accrediting or licensing body, it does have 

a set of criteria and procedures for assessing and endorsing professional 

certifying bodies and programs around the world ï the Criteria for IEA 

Endorsement, 2001.  Additionally, the IEA has a series of competencies for 

Ergonomists and guidelines for accrediting tertiary education programs 

(within member societies/associations).  A list of the guidelines and criteria is 

set out below: 

 

 International Directory of Ergonomics Programs 

 Core Competencies in Ergonomics: Introduction 

 Summary of Core Competencies in Ergonomics 

 Criteria for IEA Endorsement of Certifying Bodies 

 Guidelines for Process of Endorsing a Certification Body 

 Guidelines on Standards for Accreditation of Ergonomics Education 

Programs at Tertiary (University) Level 

 IEA Code of Conduct for Ergonomists (COCE) 

 

Each member organisation around the world has various methods of 

accrediting or certifying Ergonomists in their own country.  For example, the 

USA, Canada and New Zealand have a certification process, Britain and 

Australia a Professional Affairs Board which analyse applications for Fellow 

of the Society and Certified Professional Ergonomist respectively. 

 

A detailed description of the certification process and approaches can be 

found in ñFundamentals and Assessment Tools in Occupational Ergonomicsò 

2006, Chapter 1, by Jahns. 

 

http://www.iea.cc/browse.php?contID=work_with_computing_systems&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=study_ergonomics&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=edu_introduction&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=edu_competencies&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=edu_criteria&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=edu_endorsement&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=edu_accreditation&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=edu_accreditation&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8
http://www.iea.cc/browse.php?contID=edu_codeconduct&phpMyAdmin=XPyBrlJQjtrNYKM50fpmCYvGm%2C8


67. 
 
 

 

2.4.5 Seeing the Whole Picture 
 

As most people realise disorders arising from work can have a number of 

causes and they are not always obvious. Organisations are complex and 

people are too. For instance we now know that physical disorders may not 

arise purely from physical stresses.  Psychological and social factors can 

contribute to the development of symptoms in some individuals at particular 

times. In order to understand these issues we need to examine the work and 

its organisation more broadly and understand how various work factors may 

interact with each other and how personal factors might change the impact of 

work factors. 

 

In occupational ergonomics, the physical design aspects of work or the 

óhardwareô may be only part of the problem and therefore part of the solution. 

In some cases it may be a small part. Other factors influence the 

development of a problem including work organisation and task design, job 

content, work demands and control over workload, support and training. 

Usually these aspects require ergonomics to be integrated into the broader 

work systems. 

 

Therefore to determine if an optimum solution has been achieved the people 

who will perform the work (the ówhoô), the nature of the tasks (the ówhatô) and 

the context in which they are done (the ówhereô, ówhenô and the óhowô) need to 

be considered. 
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3. ERGONOMICS METHODS & TECHNIQUES 
 

This topic describes methods which can be used to facilitate good 

ergonomics practice; as well as methods to identify and investigate poor 

ergonomics practice and improve the work system and its elements to 

promote human comfort and productivity. 

 

3.1 WORK DESIGN 
 
3.1.1 Allocation of Functions 
 

When designing an overall system or process, the design team need to 

decide on the best way to allocate system functions, jobs and tasks to 

human or automated components.  To do this effectively, the design team 

needs to understand the capabilities of humans and machines and allocate 

components effectively.  This process is known as sociotechnical allocations 

(Clegg et al., 2000), function allocation (Hollnagel, 1999), or allocation of 

system function (Chapanis, 1970); (cited Stanton et al, 2005). 

 
Various methods for deciding on allocation of functions can be used.  

Stanton et al (2005) provide the work of Marsden and Kirby (2005, p 34-2), 

who discuss tables of relative merit (TRM) or Fitts list (after Fitts, 1951, who 

developed the list while designing automation of air-traffic control tasks), 

psychometric approaches, computational aids, and the hypothetical-

deductive model (HDM) (Price, 1985).   Following a review of the tools, 

Marsden (1991) states the HDM model is the most appropriate, and consists 

of the following 5 distinct stages: 

 

HDM Model Steps Purpose 

1. Specification System requirements outlined 

2. Identification System functions identified and defined by 
describing the inputs and outputs of the 
system components 

3. Hypothesisation Specialist design teams propose solutions  

4. Testing & Evaluation Run experiments, gather data to analyse 
utility and function of system 

5. Optimisation of Design Make improvements as a result of step 4 
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When designing systems, and deciding whether or not a function should be 

either automated or performed by a human, there are three possible function 

outcomes: 

 

1. Functions that must be carried out by machines 

2. Functions that must be carried out by humans 

3. Functions that could be carried out by humans or machines, or a 

combination of both 

 

For Ergonomists, this last category is the one of interest, as the capacities 

and limitations of the human in the system are of the paramount importance.  

A myriad of factors need to be considered, covering the spectrum of the 3 

domains of ergonomics, physical, cognitive and organisational.   

 

Marsden and Kirby (2005) have also developed their own model for 

analysing allocation of functions, and set out a series of procedures as 

follows: 

 

1. Define the task under analysis 

2. Conduct a Hierarchical Task Analysis (see next section for description). 

3. Conduct stakeholder analysis for allocation of functions ï satisfaction or 

dissatisfaction with the proposed changes 

4. Consider human and computer capabilities ï decide whether each final 

task should be allocated to human only (H), computer only (C), human 

and computer with human in control (H-C), or computer and human with 

computer in control (C-H) 

5. Assess the impact of allocation of function on task performance and job 

satisfaction, (potential for error, cognitive load, cost, time taken, etc) 
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a) ISO 6385, 2004:  Ergonomic Principles in the Design of Work 
Systems 

 
The International Standard (ISO) 6385, Ergonomic principles in the 

design of work systems, summarises all these approaches into the 

following phases, emphasising that the process of work system design 

is iterative and ongoing, ie:  likely to have a number of designs as the 

process of analysis, synthesis, simulation and evaluation continually 

take place.  The 6 phases outlined in the standard are: 

 

1. Formulation of goals (requirements analysis). 

 Identification of relevant ergonomic issues through studies, or 

statistics, focus groups etc. 

 
2. Analysis and allocation of functions 

 Determining the technical and human capabilities and limitations. 

 
3. Design concept 

 Carry out a hierarchical task analysis (see next section); conduct 

simulation, scale model mock-ups, user trials and 

interview/discussion. 

 
4. Detailed design 

 Design of work organisation; jobs; work tasks; work environment; 

equipment (hardware and software); and design of 

workspace/workstation. 

 
5. Realisation, implementation and validation 

 Planned, documented, staged introduction of new system with 

adequate and appropriate consultation/training with the user 

group; ensure system is óvalidatedô ï ie that it is working well and 

does not cause any ergonomic issues for the users. 
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6. Evaluation 

 Review whole process (steps 1-6) to use as a learning experience 

for the organisation.  Evaluation should include the 3 categories of 

worker health, safety and performance as outlined in the table 

below. 

 
Table 3.1 - Evaluation Techniques for System Design 

 

Category for Evaluation Suggested Evaluation Techniques 

Worker Health & Well-being Medical/physiological measures (eg: heart 
rate monitoring) 

Subjective measures (eg: job satisfaction 
survey) 

Psychological measures 

Safety Reliability measures 

Errors 

Unsafe behaviour 

Near-misses 

Accidents 

Performance Quality 

Quantity 

(Cost benefit analysis) 

 
(Source: UOW - Adapted from ISO 6385 2004) 

 

3.1.2 Task Analysis 
 

The first step in determining allocation of function is to undertake a 

Hierarchical Task Analysis (HTA).  Firstly, specification of the system 

purpose is undertaken, identifying the tasks to be completed to fulfil system 

function/purpose.  (This is a high level task analysis, and should not be 

confused with the task analysis undertaken by Ergonomists for reviewing job 

components by breaking the job into individual tasks.) 

 

Each task/system component is identified along with the goal of that 

component.  Subtasks are then determined and in turn these are broken 

down into smaller subtasks until they cannot be broken down further.   
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Plans can be  
 

 Linear: do 1, then 2, then 3 

 Non-linear:  do 1, 2, 3 in any order 

 Simultaneous (or concurrent):  do 1, then 2 and 3 at the same time 

 Branching (or choice):  do 1, if Y is present, do 2 then, 3; if Y is not 

present, exit the system 

 Cyclical:  do 1, 2, 3 and repeat until Z is achieved 

 Selection:  do 1, then 2 or 3 

 
Table 3.2 shows the different plan types with three notation conventions. 

 

Table 3.2 ï Different Plan Types & Three Notation Conventions 
 

Type of Plan Types of Notation 

Linear 
Sequential plan 

1>2>3>4 
1 then 2 then 3 then 4 
Do in order 

Non-linear 
Non-sequential plan 

1/2/3/4 
N/A 
Do in any order 

Simultaneous 
Concurrent plan 

1 + 2 + 3 + 4 
1 and 2 and 3 and 4 
Do at the same time 

Branching 
Choice plan 

X? Y>2 N>3 
If X present then 2 else 3 
Do when required 

Cyclical 
Repetitious plan 

1>2>3>4>1é 
1 then 2 then 3 then 4 then repeat from 1 until 
Repeat the following until 

Selection 
Exclusive plan 

1:2:3:4 
1 or 2 or 3 or 4 
Choose one of the following 

 
(Source: UOW ï Adapted from Stanton, 2006, p.65) 
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A simple example could be making a cup of tea; a complex example, landing 

an aeroplane.  Two examples are provided here - a research example from 

an HSE report into design of hospital rooms for bariatric patients.  This task 

analysis was part of an experiment to determine functional space 

requirements (HSE 2007), and an example of supervision of an underground 

railway system. 

 

(Source: HSE 2007 ï Reproduced with permission) 
 

Figure 3.1 ï Tasks for Bariatric FSE 
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 (Source: Annett & Stanton, 200, p.17 ïreproduced with permission) 
 

Figure 3.2 ï Part of an HTA of supervising an underground railway 
system 

 

From an ergonomics perspective, the aim of job or task design is to provide 

interesting, worthwhile work that in turn improves productivity and efficiency 

though reduced injuries and ill health, absenteeism, employee turnover and 

social stress.  
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When considering allocation of functions, task design and how the work is 

organised may be as important as hardware solutions such as better-

designed furniture or job aids. There are a number of methods that can be 

used to improve the design of work including broadening and varying tasks, 

increasing responsibilities (job enlargement/enrichment), allowing control 

over work and encouraging social contacts. 

 

Problems with computer work may be overcome by a more efficient 

arrangement of work and more appropriate software design as well as 

improved information displays and better designed furniture. Manual 

handling problems may be solved by either rearranging the job and 

eliminating the handling rather than installing a manual handling aid. 

 

3.1.3 Work Organisation Factors to Consider in Allocation of Function 
 

a) Fragmentation of Work 
 

Over the last few hundred years there has been a tendency to reduce 

the complexity and to increase the repetitiveness of some types of 

work. This is referred to as the fragmentation of work or Taylorism. It 

describes production methods devised by Frederick W Taylor who was 

an early methods study expert. Complex jobs are broken down into 

simpler components each of which requires relatively little training and 

which an individual worker repeats. This approach was considered 

more efficient by some and was adopted in the earlier part of the 

20th century by large manufacturers for production lines eg Henry Ford. 

This has spilled over into jobs in white-collar industries such as 

banking, insurance, and finance and increasingly into industries such as 

mining. 

 
However, while there were perceived benefits to this approach a 

downside became more evident as the protection of workersô health 

and safety was given greater emphasis. Physical health problems 

particularly emerged as efforts to increase efficiency further were 

unsuccessful. People have physical and mental limits at work. 
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These limits vary enormously between individuals and workersô health 

and safety can be compromised where these limits are not understood 

and taken into account when work is designed.  

 

b) Task Variation 
 

In contrast to the perceived benefits for production many OHS 

recommendations advise strongly against the fragmentation of work 

and are in favour of task variation or multi-skilling. This is desirable for 

the prevention of many occupationally related disorders because it 

reduces constant exposures a range of both physical and psychological 

hazards. 

 

Task variation can be achieved in three ways: through job enlargement, 

job rotation or the use of self-directed work teams: 

 

1. Job enlargement (enrichment):  Increasing and varying the job 

content either by adding tasks or adding complexity to tasks. 

Broadening and enriching jobs in this way allows people to move 

through a succession of different jobs, each of which make 

different demands on the personôs abilities. This encourages 

employees to reach their potential over time. It is a much more 

acceptable alternative for providing variety, but requires careful 

planning and longer training periods 

2. Job or task rotation:  Moving workers from one component task to 

another to bring variety to work although the job remains 

unchanged. It is a ready way of spreading the load of stressful 

jobs among a large group of employees, but it does have 

drawbacks.  It is effective only where jobs are different enough to 

provide physical and mental variety. Many employees do not like 

rotating for a number of reasons, even when it is in their best 

interests to do so. It can be disruptive and time-consuming and 

workers may need to do tasks they do not like and are not good 

at. 
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 Also, job rotation can mask the real causes of the problems and 

may only extend the period before problems eventually arise. 

Employees have to learn more skills and thus require more 

training and supervision 

3. Self-directed work teams:  More worker participation than the 

methods described previously. Workers are organised into groups 

and the planning and organisation of the work and responsibility 

for the end product may be delegated to them. Theoretically it 

gives people more control over the whole process rather than just 

over parts and encourages a much broader view of the job. This 

can be rewarding both for the company and the employees but it 

requires considerable time, training and investment in employees. 

 

c) Workload 
 

The individualôs performance of a task can vary with the workload 

required. At extremely low levels of workload boredom may set in 

resulting in missed signals and a poor performance. Medium levels of 

workload are optimal and performance remains high, however further 

increases in workload may result in overload and a marked decline in 

performance.  

 

 
 

(Source: McPhee, 2005 ï reproduced with permission) 
 

Figure 3.3 ï Relationship Between Workload and Work 
Performance 
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Workload can refer to both physical workload and mental workload 

(sometimes called cognitive load). Mental workload is the amount of 

cognitive processing required by an individual during the performance 

of a task.  

 

Mental workload is affected by numerous individual and environmental 

factors that will affect an individualôs ability to complete required tasks.  

 

These factors include: 
 

 Individual:  Level of fatigue, stress and boredom/ arousal, training, 

skill level, prior experience, motivation level, perceived difficulty of 

task and accuracy needed for the task, type of task and if there 

are any time constraints will all affect an individualôs ability to 

perform a task. 

 

 Environmental:  Level of illumination and noise, temperature, 

design of the workstation and human-machine interface.  

 

d) Under-Load and Overload 
 

When designing tasks to avoid both under-load and overload worker 

consultation is required as no two people are the same. If individual 

workers are to achieve greater productivity intensive training and a high 

level of worker support may be required.  

 

e) Job Satisfaction 
 

Job satisfaction refers to an individualôs general attitude or feelings 

toward their work and work experiences. There can be major 

differences in job satisfaction between individuals and even between 

individuals performing the same job. An individualôs level of job 

satisfaction is often interrelated with other aspects of the job, including 

work conditions.  
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There are three main areas that contribute towards an individualôs 

experience of work satisfaction: 

 

1. Organisational aspects-- Include incentives such as income; 

possibility of promotions; ability to be involved in decision-making; 

appropriate supervision; and the match between job expectations 

and reality. 

 
2. General work aspects -- Include workload; appropriate skill and 

task variety when performing work; significance of task performed 

to overall work outcome; autonomy or decision latitude in the job; 

appropriate feedback on work performance; and a suitable 

physical work environment. 

 
3. Personal characteristics -- Including level of ability to perform work 

tasks; appropriate levels of experience; stress and coping abilities; 

general levels of self-esteem; personality; job expectations; and 

general life satisfaction. 

 

Most people would like to believe that the work they do is of value and 

that when they work they are productive, efficient and produce high 

quality work (quality, quantity and time). Very few people achieve this 

consistently because they work in human designed (and therefore 

imperfect) systems. However, each person should be able to expect a 

safe and healthy job, with reasonable conditions of employment and 

reasonable remuneration or other reward.  

 

f) Work Demands and Job Control  
 

Job demands need to be balanced with a degree of control by the 

worker over how the work will be done. Those employees who have 

high demands placed on them but who have little job control (decision 

latitude) are the most likely to be at risk of developing psychological or 

physical disorders. This is illustrated in the following diagram.  

(Employees who have low demand and low control are by definition in a 

passive position.) 
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(Source: McPhee 2005, Adapted from Karasek and Theorell, Healthy Work - Stress, Productivity and the 
Reconstruction of Working Life Basic Books, New York, 1990, (page 32) ï Reproduced with permission) 

 

Figure 3.4 ï The óKarasekô Model of Job Demands/Job Control 
 

Conversely those who have high demands and a high degree of control 

over how they meet those demands contribute to high levels of 

motivation, learning and new behaviours. 

 

g) Support 
 

A modifying influence in the demands versus control theory can be 

support. It is argued that support, or the lack of it, can either reduce or 

magnify the effects of problems at work. 

 

Supporting people at work by developing their skills, minimising their 

weaknesses and helping them to cope with life stresses is part of good 

management. Managers need to understand the strengths and 

limitations of different types of technology and workplace design and 

how the limitations of some systems may lead to problems for users. 

This means full consultation with the people who will be doing the work 

from the start of the design phase through to the ongoing performance 

of the system.  
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People need consistent and adequate support throughout the design 

and implementation phases of new systems. Workers need to 

participate fully and provide feedback to designers and managers. Help 

desk services need to be appropriate and effective for the technology. 

People, especially older workers, need to learn by doing and to gain 

confidence with new systems. Managers need to keep a user focus and 

continually re-appraise and fine tune. Support must be kept going when 

the system is up and running especially for the crisis times - either at 

work or in individualsô personal lives.  

 

3.1.4 Problems Arising from Poor Work Design 
 

a) Sedentary Work 
 

Prolonged sedentary work is becoming more the norm in workplaces 

everywhere and occurs mainly in offices, transport and manufacturing. 

While sitting all day is preferable to standing a combination of sitting 

and standing is the most desirable as it provides the necessary postural 

and physiological variation normal for human beings.  

 

Design of work must allow for these postural variations and should 

improve levels of alertness and wellbeing. Many work places have 

introduced task rotation and exercise programs to overcome the 

possible harmful effects of sedentary work that include back pain, 

occupational overuse syndrome (OOS), problems for the digestion and 

circulation in the legs. However, these strategies are less effective than 

work with inbuilt variation.  

 

b) Computer Work 
 

More and more jobs involve work with computers and input devices 

such as keyboards and the mouse. Most people find the computer is an 

invaluable tool when used intermittently throughout the day. Problems 

arise for some people however when computer work becomes the total 

job as it may be physically repetitive and undemanding mentally. 
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In some cases computer work requires long hours of absorbing and 

intensive mental work so that the user is oblivious to time and physical 

and mental fatigue. Both these types of jobs can lead to physical 

problems such as OOS, eye fatigue and headaches.  

 

It cannot be predicted accurately who will develop symptoms in high 

demand/low control jobs but theoretically all who do this sort of work 

are at risk. Given this, the two most important strategies for preventing 

problems lie in task design:  

 

1. Keyboard output and skill levels are attainable by all keyboard 

operators within each job. 

2. Deadlines are realistic for everyone and allow adequate breaks. 

 

Some peaks and troughs can be expected but prolonged periods of 

either high intensity work or underload (more than a day or so) can 

precipitate problems in some more vulnerable people. If job demands 

continually outstrip the capacity of all or some groups to meet them, 

then some urgent reassessing will need to be done. 

 

Computer training needs to match the needs of individuals, and the 

demands of and skills required by the job and the technology. It must 

be timed to match the introduction of the equipment and allow people 

time to learn. Appropriate support for people while they are learning is 

essential.  

 

Ultimately work groups should be able to reassess their situation 

regularly to see if changes need to be made. The ability to control work 

demands at a manageable level for the individual and the group and 

problem identification and solving by a work group is very important. 
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c) Repetitive Work 
 

Repetitive work may involve repeated muscle activity involving the use 

of the same muscles in a range of apparently different movements or 

using different muscles in repeated movements that look similar. 

Sometimes this can lead to injuries. An injury may mean that the same 

activity is done completely differently after the injury and this is referred 

to as favouring the injured part, which could lead to further injuries.  

 

Repetitive work processes are often described as monotonous and 

boring, with individuals performing this type of work often experiencing 

dissatisfaction. Such occupations may involve responding to 

intermittent signals eg console operation or require simple, repetitive 

movements eg factory process work. 

 

Research has found that individuals who perform short repetitive tasks 

tend to make more errors than employees performing varied tasks, 

largely because the nature of repetitive work has the effect of 

decreasing an individualôs level of cognitive arousal.  Different 

individuals will experience different responses to repetitive work. A few 

will enjoy the routine nature of repetitive work and find this type of work 

relaxing, straightforward and free from responsibility. Others will seek 

greater mental stimulation. 

 

Very simple and repetitive jobs can be automated and performed by 

machines, although certain repetitive jobs may still require the flexibility 

of human workers to perform them. 

 

When repetitive work cannot be automated, it is important that job or 

task rotation or job enlargement be used to diversify the workersô 

activities, limit physical overuse symptoms and avoid boredom by 

incorporating more variety into the work.  
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3.1.5 User Trials 
 

The primary concern of ergonomics is to design for the end user.  The term 

óuser centred designô is often used in the Human-Computer Interface (HCI) 

and industrial design context, but can be applied across all domains of 

ergonomics application.  User trials are often used to test equipment, 

products or devices with the potential user group.  The purpose of the trial is 

to review and improve the design of the product by asking the potential end 

user their views and observe their interaction with the device. 

 

Stanton et al. (2005, p.475-6), suggest 13 steps to undertake a user trial as 

outlined below.  (Steps 14 and 15 have been added to complete risk 

management process). 

 

1. Define purpose of the user trial ï specify the outcomes of the trial ï 

what are you really trying to assess 

2. Define the task being undertaken in the trial ï ensure that the task(s) 

being undertaken represent the range of functions the tool/device is 

designed for 

3. Breakdown the task using a Hierarchical Task Analysis (HTA described 

in Section 2.1.1); this can form the procedure for the trial (next step) 

4. Develop procedural list for the task(s) ï ensures correct procedure and 

sequencing 

5. Select User Trial participants - ensure representative of user population 

6. Inform participants of trial purpose, and device/tool under examination. 

7. Demonstrate task(s) ï encourage interaction and questioning by 

participants 

8. Execute trial 

9. Measure with appropriate tools ï questionnaire, workload assessment, 

etc 

10. Interview participants 

11. Debrief procedure 
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12. Analysis of data 

13. Collate recommendations to improve design 

14. Make design improvements 

15. Re-test until achieve acceptable performance (criteria for performance 

being established in initial phases of trial) 

 

User trials have a number of advantages and disadvantages.  The most 

obvious advantage is that of gaining feedback from the óreal usersô of the 

product/tool/device or system; the main disadvantage is that it is time 

consuming.  However, making changes to a system or product once it is 

commissioned is far more costly than investing in good user trials before 

installation and understanding the issues and correcting them prior to 

commission or manufacture. 

 

3.1.6 Problem Solving ï Scientific Method 
 

Ergonomists are usually called in to an organisation as a result of a problem 

ï injuries arising from particular tasks, or difficulties with the human-

equipment interface.  Often then, the Ergonomist is in fact tasked with 

óretrofittingô ï either equipment, or process.  In this role, the Ergonomist takes 

on two approaches, they are both scientists and practitioners. 

 

This combination of roles is sometimes difficult to balance.  Stanton (2005) 

states that as a scientist, the Ergonomist is 

 

 Building on others work 

 Testing theories of human-machine interface output 

 Developing hypotheses 

 Questioning methods and structure of work 

 Identifying issues 

 Collecting and analysing data 

 Ensuring reliability of results 
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 Sharing results of their work 

 

As a practitioner, the Ergonomist is 

 

 Addressing óreal-lifeô problems 

 Optimising the outcome of their intervention, even when it may be a 

compromise 

 Ensuring cost-effective strategies 

 Developing a range of trial solutions 

 Analysing and evaluating change 

 Developing benchmarks for best practice 

 Sharing results of their work 

 

Ergonomics methods, from a scientific viewpoint, must be valid and reliable.  

When determining which method to use, the Ergonomist asks themselves a 

series of questions (Stanton and Annett, 2000): 

 

 How much depth is required in the analysis 

 What data collection methods should be used 

 How appropriate is the chosen method 

 How best to present the analysis 

 How much time/effort does each method require 

 How much and what expertise is required 

 What tools are there to support the method 

 How reliable and valid is the chosen method(s) 

 

The Ergonomist spends a period of time considering the nature of the 

problem, and what strategy to use to best measure, evaluate and report on 

that problem; and then how to best implement and evaluate the intervention.   
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Often systems under investigation are complex and may require a new 

method or modification of existing methods.  In these situations, a pilot study 

is useful to determine the scope of the issues prior to a fully fledged 

investigation taking place. 

 

This process can be seen in terms of: determine criteria for assessment; 

compare methods against the criteria; use the methods; implement 

ergonomics intervention; and evaluate the intervention as demonstrated in 

the flow chart below: 

 
Determine criteria to be assessed 

 
 
 

Review methods against criteria 
 
 
 

Use chosen methods to assess issue 
 
 
 

Determine ergonomics intervention 
 
 
 

Implement ergonomics intervention 
 
 
 

Evaluate intervention 
 
 
 

Stanton et al. (2005) reviewed the available ergonomic methods and found 

over 200 Human factors/Ergonomics methods in the literature, which they 

classified into the following categories: 

 

1. Data collection techniques 

2. Task analysis techniques 

3. Cognitive task analysis techniques 

4. Charting techniques 

5. Human error identification (HEI) techniques 
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6. Mental workload assessment techniques 

7. Situation awareness measurement techniques 

8. Interface analysis techniques 

9. Design techniques 

10. Performance time prediction/assessment techniques 

11. Team performance analysis techniques. 

 

3.2 ERGONOMICS RISK MANA GEMENT 
 

Risk Management is the process of hazard/risk identification, risk 

assessment, risk control and re-evaluation.  In this topic, we are considering 

ergonomics risks in the workplace.  The terms Risk Management and Risk 

Assessment are often used interchangeably; however, as a complete 

process involves identification, assessment, control and re-evaluation, we 

will use the term risk management in this manual. 

 

 
 

(Source: ASCC, 2007 ï reproduced with permission) 
 

Figure 3.5 ï The Risk Management Process 
 

The application of the risk management approach for all types of risks is 

becoming increasingly important to reduce the probability that corporate 

objectives will be jeopardised by unforeseen events. 



89. 
 
 

 

The focus is one of positive and directed due diligence rather than negative 

compliance and for many organisations this is a significant change in 

direction.  Actual standards and legislation for risk management are set by 

individual nations and or states and territories.  All generally require that risks 

to employee health and safety are managed in order to control those risks. 

 
Risk management involves risk identification, assessment and control and 

the monitoring and evaluation of controls (solutions). Analysis of risk is at 

the heart of the risk management process. This is determined from the 

range of potential consequences and the likelihood (exposure and 

probability) of their occurrence. It can be as detailed and technically precise 

as is required by the process or equipment being assessed. However, for 

the most part, simple methods can achieve reasonable outcomes and the 

reduction of risks to an acceptable level for day-to day hazards.  

 
Changes to OHS laws in many jurisdictions over the last few years require 

workers and supervisors to manage their own health and safety risks. 

Ignoring risks or imposing unsatisfactory solutions to problems is not morally 

or legally defensible. Problems should be identified and solved through a 

process of consultation and risk management. Both the process and the 

outcome are important.  This implies that workers and managers must be 

informed about ergonomics and be able to apply ergonomics principles on a 

daily basis. 

 
Risk management techniques, commonly used in business and safety 

management systems, can be adapted easily to ergonomics. They have the 

added advantage that systems safety personnel understand the process and 

can integrate it into a companyôs OHS program. 

 
A risk management strategy in ergonomics involves identifying ergonomics 

hazards in the workplace, assessing them to decide how important each one 

is and then controlling them by the best means possible ie: finding an 

óoptimumô solution. It also involves monitoring to ensure that the process 

continues and is successful.  
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3.2.1 Definitions of Hazards and Risk 
 

Hazard: the potential for harm  

Risk:   the probability that the hazard will cause injury or harm 

 

A simple example of a hazard would be a slippery roadway; this hazard 

becomes a risk to the driver of a car if they drive too quickly for the 

conditions.  

 

To commence the process of ergonomics risk management, we need to 

identify the ergonomics hazards within a workplace, or work system. 

 

3.2.2 Ergonomics Risk Identification 
 

The first step in controlling a risk is to identify that it exists either in your 

industry as a whole or at your workplace and which jobs might be affected. 

Which jobs or tasks are associated with difficulties, complaints, incidents or 

injuries?  Where are those jobs?  

 

In determining which tasks or activities may be hazardous and need to be 

assessed the following sources of information could be used:  

 

 Statistics and injury records:  for example, first aid records, records of 

accidents and near misses, workers compensation records and reports 

by supervisors/team leaders and employees.  However, injury records 

from years past may provide a list of past problems and may not be a 

true indication of the hazards that currently exist. 

 

 Consultation with employees:  for example, formal supervisor/safety 

representative reporting, meetings, informal discussions, 

questionnaires. 

 

 Direct observation of the workers, tasks and the workplace:  for 

example, area inspections, walk through surveys, audits. 
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Often, teams of personnel are asked to conduct this process. They may be 

from the areas being assessed or from different areas. The workplace should 

be surveyed systematically to ensure that no hazard is missed.  Ergonomic 

risk identification can be carried out on jobs/tasks, locations/areas, 

roles/duties or processes.  

 

3.2.3 Ergonomics Risk Assessment 
 

Risk assessment is necessary after possible sources of injury, loss or other 

problems have been identified. If all risks cannot be dealt with immediately it 

is important to deal with the most hazardous first. To do this it is necessary to 

determine the possible severity of the hazard and the likelihood of a problem 

occurring, ie: prioritise the risk management process.  

 

Risk assessment should highlight: 
 

 Frequency of the risk:  is the risk common?  How many people might be 

exposed to it?  How many people might be effected if exposed? 

 

 Severity of the risk:  nature of the injuries and losses associated with 

the risk, cost of injuries/incidents or damage associated with the 

potential risk. 

 

 Work and individual factors which might contribute to the risk:  the 

nature of the task, the load, the work environment, work organisation, 

training, individual capability. 

 

The risk assessment will indicate the areas requiring risk control measures 

and it should be carried out in consultation with those who do the job. 

Risk assessment is particularly important whenever: 
 

 A work process and/or practice causes problems especially an injury; or 

 A work process and/or practice is introduced or modified. 
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Due to the complexity of modern work systems and the interrelated nature of 

many hazards and risks many risk assessment methods now use a 

consultative team of people. This includes workers and supervisors as well 

as specialists in systems, processes, machinery, OHS and ergonomics. 

Depending on the nature of the problem the team uses different techniques 

to identify, assess and analyse risks for their potential to cause harm. The 

team is also valuable in considering possible solutions to problems. 

 

Safety professionals have developed many techniques that are excellent for 

systematic determination of risk, particularly high-level safety risks. These 

include:  

 

 Hazard and operability studies (Hazop) 

 Failure mode and effect analysis (FMEA) 

 Fault tree analysis (FTA) 

 Machinery hazard identification 

 Potential human error identification (PHEI) 

 Workplace risk identification and control (WRAC) 

 

These techniques are used for specific types of risk assessment such as 

commissioning of facilities and the implementation of procedures (Hazop); 

identifying the potential for human error and designing prevention strategies 

(PHEI); and identifying potential production or maintenance operation 

problems (WRAC).  

 

3.2.4 Controlling Ergonomics Risks 
 

In practice, finding solutions to some problems using control measures is 

often hard to achieve. Usually a problem is not solved with one solution 

because a range of control measures is required. Sometimes these are 

systems changes that can seem insignificant and unimpressive and certainly 

not as glamorous as the one-off solutions that are so often portrayed in 

solutions handbooks. However, achieving a solution should be the focus.  
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Sources of information on solutions can be found from: 
 

 The workers who do the job including supervisors and managers 

 Manufacturers and suppliers of equipment  

 Specialists in particular areas of engineering, ergonomics, health and 

safety 

 Other workplaces that perform the same or similar functions 

 

3.2.5 Priorities 
 

It is also important that appropriate controls are matched to the level of risk. 

This is referred to in safety as the hierarchy of controls and is required by law 

through OHS legislation in many countries. The first three in the hierarchy 

are known as hard barriers; the last two are soft barriers. They are: 

 

 Elimination ï eg: elimination of the hazard(s)  

 Substitution 

 Engineering controls ï eg: reduction through design 

 Administrative controls ï eg: provision of policies and procedures, 

appropriate training, work breaks, job rotation and/or warning signs) 

 Personal protective equipment (PPE) 

 

Hard barriers are usually much more effective in reducing real risk and are 

required where the risks are high and there is the likelihood of a serious 

injury or fatality.  

 
Soft barriers are generally less effective, as they rely on peopleôs adherence 

to procedures or rules and are subject to error or violation. Compliance with 

rules and procedures is a major problem in any workplace and each 

individual must be highly motivated if they are to work effectively.  
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Training (awareness raising, procedures, skills) is a soft barrier but 

necessary at every stage to complement a well designed workplace and 

efficient systems. It is particularly important for the successful 

implementation of change. Sometimes training may be used as a substitute 

for hard controls, where there is the need for an immediate, temporary 

solution or where no other method of control is available. However it needs 

to be done very well in such circumstances. This training must always 

include information on why ergonomics is important and the general 

principles of risk reduction.  

 

Education and training can modify peoplesô perception of risk and sometimes 

their behaviour but there is much less evidence of success in training people 

to use a safe method. Therefore, while training is essential for all workers, 

used on its own, it is likely to be unsuccessful in reducing risks of injury.  

 

3.2.6 Evaluating Controls 
 

When monitoring hazards it is important to regularly repeat the hazard 

identification and risk assessment process to ensure that the solutions are 

working and, where necessary, make appropriate changes. Improvement 

must be continually monitored and ongoing. 

 

The solution(s) needs to be evaluated in terms of: 
 

 Effectiveness/impact on the problem 

 Availability including long-term implications 

 Cost benefit and or cost effectiveness of particular solutions 

 

Evaluation of the solution in operation is often forgotten as people move to 

solving the next problem. Sometimes the people responsible for the solution 

are so committed to it they are unwilling to recognise that there are residual 

difficulties or that it does not work at all.  Therefore evaluation is essential.  
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It is also necessary to evaluate solutions adopted from other workplaces. A 

solution that is successful elsewhere may be introduced to solve a problem 

without assessment of local requirements. This may create other problems. 

Assumptions about the benefits of new equipment, tools, furniture or systems 

of work need to be challenged and tested before they are universally 

accepted. It is important that the people who are most likely to be affected 

make the decision but they must be fully informed of the options, problems 

and advantages. 

 

It is important to evaluate the solution at the appropriate time(s). Its 

immediate success does not guarantee that it will remain successful 

especially when circumstances or workers change. Evaluations of some sort 

should be conducted at a minimum of six to 12 monthly intervals. 

 

Ongoing monitoring of ergonomics problems and their solutions should be 

built into the companyôs OHS audit system. 

 

Information on the effectiveness of solutions may be gathered through 

informal feedback or discussions with users or with informal or structured 

interviews. Many people take 'before and afterô photographs or videos, 

undertake follow-up risk assessments, fill out checklists or questionnaires, or 

repeat measurements made before the changes.  

 

A risk assessment should always include a review to evaluate the impact of 

the process and the implementation of the solutions. Unfortunately this rarely 

occurs. There is a great reluctance to revisit problems unless there is an 

obvious failure or lack of progress.  

 

Sometimes people are so committed to their solutions they are reluctant to 

admit that they do not work. Others move on to the next problem and 

assume that the proposed solutions have been implemented and are 

working. This may not be the case. Some solutions may work well, while 

others may not have been implemented appropriately and others may have 

made no impact at all on the problem. 
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There might be little indication of continuing or new problems as a result of 

the intervention until such a review is undertaken. An honest and timely 

examination of how well the intervention or solution has worked is important 

but it is not easy to achieve.  

 

3.3 MEASUREMENTS AND INFORMATION GATHERING 
 
3.3.1 Ergonomics Standards 
 

Standards can be viewed as a set of rules defined by consensus.  Humans 

have developed sets of rules and measures agreed to as a standard since 

ancient times ï for example length measures in Egyptian times, and volume 

measures, monetary measures in Roman times.  By developing standards, 

we can ensure uniformity and application across a number of areas or 

countries.  This in turn makes trading easier, and forms a common 

understanding, ólanguageô and acceptance. 

 

Today, there are standards developed across every aspect of our lives.  The 

International Organisation for Standardisation (ISO) is the primary body 

responsible for standardisation globally.  When considering standards 

relating to human factors/ergonomics, the ISO and the European Committee 

for Standardisation (CEN) are the main organisations involved.   

 

A standard is defined by the ISO as  

ñDocumented agreement containing technical specification or other 

precise criteria to be used consistently as rules, guidelines, or 

definitions of characteristics, to ensure that materials, products, 

processes, and services are fit for the purpose served by those 

making reference to the standardò  (2004) 

 

The ISO is a federation of national standardisation bodies from 146 

countries; it is a non-government organisation, and considers a wide range of 

interested parties when making standards: users, producers, consumers, 

governments, and the scientific community. 
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The ISO (2004 ISO Strategic Plan 2005-2010) states its mission is to 

promote the development of standardisation and related activities in the 

world to facilitate international exchange of goods and services and to 

enhance cooperation in the areas of intellectual, scientific, technological and 

economic activity.   

 

To develop ergonomics standards, there is a technical committee, ISO TC 

159 ñergonomicsò.  This committee comprises of 4 sub-committees (sc), 

whose responsibilities are; 

 

SC 1:  Ergonomic Guiding Principles 

SC 2:  Anthropometry and biomechanics 

SC 3:  Ergonomics of human-system interaction 

SC 4:  Ergonomics of the physical environment. 

 
However, this is not an exhaustive list of the standard committees related to 

ergonomics!  There are also ergonomics standards that have been 

developed by other ISO and CEN committees.   

 

Standards can by accessed and used by a number of bodies, such as: 
 

 Users 

- Direct users: designers, testers, advisors, regulators 

- Indirect users:  consumers, workers, general public 

 Companies/organisations 

 Governments 

 Consumers 

 

Standards provide basic structured descriptions, performance standards, 

solution standards; measurement standards. 

 

Additionally, there are guidelines for occupational health and safety 

management that have been developed by the International Labor 

Organisation (ILO) which are also relevant to ergonomics. 
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The ILO, part of the United Nations, represents employees, employers and 

government groups.  Its purpose is to promote social justice and 

internationally recognised human and labour rights (ILO, 2004).  Guidelines 

are suggested ways of doing things, and are not mandatory.   

 

Each nation will also have its own sets of standards, and should be 

consulted whenever considering ergonomics issues.   

 

An excellent description of ergonomic standards can be found in Karwowski, 

W Handbook of Standards and Guidelines in Ergonomics and Human 

Factors, 2006. 

 

3.3.2 Methods of Information Gathering/Measurement 
 

There are a number of different ways in which we can measure or estimate 

workloads on the human. However they all have limitations and should be 

used with care. An individualôs knowledge and experience are extremely 

important in judging when loads may cause him or her harm.  When 

considering which technique to use to gather relevant ergonomics 

information, selection should be guided by the accuracy of the methods, 

criteria to be evaluated (movements, responses, errors, etc), acceptability 

and appropriateness of the methods, the abilities of the designers to be 

involved in the process, and cost-benefit analysis of the methods.  (Stanton 

and Young, 1999, p. 9.) 

 

There is a range of measures that can be used to quantify physical and 

psychophysical load on the body.  In the following section we will discuss 

observational and subjective techniques and well as uses of models and 

simulation methods.   

 

a) Observational Techniques 
 

Observational techniques are used to gather both physical and verbal 

data on task performance.  Consequently, these techniques can be 

used at the prototype and operational stages of the design cycle. 
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Observational techniques are of three main types: 
 

 Direct (observe task being performed) 

 Indirect (video task and review later) 

 Participant observation (learn the task yourself and record 

observations while performing task) 

 

These techniques can document system tasks, sequencing of tasks, 

duration and frequency of steps in the process, movements required 

and verbal interactions inherent in the task performance.   

 

The procedure for conducting an observational technique would consist 

of the following steps (Stanton et al., 2005, p. 39-40). 

 

1. Define the objective of the analysis 

a) Determine product or system to review 

b) Identify the environment observation will take place 

c) Identify user group(s) 

d) Determine range of scenarios to be observed 

e) Decide on data required 

 
2. Define the scenario(s) 

a) Define scenario(s) in detail, for example contingency 

situations such as emergencies; wet weather if the device 

will be used outdoors, etc 

 
3. Develop observational plan 

a) Determine exact factors to observe 

b) Decide how to observe these factors 

c) Determine time required for observation 
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d) Decide on roles and activities of members of observation 

team (if more than one) 

e) Plan observation by meetings, walk-throughs, etc 

f) Gain support of organisation and those under observation 

 
4. Pilot the observation 

a) Collect data to improve full observation study 

b) Identify specific areas to improve 

c) Review steps 1-3 above to ensure improved full observation 

study 

 
5. Conduct observation 

a) Record observation (video or audio) 

b) Transcribe recordings 

c) Ensure all relevant data is gathered 

 
6. Data analysis 

a) Collate transcripts for full understanding of observation 

b) Transform transcripts to data format required (eg: task 

sequencing, etc); coding may be required 

c) Investigate software that may assist 

 
7. Further analysis 

a) Use data to inform óhigher levelô analyses, such as a 

Hierarchical Task Analysis; error analysis, etc 

 
8. Participant feedback 

a) Ensure you provide feedback, written or verbal (meeting) to 

all participants 
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Table 3.3 - Advantages/Disadvantages of Observation Techniques 
 

Advantages Disadvantages 

ñReal lifeò snapshot  Can interfere with task performance 

Multiple data can be collected 
simultaneously 

Prone to bias:  participants may alter 
their behaviour if they are being 
observed 

Wide application, variety of domains Time consuming, especially data 
analysis 

Provides objective data Cognitive aspects of task performance 
difficult to obtain 

Detailed data of physical and social 
aspects of task performance is collected 

Can be expensive 

Can be used in existing and proposed 
systems 

Cause of error not always easily 
determined 

Useful starting point for more complex 
ergonomics analysis 

Requires team of people with expertise 
in observation studies 

Specific contingency scenarios can be 
investigated 

Limited experimental control by analyst 

 
(Source: UOW - Adapted from Stanton & Young 1999 and Stanton et al 2005) 

 

3.3.3 Rating Scales, Questionnaires and Check Lists 
 

Another method of gathering ergonomics information is by gaining subjective 

information from the worker/human.  This can be achieved by the use of 

rating scales, questionnaires, and checklists. These scales are useful to 

reflect individual subjective views on ergonomics issues.  Individual 

perception is in turn influenced by a myriad of factors, such as age, gender, 

experience, feelings about the workplace (influenced by work organisation 

factors), personality etc.  

 

a) Rating Scales 
 

Rating scales have been developed for many psychophysical measures 

(that is the relationship between the physical effort and psychological 

perception of effort).  In ergonomics, rating scales are used to 

determine the individualôs perception of their effort and discomfort at 

work. 
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The most common scales used in ergonomics are ones incorporating 

either category or interval scales.  Category scales rank items into 

categories based on attributes such as level of difficulty; a commonly 

used example is the revised Borg CR-10 scale of perceived exertion 

and discomfort (Borg, 1982; 1990), which has been widely used in 

ergonomics research.  

 
0 Nothing at all 

.5 Extremely weak (just noticeable) 

1 Very weak 

2 Weak (light) 

3 Moderate 

4 

5 Strong (heavy) 

6 

7 Very strong 

8 

9 

10 Extremely strong (almost maximal) 

 

 Maximal 

 
(Source: UOW - Borg, 1982; 1990) 

 
Figure 3.6 ï Borgôs CR-10 Scale Rating of Perceived Exertion 

(RPE) 
 

Interval scales rank items into categories based on greater or less than 

each other in quality or quantity, for example speed, temperature.  An 

example of this scale in ergonomics is a Likert scale of pain experience. 

 

Subjects can be asked to rate one aspect of their work, or many; they 

can be asked to compare different circumstances such as pre and post 

an ergonomics intervention at the workplace, or between a standard 

and their experience. 
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When using rating scales, it is essential that the tool is checked against 

the following criteria (adapted from Marras and Karwowkski, 2006, 

p.37-2): 

 

The tool is  
 

 Valid:  does the tool actually measure what it sets out to measure? 

 Reliable:  are the results repeatable either in another situation, or 

by another rater (inter-rater reliability) 

 Sensitive:  provides adequate distinction between levels of load 

 Specific:  able to distinguish between the components of the task 

that cause the workload 

 Not intrusive:  has minimal impact on the actual task performance 

 Transferable:  able to be used across a wide range of situations 

 

Rating scales, as for observation techniques, can be used at the 

prototype and operational stages of the design cycle. 

 

b) Questionnaires 
 

Questionnaires are another well used ergonomics technique.  

Questionnaires can be used to survey a potential user population, or to 

survey an individual about a specific product, work procedure, etc.  

Questionnaires often use a 5 or 7 point Likert scale, which can 

determine how relatively good or bad the person finds the job, task, use 

of tool, work arrangement, etc.  As for all research questionnaires, the 

design of the questions are of utmost importance to gain the most valid 

and reliable information. 

 

Questionnaires can be used to inform the ease of use of equipment, 

satisfaction /dissatisfaction and user views on a product/system.  
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Once again, questionnaires can be used in the prototype and 

operational aspects of the design cycle, and provide a chance to ódig 

deeperô into the userôs perceptions and inform design improvements.   

 

The use of a questionnaire requires careful planning.  The process 

described by Stanton et al. 2005, p. 30-33, provides useful guidance, 

and is summarised below: 

 

1. Define study objectives:  detailed listing of study goals; determine 

type of questions (open, closed, rating, etc.). 

 
2. Define the population:  who do you wish to survey?  Select 

specific groups within the work population; determine necessary 

sample size. 

 
3. Develop questionnaire; introduction, information for respondent, 

and summary.  NB: avoid lengthy questionnaires; 2 pages 

maximum. 

 
4. Pilot the questionnaire:  identify any issues and rectify for full 

survey.  Pilot with colleagues and ask for critical review ï make 

changes and then pilot on small group of population to be 

surveyed and ask for feedback via interview.  Survey again with 

larger sample of population.  Review and make changes. 

 
5. Administer questionnaire: determine best strategy, eg whole 

population gathered while questionnaire administered, or deliver 

online, etc. 

 
6. Data analysis:  code and statistically analyse. 

 
7. Review and feedback:  provide feedback on survey results to 

surveyed population. 
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A commonly used example of questionnaires used in ergonomics 

research is the Nordic Questionnaire for musculoskeletal discomfort 

(Kuorinka et al., 1987).  This questionnaire asks a series of structured 

questions about pain experience in different body parts as a result of 

musculoskeletal effort.   An example of a modified Nordic questionnaire 

from research in the cleaning industry is provided below. 
 

 
 

(Source: Weigall & Bell, 2005 ï reproduced with permission) 
 

Figure 3.7 ï Example of use of Customised Nordic Questionnaire, 
extract from cleaning worker survey 

 

c) Checklists 
 

Checklists are often used in the OHS arena.  For Ergonomists, 

checklists can be used to identify specific ergonomics risks inherent in a 

task, job or work environment; or to check a product or system against 

a bank of set criteria.  Checklists could be used at any stage of the 

design process, from concept, design, prototype and through to actual 

operation. 
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There are many ergonomics checklists in use, and some good 

examples can be found in manual handling guidance material around 

the world, such as the Health and Safety Executive (HSE) in the UK  

and the National Institute for Occupational Safety and Health (NIOSH) 

in the US websites, and the Australian Safety and Compensation 

Council (ASCC) to name a few. 

 

While checklists can be adapted and modified for specific situations, it 

is important that an understanding of the checklist and how it has 

previously been used is undertaken.   

 

Advantages of checklists include their ease and speed of use; results 

are available immediately and do not require many resources such as 

personnel, training and technology.  Disadvantages include little 

consideration to cognitive aspects of the task or interface under 

investigation; no allowance is made for the context in which the task, 

job, etc is undertaken; and it is a simplistic approach to evaluation 

which may miss important ergonomics aspects of the task, job, work 

environment or system under analysis. 

 

d) Uses of Models and Simulation 
 

Many areas of ergonomics research and investigation involve the use of 

models.  These models can be mathematical (eg: signal detection 

theory), physical, structural or verbal (Sanders and McCormick, 1992, 

p. 61).  The way models (eg: information processing) are organised can 

be abstract; scaled down versions of reality (eg: model of a 

workstation); or a visual representation of an operational sequence, or 

simulation of a task/process/workstation. 

 

They describe systems and subsystems and the interaction that occurs 

among and between these systems, and are methods of testing 

designs and identifying issues.  Models enable designers to anticipate 

issues without full scale trials of equipment, products, systems, etc.   
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In other words, models allow Ergonomists and designers to anticipate 

or predict problems; guide research enquiry; and form a framework to 

organise data.  Many models provide normative data ï for example the 

NIOSH equation which provides an optimum load that can be lifted 

under ideal conditions by the ónormalô population and allows 

comparison of the real lift task in the workplace, with the óidealô. 

 

Simulations can be computer based or physical entities.  Computer 

simulation models a process or system and allows changes to specific 

components to predict changes or consequences in the process.  For 

example, the output of a system could be increased and a computer 

simulation be used to determine bottle-necks, delays, etc and inform 

staffing requirements.   

 

Physical simulations or ómock upsô are designed to look, feel or act like 

a specific system, workstation, controls, etc.  As a consequence, they 

can be simple or elaborate.  Good examples include pictures of control 

desk layout and a mock up of cockpit of an aircraft, or bridge of a ship. 
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4. MUSCULOSKELETAL DISORDERS 
 
 This topic discusses disorders from manual handling and repetitive work in 

relation to upper limb disorders.  The causes of these disorders, as well as 

risk management strategies for the workplace are discussed. 

 

4.1 MANUAL HANDLING  
 
4.1.1 Introduction and Definition 
 
 Definition: 
 
 Manual handling has been defined as: 
 

óAny activity requiring the use of force exerted by a person to lift, 

lower, push, pull, carry, or otherwise move, hold or restrain an 

object.ô  (ISO 11228-1:2003).  Note that the object may be an item or 

an animal or person.   

 

 Manual handling also describes repetitive actions with or without force, 

sustained work postures, exposure to whole-body or hand-arm vibration, 

bending, twisting and reaching.  

 

 Manual handling occurs intermittently in most jobs. In some codes of practice 

and guidance material (such as in Australia and the UK) repetitive tasks such 

as packing, keyboard work and using hand held tools are included in the 

definition.  This avoids a rather artificial separation of heavy and lighter work, 

which may be confusing and complicate the process of prevention.  

 

 Any manual handling activity constitutes a hazard and a potential for injury 

unless demonstrated otherwise.  The activity may be light or heavy, repetitive 

or intermittent. Where manual handling is a substantial or significant part of a 

job it is essential that all risks are identified and minimised.  These jobs occur 

in a range of industries and organisations such as construction, 

manufacturing, health care, food processing, farming, printing, hospitality and 

mining. 
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 Some work involves continuous manual handling for most of the day. 

Warehousing, the removals industry and delivery are examples of such jobs. 

Great care is needed in these situations to reduce the impact of handling 

during a work day by correctly pacing work, reducing unnecessary handling 

and through the use of lifting aids, job and workplace redesign and training.  

 

 Generally human handling of materials and people is expensive and 

inefficient, as well as posing significant risks to health to those who do it. This 

is especially true where the workload takes people to the limits of their work 

capacity. 

 

 Teaching people specific lifting techniques to overcome lifting problems has 

mixed success in reducing the risks of injury.  Sometimes techniques can be 

helpful in specific situations but some techniques place extra demands on 

the muscles and joints eg: squat lifting (bent knees and straight back), which 

is slower and physiologically more demanding. It may also increase the risk 

of further injury for people with damaged hips, knees or ankles. 

 

4.1.2 The Nature and Causes of Manual Handling Disorders (Musculoskeletal 
Disorders) 

 
 The majority of problems arising from manual handling are associated with 

sprains and strains mainly of the back and neck. However, other parts of the 

body are also affected most notably the shoulders, knees and ankles. 

Injuries in these areas occur from different aspects of manual handling tasks 

such as overhead work (neck and shoulders), walking on rough ground or 

areas with difficult access (knees and ankles). Most manual handling injuries 

are cumulative, developing over many months or years of overload.  These 

manual handling injuries are termed musculoskeletal disorders (MSDs).  

When they are related to occupation, they are termed work-related 

musculoskeletal disorders (WMSDs or WRMSDs).  These disorders are also 

known as cumulative trauma disorders (CTD). 
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 Despite the rapid technological advancements and increasing mechanisation 

in the workplace, musculoskeletal disorders continue to be one of the main 

causes of occupational disorders in the developed world.  For example, the 

European Agency for Safety and Health at Work (2000) conducted a survey 

of its members and found musculoskeletal disorders accounted for 30-46% 

of all work-related injuries.  Buckle & Devereux (2002) reported that work-

related musculoskeletal disorders accounted for anywhere between 15% and 

70% of reported work-related disorders in the European Union, with 

variations in the estimates depending on the country (different reporting and 

compensation systems).  Across the developed world, work related 

musculoskeletal disorders account for approximately 30-40% of workers 

compensation claims (note, this is number of claims, not costs!) 

 

 Musculoskeletal injury occurs when the capacity of the tissues is exceeded.  

The tissues are commonly muscles, ligaments, tendon and cartilage.  We will 

explore this concept as we progress through this module. 

 

 A difficulty with determining the work-relatedness of musculoskeletal 

disorders is the interplay between an individual purportedly suffering the 

injury and the work task(s), including psychosocial factors (eg: workplace 

organisational factors such as job design and job control), psychophysical 

factors (eg: acceptable weight limits, see Snook, 1985), pre-existing or co-

existing musculoskeletal disorders, functional capacity and intensity of task 

demands.  In other words, the causation of musculoskeletal disorders is 

multifactorial and involves the interaction among a combination of 

occupational and non-occupational factors. 

 

 The United States National Institute for Occupational Safety and Health 

(NIOSH) conducted a critical review of the epidemiological evidence for 

work-related musculoskeletal disorders of the neck, upper extremity and 

lower back (Bernard, 1997) and were able to link specific work-related risk 

factors with musculoskeletal disorders.  This review included the 

investigation of causation of both physical and non-physical risk factors.  
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 The review categorised the evidence for each physical risk factor in terms of 

óstrong evidenceô, óevidenceô, óinsufficient evidenceô and óevidence of no 

effectô of the particular risk factor.  The risk factors under investigation were 

repetition, posture, force and vibration, or a combination of these factors.   

 

 A summary of the findings for definite evidence in risk factors for various 

body parts is below: 

 

Table 4.1 - Risk Factors for WRULD 
 

Risk Factor/ 
Body Part 

Repetition Force Posture Vibration Combination 

     

Neck & 
Neck/shoulder 

V V VV U  

Shoulder V  U V U  

Elbow U V U  VV 

Hand/Wrist      

Carpal Tunnel 
Syndrome 

V V 

 

U 

 

V 

 

VV 

 

Tendinitis V V V  VV 

Hand-arm vibration 
syndrome 

   VV  

VV Strong Evidence 

V Evidence 

U  Insufficient Evidence 

 

 
Risk 
Factor 

 
Lifting/Forceful 
Movement 

 
Awkward 
Posture 

Heavy 
Physical 
Work 

Whole 
Body 
Vibration 

Static Work 
Posture 

Back VV V V VV U 

VV Strong Evidence 

V Evidence 

U  Insufficient Evidence 

(Source: UOW) 
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4.1.3 Low Back Disorders 
 
 Back disorders are the most common causes of workersô compensation 

claims, sick leave and early retirement in the developed world. They are 

usually painful and no truly effective medical or surgical treatment exists for a 

large number of cases. They are believed to arise from damage to the spine 

and surrounding structures brought about by an accumulation of strains 

placed on the back over time.  

 

 These disorders emerge most commonly in middle aged and older people 

although it is not unusual for symptoms to be reported by teenagers and 

young adults subjected to high levels of physical stress. In some cases acute 

injuries, resulting from severe trauma, such as car accidents, precipitate 

symptoms in young people with little evidence of prior damage. 

Nevertheless, in most people symptoms and signs develop over many years 

and the precipitating event is unlikely to be the cause of the disorder ï 

musculoskeletal injuries are cumulative in nature.  

 

a) The Spine 
 

The spine is the axis of human movement and must meet two 

competing mechanical requirements: rigidity and plasticity. The muscles 

and ligaments act like the stays on a shipôs mast to achieve this. The 

spine sits on the pelvis and extends to the head and neck. The 

shoulders are set transversely and act like a mainyard to stabilise the 

upper spine and this is linked in turn by muscles and ligaments to the 

pelvis.  
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(Source: McPhee, 2005 ï reproduced with permission) 

 

Figure 4.1 ï Supporting Structures of the Spine 
 

These multiple components superimposed on one another and 

interlinked with muscles and ligaments allow for movement and 

stability. It is therefore a remarkably adaptable and flexible structure.  

 

Flexibility and adaptability come at a price and that is strength. The 

spine is not well designed for the heavy loads and the repeated abuses 

it suffers in modern life. It needs to remain reasonably flexible and 

strong to function correctly.  

 

Being overweight, lacking physical fitness and exposure to overuse 

lead to injuries and these are common in leisure and work. Most 

injuries, especially in the early stages, are simply muscle strains and 

small tears of the ligaments or other supporting soft tissues. However, 

over time more serious injuries can develop and may result in damage 

to the vertebrae and, more commonly, the intervertebral discs. 

Therefore back injuries are nearly always cumulative in nature and 

arise after months or years of excessive loads on the structures of the 

back. 
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b) Vertebrae 
 

The spine is made up of a series of 24 bones called vertebrae. These 

bones form a canal to encase the spinal cord and protect it.  Discs and 

a series of muscles, fine ligaments and capsules hold the 24 moveable 

vertebrae together. The discs act as shock absorbers and allow the 

spine a great range of movement and postures, which are controlled 

and activated by the muscles. Ligaments and capsules protect the 

smaller joints in the spine. They are arranged in an ósô curve for 

maximum stability and strength, the three curves are the cervical, 

thoracic and lumbar curves. There are four fixed vertebrae in the lower 

end of the tailbone known as the coccyx. At the rear of the vertebrae 

are facet joints, which link each vertebrae and keep the spine rigid in an 

upright posture.  This characteristic protects both the spinal cord and 

the discs. 

 

 
 

(Source: Mosbyôs Medical Encyclopedia) 
 

Figure 4.2 ï Plan View of Cervical Vertebra Showing Bony 
Features 
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(Source: McPhee, 2005 ï reproduced with permission) 
 

Figure 4.3 ï The Spine, Side View 
 

c) Discs 
 

The discs sit between the vertebrae and primarily absorb shock 

transmitted through the spine.  They also physically keep the vertebrae 

apart and allow movement.  The discs are avascular, that is they have 

no direct blood supply, nor do they have direct nerve supply.  The discs 

have a central nucleus which acts as the shock absorber gel, and this 

structure is surrounded by a series of strong fibres to protect the 

nucleus.   The discs undergo natural degeneration with age, and this 

degeneration is exacerbated by poor manual handling leading to micro-

damage of the disc, such as repeated lumbar flexion, twisting, and this 

effect is increased by handling a load under these conditions. 

 

d) Injury Mechanisms of the Spine 
 

As noted above, manual handling injuries do not usually occur after one 

óinsultô ï they are cumulative in nature.  A number of forces 

(compression, shear and torsional) act on the spine during manual 

handling tasks, and these forces affect different structures.  The 

mechanism for this is an accumulation of micro-damage that exceeds 

the tissues capacity to repair. (Burgess-Limerick, 2003).   


