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Preface

Hierarchical Task Analysis (HTA) was initially developed by Keith Duncan and John Annett in the late 1960s. Their approach incorporated several important ideas from other task analysis methods into a practical analytical framework. The approach has been described in a number of useful articles, but these have often lacked sufficient explanation and illustration to enable people to understand its full implications. One consequence is that practitioners often see HTA as just another tool in the tool-box whose main purpose is to present hierarchical diagrams. Producing diagrams never was the purpose of HTA. The original authors’ intentions was always to provide a rigorous and realistic method of examining practical tasks. The diagramatic representation was a by-product.

My aim in preparing this book has been to provide a reasonably comprehensive account of HTA and to show how it can be used more widely and more systematically. Task analysis methods should aim to help the analyst engage with a problem in order to identify a solution. The analyst’s purpose is essentially practical. Therefore, I have represented HTA as a framework for examining tasks in which different considerations and other analytical methods can be applied as the task analysis evolves. A particular aspect of this approach concerns how well the analyst understands the context in which he or she is working.

I have also tried to show the breadth and power of the method by explaining how different aspects of HTA combine to create a rich picture of a task in order to account for complex behaviours. To support this, 1 have provided illustrations from a wide range of work contexts - manufacturing, maintenance, medical contexts, transportation and commercial activities. All of the examples included are reasonably straightforward. Where I have felt that some readers may be unfamiliar with certain aspects of particular domains, f have included a simple explanation. 1 believe there is benefit in exploring tasks across domains - even substantially different domains - since lessons learned in one domain often apply to others.

Finally, I have included several chapters concerned with applying HTA to support different aspects of human factors design - job and team design, interface design training, job-aids and human resource management issues. These are not comprehensive accounts of these topics and only deal with them in outline to show how HTA can be applied. Ultimately, task analysis methods can only be judged with respect to the use that can be made of results.

To avoid cluttering the main text with excessive dates and names I have included a final chapter which contains a number of notes that clarify certain numbered points throughout the text. Readers may pursue or avoid these as they choose. References are confined to these notes.

In view of focus and limitations of space, I have limited my discussion of other task analysis methods and only provide a cursory account of the different areas of applications. To compensate for this, I have referred heavily to texts which provide the reader with extensive supplementary material. These are Kirwan and Ainsworth (1992), Salvendy (1997) and Wilson and Corlett (1995).
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Introduction

Hierarchical Task Analysis (HTA) was first proposed in the late 1960s as a general approach to examining tasks. Since then, it has become widely adopted although the method is often applied unsystematically or in ways which fail to ensure its full benefit. The aim of this book is to present the ideas of HTA more fully than previously with a view to demonstrating the method, to show how it can be applied to a number of different work contexts and to show how it can be applied in a number of useful ways. HTA cannot deal with every human factors decision without reference to other methods and ideas, but it can be used to guide an examination of tasks so that other methods and ideas can be used to greater benefit.

Any effort to improve human performance in a work or recreational setting must start by some understanding of what people are required to do and how they achieve their goals. Methods for achieving this understanding are often referred to as task analysis. Thus task analysis methods are an important prerequisite to the organisation of work, the design of workplaces, work practices and equipment, and in helping people to master their tasks. Task analysis methods, therefore, should be of direct interest to managers and engineers concerned with setting up and organising systems, to designers concerned with making sure people can use equipment properly, to managers and supervisors concerned with making sure that systems work according to design, to human factors and other management support staff concerned with prescribing conditions to enable people to work effectively, to human resources staff concerned with personnel and training issues, and to safety staff concerned to ensure that safe practices are followed..

In HTA, tasks are represented in terms of hierarchies of goals and subgoals, using the idea ofplans to show when subgoals need to be carried out. Figure 0.1 shows these elements representing the simple task of using a toaster. Using HTA to examine something as straightforward as this is not something we would normally bother to do - although using a toaster could be seen as more complex than this - but it provides a good example.

In task analysis, it is always important to think of the reason why the task is carried out. A toaster is used to obtain toast, by cooking ordinary bread to the satisfaction of the person who is to eat it. Thus, the task has a purpose or goal and criteria against which the toast can be judged to be satisfactory or otherwise. Setting the criteria for industrial, commercial and service goals includes specification of the product and constraints on how it is achieved. These constraints can include cost and safety criteria.
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Figure 0.1 A simple illustration of Hierarchical Task Analysis.

Thus, motor cars are manufactured to be capable of transporting passengers according to a criterion of speed and acceleration, but this cannot be achieved at the expense of comfort and safety.

Detailed criteria can rarely be specified at the outset of a design process, even in product design. As designs are developed and intermediate design problems are solved, so new aspects of the product and its manufacture are discovered. To achieve a suitable level of power for a new vehicle, for example, a larger engine than had been initially envisaged may need to be included. This immediately places greater constraints on the size and layout of other components, so detailed design criteria are modified.

This process of refining criteria also arises when tasks are examined. As aspects of the task are uncovered, so we realise increasingly what needs to be valued in terms of performance. For example, a task analysis might commence with the aim of improving human performance to gain greater productivity. Notions of safety may be uppermost, but only when task detail is understood are the implications of safety properly appreciated.

Just as a task has a purpose, so too does the task analyst’s intervention in doing task analysis. The analyst might be involved in training, or developing a better control panel, or determining how people can work together most effectively, or several of these things. Task analysis should not be done for the sake of it; knowing why we are carrying out the analysis affects how the analysis progresses.

Plans are crucial to HTA. Apian only makes sense in conjunction with the subgoals it is governing. Thus, to operate the toaster, we can use a plan (plan 0 in Figure 0.1) which states that first we must ensure power to the toaster, then we must insert the bread, then we push down the lever, then when the toast pops up, we remove the toast. If the toast is satisfactory we can terminate the toaster operation. If the toast is unsatisfactory we can adjust the toaster then repeat part of the previous activity.

Carrying out HTA on any task entails similar processes to those described for using the toaster. HTA works towards understanding what is necessary to achieve the stated goal. The analyst keeps in mind the performance criteria involved. As the analysis proceeds, the criteria for performance and why these different things are important start to make more sense.

Organisation of the book

Following this introductory chapter, the book is organised into two main sections. Chapters 2 to 6 deal with the issues of how to analyse tasks, while Chapters 7 to 12 deal with issues of applying the analysis. Since this book aims to provide a practical account of HTA, academic references and discussion of a number of issues have been kept to a minimum to allow the reader to follow arguments and examples more easily. To balance this, Chapter 14 has been included to deal with various numbered annotations throughout the book.

Chapter 1 introduces several of the main concepts used in task analysis to show how the basic methods of HTA are justified. Emphasis is placed on the importance of systems thinking, because task analysis is always undertaken to help understand human performance in a context such as an office, hospital ward or industrial unit. Carrying out task analysis in a practical way that serves the needs of people responsible for systems working effectively, requires a broad perspective. Chapter 1 also introduces most of the terminology that will be used throughout the book.

Task analysis methods have both products by which the task is represented and processes by which the analyst gathers information about the task in order to develop this representation. HTA is strongly characterised by hierarchical diagrams, such as that shown in Figure 0.1. This has led people to assume that HTA is, primarily, a method for task representation. However, Chapter 2 will argue that this hierarchical representation is merely the product of a systematic process of examining tasks. Indeed, it will suggest that HTA is most usefully regarded as a framework for guiding task analysis. This framework enables tasks to be explored in accordance with their degree of complexity.

Chapter 3 focuses on the issue ofplans in HTA. Plans are crucial in redescribing goals, because they specify the conditions when subgoals must be carried out to meet their common goal. It will be shown that much of the flexibility and variety between different tasks can be accounted for by different plans and that plans can combine to account for complex behaviours. Strategies for examining complex plans will also be set out.

Trying to be a clear as possible when describing tasks risks plans appearing too inflexible. As a consequence, task analysis may fail to represent the flexibility that experienced workers have to bring to their work. Real skills often reflects considerable planning and decision-making which causes observable performance to vary in accordance with the context in which the task is carried out. Chapter 4 will deal with this issue. HTA is not a method of cognitive task analysis but serves the cause of cognitive task analysis by setting out the context in which such considerations apply. Moreover, attempts at representing how people reason and plan are often unnecessary in practical projects. The manner in which HTA relates to the analysis of cognitive tasks will be discussed.

Chapter 5 discusses issues of recording and representing HTA. Maintaining good records of work in progress and work completed is good practice and essential to task analysis where different aspects of how the task is carried out need to be negotiated with different people in authority and with the necessary expertise. Maintaining good records is essential to record how decisions are made. Good recording systems are also important because task descriptions can become complex; methods of locating parts of the task must be easy to follow without losing essential task detail.

Chapter 6 provides the reader with several examples of task analysis carried out in different work contexts. The aims of Chapter 6 are to demonstrate breadth of application of HTA and to show how similar analyses can be developed elsewhere. Examples are taken from clerical, industrial, health, transportation and service contexts. Operational, maintenance, management and supervisory tasks are included.

The second main section considers application of HTA. Often accounts of task analysis are given simply in terms of gathering and representing information about the task with no guidance provided to show how this information can then be used. This is generally unsatisfactory, because the methods adopted and the decisions taken during a task analysis are closely interrelated with the purpose for which the analysis is being carried out. Moreover, task analysis is a practical activity for which utility is of prime concern. If task analysis methods cannot be used to help identify performance problems or improve the design of tasks, then their value is questionable, no matter how valid the task analysis appears to be. Therefore, Chapters 7 to 12 will deal with various aspects of application of HTA.

Chapter 7 will consider the issue of human factors design and how design choices are influenced by various design factors. Design decisions are usually taken as HTA progresses; the HTA framework set out in Chapter 2 shows that making design choices is an integral part of the decision-making in which all analysts must engage. Chapter 7, will develop further how these choices are made, by reference to a range of contextual factors that influence both how tasks are performed and the costs and benefits of the design solutions themselves. Examples are given to illustrate how these factors interact.

Chapter 8 considers the issue of team and job design. Task analysis traditionally focuses on the role of the individual operator. However, by using a functional approach such as HTA, it is possible to appreciate the demands placed on an individual working within wider team whose role is to service a common function within an organisation. Examples are given of how team functions may be devolved into individual functions. It will also be shown how the various means by which colleagues are able to work effectively with one another can be represented as ‘team tasks’ in order that they are understood and can be trained. By understanding individual jobs in this way, their contribution to the wider team is clarified.

Chapter 9 considers issues associated with work design, including the issue of interface design. As with other design decisions, these aspects of human factors design are considered as an HTA progresses. Of particular importance is the fact that human skill depends upon the information and resources available to the operator carrying out a task. Indeed, many workplace design issues relate to task analysis in terms of the extent to which they support or constrain the operator’s use of information and controls. HTA can make a useful contribution to this aspect of design by helping to identify the information upon which the operator must rely.

Chapter 10 considers issues of training. Training has always been a central focus for HTA. This chapter will illustrate how HTA can be used to identify training needs, identify task knowledge, specify conditions for practice, including helping to prescribe simulation, and assist with assessment.

Chapter 11 considers the development of job-aids and other user documents. By providing a clear statement of the task, HTA can be used to identify where job-aids will assist performance. Moreover, the structure of HTA offers substantial benefit in helping set out a job-aid consistent with task requirements and with training.

Chapter 12 deals with the issue of personnel or human resource management. HTA provides a representation of the task that can aid decisions concerned with aspects of recruiting and managing people to ensure they are consistent with the real requirements of tasks.

Chapter 13 reviews the main arguments in the book to show contribution that HTA can make to human factors and human resource interventions.

Chapter 14 contains notes relating to various issues that have arisen throughout the book.

While each of Chapters 7 to 12 introduces human factors and human resource management concepts, these topics are not dealt with exhaustively. They are explained only to the extent that it is necessary to demonstrate the contribution that HTA can make. The reader must look elsewhere for a comprehensive review of these issues.




Chapter 1 Task analysis, concepts and terminology

Tasks are concerned with what people do when they work to achieve objectives. Although the word ‘task’is used frequently by people in normal discourse, it is not a rigorously defined scientific term and it is certainly not used consistently with respect to task analysis. The aim of this chapter is to explore the concept of ‘task’with respect to HTA.

It will review issues of systems thinking and systems ideas that underlie skills. Tasks are considered in system terms. Tasks relate to the system s goals, the resources made available to people and the constraints that must be observed in meeting goals. Task analysis is seen as a process of investigating system factors which influence human performance.


	Introduction



HTA was developed by two industrial psychologists, John Annett and Keith Duncan, in the 1960s1. Their intention was to prescribe a method of examining work which combined describing human activity with understanding the purpose of work in terms of the organisations and systems in which it was undertaken. Their method of analysis was also intended to provide a practical way of identifying problems which could then be addressed by human factors solutions. These ideas stemmed from two principal considerations - how systems theory was used to understand complex systems and how the ideas of systems theory were used to understand human performance. In developing HTA, they combined a number of basic ideas from existing task analysis methods.

Systems thinking1

A system is a complex grouping of interrelated parts, and can include human beings and machines. These parts interact to serve a purpose. For example, ‘transportation’ can be treated as a system to move people or objects from one place to another. It has a purpose and it has components that interact in a suitable way to realise that purpose.

Systems, subsystems and their interaction

Systems may be broken down into subsystems. A transportation system, for example, would include, among other things, subsystems which provide vehicles for transporting and subsystems for obtaining the things to transport. These subsystems also enjoy the properties of systems in their own right, so they too may be broken down in terms of subsystems. Thus, the function of providing vehicles for transportation would have a function of procuring new vehicles and a function of maintaining their availability through maintenance (Figure 1.1).
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Figure 1.1 Systems and subsystems in a hypothetical transportation system.

This and other notes are dealt with in Chapter 14.


[image: ]

Figure 1.2 Inputs and outputs to related subsystems.

To achieve the purpose of the overall system, subsystems need to interact. This means that together they produce something that they could not produce separately. This interaction occurs through subsystems having inputs and outputs. The inputs to a transportation subsystem of maintaining vehicles includes vehicles needing maintenance, spare parts, human resources, information concerning maintenance standards, targets for returning the vehicle to service and energy, such as fuel and electricity, in order to use equipment and test results. With these inputs the maintenance can take place according to requirements and provide the output of a properly maintained vehicle. These inputs arrive at maintenance as outputs from other subsystems, such as operations, personnel, management, stores and requisitions (Figure 1.2). The output, namely properly maintained vehicles, becomes the input to other subsystems such as the operational subsystem for moving cargo from one location to another.

Just as examining a system will reveal subsystems, the main system being investigated is itself part of a wider system. This means that it will be subject to the values of the wider system. It will also receive inputs from and provide outputs to other systems. Thus, if the items being transported were food, inputs would include the food to be transported, its destination and a specification of the conditions for storage, including the permissible times for transportation. Each of these inputs would need to be satisfactory' and the transportation system would need to take proper account of the inputs. If food failed to arrive in a satisfactory condition this could be caused by a failure of the storage conditions, failure of the initial production of the food, or inappropriate specifications being given for storage. Inappropriate specification could have been given due to a confusion regarding the food being transported or an incorrect technical judgement being made by food scientists.

System control

An integral part of systems thinking is the control and regulation of behaviour. This is often done through the mechanism offeedback. Feedback is where information from something we are trying to regulate is used as an input to help determine what should be done to make a suitable adjustment. For example, maintaining the speed of a motor car is achieved by the driver monitoring the speedometer then causing the car to change speed - by using the throttle, the brake, allowing compressions in the cylinders to slow the car or by allowing gravity or friction to change its speed. Feedback and control is an integral part of all systems, including human behaviour and mechanical and electronic systems. The cue for ordering new stock may come from monitoring stock levels. The requirement for people to retrain or improve may come from feedback about how well they have been performing or from identifying new challenges over the horizon.

A closed-loop system is where performance is affected by feedback. An ‘open’ system is where adjustments are made to a system without reference to feedback. For example, a criminal justice system where punishment is dictated by the current amount of crime in society is an example of ‘closed-loop ’ control. If the punishment was dictated by some general feeling of retribution and not as a consequence of crime rates, this would be ‘open-loop’ - that is we might increase the severity of punishment for tax evasion if it was felt that such behaviour was morally reprehensible, irrespective of whether it affected the rate of misdemeanour.

A further important feature is a specification of system components (i.e. subsystems) and how they fit together. For example, air traffic control is a system which includes components for monitoring, collecting, storing and transmitting information, so that there can be a safe, efficient and expeditious flow of aircraft. The flow of information through the system is critical to overall functionality - aircraft make requests in relation to a filed flight plan, this is checked against the current and future demands on the airspace under a controller’s remit and the request may be allowed or denied. Thus, if a message is lost or garbled or aircraft infringe on each other’s airspace this has to be due to the failure of at least one component to meet system design specifications. A failure to display an aircraft on a radar screen indicates a fault in the radar and not in the radio communication function. The primary aim is that each component (human or machine) is able to fulfil the functions required by the overall design of the system. Thus, a system can only be properly understood in terms of its subsystems by indicating how information, energy resources and physical entities flow between them.

HTA and systems thinking

The links between systems thinking and HTA are apparent. Systems have purposes and tasks have goals. Systems can be examined by exploring subsystems and this can only be done sensibly if effort is made to establish how these subsystems relate to one another, both in terms of location within a hierarchy of subsystems and in terms of information and control between subsystems. HTA examines goals by the process of redescription using subgoals and plans. Systems reside within wider systems and are influenced by these wider influences. There is a danger in any task analysis that attention is focused only on those parts of the system which appear unsatisfactory. Thus, a manager might blame the sales-force for poor sales figures, where the real problem might be that the materials for manufacture have been downgraded, increasing the failure rate of products and so degrading the company’s reputation. Task analysts should be aware of the systemic influences that affect a part of the work being studied. Equally, goals reside within a context which can influence performance. Repairing a piece of electronic equipment is not the same task if it is carried out in a warm workshop rather than outside in a howling gale on a North Sea gas platform. Systems thinking has greatly influenced the development of HTA and, indeed, any task analysis method which purports to serve practical ends, needs to be carried out beneath a general umbrella of systems thinking.

Systems thinking in describing human skill

Various approaches to the psychology of skill and training research have exploited these systems notions. These were used by Annett and Duncan to justify the use of the hierarchical principle in task analysis.

Goal directed behaviour

Where designers create tools for people to use, they assume that people will adopt the goals that are set for the overall system in which they are operating, for example, motor car designers assume that people will drive their cars in a reasonably conventional manner to move from place to place; designers of video-tape recording systems assume that people will use their machines to record or play video-tapes. Managers, engineers and designers concerned with developing industrial, commercial or health systems assume that people employed will adopt the goals of the wider system. This is a risky assumption, because people might be perverse or might simply not appreciate what they are supposed to do. So part of the job of human factors and human resource practitioners is to help ensure that operator goals are consistent with system goals -through personnel selection, training and effective management. Task analysis methods must address the goals that people seek or try to attain in the systems where they are employed.

Feedback and control in performance

When a person pursues a goal it entails adapting behaviour to influence a controlled environment in order to attain that goal. A central concept in applied psychology of skill is that of feedback as a means of enabling purposeful behaviour. There are a number of different forms of feedback that can affect human activity, including information gained through monitoring limb movement, the feel of how controls respond when they are moved, the operation of tools under control, the consequences of the action of tools on the environment and comments from other people concerning the manner and the outcome of actions. Feedback is necessary when using the simplest of tools. To hammer a nail requires controlling the movement of the hammer through the air such that it will strike the nail cleanly and with sufficient force. The user must see what he or she is doing to control the blow, must feel the weight of the hammer and must monitor how the hammer strikes the nail to determine whether it struck true and whether further striking is required. If these aspects of sensation and feedback are missing, then performance will be disrupted.

Feedback is also fundamental to skill in non-manual tasks. Modem industrial and commercial tasks entail the human operator in a complex system having to work via a computer interface or a control panel. It is the responsibility of the person designing this interface to ensure that adequate feedback is provided so that the operator can regulate his or her behaviour. In hammering a nail, the feedback is natural and felt as a physical sensation through the arm. In the control of an automated system it is not. Unless the designer makes a deliberate effort, suitable feedback may be omitted. To provide effective feedback the interface designer must understand what the operator has to do.

Hierarchical organisation of behaviour

Several models of performance use the idea of hierarchical organisation of skill. The operator is assumed to achieve goals by deploying sub-skills. To make a cabinet, a craftsman uses a number of techniques including, selecting materials, sawing, planing, hammering, drilling, screwing and gluing. Each of these is achieved by organising actions to achieve goals. The craftsman judges what should be done next and selects the appropriate subgoal to be met. If the goal is to plane a piece of wood, a decision is made concerning the extent of the planing. Planing entails coordinating a set of subskills including manipulating the plane and monitoring results. Manipulating the plane entails coordinating pressure with movement in such a way as to achieve a smooth result and avoiding tearing large chunks from the wood through being impatient. Thus the goal is sought and accomplished by the operator organising various sub-skills to accomplish this end. The effects of these skills is monitored so that the operator can use this feedback to regulate action or decide when the next thing must be done. Thus, behaviour is goal directed and goals can operate at a number of hierarchical levels via feedback loops.

The principles of goal directed behaviour, feedback and hierarchical organisation have provided system models to account for skilled human performance and these are often used to justify methods of task analysis. Indeed, HTA was originally justified in these terms. However, there is a problem with this approach because different people organise their skills in different ways to accomplish the same task. Moreover, an individual will deal with a task in different ways in different circumstances — as people gain experience they start to work more efficiently and if circumstances change to make a successful outcome more critical, then the person will become more or less cautious and may use a different method. Hierarchical models of skill are useful in helping us to understand and represent behaviour, but using them to account for how all operators do or should carry out a particular type of work can be quite misleading.

A more versatile approach to this issue is to consider the task in terms of the demands placed on operators, rather than trying to model how all operators would respond. For this we can turn to the idea of examining human performance in the system context.

Human performance in systems3

When considering how people carry out real tasks, we need to understand the context in which they are operating. The context will supply information and provide tools that people may use to accomplish goals. We cannot begin to understand how people make decisions unless we appreciate the information they can use and the opportunities for action they have available. The wider context will dictate the frequency with which this information is presented. A person can develop different strategies for responding when things occur routinely rather than when they are unexpected. The context will provide the wider system goals to which the person is expected to contribute. Therefore, it affects the important values of the system - which activities are crucial and which are trivial, which factors need to be taken into account when making decisions and which factors can be ignored. It also indicates how people interact with other people, with machines and tools, and with plant and equipment, in order to meet their working goals. An understanding of factors governing behaviour is important with regard to each of these considerations.

Figure 1.3 represents a person working within the wider system. Here, the person has been referred to as the ‘operator’4. In this diagram, the ‘system in interaction’ refers to the plant or machinery or other people or combination of these things, that the person is trying to influence. Thus the system in interaction would contain a hammer, nail and piece of wood, if the operator is hammering; if the person is driving it would include a car, other cars, obstacles and the road itself. Indeed, the system in interaction could contain all sorts of things that are not apparently obvious. The operator interacts with this system in order to carry out the task. The system in interaction is represented to the operator via sight, hearing, touch and smell. This representation can be thought of as the task interface. The driver’s performance is also subject to other influences, for example glare or noise from the road. These can affect the efficiency with which
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Figure 1.3 The expanded operator-system interaction, showing information and feedback loops.

information is processed, thereby making the driving task more difficult. In principle, the system in interaction with any operator is everything else in the environment. Often it is only as task analysis progresses that we are able to assess which parts of the environment need to be taken into account.

The right-hand side of Figure 1.3 refers most directly to human performance, while the left-hand side is the amalgam of factors that influence the signals that the operator experiences. The interface is the way the world is represented to the operator. Sometimes we are working within a domain where the interface can be altered, such as in the design of computer screens or instruments in vehicles, or even in the way in which we might require people to communicate with one another. In other cases, we cannot affect the design of the interface - the operator must use what is provided by nature.

We can expand the operator side of the system by speculating about the information flows between the operator and the system. Figure 1.4 shows how information from the world outside may be considered as an input supplying the operator with basic information upon which to make decisions. Decisions are concerned with planning responses to events and controlling these responses such that the system’s goals can be met. When an action is selected it must be controlled to ensure that it does what is required. Action feedback indicates whether the control action needs to be regulated in any way. For example, to switch on a light we need to control the movement of the hand towards the switch and then indicate when pressure needs to be applied. Control feedback, tells the operator how the control device has been affected, for example whether the switch or lever has moved as intended or whether a computer key was properly pressed. System feedback tells the operator how the system has now changed as a
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Figure 1.4 The human-task system expanded to show additional elements of human

performance.

consequence of the control action. In tasks, the operator determines what needs to be done by evaluating information about the system from the input and planning a suitable response. A successful control action is one where an appropriate action has been selected, the action is executed successfully, the controller works as intended and the system behaves in the manner expected. This basic model can be seen to apply to nearly all situations, including social interaction as well as more physical activities.

The examples given here refer to physical actions. The same principles can be applied in understanding interaction between people. Giving a visitor the directions to a house entails monitoring that an appropriate direction is given, monitoring that the visitor has appeared to understand the directions given and then confirming that the visitor actually arrived.

The significance of system feedback, in particular, is critical to skilled performance. A task analyst needs to understand something of the dynamics of the system in interaction in order to appreciate how system feedback can affect performance. In controlling a large continuous process plant, such as a petrochemical or power generation plant the operator must often wait for some hours before being confident that an action has had the desired effect. For example, to raise the temperature in a vessel by 10 degrees may require that one of the feed materials is first heated to a higher temperature. A decision must be taken to select which action is appropriate and by how much the controlled parameter should be changed. When the change to control has been affected, the system has to be monitored to ensure that this action remains appropriate. Because of the inertia of such systems - they are big with lots of pipes and vessels to heat up - it may be some hours before the consequences of the action can be judged. Then, if it is then seen that the temperature has risen too much, it may be too late to correct the action. This is why effective planning of actions, including decision-making tasks, is so important.

This phenomenon of slow response systems5 is well known in engineering situations. It also happens in many other contexts. In organisations, problems often occur because communications are delayed. An important message for staff to change practices may have been issued too late for adverse consequences to be avoided. Doctors and nurses in intensive care often cannot afford to wait until a prescribed treatment has run its course; they must continually monitor the patient to detect any signs of risk and predict future trends in order to judge the consequences for the patient. Understanding something of the system in interaction helps the task analyst understand the tasks and skills that must be brought to bear in dealing with system events. To what extent must the operator, in a particular system, simply respond to events in a stereotyped way, how much monitoring should be done, to what extent can actions be selected with confidence according to an effective diagnosis and to what extent can the operator only make informed guesses, then plan for a variety of contingencies? Task analysis cannot be undertaken solely by reference to what the operator does. Considering the wider system often provides information about the operator’s motivation and helps to indicate the significance of errors.

Justification of HTA in systems terms

A task is something that people do, but to define the word ‘task’ more precisely, it is helpful to consider the system in which the task resides.

The task system

This ‘task system’ represents an interaction between a human operation and the operator’s environment in order to achieve a required goal. Figure 1.3 is modified in Figure 1.5 to show how the operator uses information in decision-making to select and carry out control. The set of things in the grey box amount to the ‘operation’ - this is the closest that HTA gets to making statements about how behaviour is organised. How behaviour is actually organised is a question for cognitive psychology, but we may presume that such behaviour includes the functional stages ofperception, in which sensations detected in the environment are translated into a form which the operator can then use to make decisions in order to exert effort to manipulate controls. By using the idea of an operation as a unit of behaviour, the analyst can avoid the intricacies of attempting to model human behaviour in a way that would satisfactorily account for all of the different ways that people could achieve the same goal in similar circumstances. The concept of ‘operation1 has always been central to HTA. Annett and Duncan described it as ....any unit of behaviour, no matter how long or short its duration and no matter how simple or complex its structure, which can be defined in terms of its objective^.

The operator is assumed to have a goal which directs his or her behaviour. For the overall system to work, the operator’s goal needs to converge with the system’s goal (GOAL). The diagram has also added the influence of the environment, both in affecting the system in interaction and affecting the human operation. Environmental factors can substantially alter how the system works. For example, if a car is driven on an icy road, it will affect the handling of the car. The actions that the driver would carry out in safer circumstances, may be inappropriate here. Thus, for goals to be met to a satisfactory
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Figure 1.5 The human-task system showing the influences of the environment.

criterion the human operation - the driver’s behaviour - must be sufficiently skilled and adaptable to cope with the problems created by the road conditions. Equally, if the environment caused an industrial plant to operate differently, then the operator would need to adapt in order to meet goals. A sales person in a book shop may need to become better acquainted with Cajun cooking in order to advise customers, should a television programme create a Cajun cookery boom. The environment can also influence the manner in which the operating behaviour is carried out. For example, if the environment causes a person to become tired or stressed though excessive demand, or causes illumination to make vision difficult, or mean that the consequences of making mistakes have become costly, then human performance will be affected.

For most purposes in HTA the analyst can limit references to human behaviour to the operation that the person carries out to meet a goal. In some circumstances the analyst may feel there is benefit in speculating further about the behaviour involved. This is fine because such speculations can be carried out in the context of the emerging HTA, as we shall discuss in Chapters 2 and 4.

A possible source of confusion in HTA is that the words ‘operation’ and ‘goal’ are sometimes used interchangeably. This is because for every goal that a human being has to carry out, there is a unit of behaviour which enables that goal to be met. Thus, ‘operate toaster’ is first used to specify the goal to be achieved. Then it is used to represent the behaviour necessary to operate the toaster. If the analyst judges that this operation is likely to be carried out successfully, then no further analysis is required. If, however, the behaviour is not judged to be satisfactory then further analysis is required - the goal is broken down into its subgoals and their plan. The same consideration is then given to each of the subgoals, that is, judging whether their corresponding operations will be carried out satisfactorily. Writers on HTA have used these terms interchangeably with little consequence. However, the distinction is worth making because it underlines the strategy of the task analyst which will be dealt with more fully in Chapter 2.

Task

If we were to remove the greyed area from Figure 1.5, we would be left with that part of the system with which the operator must cope in order to meet the system’s goals. This set of demands includes the system’s goal. It also includes the information that will be available to make decisions, including making judgements and using feedback. It also includes the control facilities available to change circumstances, including control and communications devices and other people to whom messages can be given. It also includes the environment which affects both the signals to the operator and the conditions under which the operator must perform. These elements, then, represent the task that the operator must try to carry out. Thus, a task can be treated as a set of things which comprise a system goal, resources for accomplishing the system goal, including information and controls and a set of constraints on how the goal may be achieved using these resources.7

This view treats the concept of ‘task’ as a challenge facing the operator - a problem that must be solved in order to attain the system goal. This makes sense when we consider a practical example. Preparing multiple copies of a document can be achieved in several ways: photocopying if a photocopier is available; multiple printing if the document file exists on a computer; photographing and printing if only a camera is available; writing out the extra copies by hand if only a pen and paper are available. Clearly resources affect the freedom of action. A sense of urgency - for example, the document must be produced to a high quality by lunchtime - might warrant taking the master document to a copy-shop, provided there is the means to pay for this. There are often many ways in which operations can be carried out, but the choice of which method to follow is limited when the available resources are known and the choice is further refined when other constraints are known. The operator’s task is to work out how to attain this goal given these resources and constraints - indeed, how to plan the use of available resources to attain the goal.

A further aspect of this interpretation of ‘task’ is that, as far as the operator is concerned, the task relates to his or her immediate experience. From this perspective a person experiences the world through information and control artefacts. Information can provide knowledge about the task including current status information which will indicate how the system in interaction is working, how it has been affected by controls and how it has been affected by the environment. It can also provide ‘noise’ in the system which could cause distraction or otherwise interfere with performance. The operator will experience an amalgam of these things and not have the luxury of knowing what variations have been caused by what. A designer has the opportunity to make some features prominent and subdue others so that the operator is better able to decide what is relevant and what is not. Part of the task analyst’s job is to identify which features of the task are most useful to the operator in order to show which should be most prominent or to demonstrate where lack of suitable information can lead to error.

Task analysis

Having now suggested what a task is, we can consider what ‘task analysis’ is. The account, so far, has indicated how performance of an operation is affected by a wide range of factors, including the events generated by the system in interaction, the way in which these events are represented to the person trying to control the system and the environmental influences on all parts of the system. In human factors work, or management generally, we are concerned with actual or potential mismatches between the system’s goal and the operator’s goal. What has caused inadequate performance? What can be done to eradicate inadequate performance? To answer these questions the task system must be explored. This process of exploration is task analysis.

Hypotheses in design

One of the challenges of task analysis is that the analyst is attempting to make assertions about human performance, often in novel situations, without possessing categorical evidence of how behaviour operates in a given set of circumstances. Psychologists often investigate behaviour by carrying out controlled experiments on simplified tasks which allow them to limit the range of influences affecting the situation. This is done to enable them to draw inferences about why people behave as they do. In the situations where we carry out task analysis we must accept the task complexity that is presented and we have little control over environmental influences. It means that we can never be absolutely certain about conclusions reached while the task analysis is being carried out. This is in no way a deficiency of task analysis, task analysts or human factors. It is the same for anyone engaged in trying to predict how lots of complicated factors interact in ways that have not been experienced.

This uncertainty means that any outcome of a task analysis process, be it identifying a potential problem or generating a method to improve performance, must be treated as a hypothesis.
OEBPS/images/webpdf-12.png
SYSTEM in
INTERACTION

A
A

=

———————3 information ——p perception

T‘ v
o " decision--

action feedback making

I

control ¢ effort 4_.__—. R

T OPERATOR

A

SYSTEM
GOAL

J

ENVIRONMENT





OEBPS/xhtml/00_Nav.xhtml




Contents





		Cover



		Half Title



		Title



		Copyright Page



		Contents



		Figures



		Tables



		Preface



		Acknowledgements



		Introduction



		Chapter 1: Task analysis, concepts and terminology



		Chapter 2: HTA - a task analysis framework



		Chapter 3: Plans and complexity



		Chapter 4: 4Flexibility, constraint, cognition and context



		Chapter 5: Representing and recording HTA



		Chapter 6: Analysis of tasks - some illustrations



		Chapter 7 : Making human factors design decisions within



		Chapter 8: Teams and jobs



		Chapter 9: Information and skill



		Chapter 10: HTA and training



		Chapter 11: Designing support documentation



		Chapter 12: Human resource management issues



		Chapter 13: Conclusions



		Chapter 14: Notes and references



		References



		Index











Page List





		i











Guide





		Cover



		Half Title



		Title



		Copyright Page



		Table of Contents



		Figures



		Tables



		Preface



		Acknowledgements



		Introduction



		Body Contents















OEBPS/images/webpdf-6.png
0 Operate
toaster

plan 0: 1 -2 - 3. When the foast pops up - 4. If

the toast is satisfactory - EXIT. If the toast is
unsatisfactory (too light or too dark)} - 5, then

repeat from 2.

1 Ensure 2 Insert 3 Push 4 Remove 5 Adjust
power to bread down toast toaster
toaster lever setting

plani:1-2
1 Plug in 2 Ensure power
toaster to toaster is
switched on






OEBPS/images/cover.jpg
HIEEARECHICHL
THSK
HHALYSIS

Andrew Shepherd





OEBPS/images/webpdf-2.jpg
CRC Press
Taplor & Francis Group

Baca Ratan London New York

CRC Press Is an mprint o the
Tidar & Franch Coritin: ws s il





OEBPS/images/webpdf-11.png
T
(e
> system feedback

A A\ 4
System in Planning and Control
Interaction * matching current system
status with current goal status

¢ selecting actions to approach

‘} goal state
« reviewing and planning sub-
goals
{ action e

interface I





OEBPS/images/webpdf-10.png
other factors affecting
performance interface

extraneous factors >
affecting system input
performance
SYSTEM Y ¥
in I OPERATOR
INTERACTION
T output
<

interface





OEBPS/images/webpdf-8.png
Transportation

system
provide

vehicles
obtain .
items to obtain
energy

T
procure new transport

vehicies
maintain / \
vehicles





OEBPS/images/webpdf-9.png
vehicles for
maintenance
human
Personnel
targets for returning
roperi
-Management the vehicle 10 Service — properly

\ > maintained
maintenance vehicles

information concerning
maintenance standards

spare parts ——
energy —






