ERGONOMICS 
The concept of ergonomics

Ergonomics is the study of man in his working environment. More specifically ergonomics is the science of designing job to fit the worker, rather than physical forcing the workers body to fit the job.
It is the application of scientific information about human being to the design of products, systems and environment for human use. 
Adopting tasks, work stations, tools and equipments to fit the worker can help reduce physical stress on a worker’s body and eliminate many potentially serious, disabling work related musculoskeletal disorders.
Ergonomics is derived from a Greek words “Ergo” meaning work and “nomos” meaning natural law. Ergonomics deals with the effective use of the human physical and psychological capabilities to work. It involves workers interaction with tools, equipment, jobs and tasks, work methods, work stress and other systems.
Ergonomics has been traditionally called human factors in the United States of America. Among many definitions of ergonomics one that describe it best is given by  Benson, (1994); Ergonomics means engineering the interaction between workers and their work place. The focus of ergonomics is the consideration of human in the design of man made environment, objects, work procedures and so on with principle objective to increase the effectiveness resulting man – machine systems, while maintaining human well being.
Generally ergonomics is the study of work to the environment in which it is performed (the work place) and those who perform it i.e. workers. It is used to determine how the work place can be designed or updated to the worker in order to prevent variety of health problems as mentioned above to increase efficiency and productivity of many organizations. 
Basically ergonomics make job to fit the workers, instead of forcing the workers to conform to the job.


Fig1: The Conceptual Model Ergonomics in a Work System.
Ergonomics model shown above describe that in systems performance, ergonomics principles are considered to be the heart of operations, technical input based on machinery and equipment in any system will operate at lower level if the design of it does not fit the user, like wise the management of workplace and organization of the tasks should focus on human performance.
Therefore the model established above, provide the necessary idea that the input such as machines, workplace environment and job design must be processed by the ergonomic factors before the output accomplished by human being.
Why Ergonomics?
· Assign the right task to the right person and the right task to the machine.

· Ensure that the operator has the right tools for the job.

· Ensure that the environment is supportive of the task.

· Ensure that the management standards and attitudes are supportive.

· Ensure that the appropriate motivators exist: Much of this is incorporated in standard management theory; Ergonomics is concerned with human being in the system with the human interfaces in system and with ensuring that the system is set up with the qualities and limitations of the human rather than qualities and limitations of the machine.

· Industrial design applications: Information design, market/user research, seat design and comfort, furniture specifications and selection.

· Manual handling of loads, safety and training: manual handling assessment and training, manual handling and lifting.

· Office ergonomics and design: implied to office automation and office equipment design.

· Vehicle and Transport ergonomics: alleviation, helicopter ergonomics, helmet displays, passenger environments, transport design, vehicle ergonomics and safety.

· Specific ergonomics: applications of nuclear power, military ergonomics, military systems etc.

Ergonomics Domains of specialization

The economic sectors or application domains in which agronomists often work can be grouped as follows, bearing in mind that the domains are not mutually exclusive and they evolve constantly.

(a) Physical Ergonomics: 

· Concerned with human anatomy, anthropometric, physiology and biomechanical characteristics as related to the physical activity.
· Working postures, material handling, repetitive movements, and work related musculoskeletal disorders, workplace layout, safety and heath, physical environment (climacterically environmental and human senses).
(b) Cognitive Ergonomics

· Concerned with mental processes, such as perception, memory, reasoning as they affect interactions among human and other elements of the system.

· Decision making, skilled performance, human computer interaction, human reliability, work stress and training.

(c) Organizational Ergonomics (Systems Ergonomics).

· Concerned with optimization of social technical systems, including their organizational structures, policies and processes.
· Communication, human resource management, work design, work analysis and measurement, design of work times, team work, and community ergonomics etc.
Ergonomics at Workplace
Recognizing ergonomics risk factors in work place is an essential first step in connecting hazards and improving workers protection. Ergonomists, engineers, occupational safety and health professionals and other trained individuals believe that reducing physical stress in work place could eliminate up - to half of the serious injuries each year. Employer can team to anticipate what might go wrong and alter tools and the work environment to make tasks safer, for their workers.

Ergonomics design at work places takes considerations of the following:
1. Clearance 
2. Reach the work space envelope
3. Zones of convenient reach
4. Normal working areas
5. Joint ranges
6. Working posture
7. Vision and the posture of the head and neck
8. Working height
9. Posture and strength
Clearance 
This involves body breadth and body depth determining whole body access taken care of in the design areas such as, entrances for the vehicles, houses, toilets, and so on.
Reach the work space envelope  
Dynamic reach may best be characterized by three dimensional coordinates of the volume of space. 
Zones of convenient reach
Zones of convenient reach (ZCR) seen in elevation and plan. Left to right: vertical section in plane passing through shoulder joint, horizontal section in transverse plane passing through shoulder joints, vertical section in coronal plane passing through shoulder joints. Each plane of section is marked on the other two diagrams. 
This makes use of percentiles from 5th – 95th percentile. 
Normal working area, described by a comfortable sweeping movement of the upper limb about the shoulder. 
Joint ranges
Flexibility of human body is measured in terms of the angular range of motion of the joints. Generally women have a somewhat greater flexibility than men(about 5 to 15% on average).
Working posture
The posture that a person adopts when performing a particular task is determined by the relationship between dimensions of the persons’ body and the dimensions of the various items in his/her work space.
Normally designers must be aware of the following:
· Back pains
· Neck pains
· Finger problems
· Wrist pains
· Legs pains
· Shoulders and so on
Working height
The height above the ground at which manual activities are performed by the standing person is a major determinant of the working height. 
Posture and strength  
Strength is dependant on the posture for reasons of physiology and reasons of mechanics.
Rationalization of workspace
The rationalization of work space layout is partly a matter of anthropometrics matrices and partly a matter of common sense. That is ‘what to put where’
The controls and displays on a panel, the furniture and appliances in the kitchen or the machines on the shop floor.
Principles of rational workspace layout are:
· Importance principle: The most important item should be in the most accessible locations.
· Frequency of use principle: The most frequently used items should be in the most accessible location.
· Functional principle: Items with similar functions should be grouped together.
· Sequence of use principle: Items that are commonly used in sequence should be laid out in same sequence.
Human Body Features and Anthropometry:
Anthropometry is the branch of human sciences that deals with body measurements, particularly measurements of body size, shape, strength and working capacity. People come in all shapes and sizes so you need to take these physical characteristics into account whenever you design anything that someone will use, from  simple products such as a pencil to something as complex as a car. 
Generally anthropometry is the study of human dimensions, body volumes, centre of gravity and inertia properties. Anthropometry is applied to the design of consumer products, work and other paces and equipments.
Manufacturing garments, 
Would it be true to say that chairs and tables should be supplies at various ranges as well? Adults and children are not expected to use the same sized writing desks in offices and schools?
How would we choose the best compromise dimensions of equipments, to be employed by a range of users and at what point should we conclude the adjustability.
To optimize these decisions three types of information are required
(a) Anthropometric characteristics of the user populations
(b) Ways in which these characteristics might impose constraints on design.
(c) Criteria that define an effective match between the product and the user.
Human Variability
Myth (fairy story) of the average human does not exist. Human varies according to age, sex, societal, daily changes, generational changes and ethnicity. 
Design Principles: 
i)  Design for extreme individuals,
- Design for the maximum population value when a maximum value must accommodate almost everyone e.g. door ways, escape apparatus, ladders.  This value is commonly the 95th percentile male for the target population.
- Design for the minimum population value when a minimum value must accommodate almost everyone e.g. control panel buttons and forces to operate them. This value is commonly the 5th percentile female for the target population.
- Designing for 5th female/95th male of the target population will accommodate 95% of the population. 95% because of the overlap in female/male body dimensions (if female/male ratio is 50/50). Examples are automotive seats.

 (ii)Design for the average
- Use where adjustability is impractical, e.g. auto steering wheel, supermarket check out counter etc.
- Where the design is non critical, e.g. door knob, snack machine etc.
Designs for Motion
i) Select the major body joints involved
ii)  Adjust your measured body dimensions to real world conditions. For example relaxed standings/sitting postures, clothing, hand tool reach, etc.
iii)  Select appropriate motion ranges in body joints, e.g. knee angle between 60 – 105 degrees or as motion envelope. Avoid twisting, forward bending, prolonged static postures and holding the arms stretched.
Steps to be taken in Anthropometric Measurements:
a) Decide who you are designing for (i.e. identify user population)
Anthropometry tables give measurements of different body parts for men and women, and split into different nationalities, and age groups, from babies to the elderly. Therefore, first you need to know exactly who you are designing for. The group of people you are designing for is called the user population. If you were designing an office chair, you would need to consider dimensions for adults of working age and not those for children or the elderly. If you were designing a product for the home, such as a kettle, your user group would include everyone except young children (hopefully!).
b) Decide which body measurements are relevant (i.e. identify important dimensions)
You need to know which parts of the body are relevant to your design. For example, if you were designing a mobile phone, you would need to consider the width and length of the hand, the size of the fingers, as well as grip diameter. You would not be too interested in the height or weight of the user (although the weight of the phone might be important!) or hip breadth for a chair seat.
c) Decide whether you are designing for the 'average' or extremes (i.e. determine principles to use)
Let us break the news - nobody is 'average' in all body dimensions. Someone might be say, of average height but have a longer than average hand length. Try it for yourself Measure your own height when you are standing up straight (without shoes!), and measure the length of your hand from your wrist to the tip of your middle finger.
Look up the 'average' heights and hand lengths for your age in the table below and compare your own measurements. Are you taller or shorter than average for your age group? Are your hands longer or shorter than average?
All measurements are for British people and are in millimeters (ref: Body space). Also make use of the anthropometric tables provided in class to compare with your body measurements obtained.
Note: 
The variation in the size and shape of people also tells us that if you design to suit yourself, it will only be suitable for people who are the same size and shape as you. 
Percentile
 Percentiles are shown in anthropometric tables and they tell you whether the measurement given in the tables relates to the 'average' person, or someone who is above or below average in a certain dimension. 
If you look at the heights of a group of adults, you will probably notice that most of them look about the same height. A few may be noticeably taller and a few may be noticeably shorter. This 'same height' will be near the average (called the 'mean' in statistics) and is shown in anthropometry tables as the fiftieth percentile, often written as '50th % ile'. This means that it is the most likely height in a group of people. If we plotted a graph of the heights (or most other dimensions) of our group of people, it would look similar to this:
First, notice that the graph is symmetrical – so that 50% of people are of average height or taller and 50% are of average height or smaller. 

The graph tails off to either end, because fewer people are extremely tall or very short. To the left of the average, there is a point known as the 5th percentile, because 5% of the people (or one person in 20) is shorter than this particular height. The same distance to the right is a point known as the 95th percentile, where only one person in 20 is taller than this height.

Therefore, we also need to know whether we are designing for all potential users or just the ones of above or below average dimensions. Now, this depends on exactly what we are designing. 
For example, if we were designing a doorway using the height, shoulder width, hip width etc., of an average person, then half the people using the doorway would be taller than the average, and half would be wider. Since the tallest people are not necessarily the widest, more than half the users would have to bend down or turn sideways to get through the doorway. Therefore, in this case we would need to design using dimensions of the widest and tallest people to ensure that everyone could walk through normally. 
Deciding whether to use the 5th, 50th or 95th percentile value depends on what you are designing and to whom you are designing it for. Usually, you will find that if you pick the right percentile, 95% of people will be able to use your design. For instance, if you were choosing a door height, you would choose the dimension of people's height (often called 'stature' in anthropometry tables) and pick the 95th percentile value – in other words, you would design for the taller people. 
You would not need to worry about the average height people or the 5th percentile ones – they would be able to fit through the door anyway. At the other end of the scale, if you were designing a control switch for a machine /equipment to be operated while standing/sitting down and you want everyone standing/sitting to access the control switch you would choose the 5th percentile arm length because the people with a shorter arm are the one who are most challenging to design for in this particular situation. If they could reach the control switch everyone else with longer arm could be able to do so.   Here are some examples of other situations - your design project will normally fit into one of these groups:
	Wh Is it that you are aiming for with your design?
	Design examples:
	Examples of measurements to consider:
	Users that your design should accommodate:

	Easy reach
	Vehicle dashboards, Shelving
	Arm length, Shoulder height
	Smallest user: 5th percentile

	Adequate clearance to  avoid unwanted contact or trapping
	Manholes, Cinema seats
	Shoulder or hip width, Thigh length
	Largest user: 95th percentile

	A good match between the user and the product
	Seats, Cycle helmets, Pushchairs
	Knee-floor height, Head circumference, Weight
	Maximum range: 5th to 95th percentile

	A comfortable and safe posture
	Lawnmowers, Monitor positions,
Worksurface heights
	Elbow height, Sitting eye height, Elbow height (sitting or standing?)
	Maximum range:5th to 95th percentile

	Easy operation
	Screw bottle tops, Door handles, Light switches
	Grip strength, Hand width,  Height
	Smallest or weakest user: 5th percentile

	To ensure that an item can't be reached or operated
	Machine guarding mesh,
Distance of railings from hazard
	Finger width Arm length
	Smallest user: 5th percentile Largest user: 95th percentile


Sometimes you can not accommodate all your users because there are conflicting solutions to your design. In this case, you will have to make a judgment about what is the most important feature. You must never compromise safety though, and if there is a real risk of injury, you may have to use more extreme percentiles (1%ile or 99%ile or more) to make sure that everyone is protected (not just 95% of people). 
Think about other Human factors:
You may need to add corrections for clothing. Have you allowed for shoe heights? You generally add 20mm for fairly flat shoes, and more if you think users will be wearing high heels. If your product is to be used somewhere cold, can it still be used if someone is wearing gloves or other bulky clothing? 
It is important to take the strength of your users into account, as well as the environmental conditions and the space they have to perform tasks. 
If you were designing tools for changing car wheels, for example, it is more  likely that they would have to be used in cold and wet weather. People need to grip harder if their hands are wet and cold, and they need to exert more force to carry out tasks than they would if they were warm and dry. 
You may also need to consider people's eyesight and hearing abilities. Can they read the small labels on the remote control that you have designed? Is there enough light to read them? Can they hear an alarm bell above the general noise in the room?
THE MAN AND MACHINE SYSTEMS 
Introduction to Man and Machine Relationships 
Despite the ever increasing mechanization of operations in industry and business, people are associated with and are essential to every operating system. It is true that workers’ role is continually changing; he/she is being relieved from many of the routing tasks which can be better or more economically performed by electrical or mechanical equipment.
There is no doubt that this trend will continue and that is generally regarded as ‘beneficial movement’, there will always be a place for man in systems of machine. Few men perhaps and certainly performing different duties than at present but nevertheless, man will remain an essential component of operating systems. Here we will observe the nature of man – machine systems as primary to further considerations of ergonomics. We should stress that, our reference to “man” implies both men and women and place of ‘machine’ implies equipment of all types.
When a man uses a machine, a loop results.  Man will receive certain information from the machine, either from dials, displays etc. designed for that purpose or by observation of the machine itself. He will process this information and make decisions on what action if any, to take and may then manipulate controls or attend to the machine in some other way so as to affect its behavior in the desired manner. 
Human and Machines: 

In the technologist point of view, humans have certain physiological, psychological and sociological characteristics that define their capabilities and limitations in work situations. These characteristics are thought of not as fixed quantities, but as distributions that reflect individual variation. In performing work, human functions are envisioned in three general classifications:
1. Receiving information through the various sense organs.
2. Making decision based on information received and information stored in the memory of individual.
3. Taking action based on decisions. In some instances the decision phase may be virtually automatic because of the learned responses, as highly in repetitive task. In others, decisions may involve extensive reasoning and the result may be complex.
Conceptual Framework for Human – Machine Systems 
We have noted that humans and machines can be thought of as performing in similar functions in work tasks, although they each have comparative advantages. The functions they perform are as represented in the figure below:

Figure:  Functions Performed by a worker or components of machine – worker systems.
Information is received by the sensing function. Sensing by humans is accomplished through the sense organs. Machine sensing can parallel human sensing through electronic or mechanical devices. Machine sensing can usually be much more specific or single purpose in nature than the broadly capable human senses.
Information storage, for humans is provided by memory or access to records. Machines information storage can be obtained by magnetic tap or disc, punched cards, cams and templates. 
The function of information processing and decision making is to take sensed and stored information and produce a decision. The processing could be as simple as a choice between two alternatives, depending on the input data, or very complex, involving deduction, analysis or computing to produce a decision for which a command is issued to the effector.
The effector or action function occurs as a result of decisions and command and may involve the triggering of control mechanisms by humans or machines or a communication of decisions. Control mechanism would in turn, cause something physical to happen, such as moving the hands or arms, starting a motor or increasing/decreasing the depth of cut on a machine tool.
Input and output are related to raw material or the thing being processed. The output represents some transformation of the input in the line with our previous discussions of systems. The process may be of any type, chemical, processes to change shape or form, assembly, transport or clerical.
Information feedback, concerning the output states is an essential ingredient, because it provides the basis for control. Feedback operates to control the simplex hand motion through the senses and nervous system.
However various aspects of the environment affect man – machine system and also that both man and machine are the subject of some additional input.
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The simplified Man – Machine System.

Human Factors Considered in the Man – Machine Systems
There are three main human factors to be considered in the man – machine relationships, psychological, sociological and physiological factors. Sometimes referred to as ‘human psychology/physiology/sociology’ at work places. 
Human factors considered in simple products such as tooth brush is mostly concerned with the physical sizes and shapes of people, for example grip or how their arm muscles move or work. These are known as physiological factors.
Someone uing a microcomputer or driving a car is involved in activities that are far more complicated than brushing your teeth. These activities have physiological factors but the people involved have to interpret information and make judgments. These factors have more to do with brain than the body and are termed as psychological factors.
Some designers such as architects and town planners also need to consider the social interaction of large groups of people. The design of housing estate or a supermarket, type of service/product to be offered by the newly established firm, (textile industry located in Zanzibar (Pemba) and one located in Tanzania mainland (Kilimanjaro)  the team is required to consider the culture i.e. norms and customs of the majority people living in the area. These are termed as sociological factors.
CONCEPTS OF ERGONOMIC DESIGN OF TOOLS, CONTROLS AND WORK PLACES:
Three aspects of man – machine systems are, design of; information displays, controls and environmental factors.
Design of Information Displays:
The most common means of displaying or communicating information is virtual and perhaps the most commonly used virtual display is graduated scale. There are two types of virtual displays namely analogy and digital. Analogy methods such as the circular graduated scale are common in industry and almost every where else, but this is due to expediency rather than functional merits. Use of digital is very recent phenomenon which has resulted from the functional advantages of this method rather than design practicality. Also virtual displays are grouped into two, those used without controls e.g. clocks, voltmeters, ammeters etc. and displays with controls such as dial gauge etc.
Design of Controls:
Controls in the system are used to start or stop, cause motion or stop motion or change in the original direction. Example cranks, hand wheels, levers, pedals, buttons etc. 
At the end the following questions should be answered:
a) What is the control for?
b) What is required i.e. speed, accuracy (precision, force, number of settings.
c) What information should be provided by the controls especially to be understood by other users?
Environmental Factors:
Man and machine interface is surrounded by the Physical and chemical working environment which affects the work performance. Ergonomists take care of thermal (heat, temperature), vision and lighting, noise and vibration due to their side effects upon fulfillment of the organizational goals and objectives.
Work place Design:
Most of the production jobs in industry oblige the worker to remain sitting or standing for long period of time whilst performing a series of tasks. It is unreasonable to expect the detailed design of the product or its components to be influenced unduly by the ergonomic requirements of the worker responsible for making it, expect of course in such cases as the need for access during assembly, but it is perfectly reasonable to expect any other aspect of work place design to be influenced by ergonomic considerations. Inadequate design of workplaces will inhibit the ability of the worker to perform his tasks and may result in injuries, strain or fatigue, a reduction in quality or output.
Determination of workplace requirements will involve an examination of the work elements which constitute the work cycle and an examination of the body measurements, reach and movement capabilities of the worker.
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