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UNIT III 

 

3.1 Human Factor Engineering  

Human factors is a multidisciplinary effort to generate and compile information about human 

capabilities and limitations and apply that information to equipment, systems, software, facilities, 

procedures, jobs, environments, training, staffing, and personnel management to produce safe, 

comfortable, and effective human performance. When human factors is applied early in the acquisition 

process, it enhances the probability of increased performance, safety, and productivity; decreased 

lifecycle staffing and training costs; and becomes well-i teg ated i to the p og a s st ateg , pla i g, 
cost and schedule baselines, and technical tradeoffs. Changes in operational, maintenance or design 

concepts during the later phases of a project are expensive and entail high-risk program adjustments. 

Identifying lifecycle costs and human performance components of system operation and maintenance 

during requirements definition decreases program risks and long-term operations costs. 

I  the 3 d editio  of the ILO s E lopaedia, pu lished i  3, e go o i s as su a ized i  o e 
article that was only about four pages long. Since the publication of the 3rd edition, there has been a 

major change in emphasis and in understanding of interrelationships in safety and health: the world is 

no longer easily classifiable into medicine, safety and hazard prevention. In the last decade almost every 

branch in the production and service industries has expended great effort in improving productivity and 

quality. This restructuring process has yielded practical experience which clearly shows that productivity 

and quality are directly related to the design of working conditions. One direct economical measure of 

productivity—the costs of absenteeism through illness—is affected by working conditions. Therefore it 

should be possible to increase productivity and quality and to avoid absenteeism by paying more 

attention to the design of working conditions. 

In sum, the simple hypothesis of modern ergonomics can be stated thus: Pain and exhaustion cause 

health hazards, wasted productivity and reduced quality, which are measures of the costs and benefits 

of human work. 

This simple hypothesis can be contrasted to occupational medicine which generally restricts itself to 

esta lishi g the aetiolog  of o upatio al diseases. O upatio al edi i e s goal is to esta lish 
conditions under which the probability of developing such diseases is minimized. Using ergonomic 

principles these conditions can be most easily formulated in the form of demands and load limitations. 

O upatio al edi i e a  e su ed up as esta lishi g li itatio s th ough edi o-scientific 

studies . T aditio al e go o i s ega ds its ole as o e of fo ulati g the ethods he e, usi g desig  
and work organization, the limitations established through occupational medicine can be put into 

p a ti e. T aditio al e go o i s ould the  e des i ed as de elopi g o e tio s th ough s ie tifi  
studies , he e o e tio s  a e u de stood to e all o k design recommendations that call for 

attention to be paid to load limits only in order to prevent health hazards. It is a characteristic of such 

corrective recommendations that practitioners are finally left alone with the problem of applying 

them—there is no multidisciplinary team effort. 

The o igi al ai  of i e ti g e go o i s i   sta ds i  o t ast to this ki d of e go o i s  
o e tio : 

... a scientific approach enabling us to reap, for the benefit of ourselves and others, the best fruits of 

life s labour for the minimum effort and maximum satisfaction (Jastrzebowski 1857). 
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The oot of the te  e go o i s  ste s f o  the G eek o os  ea i g ule, a d e go  ea i g 
o k. O e ould p opose that e go o i s should de elop ules  fo  a o e fo a d-looking, 

p ospe ti e o ept of desig . I  o t ast to o e ti e e go o i s , the idea of p ospe ti e 
ergonomics is based on applying ergonomic recommendations which simultaneously take into 

consideration profitability margins (Laurig 1992). 

The basic rules for the development of this approach can be deduced from practical experience and 

reinforced by the results of occupational hygiene and ergonomics research. In other words, prospective 

ergonomics means searching for alternatives in work design which prevent fatigue and exhaustion on 

the pa t of the o ki g su je t i  o de  to p o ote hu a  p odu ti it  ... fo  the e efit of ou sel es 
a d othe s . This o p ehe si e app oa h of p ospe ti e e go o i s i ludes o kpla e a d 
equipment design as well as the design of working conditions determined by an increasing amount of 

information processing and a changing work organization. Prospective ergonomics is, therefore, an 

interdisciplinary approach of researchers and practitioners from a wide range of fields united by the 

same goal, and one part of a general basis for a modern understanding of occupational safety and health 

(UNESCO 1992). 

Based on this understanding, the Ergonomics chapter in the 4th edition of the ILO Encyclopaedia covers 

the different clusters of knowledge and experiences oriented toward worker characteristics and 

apa ilities, a d ai ed at a  opti u  use of the esou e hu a  o k   aki g o k o e 
e go o i , that is, o e hu a e. 

The choice of topics and the structure of articles in this chapter follows the structure of typical questions 

in the field as practised in industry. Beginning with the goals, principles and methods of ergonomics, the 

articles which follow cover fundamental principles from basic sciences, such as physiology and 

psychology. Based on this foundation, the next articles introduce major aspects of an ergonomic design 

of o ki g o ditio s a gi g f o  o k o ga izatio  to p odu t desig . Desig i g fo  e e o e  puts 
special emphasis on an ergonomic approach that is based on the characteristics and capabilities of the 

worker, a concept often overlooked in practice. The importance and diversity of ergonomics is shown in 

two examples at the end of the chapter and can also be found in the fact that many other chapters in 

this edition of the ILO Encyclopaedia are directly related to ergonomics, such as Heat and Cold, Noise, 

Vibration, Visual Display Units , and virtually all chapters in the sections Accident and Safety 

Management and Management and Policy. 

3.1.1 Definition and Scope 

Ergonomics means literally the study or measurement of work. In this context, the term work signifies 

purposeful human function; it extends beyond the more restricted concept of work as labour for 

monetary gain to incorporate all activities whereby a rational human operator systematically pursues an 

objective. Thus it includes sports and other leisure activities, domestic work such as child care and home 

maintenance, education and training, health and social service, and either controlling engineered 

systems or adapting to them, for example, as a passenger in a vehicle. 

The human operator, the focus of study, may be a skilled professional operating a complex machine in 

an artificial environment, a customer who has casually purchased a new piece of equipment for personal 

use, a child sitting in a classroom or a disabled person in a wheelchair. The human being is highly 

adaptable but not infinitely so. There are ranges of optimum conditions for any activity. One of the tasks 

of ergonomics is to define what these ranges are and to explore the undesirable effects which occur if 
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the limits are transgressed—for example if a person is expected to work in conditions of excessive heat, 

noise or vibration, or if the physical or mental workload is too high or too low. 

Ergonomics examines not only the passive ambient situation but also the unique advantages of the 

human operator and the contributions that can be made if a work situation is designed to permit and 

encourage the person to make the best use of his or her abilities. Human abilities may be characterized 

not only with reference to the generic human operator but also with respect to those more particular 

abilities that are called upon in specific situations where high performance is essential. For example, an 

automobile manufacturer will consider the range of physical size and strength of the population of 

drivers who are expected to use a particular model to ensure that the seats are comfortable, that the 

controls are readily identifiable and within reach, that there is clear visibility to the front and the rear, 

and that the internal instruments are easy to read. Ease of entry and egress will also be taken into 

account. By contrast, the designer of a racing car will assume that the driver is athletic so that ease of 

getting in and out, for example, is not important and, in fact, design features as a whole as they relate to 

the driver may well be tailored to the dimensions and preferences of a particular driver to ensure that 

he or she can exercise his or her full potential and skill as a driver. 

In all situations, activities and tasks the focus is the person or persons involved. It is assumed that the 

structure, the engineering and any other technology is there to serve the operator, not the other way 

round. 

3.1.2 History and Status 

About a century ago it was recognized that working hours and conditions in some mines and factories 

were not tolerable in terms of safety and health, and the need was evident to pass laws to set 

permissible limits in these respects. The determination and statement of those limits can be regarded as 

the beginning of ergonomics. They were, incidentally, the beginning of all the activities which now find 

expression through the work of the International Labour Organization (ILO). 

Research, development and application proceeded slowly until the Second World War. This triggered 

greatly accelerated development of machines and instrumentation such as vehicles, aircraft, tanks, guns 

and vastly improved sensing and navigation devices. As technology advanced, greater flexibility was 

available to allow adaptation to the operator, an adaptation that became the more necessary because 

human performance was limiting the performance of the system. If a powered vehicle can travel at a 

speed of only a few kilometres per hour there is no need to worry about the performance of the driver, 

ut he  the ehi le s a i u  speed is i eased  a fa to  of te  o  a hu d ed, the  the d i e  has 
to react more quickly and there is no time to correct mistakes to avert disaster. Similarly, as technology 

is improved there is less need to worry about mechanical or electrical failure (for instance) and attention 

is freed to think about the needs of the driver. 

Thus ergonomics, in the sense of adapting engineering technology to the needs of the operator, 

becomes simultaneously both more necessary and more feasible as engineering advances. 

The term ergonomics came into use about 1950 when the priorities of developing industry were taking 

over from the priorities of the military. The development of research and application for the following 

thirty years is described in detail in Singleton (1982). The United Nations agencies, particularly the ILO 

and the World Health Organization (WHO), became active in this field in the 1960s. 

In immediate postwar industry the overriding objective, shared by ergonomics, was greater productivity. 

This was a feasible objective for ergonomics because so much industrial productivity was determined 
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directly by the physical effort of the workers involved—speed of assembly and rate of lifting and 

movement determined the extent of output. Gradually, mechanical power replaced human muscle 

power. More power, however, leads to more accidents on the simple principle that an accident is the 

consequence of power in the wrong place at the wrong time. When things are happening faster, the 

potential for accidents is further increased. Thus the concern of industry and the aim of ergonomics 

gradually shifted from productivity to safety. This occurred in the 1960s and early 1970s. About and 

after this time, much of manufacturing industry shifted from batch production to flow and process 

production. The role of the operator shifted correspondingly from direct participation to monitoring and 

inspection. This resulted in a lower frequency of accidents because the operator was more remote from 

the scene of action but sometimes in a greater severity of accidents because of the speed and power 

inherent in the process. 

When output is determined by the speed at which machines function then productivity becomes a 

matter of keeping the system running: in other words, reliability is the objective. Thus the operator 

becomes a monitor, a trouble-shooter and a maintainer rather than a direct manipulator. 

This historical sketch of the postwar changes in manufacturing industry might suggest that the 

ergonomist has regularly dropped one set of problems and taken up another set but this is not the case 

for several reasons. As explained earlier, the concerns of ergonomics are much wider than those of 

manufacturing industry. In addition to production ergonomics, there is product or design ergonomics, 

that is, adapting the machine or product to the user. In the car industry, for example, ergonomics is 

important not only to component manufacturing and the production lines but also to the eventual 

driver, passenger and maintainer. It is now routine in the marketing of cars and in their critical appraisal 

by others to review the quality of the ergonomics, considering ride, seat comfort, handling, noise and 

vibration levels, ease of use of controls, visibility inside and outside, and so on. 

It was suggested above that human performance is usually optimized within a tolerance range of a 

relevant variable. Much of the early ergonomics attempted to reduce both muscle power output and 

the extent and variety of movement by way of ensuring that such tolerances were not exceeded. The 

greatest change in the work situation, the advent of computers, has created the opposite problem. 

Unless it is well designed ergonomically, a computer workspace can induce too fixed a posture, too little 

bodily movement and too much repetition of particular combinations of joint movements. 

This brief historical review is intended to indicate that, although there has been continuous 

development of ergonomics, it has taken the form of adding more and more problems rather than 

changing the problems. However, the corpus of knowledge grows and becomes more reliable and valid, 

energy expenditure norms are not dependent on how or why the energy is expended, postural issues 

are the same in aircraft seats and in front of computer screens, much human activity now involves using 

video screens and there are well-established principles based on a mix of laboratory evidence and field 

studies. 

3.1.3 Ergonomics and Related Disciplines 

The development of a science-based application which is intermediate between the well-established 

technologies of engineering and medicine inevitably overlaps into many related disciplines. In terms of 

its scientific basis, much of ergonomic knowledge derives from the human sciences: anatomy, 

physiology and psychology. The physical sciences also make a contribution, for example, to solving 

problems of lighting, heating, noise and vibration. 
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Most of the European pioneers in ergonomics were workers among the human sciences and it is for this 

reason that ergonomics is well-balanced between physiology and psychology. A physiological 

orientation is required as a background to problems such as energy expenditure, posture and 

application of forces, including lifting. A psychological orientation is required to study problems such as 

information presentation and job satisfaction. There are of course many problems which require a 

mixed human sciences approach such as stress, fatigue and shift work. 

Most of the American pioneers in this field were involved in either experimental psychology or 

engineering and it is for this reason that their typical occupational titles—human engineering and 

human factors—reflect a difference in emphasis (but not in core interests) from European ergonomics. 

This also explains why occupational hygiene, from its close relationship to medicine, particularly 

occupational medicine, is regarded in the United States as quite different from human factors or 

ergonomics. The difference in other parts of the world is less marked. Ergonomics concentrates on the 

human operator in action, occupational hygiene concentrates on the hazards to the human operator 

present in the ambient environment. Thus the central interest of the occupational hygienist is toxic 

hazards, which are outside the scope of the ergonomist. The occupational hygienist is concerned about 

effects on health, either long-term or short-term; the ergonomist is, of course, concerned about health 

but he or she is also concerned about other consequences, such as productivity, work design and 

workspace design. Safety and health are the generic issues which run through ergonomics, occupational 

hygiene, occupational health and occupational medicine. It is, therefore, not surprising to find that in a 

large institution of a research, design or production kind, these subjects are often grouped together. 

This makes possible an approach based on a team of experts in these separate subjects, each making a 

specialist contribution to the general problem of health, not only of the workers in the institution but 

also of those affected by its activities and products. By contrast, in institutions concerned with design or 

provision of services, the ergonomist might be closer to the engineers and other technologists. 

It will be clear from this discussion that because ergonomics is interdisciplinary and still quite new there 

is an important problem of how it should best be fitted into an existing organization. It overlaps onto so 

many other fields because it is concerned with people and people are the basic and all-pervading 

resource of every organization. There are many ways in which it can be fitted in, depending on the 

history and objectives of the particular organization. The main criteria are that ergonomics objectives 

are understood and appreciated and that mechanisms for implementation of recommendations are 

built into the organization. 

3.1.4 Aims of Ergonomics 

It will be clear already that the benefits of ergonomics can appear in many different forms, in 

productivity and quality, in safety and health, in reliability, in job satisfaction and in personal 

development. 

The reason for this breadth of scope is that its basic aim is efficiency in purposeful activity—efficiency in 

the widest sense of achieving the desired result without wasteful input, without error and without 

damage to the person involved or to others. It is not efficient to expend unnecessary energy or time 

because insufficient thought has been given to the design of the work, the workspace, the working 

environment and the working conditions. It is not efficient to achieve the desired result in spite of the 

situation design rather than with support from it. 

The aim of ergonomics is to ensure that the working situation is in harmony with the activities of the 

worker. This aim is self-evidently valid but attaining it is far from easy for a variety of reasons. The 
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human operator is flexible and adaptable and there is continuous learning, but there are quite large 

individual differences. Some differences, such as physical size and strength, are obvious, but others, 

such as cultural differences and differences in style and in level of skill, are less easy to identify. 

In view of these complexities it might seem that the solution is to provide a flexible situation where the 

human operator can optimize a specifically appropriate way of doing things. Unfortunately such an 

approach is sometimes impracticable because the more efficient way is often not obvious, with the 

result that a worker can go on doing something the wrong way or in the wrong conditions for years. 

Thus it is necessary to adopt a systematic approach: to start from a sound theory, to set measurable 

objectives and to check success against these objectives. The various possible objectives are considered 

below. 

 Safety and health 

There can be no disagreement about the desirability of safety and health objectives. The difficulty stems 

from the fact that neither is directly measurable: their achievement is assessed by their absence rather 

than their presence. The data in question always pertain to departures from safety and health. 

In the case of health, much of the evidence is long-term as it is based on populations rather than 

individuals. It is, therefore, necessary to maintain careful records over long periods and to adopt an 

epidemiological approach through which risk factors can be identified and measured. For example, what 

should be the maximum hours per day or per year required of a worker at a computer workstation? It 

depends on the design of the workstation, the kind of work and the kind of person (age, vision, abilities 

and so on). The effects on health can be diverse, from wrist problems to mental apathy, so it is 

necessary to carry out comprehensive studies covering quite large populations while simultaneously 

keeping track of differences within the populations. 

Safety is more directly measurable in a negative sense in terms of kinds and frequencies of accidents 

and damage. There are problems in defining different kinds of accidents and identifying the often 

multiple causal factors and there is often a distant relationship between the kind of accident and the 

degree of harm, from none to fatality. 

Nevertheless, an enormous body of evidence concerning safety and health has been accumulated over 

the past fifty years and consistencies have been discovered which can be related back to theory, to laws 

and standards and to principles operative in particular kinds of situations. 

 Productivity and efficiency 

Productivity is usually defined in terms of output per unit of time, whereas efficiency incorporates other 

variables, particularly the ratio of output to input. Efficiency incorporates the cost of what is done in 

relation to achievement, and in human terms this requires the consideration of the penalties to the 

human operator. 

In industrial situations, productivity is relatively easy to measure: the amount produced can be counted 

and the time taken to produce it is simple to record. Productivity data are often used in before/after 

comparisons of working methods, situations or conditions. It involves assumptions about equivalence of 

effort and other costs because it is based on the principle that the human operator will perform as well 

as is feasible in the circumstances. If the productivity is higher then the circumstances must be better. 

There is much to recommend this simple approach provided that it is used with due regard to the many 
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possible complicating factors which can disguise what is really happening. The best safeguard is to try to 

make sure that nothing has changed between the before and after situations except the aspects being 

studied. 

Efficiency is a more comprehensive but always a more difficult measure. It usually has to be specifically 

defined for a particular situation and in assessing the results of any studies the definition should be 

checked for its relevance and validity in terms of the conclusions being drawn. For example, is bicycling 

more efficient than walking? Bicycling is much more productive in terms of the distance that can be 

covered on a road in a given time, and it is more efficient in terms of energy expenditure per unit of 

distance or, for indoor exercise, because the apparatus required is cheaper and simpler. On the other 

hand, the purpose of the exercise might be energy expenditure for health reasons or to climb a 

mountain over difficult terrain; in these circumstances walking will be more efficient. Thus, an efficiency 

measure has meaning only in a well-defined context. 

 Reliability and quality 

As explained above, reliability rather than productivity becomes the key measure in high technology 

systems (for instance, transport aircraft, oil refining and power generation). The controllers of such 

systems monitor performance and make their contribution to productivity and to safety by making 

tuning adjustments to ensure that the automatic machines stay on line and function within limits. All 

these systems are in their safest states either when they are quiescent or when they are functioning 

steadily within the designed performance envelope. They become more dangerous when moving or 

being moved between equilibrium states, for example, when an aircraft is taking off or a process system 

is being shut down. High reliability is the key characteristic not only for safety reasons but also because 

unplanned shut-down or stoppage is extremely expensive. Reliability is straightforward to measure after 

performance but is extremely difficult to predict except by reference to the past performance of similar 

systems. When or if something goes wrong human error is invariably a contributing cause, but it is not 

necessarily an error on the part of the controller: human errors can originate at the design stage and 

during setting up and maintenance. It is now accepted that such complex high-technology systems 

require a considerable and continuous ergonomics input from design to the assessment of any failures 

that occur. 

Quality is related to reliability but is very difficult if not impossible to measure. Traditionally, in batch 

and flow production systems, quality has been checked by inspection after output, but the current 

established principle is to combine production and quality maintenance. Thus each operator has parallel 

responsibility as an inspector. This usually proves to be more effective, but it may mean abandoning 

work incentives based simply on rate of production. In ergonomic terms it makes sense to treat the 

operator as a responsible person rather than as a kind of robot programmed for repetitive performance. 

 Job satisfaction and personal development 

From the principle that the worker or human operator should be recognized as a person and not a robot 

it follows that consideration should be given to responsibilities, attitudes, beliefs and values. This is not 

easy because there are many variables, mostly detectable but not quantifiable, and there are large 

individual and cultural differences. Nevertheless a great deal of effort now goes into the design and 

management of work with the aim of ensuring that the situation is as satisfactory as is reasonably 

p a ti a le f o  the ope ato s ie poi t. “o e easu e e t is possi le  usi g su e  te h i ues 
and some principles are available based on such working features as autonomy and empowerment.  
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Even accepting that these efforts take time and cost money, there can still be considerable dividends 

from listening to the suggestions, opinions and attitudes of the people actually doing the work. Their 

approach may not be the same as that of the external work designer and not the same as the 

assumptions made by the work designer or manager. These differences of view are important and can 

provide a refreshing change in strategy on the part of everyone involved. 

It is well established that the human being is a continuous learner or can be, given the appropriate 

conditions. The key condition is to provide feedback about past and present performance which can be 

used to improve future performance. Moreover, such feedback itself acts as an incentive to 

performance. Thus everyone gains, the performer and those responsible in a wider sense for the 

performance. It follows that there is much to be gained from performance improvement, including self-

development. The principle that personal development should be an aspect of the application of 

ergonomics requires greater designer and manager skills but, if it can be applied successfully, can 

improve all the aspects of human performance discussed above. 

Successful application of ergonomics often follows from doing no more than developing the appropriate 

attitude or point of view. The people involved are inevitably the central factor in any human effort and 

the systematic consideration of their advantages, limitations, needs and aspirations is inherently 

important. 

Human factors are a system concerned with the relationship among human beings, work place or work 

environment and machines. All man-machine systems are produced with some objective in view. 

This objective is always well defined and the system is designed so as achieve the objective as 

successfully as possible. In view of this the operational functions of both the components and 

constituents i.e. man and machine should be clearly defined. 

3.2 Man Machine System 

There is one another aspect of man-machine system which, though not strictly a part of it, affects the 

system performance to a great extent. This is the system environment or what we call as working 

conditions. The proper integration of man and machine, which is beneficial for human operator and 

enhances the overall system performance, is a primary aim of the ergonomics discipline. 

 

1. Characteristics of Man-machine System Are as follows: 

(1) The man-machine system consists of the man, the machine and system environment. 

(2) It is essentially artificial by nature and is specifically developed to fulfill some purpose or specific aim. 

(3) It has specific inputs and outputs which are appropriately balanced. 

 (4) It is variable in size and complexity and is dynamic in performance. 

(5) Subsystems of man machine system interact with and effects the other parts. 

(6) The man-machine system becomes more efficient when inputs and out puts are adequately 

balanced. 

(7) Environmental factors or system environment effects system performance. 

 

2. Classification of Man-Machine Systems: 

Depending upon size and complexity, man machine systems are of following three types: 

(1) Manual Systems: 
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They are essentially man directed systems. These are flexible in nature and small in size. Simple tools 

and equipment are used and the efficiency is dependent upon the human factor. A large variability is 

possible in a manual system as every worker may select different method to do the same job. 

(2) Mechanical Systems: 

They are more complex and inflexible in nature than manual systems. The machine component is power 

driven and human activity is information processing, decision making and controlling occasionally knows 

semi automatic systems, they have components which are well integrated. This is the feature which 

renders these systems rather inflexible. An automobile and a machine tool operated by driver or 

operator are good examples of his class. 

 (3) Automatic Systems: 

A complex system in which all operational functions are performed by automatic devices is known as 

automatic system. Operational functions are sensing information processing decision making and action. 

It is completely inflexible in nature and cannot be adopted to uses other that the one for which it has be 

designed. 

The human element/component performs the jobs of monitoring, programming the function, 

maintenance and up keep. An automatic telephone exchange, a digital computer and automatic screw 

cutting, machines are good examples of automatic systems. A perfectly reliable automatic system does 

not exist at present. 

3.3 Analysis of capabilities of Worker 

It is difficult to speak of work analysis without putting it in the perspective of recent changes in the 

industrial world, because the nature of activities and the conditions in which they are carried out have 

undergone considerable evolution in recent years. The factors giving rise to these changes have been 

numerous, but there are two whose impact has proved crucial. On the one hand, technological progress 

with its ever-quickening pace and the upheavals brought about by information technologies has 

revolutionized jobs (De Keyser 1986). On the other hand, the uncertainty of the economic market has 

required more flexibility in personnel management and work organization. If the workers have gained a 

wider view of the production process that is less routine-oriented and undoubtedly more systematic, 

they have at the same time lost exclusive links with an environment, a team, a production tool. It is 

difficult to view these changes with serenity, but we have to face the fact that a new industrial 

landscape has been created, sometimes more enriching for those workers who can find their place in it, 

but also filled with pitfalls and worries for those who are marginalized or excluded. However, one idea is 

being taken up in firms and has been confirmed by pilot experiments in many countries: it should be 

possible to guide changes and soften their adverse effects with the use of relevant analyses and by using 

all resources for negotiation between the different work actors. It is within this context that we must 

place work analyses today—as tools allowing us to describe tasks and activities better in order to guide 

interventions of different kinds, such as training, the setting up of new organizational modes or the 

design of tools and work systems. We speak of analyses, and not just one analysis, since there exist a 

large number of them, depending on the theoretical and cultural contexts in which they are developed, 

the pa ti ula  goals the  pu sue, the e ide e the  olle t, o  the a al se s o e  fo  eithe  
specificity or generality. In this article, we will limit ourselves to presenting a few characteristics of work 

analyses, and emphasizing the importance of collective work. Our conclusions will highlight other paths 

that the limits of this text prevent us from pursuing in greater depth. 
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Some Characteristics of Work Analyses 

3.3.1 The context 

If the primary goal of any work analysis is to describe what the operator does, or should do, placing it 

more precisely into its context has often seemed indispensable to researchers. They mention, according 

to their own views, but in a broadly similar manner, the concepts of context, situation, environment, 

work domain, work world or work environment. The problem lies less in the nuances between these 

terms than in the selection of variables that need to be described in order to give them a useful 

meaning. Indeed, the world is vast and industry is complex, and the characteristics that could be 

referred to are innumerable. Two tendencies can be noted among authors in the field. The first one sees 

the des iptio  of the o te t as a ea s of aptu i g the eade s i te est a d p o idi g hi  o  he  
with an adequate semantic framework. The second has a different theoretical perspective: it attempts 

to embrace both context and activity, describing only those elements of the context that are capable of 

influencing the behaviour of operators. 

 

3.3.2 The semantic framework 

Context has evocative power. It is enough, for an informed reader, to read about an operator in a 

control room engaged in a continuous process to call up a picture of work through commands and 

surveillance at a distance, where the tasks of detection, diagnosis and regulation predominate. What 

variables need to be described in order to create a sufficiently meaningful context? It all depends on the 

reader. Nonetheless, there is a consensus in the literature on a few key variables. The nature of the 

economic sector, the type of production or service, the size and the geographical location of the site are 

useful.  

The production processes, the tools or machines and their level of automation allow certain constraints 

and certain necessary qualifications to be guessed at. The structure of the personnel, together with age 

and level of qualification and experience are crucial data whenever the analysis concerns aspects of 

t ai i g o  of o ga izatio al fle i ilit . The o ga izatio  of o k esta lished depe ds o e o  the fi s 
philosophy than on technology. Its description includes, notably, work schedules, the degree of 

centralization of decisions and the types of control exercised over the workers. Other elements may be 

added i  diffe e t ases. The  a e li ked to the fi s histo  a d ultu e, its e o o i  situatio , o k 
conditions and any restructuring, mergers and investments. There exist at least as many systems of 

classification as there are authors, and there are numerous descriptive lists in circulation. In France, a 

special effort has been made to generalize simple descriptive methods, notably allowing for the ranking 

of certain factors according to whether or not they are satisfactory for the operator. 

3.3.3 The description of relevant factors regarding the activity 

The taxonomy of complex systems described by Rasmussen, Pejtersen and Schmidts (1990) represents 

one of the most ambitious attempts to cover at the same time the context and its influence on the 

operator. Its main idea is to integrate, in a systematic fashion, the different elements of which it is 

composed and to bring out the degrees of freedom and the constraints within which individual 

strategies can be developed. Its exhaustive aim makes it difficult to manipulate, but the use of multiple 

modes of representation, including graphs, to illustrate the constraints has a heuristic value that is 

bound to be attractive to many readers. Other approaches are more targeted. What the authors seek is 

the selection of factors that can influence a precise activity. Hence, with an interest in the control of 

processes in a changing environment, Brehmer (1990) proposes a series of temporal characteristics of 

the context which affect the control and anticipation of the operator. This autho s t polog  has ee  
developed fro  i o- o lds , o pute ized si ulatio s of d a i  situatio s, ut the autho  
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himself, along with many others since, used it for the continuous-process industry (Van Daele 1992). For 

certain activities, the influence of the environment is well known, and the selection of factors is not too 

difficult. Thus, if we are interested in heart rate in the work environment, we often limit ourselves to 

describing the air temperatures, the physical constraints of the task or the age and training of the 

subject—even though we know that by doing so we perhaps leave out relevant elements. For others, 

the choice is more difficult. Studies on human error, for example, show that the factors capable of 

producing them are numerous (Reason 1989). Sometimes, when theoretical knowledge is insufficient, 

only statistical processing, combining context and activity analysis, allows us to bring out the relevant 

contextual factors (Fadier 1990). 

 

 

Figure 3.1 The criteria and sub-criteria of the taxonomy of micro-worlds proposed by Brehmer (1990) 

3.3.4 The task 

The task is defined by its objectives, its constraints and the means it requires for achievement. A 

function within the firm is generally characterized by a set of tasks. The realized task differs from the 

prescribed task scheduled by the firm for a large number of reasons: the strategies of operators vary 

within and among individuals, the environment fluctuates and random events require responses that 

are often outside the prescribed framework. Finally, the task is not always scheduled with correct 

knowledge of its conditions of execution, hence the need for adaptations in real time. But even if the 

task is updated during the activity, sometimes to the point of being transformed, it still remains the 

central reference. 

Questionnaires, inventories and taxonomies of tasks are numerous, especially in the English-language 

literature—the reader will find excellent reviews in Fleishman and Quaintance (1984) and in Greuter and 

Algera (1989). Certain of these instruments are merely lists of elements—for example, the action verbs 

to illustrate tasks—that are checked off according to the function studied. Others have adopted a 

hierarchical principle, characterizing a task as interlocking elements, ordered from the global to the 

particular. These methods are standardized and can be applied to a large number of functions; they are 

simple to use, and the analytical stage is much shortened. But where it is a question of defining specific 

work, they are too static and too general to be useful. 
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Next, there are those instruments requiring more skill on the part of the researcher; since the elements 

of analysis are not predefined, it is up to the researcher to characterize them. The already outdated 

critical incident technique of Flanagan (1954), where the observer describes a function by reference to 

its difficulties and identifies the incidents which the individual will have to face, belongs to this group. 

It is also the path adopted by cognitive task analysis (Roth and Woods 1988). This technique aims to 

bring to light the cognitive requirements of a job. One way to do this is to break the job down into goals, 

constraints and means. Figure 29.2  shows how the task of an anaesthetist, characterized first by a very 

global goal of patient survival, can be broken down into a series of sub-goals, which can themselves be 

classified as actions and means to be employed. More than 100 hours of observation in the operating 

theatre and subsequent interviews with anaesthetists were necessary to obtain this synoptic 

photog aph  of the e ui e e ts of the fu tio . This te h i ue, although uite la o ious, is 
nevertheless useful in ergonomics in determining whether all the goals of a task are provided with the 

means of attaining them. It also allows for an understanding of the complexity of a task (its particular 

difficulties and conflicting goals, for example) and facilitates the interpretation of certain human errors. 

But it suffers, as do other methods, from the absence of a descriptive language (Grant and Mayes 1991). 

Moreover, it does not permit hypotheses to be formulated as to the nature of the cognitive processes 

brought into play to attain the goals in question. 
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Figure 3.2 Cognitive analysis of the task: general anesthesia 

Other approaches have analysed the cognitive processes associated with given tasks by drawing up 

hypotheses as to the information processing necessary to accomplish them. A frequently employed 

og iti e odel of this ki d is ‘as usse s , hi h p o ides, a o di g to the atu e of the task 

and its familiarity for the subject, three possible levels of activity—based either on skill-based habits and 

reflexes, on acquired rule-based procedures or on knowledge-based procedures. But other models or 

theories that reached the height of their popularity during the 1970s remain in use. Hence, the theory of 

optimal control, which considers man as a controller of discrepancies between assigned and observed 

goals, is sometimes still applied to cognitive processes. And modelling by means of networks of 

interconnected tasks and flow charts continues to inspire the authors of cognitive task analysis; figure 

3.3 provides a simplified description of the behavioural sequences in an energy-control task, 

constructing a hypothesis about certain mental operations. All these attempts reflect the concern of 

researchers to bring together in the same description not only elements of the context, but also the task 

itself and the cognitive processes that underlie it—and to reflect the dynamic character of work as well. 
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Figure 3.3 Simplified description of the determinants of a behaviour sequence  in an energy control 

task:  case of unacceptable consumption of energy 

Since the arrival of the scientific organization of work, the concept of the prescribed task has been 

adversely criticized because it has been viewed as involving the imposition on workers of tasks that are 

not only designed without consulting their needs, but are often accompanied by a specific performance 

time, a restriction not welcomed by many workers. Even if the imposition aspect has become rather 

more flexible today and even if the workers contribute more often to the design of tasks, an assigned 

time for tasks remains necessary for schedule planning and remains an essential component of work 

organization. The quantification of time should not always be perceived in a negative manner. It 

constitutes a valuable indicator of workload. A simple but common method of measuring the time 

pressure exerted on a worker consists of determining the quotient of the time necessary for the 

execution of a task divided by the available time. The closer this quotient is to unity, the greater the 

pressure (Wickens 1992). Moreover, quantification can be used in flexible but appropriate personnel 

management. Let us take the case of nurses where the technique of predictive analysis of tasks has been 

generalized, for example, in the Canadian regulation Planning of Required Nursing (PRN 80) (Kepenne 

1984) or one of its European variants. Thanks to such task lists, accompanied by their mean time of 

execution, one can, each morning, taking into account the number of patients and their medical 

conditions, establish a care schedule and a distribution of personnel. Far from being a constraint, PRN 80 

has, in a number of hospitals, demonstrated that a shortage of nursing personnel exists, since the 

technique allows a difference to be established (see figure 3.4) between the desired and the observed, 

that is, between the number of staff necessary and the number available, and even between the tasks 

planned and the tasks carried out. The times calculated are only averages, and the fluctuations in the 

situation do not always make them applicable, but this negative aspect is minimized by a flexible 

organization that accepts adjustments and allows the personnel to participate in effecting those 

adjustments. 
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Figure 3.4 Discrepancies between the numbers of personnel present and required  on the basis of 

PRN80 

 

3.3.5 The activity, the evidence and the performance 

An activity is defined as the set of behaviours and resources used by the operator so that work occurs—
that is to say, the transformation or production of goods or the rendering of a service. This activity can 

be understood through observation in different ways. Faverge (1972) has described four forms of 

analysis. The first is an analysis in terms of gestures and postures, where the observer locates, within the 

visible activity of the operator, classes of behaviour that are recognizable and repeated during work. 

These activities are often coupled with a precise response: for example, the heart rate, which allows us 

to assess the physical load associated with each activity. The second form of analysis is in terms of 

information uptake. What is discovered, through direct observation—or with the aid of cameras or 

recorders of eye movements—is the set of signals picked up by the operator in the information field 

surrounding him or her. This analysis is particularly useful in cognitive ergonomics in trying to better 

understand the information processing carried out by the operator. The third type of analysis is in terms 

of regulation. The idea is to identify the adjustments of activity carried out by the operator in order to 

deal with either fluctuation in the environment or changes in his own condition. There we find the direct 

intervention of context within the analysis. One of the most frequently cited research projects in this 

area is that of Sperandio (1972). This author studied the activity of air traffic controllers and identified 

important strategy changes during an increase in air traffic. He interpreted them as an attempt to 

simplify the activity by aiming to maintain an acceptable load level, while at the same time continuing to 

meet the requirements of the task. The fourth is an analysis in terms of thought processes. This type of 

analysis has been widely used in the ergonomics of highly automated posts. Indeed, the design of 

computerized aids, and notably intelligent aids for the operator, requires a thorough understanding of 

the way in which the operator reasons in order to solve certain problems. The reasoning involved in 

scheduling, anticipation and diagnosis has been the subject of analyses, an example of which can be 

found in figure 29.5 . However, the evidence of mental activity can only be inferred. Apart from certain 

observable aspects of behaviour, such as eye movements and problem-solving time, most of these 

analyses resort to verbal response. Particular emphasis has been placed, in recent years, on the 

knowledge necessary to accomplish certain activities, with researchers trying not to postulate them at 

the outset but to make them apparent through the analysis itself. 
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Figure 3.5: Analysis of mental activity. Strategies in the control of processes  with long response times: 

need for computerized support in diagnosis 

Such efforts have brought to light the fact that almost identical performances can be obtained with very 

different levels of knowledge, as long as operators are aware of their limits and apply strategies adapted 

to their capabilities. Hence, in our study of the start-up of a thermoelectric plant (De Keyser and 

Housiaux 1989), the start-ups were carried out by both engineers and operators. The theoretical and 

procedural knowledge that these two groups possessed, which had been elicited by means of interviews 

and questionnaires, were very different. The operators in particular sometimes had an erroneous 

understanding of the variables in the functional links of the process. In spite of this, the performances of 

the two groups were very close. But the operators took into account more variables in order to verify 

the control of the start-up and undertook more frequent verifications. Such results were also obtained 

by Amalberti (1991), who mentioned the existence of metaknowledges allowing experts to manage their 

own resources. 

What evidence of activity is appropriate to elicit? Its nature, as we have seen, depends closely on the 

form of analysis planned. Its form varies according to the degree of methodological care exercised by 

the observer. Provoked evidence is distinguished from spontaneous evidence, and concomitant from 

subsequent evidence. Generally speaking, when the nature of the work allows, concomitant and 

spontaneous evidence are to be preferred. They are free of various drawbacks such as unreliability of 

memory, observer interference, the effect of rationalizing reconstruction on the part of the subject, and 

so forth. To illustrate these distinctions, we will take the example of verbalizations. Spontaneous 

verbalizations are verbal exchanges, or monologues expressed spontaneously without being requested 

by the observer; provoked verbalizations are those made at the specific request of the observer, such as 

the request made to the subject to thi k aloud , hi h is ell k o  i  the og iti e lite atu e. Both 
types can be done in real time, during work, and are thus concomitant.  

The  a  also e su se ue t, as i  i te ie s, o  su je ts  e alizatio s he  the  ie  ideotapes of 
their work. As for the validity of the verbalizations, the reader should not ignore the doubt raised in this 

regard by the controversy between Nisbett and De Camp Wilson (1977) and White (1988) and the 

precautions suggested by numerous authors aware of their importance in the study of mental activity in 
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view of the methodological difficulties encountered (Ericson and Simon 1984; Savoyant and Leplat 1983; 

Caverni 1988; Bainbridge 1986). 

The organization of this evidence, its processing and its formalization require descriptive languages and 

sometimes analyses which go beyond field observation. Those mental activities which are inferred from 

the evidence, for example, remain hypothetical. Today they are often described using languages derived 

from artificial intelligence, making use of representations in terms of schemes, production rules and 

connecting networks. Moreover, the use of computerized simulations—of micro-worlds—to pinpoint 

certain mental activities has become widespread, even though the validity of the results obtained from 

such computerized simulations, in view of the complexity of the industrial world, is subject to debate. 

Finally, we must mention the cognitive modellings of certain mental activities extracted from the field. 

Among the best known are the diagnosis of the operator of a nuclear power plant, carried out in ISPRA 

De o tis a d Ca ia ue , a d the pla i g of the o at pilot pe fe ted i  Ce t e d études et de 
recherches de médecine aérospatiale (CERMA) (Amalberti et al. 1989). 

Measurement of the discrepancies between the performance of these models and that of real, living 

operators is a fruitful field in activity analysis. Performance is the outcome of the activity, the final 

response given by the subject to the requirements of the task. It is expressed at the level of production: 

productivity, quality, error, incident, accident—and even, at a more global level, absenteeism or 

turnover. But it must also be identified at the individual level: the subjective expression of satisfaction, 

stress, fatigue or workload, and many physiological responses are also performance indicators. Only the 

entire set of data permits interpretation of the activity—that is to say, judging whether or not it furthers 

the desired goals, while remaining within human limits. There exists a set of norms which, up to a 

certain point, guide the observer. But these norms are not situated—they do not take into account the 

context, its fluctuations and the condition of the worker. This is why in design ergonomics, even when 

rules, norms and models exist, designers are advised to test the product using prototypes as early as 

possi le a d to e aluate the use s  a ti it  a d pe fo a e. 

3.4 Anthropometry 

Anthropometry is a fundamental branch of physical anthropology. It represents the quantitative aspect. 

A wide system of theories and practice is devoted to defining methods and variables to relate the aims 

in the different fields of application. In the fields of occupational health, safety and ergonomics 

anthropometric systems are mainly concerned with body build, composition and constitution, and with 

the di e sio s of the hu a  od s i te elatio  to o kpla e di e sio s, a hi es, the i dust ial 
environment and clothing. 

3.4.1 Anthropometric variables 

An anthropometric variable is a measurable characteristic of the body that can be defined, standardized 

and referred to a unit of measurement. Linear variables are generally defined by landmarks that can be 

precisely traced on the body. Landmarks are generally of two types: skeletal-anatomical, which maybe 

found and traced by feeling bony prominences through the skin, and virtual landmarks that are simply 

found as maximum or minimum distances using the branches of a caliper. 

Anthropometric variables have both genetic and environmental components and may be used to define 

individual and population variability. The choice of variables must be related to the specific research 

purpose and standardized with other research in the same field, as the number of variables described in 

the literature is extremely large, up to 2,200 having been described for the human body. 
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Anthropometric variables are mainly linear measures, such as heights, distances from landmarks with 

subject standing or seated in standardized posture; diameters, such as distances between bilateral 

landmarks; lengths, such as distances between two different landmarks; curved measures, namely arcs, 

such as distances on the body surface between two landmarks; and girths, such as closed all-around 

measures on body surfaces, generally positioned at at least one landmark or at a defined height. 

Other variables may require special methods and instruments. For instance skinfold thickness is 

measured by means of special constant pressure calipers. Volumes are measured by calculation or by 

immersion in water. To obtain full information on body surface characteristics, a computer matrix of 

surface points may be plotted using biostereometric techniques. 

3.4.2 Systems of variables 

 A system of anthropometric variables is a coherent set of body measurements to solve some specific 

problem. 

 In the field of ergonomics and safety the main problem is fitting equipment and work space to 

humans and tailoring clothes to the right size. 

 Equipment and work space require mainly linear measures of limbs and body segments that can 

easily be calculated from landmark heights and diameters, whereas tailoring sizes are based mainly 

on arcs, girths and flexible tape lengths. Both systems may be combined according to need. 

 In any case it is absolutely necessary to have a precise space reference for each measurement. The 

landmarks must therefore be linked by heights and diameters and every arc or girth must have a 

defined landmark reference. Heights and slopes must be indicated. 

 In a particular survey the number of variables has to be limited to the minimum so as to avoid undue 

stress on the subject and operator. 

A basic set of variables for work space has been reduced to 33 measured variables  plus 20 derived by 

simple calculation. For a general purpose military survey, Hertzberg and co-workers use 146 variables. 

For clothes and general biological purposes the Italian Fashion Board (Ente Italiano della Moda) uses a 

set of 32 general purpose variables and 28 technical ones. The German norm (DIN 61 516) of control 

body dimensions for clothes includes 12 variables. The recommendation of the International 

Organization for Standardization (ISO) for anthropometry includes a core list of 36 variables. The 

International Data on Anthropometry tables published by the ILO list 19 body dimensions for the 

populations of 20 different regions of the world. 

 Forward reach (to hand grip with subject standing upright against a wall) 

 Stature (vertical distance from floor to head vertex) 

 Eye height (from floor to inner eye corner) 

 Shoulder height (from floor to acromion) 

 Elbow height (from floor to radial depression of elbow) 

 Crotch height (from floor to pubic bone) 

 Finger tip height (from floor to grip axis of fist) 

 Shoulder breadth (biacromial diameter) 

 Hip breadth, standing (the maximum distance across hips) 

 Sitting height (from seat to head vertex) 

 Eye height, sitting (from seat to inner corner of the eye) 

 Shoulder height, sitting (from seat to acromion) 

 Elbow height, sitting (from seat to lowest point of bent elbow) 
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 Knee height (from foot-rest to the upper surface of thigh) 

 Lower leg length (height of sitting surface) 

 Forearm-hand length (from back of bent elbow to grip axis) 

 Body depth, sitting (seat depth) 

 Buttock-knee length (from knee-cap to rearmost point of buttock) 

 Elbow to elbow breadth (distance between lateral surface of the elbows) 

 Hip breadth, sitting (seat breadth) 

 Index finger breadth, proximal (at the joint between medial and proximal phalanges) 

 Index finger breadth, distal (at the joint between distal and medial phalanges) 

 Index finger length 

 Hand length (from tip of middle finger to styloid) 

 Hand breadth (at metacarpals) 

 Wrist circumference 

 Foot breadth 

 Foot length 

 Heat circumference (at glabella) 

 Sagittal arc (from glabella to inion) 

 Head length (from glabella to opisthocranion) 

 Head breadth (maximum above the ear) 

 Bitragion arc (over the head between the ears) 

 Waist circumference (at the umbilicus) 

 Tibial height (from the floor to the highest point on the antero-medial margin of the glenoid of the 

tibia) 

 Cervical height sitting (to the tip of the spinous process of the 7th cervical vertebra). 

 

3.5 Design of Controls 

Following are the details of factors behind design of controls. 

 

 Design of Controls: Factor # 1. Control Display Ratio (C/D Ratio): 

The CD ratio is defined as the ratio between the movement of control device and the moving element of 

the display showing or representing the control movement. It should be obvious that this relationship 

shall be of considerable importance to the operator operating the control. 

This term is meaning full only in case of continuous controls. An optimum C/D ratio will reduce the 

operation time. In the rapid or slowing movement any increase in C/D ratio would increase the time but 

in case of fine adjustment movement increased C/D ratio will reduce the time. The C/D ratio is 

illustrated in Figure. 
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Figure 3.6: C/D Ratio Example 

 

 Design of Controls: Factor # 2. Directional Relation in Control and Display: 

There should be correct relationship between the direction of movement if control and that of the 

moving element of the display. If the control moves clockwise the pointer should also move clockwise. 

The reverse movement may confuse the operator. 

An appropriate control and display movement relationship reduces reaction time, facilitates in taking 

quick decisions, speeds up movements, eliminates reversal errors and helps in reducing learning time, it 

is essential when a job is complex and control motion sequence is irregular. 

 Design of Controls: Factor # 3. Control Resistance: 

The force offered by the control to the intended movement is known as control resistance; it is offered 

by the control and keeps a relation with the resistance offered by the device being activated by the 

control. There are variety of resistances offered by controls. 

Some are negligible in terms of physical forces where as other are significant. The main types are as 

follows: 

 (i) Inertia Force. 

(ii) Static and Dynamic Friction. 

(iii) Elastic or Spring Force. 

(iv) Viscous Damping Force. 

 

These resistances have the following effects on the operational performance of the control: 

(a) It affects the smoothness of control operation. 

(b) Accuracy and speed of control movement is affected. 

(c) A very small control resistance may create/give rise to accidental activation by virtue of unintentional 

load situations such as gravity and shock etc. 

All types of resistance force have their benefits and limitations which should be considered by the 

designer spring or elastic resistance helps in return movement of the control because it is always 

directed towards zero position. It cannot be actuated easily by accident other than application of 

accidental force. This provides the operator the feel of control movement. 

Inertia force opposes sudden changes in velocity there by reducing risk of accidental activation. The 

operator is provided with a true feel of movement but makes it difficult to do precise adjustment 
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Viscous damping force, reduces risk of accidental activation opposes quick movement of control and 

thus helps the operator in performing smooth control movements. 

Factional resistance plays different roles in dynamic and static conditions. It decreases as soon as control 

becomes dynamic but it tends to keep control in position during static conditions. 

 Design of Controls: Factor # 4. Operational Coding of Controls: 

Coding means the technique of conveying information quickly may be through colors numbers or letters 

etc. controls are required to be coded in order to identify them so as to reduce the overall operational 

time. Effective methods of control coding are to regulate/control their size, shape, method of operation, 

position colour and labels.The following rules in this regard should be followed: 

(i) Shape Coding: 

It should have some relationship with the intended purpose of control. It acts as a visual display as well 

as a communication input. Many shapes have been standardized for control coding in many industries 

and government bodies. 

(ii) Size Coding: 

It is not as effective as shape coding but may serve the purpose in many cases specifically industries. 

(iii) Position Coding: 

It is helpful in habit forming. Example is why electric bulbs switches are normally fitted near doors or at 

other convenient places at shoulder height. 

(iv) Method of Operation Coding: 

This rule is concerned with that control should be designed in such a manner that it a would not be 

operated in a wrong direction. 

(v) Colour Coding: 

It is a visual coding method and is very effective which can be combined with other coding techniques 

such as shape size and level etc. 

(vi) Labeling: 

It is also an effective coding method for controls. A good level should be precise, complete short and 

standard in case of notational and should be placed on or very close to control. But all this can be done if 

space for putting up the level and lighting as a visual aid is available. 

Displays are devices, no matter how simple, which are used by the information sender to communicate 

with human receiver. The point emphasized above about the range of technology used is reflected in 

Bu k‟s defi itio  efe i g to o atte  ho  si ple . It also e eals that the e is a  i fo atio  se de  
and an information receiver. The information sender may be an individual or an organisation. For 

example, an organisation may have a policy that has been implemented by the display, e.g., the no 

smoking sign. For individuals, it may be a more immediate sender who is generating information for the 

user. For example, a message over the telephone. The information sender may not be another human 

being, but may be an aspect of the machine or artefact that the user is interacting with. Our interactions 

with the cash machines use a scripted dialogue, with alternatives being presented at different points in 
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the interaction. Another human being has designed and programmed this dialogue, but our interaction 

with human beings within this system will rarely happen, unless for example, we are trying to extract 

money from an overdrawn account when the machine may retain our card and we will ha e to „fa e the 
usi ‟ ith a a k e plo ee. Bu k goes o  to la if  the o u i atio  ole of displa s. “i e the ole 

of displays is to communicate, displays need to be chosen to meet the necessary conditions of 

communication, provide the types of information needed, be relevant to the situation, and fit the 

people who need or want the communication.  

3.5.1 Problems in Display Design 

Another way of typifying the problem of display design is to look at it from the perspective of the tasks 

that an individual will need to carry out in order to meet the demands of the system within which they 

are working. Easterby (1984) listed the tasks involved in working with displayed information as follows: 

 Detection: Determining the presence of an object, target or symbol. 

 Discrimination: Determining that differences exist; discriminating between target objects and non-

target objects is determining differences on the basis of which identifications can be made. 

 Identification: Attributing a name or meaning to some object target or signal. Discrimination and 

identification are often parallel processes, but in psychological terms, they make different demands 

of the presented information. 

 Recognition: Determining whether objects in the display have been seen and perceived before. 

Identification often accompanies recognition. 

 Comprehension: Understanding the meaning of a given display so that an associated consequent 

course of action is both apparent and possible. Comprehension involves recognition as a necessary 

but not sufficient condition.  

3.5.2 Classification of types of Information  

Buck (1983) provides a useful classification of types of information that can be displayed to users. 

1. Instructions 

2. Command 

3. Advisory 

4. Answers 

5. Historical 

6. Predictive. 

 Instructions refer to information that guides behaviour in a particular way. In other words, it 

supports performance to carry out a task by prompting on what to do and when to do it. A simple 

sign telling people to enter or not enter a door would be one example. Other simple cases include 

the dialogue messages that are provided on automated cash machines (ACM). More complex 

instructions will appear in printed form on the packaging or the instructional manuals for pieces of 

equipment. 

 Command essages gi e a e  st aightfo a d state e t o  hat is o  hat is ot pe itted. Do 
ot e te , do ot s oke , do ot eat o  d i k , a e e a ples of o a d essages. “o eti es 

they are similar to instructions, but are much more focused on simple statements that refer to high 

priority items. 
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 Advisory messages are somewhat watered down versions of command messages. In some cases, 

these will be recommendations to avoid a situation, at other times they would be information 

allowing for the preparation or planning of particular activities. For example, we might be advised 

that our train is late by a spoken message and we might, possibly, be given an accurate time 

estimate for when the train will be available. 

 Answers information may be provided in response to a particular enquiry that has been made. This 

is typical of an interactive information-handling situation, where we have a particular question in 

mind or degree of uncertainty and we seek information from a source with regard to removing that 

uncertainty. It turns out that most of the information that is sought from displays is of the answer 

kind. If we want to know what the time of day is, we look at our watches and clocks to find the 

answer. If we want to know what speed we are doing in our cars, or what level of fuel we have, we 

look at the gauges. 

 Historical displays are used to look back at the state of a variable over a period of minutes, hours, 

days or even years. A graphical representation of road accidents over the last century would be a 

historical display of information. If we want to know what the temperature fluctuation has been in 

an office on a daily basis, then specialist devices can be brought in and placed in the office that will 

give a pen recording over a fixed period of time. It is much easier to see if there is a trend in 

information if it is displayed in this way; the alternative is to hold in memory a general impression of 

what the temperature readings have been at a number of points during the day or record them 

manually on a chart. Gauging the temperature in an office concerns a relatively low risk situation. 

However, if the concern is with the temperature in a critical vessel in a chemical process, then the 

temperature trends exhibited over the time are quite important. If the current value is near a safety 

value, it may well be that it has been near that value for several weeks and is not a critical event. On 

the other hand, it may have reached that value in the last few hours; looking back at the trend in the 

information will indicate the rate of change of that variable and whether it constitutes a particular 

risk to the system. Predictive displays are much more specialised, but increasingly found in complex 

processes. In the same way that historical data support performance in making a judgment based on 

the current value, predictive information enables examination of the current value and indicates any 

likely change in the future.  

 Predictor displays enable better control over vehicles, typically at sea or airborne, and enable 

smoother transitions from one state to another. They are used in slow response systems where it is 

difficult to see the immediate effect of an action that has been carried out. Predictive displays will 

enable a variable to be plotted into the future. The same graphs that are used as historical displays 

can also be used as predictive displays. If a steady decline in road accidents over time is seen, then 

the best prediction of the future would be a continued decline. However, it may be that this does 

not turn out to be the case because of some other factor that can enter into the situation. A 

predictive value is based on the best evidence available. But in the case of control of dynamic 

situations, such displays have much to offer in extending the human skill. 

***************** 
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