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This article is about physical and cognitive task analysis and some of the requirements for the application of these tools to analysis and intervention decisions in a wide variety of human tasks. There are many variants on the theme and descriptors such as “job evaluation” or “work study” (Konz and Johnson, 2000, Wilson and Corlett, 1990), but they all converge from different viewpoints on the central ingredient of human factors and ergonomics – the analysis of human characteristics, behavior and performance for the purpose of product, system and process design.

“LETSGOLOOKATAJOB”, said Richard Cobb, the union ergonomics monitor at a vehicle assembly plant, early one morning in the summer of 1985.

“Sounds like a good idea”, I said. “The ergonomics profession has developed dozens of task analysis methods over the years and I have one for Physical Work Stress Analysis that I developed 10 years ago in Hong Kong.”

“We won’t need any pencil and paper and the guys on the line don’t like video cameras, checklists, clip boards and stop watches,” said Richard, “LETSGOLOOKATSOMEJOBS.”

Physical Work Stress Index

The Physical Work Stress Index (Chen et. al, 1989) was developed at the University of Hong Kong in the mid 1970s to examine the activities of workers in the booming electronics, textiles and plastics industries. It was based on the concept of activity sampling (Hansen, 1960). Random samples were taken of the spatial, force and environmental contexts of tasks on a common ordinal scale. The first spatial factor was the location of the person – a score of 0 was recorded if he remained in the same place and a higher score was given depending on the distance from the previous location. The base posture – standing, sitting, stooping / squatting and, lying were also recorded.  A “box” was visualized in front of the operator and a score of 0 was recorded if the operator’s right / left hand was inside the box, with higher scores if the hands were at the edge of the box, outside the box or outside the box in two dimensions. A similar approach was used for load (force) and thermal environment. The index was computed by adding the differences between successive sampling intervals and then computing a weighted sum of these summed differences over the separate independent parameters. It was argued that if these factors did not change very much then the operator would have an undesirable high static load. On the other hand if these factors changed frequently the operator would have an equally undesirable high dynamic load. The optimal physical workload was somewhere in between. This method was applied to a wide variety of jobs over a dozen or so years and validated by comparison with physiological measures. 

Mixing Chalk and Cheese

The experience highlighted two major challenges for task analysis. The first is how to account for multiple qualitatively different but interacting factors and how to amalgamate these observations to create an index that accurately describes the situation. The second challenge is even more fundamental – what to observe – there are many ways of viewing a task. In the physical contexts described above the focus was on the readily observable postures and physical activities of the operator. However, the purpose of task analysis is usually to identify what the engineer or manager can change to achieve some outcome such as product quality, productivity, health and safety or job satisfaction. Consequently, a task analyst, interested in human error and product quality could focus on motor or decision behavior. A productivity engineer might wish to look at non value added movements – like lifting and carrying. An analyst interested in health and safety might look at joint angles and movements or even only at medical reports by department. Other observers may look at the task itself or the task outcomes, such as critical incidents or “human errors”, and not the human operator. Consequently, task analysis tools must be developed with some [design] purpose in mind. As there will never be enough human factors experts to go around, one of our jobs is to develop task analysis tools that can be used effectively and efficiently by the engineers and operations specialists who have a direct responsibility for design or intervention. 

Generally speaking our customers are only interested in what we call “main effects” and sometimes even these [customer] responsibilities may be spread over many different specialists. For example in the case of the NIOSH lift equation the product engineer is responsible for object weight, the manufacturing engineer for horizontal distance and the operations engineer for frequencies and durations. 

A Domain Focus

When I toured the vehicle assembly plant with Richard Cobb, he automatically went to what were known to be problem jobs, because they generally had a history of injury or illness or were staffed by operators with lower seniority, although sometimes job choice was affected by factors that were not immediately obvious, like who was working in the same area, who the supervisor was or how close the job was to the cafeteria. He was about to demonstrate the relative importance of domain knowledge as compared with checklists. The first job was a rear axle install which required the [new] operator to choose the correct component, then pick it up with an articulating arm, before chasing the car down the line to install it; he appeared to be incapable of keeping up with the line, but a more experienced operator on the second shift had no trouble. A big part of the problem turned out to be the location of the manifest on the next car and the operator’s eyesight. Moving to the front axle install job, I was horrified to see the operator using his thigh as a mallet and to hear that he had a cumulative injury called “flat muscle” caused by nerve damage. In this case the problem turned out to be because the operator picked up two axels (right and left side) and did not have a hand free for the mallet that was provided. An operator on the sealer line had a similar damage to her lower leg caused by leaning on the sill while she used the sealer wand on a joint in the middle of the floor of the car. The second shift operator, a much smaller person, attacked the job “face on” to avoid leaning on the sill. A job in the body shop required the operator to stand / walk in a side pit while manipulating a large spot welding tool supported by a balancer. The issues here were inertia and fine motor skill, compounded by a very unfriendly environment. The battery install job again showed a difference between operators - the use of an articulating arm caused the first shift operator to take much longer to do the job than a bigger and stronger second shift operator, who tied the assist to a pillar and handled the battery like a basket ball. Another second shift operator could attach a large, multi terminal, electrical connector under the dashboard without looking, whereas the first shift operator had to go through all sorts of contortions to be able to see what he was doing. Similar reach problems with the intermediate steering shaft, spare wheel, brake booster and windshield wiper motor were because these units were placed way out of the reach of a normal sized person and the fasteners were not oriented for easy visual and physical access. 

“Try this job for a while” said Richard. All I had to do was attach a piece of trim around the door pillar with hand gun and half a dozen sharp screws that drilled holes into the sheet metal; the floor was littered with thrown away screws, from a not very sharp batch and the operator complained of a painful wrist. Two jobs down another piece of trim was attached with a plastic snap followed by attachment of the rubber weather strip around the door, all the operator had to do was to use his hand to hammer the parts on as the use of a mallet might have damaged the surface. “Watch out!” said Richard as we walked to the final assembly line and a fork truck came racing round a corner. “These truck drivers can’t see where they are going and, because they are self paced they try to hurry up and finish their job quota early. So stay inside the yellow line, or else you may have to develop a checklist for fork truck drivers from your hospital bed.” How was I going to develop a task analysis checklist that could address all these qualitatively different situations?

Generic and Pragmatic Approaches

But, despite this early training, I was undaunted by the challenge of developing a generic checklist that could be used to guide task analysis on the very wide variety of jobs in a vehicle assembly plant. So in 1990 I made a list of about 130 quantitative yes/no ergonomics questions that would cover every possible kind of manual assembly work – similar to the American Bureau of Shipping method of habitability assessment. (ABS, 2001) The head of the manufacturing engineering department said, politely “there is no way that you are going to get anybody to fill out that Ph. D dissertation.” So along came some colleagues, Paul Amman, Al McCarty, Ed Mohr, John Hill, Bruce Hancock and Bob Fox, who had a zillion years experience in manufacturing and we started again. Al introduced me to the pragmatic, domain focused, “McCarty’s rules”, aimed largely at the vehicle design engineer. These included simple advice like “Don’t use drill drive screws”, “Put connecters and fasteners where the operator will be able to see, reach and access them easily.” “Don’t require the operator to push more than 6 pounds (that was a biggie!),” “Limit option choice,” “Replace fork trucks with tuggers.” And so on. 

Paul Amman, was not much for task analysis checklists either. He knew from experience that there was always more going on in a plant than meets the eye. One day, we were trying out a checklist to analyze some work at the end of a press line. My observations and the results of the checklist assessment indicated that the three guys were working very hard; Paul noted that there were really five guys assigned to the job and they rotated around a “newspaper” job. On another occasion, we noted that two assembly line operators seemed to be getting in each other’s way, until Paul pointed out that one of the operators was working up the line. Paul also pointed out wear patterns around workplaces and improvised staging areas or padding, which are not usually addressed in a formal task analysis, but these may be key ingredients in job acceptability and performance.

But the product and manufacturing engineers were not completely happy with these totally pragmatic, “expert” approaches. What they wanted was a process for analyzing the whole vehicle design and manufacturing process as it moved through the development cycle and process review “gates” (boards), and on to the factory floor. This process was to be aimed at removing the big problems in the product design phase and successively eliminating latent manufacturing and production problems as early as possible, so that the eventual analysis by a newly designed shop floor checklist would have nothing left to catch. This was achieved by developing a sequence of task analysis tools consisting of short sets of generic questions, related to variables that engineers could change, such as spatial layout, force, target size and frequency, which were supplemented in a hierarchical way by more detailed task analysis tools or in depth investigations where needed. 

The expansion of physical ergonomics over the past two decades has led to a very large number and wide variety of similar task analysis checklists and worksheets. These all attempt to assess the characteristics of existing or future jobs with the intention of predicting the likelihood of work related musculoskeletal disorders. Some focus on sitting, some on lifting, others on the environment or overhead work, and the majority on repetitive hand work. (Peacock and Orr, 2001) They all face the challenges of scope, focus, depth of inquiry, data capture and amalgamation, decision implications, and linkage to the solution domain.  

Amalgamation and Indices

The implementation of this process forced attention on how to amalgamate measurements from qualitatively different and often interacting and interdependent factors. There are three plausible approaches – adding, counting and multiplying (non linearities and exponents are less user friendly). It is possible to simply weight and add up the scores, which may be valid if the importance weightings are reliably established and the scores are mapped to a common currency. However “adding” a force score to a moment arm score to a repetition score does not have much validity. The next, less mathematically demanding approach is to simply count the numbers of good, bad and ugly problems as identified by a checklist that reliably assigned qualitatively different measures of the job into green, yellow and red; the resolution of this approach sometimes resulted in an unclear prioritization and required that the scale was expanded with words such as good, acceptable, marginal, unacceptable and unthinkable, each with well defined mappings from the measurement scales. A final amalgamation approach was adopted by the NIOSH lifting equation. (Waters, Putz Anderson and Garg, 1994) This requires the mapping of the measurement scales by [linear] transformations into multipliers on a continuous scale from 0 to 1 with certain boundary conditions. These multipliers are applied to a “load constant” to create a recommended limit, which is then divided into the actual load to create a “lift index.” This discounting approach is easily appreciated by users with various backgrounds; however, it demands careful attention to the mapping of individual stressors, otherwise it rapidly converges to an asymptotically near zero value as more multipliers are applied.

The interactions between temporal and other physical factors always presents a challenge in task analysis. Basic relationships such as repetitions per minute or pounds lifted per day have familiar physical interpretations. On the other hand pounds per vertical foot per hour per degree Fahrenheit may have physiological stress and perceived strain implications, but the analytic interpretation of this high order interaction would require a nomogram of an overly complex form. Thus the temporal factors of repetition frequency and duration are best incorporated into low order models.

Cognitive Task Analysis

The examples given in the forgoing description of task analysis draw attention to the, sometimes incompatible, operator view of the human factors analyst and the design needs of the engineering customer. Just as the physical domain deals with human capabilities and energy demands, the cognitive domain deals with human information processing and external informational demands along with time and context. The world of cognitive task analysis has addressed these challenges with gusto and has produced a plethora of devices (tools) that address the operator on one hand and the changeable features of the domain on the other. (Gawron, 2000, Charlton and O’Brien, 2002)  Many of these tools are based on well established basic relationships such as the Hicks – Hyman law, which addresses the amount of information to be processed in a decision task, Fitts law, which addresses the effects of task difficulty constraints on motor activity, de Jong’s law (among others) which addresses the complicating factor of learning, and multiple resource theory. 

Basic cognitive task analysis approaches first address the domain of interest, the tasks required of the operator and the information content of these tasks. Next, the process addresses the serial, parallel and interdependent cognitive resources used by the operator for each task stage. The analysis then links the task stage demands and the limitations of the required cognitive resources, in light of the training and experience of the operator. The effects of context are superimposed on the model with regard to their potential effects on task difficulty or operator performance capability. Finally, temporal effects, such as vigilance and fatigue on the one hand and learning and anticipation on the other, complete the analytic framework. As with physical task analysis, the context and motivations of the operator may introduce issues that are beyond the scope of the formal tools.  

The [not so simple] task of flying an airplane is a common target domain for these applications as at certain task stages there are considerable information processing demands and a very unforgiving physical and temporal context. (Hayashi, 2003) Similar complex cognitive tasks are found in process industry (such as petrochemicals, electricity distribution and nuclear power), military operations, medicine and transport management. Less exotic tasks are found in telemarketing, service interfaces and driving. There are three basic approaches to cognitive task analysis. First, one can analyze the task itself for its informational content and operator demands. Second, one can ask the operator what he is doing because watching people think by the assessment of eye movements and brain activity are not yet subject friendly processes. Third, one can observe how well the operator performs by comparison with an ideal (Baysian) operator who makes full and timely use of all information that is available, however uncertain. Indirect methods use secondary task performance fluctuation as a measure of primary task demand.

A Memory Model

Around 1970 I became interested in why people forgot things and came to the conclusion that retention and consolidation of information was key to all kinds of human performance.(memorito ergo sum) So I developed MIRC – a memory involvement recording chart, which addressed the sensory and informational characteristics of the item to be remembered, potentially interfering information occurring before and after the presentation of the item of interest, and how the resulting decision or control action was implemented. (Peacock, 1972) I tried this model out on a wide variety of sensory – motor tasks and other tasks, like medical diagnosis, that were primarily cognitive. (Peacock, 1974) I came to the conclusion that activity (proactive and reactive) rather than retention time (decay) per se was a great source of interference and that “similar” information had a greater propensity for interference than dissimilar information, e.g. different sensory modality. It appeared that “negative interference” occurred in literal retention, but that “positive interference” was a necessary part of semantic retention or consolidation. My earlier hopes for a Baysian model went out of the window early on, simply because I observed that people are very “sub Baysian” in their use of  information – they forget! (Edwards, 1968) I also noted that this “interference” thing could be negative or positive – sometimes people were actually able to amalgamate (consolidate) information to converge on a useful decision or action – like putting a series of words together to make a sentence or even a book! The (cognitive) task analysis challenge remained and has since been addressed both by people focused researchers and by task focused designers.

Information Systems and Concept Mapping

The rapid expansion of computers over the past three decades has created a massive industry that addresses information system design and the human access to and use of these enormous resources. How does an expert approach complexity? And how do ordinary people find their way through a forest of menus, icons, buttons, pictures, banners and text? Again the designers of these systems resort to task analysis and have developed a theory of “Questioning” to assess behaviors of users faced with large amounts of data and too little time. (Lauer, Peacock, and Jacobs, 1992) The familiar “systems analysis” process resorts to network diagrams and concept maps to conveniently assess the flow and interrelationships of information. The question generation and categorization indicates a novel way of assessing how people formulate inquiries about complexity that is much more complex that the traditional linear checklist. These concepts have been amplified in recent years by a growing interest in concept mapping – a network diagramming technique with hyperlinks to multimedia sources. (Peacock, Shaffer and Zelik, 2003) 

Nowhere is there greater complexity than in the audit process in which accountants search through financial and activity records to analyze the behavior of an organization. (Lauer and Peacock, 1993) Sometimes their enquiries are deliberately made more difficult to hide improprieties. There is merit in human factors practitioners looking at the ways that other professionals analyze complexity. Human Factors engineers have addressed complexity in systematic ways for many years and incorporated the additional issue of probability. Techniques such as event or fault tree analysis are extremely powerful, both for accident reconstruction and for prediction. (Peacock, 1982)

Car Driving

The familiar car driving tasks require attention to the changing outside world of roads and traffic, supplementary attention to secondary sources within the vehicle and attention to higher order tasks such as route planning, entertainment and the ubiquitous cell phone. Sometimes backseat drivers provide useful redundancy for over stressed resources. The motor demands, particularly with automatic transmission and a few years of practice are generally less of a limiting resource for the primary task, unless they are distracted by other task demands, such as tuning the radio. The contextual and temporal demands of driving are both very varied and very interactive. Driving in the fog at night on icy roads allows little spare capacity for entertainment for all but the young. Similarly the idiosyncratic behavior of other motorists at intersections may greatly increase the time pressure for information capture, decision making and motor response.

Formal task analysts in the car driving context, apart from researchers, include the other drivers, backseat drivers, the highway patrol and the driving instructor. The first three groups generally rely on unsystematic activity (behavior) and performance sampling, often with relevance but usually with bias. The driving instructor on the other hand addresses and sometimes manipulates the external task demands in a systematic way, by imposing different workloads, contexts, temporal demands and risks. The instructor observes particular behaviors, such as the use of eyes, hands and feet as well as higher level outcomes such as positioning and speed control. Verbal protocol assessment may supplement the information available to the instructor, regarding the driver’s perceptions, knowledge, situational awareness and plans.

The task analysis work sheet used by the instructor generally involves sets of independent questions related to particular task phases, such as parking, merging or emergency maneuvers. Usually these assessments are on a pass fail scale, although Lickert scales, and interpretive comments may be used by instructors with greater analytic bent. It is unusual for driving instructors to use systematic workload demand assessment devices such as the anchored Cooper Harper rating scales. (Gawron, 2000) Eventually the report by the instructor may be detailed towards particular areas of improvement, perhaps smattered with appropriate praise for good behavior. At the end of the course however, the instructor is required to give an overall pass/fail recommendation, amalgamated from his task analysis charts. I once knew an engineering professor who refused to give partial credit in his exams on the grounds that bridge builders and circuit designers must get it all right. Human Factors professors and driving instructors are sometimes a little more lenient in their application of task analysis.

Situational Awareness 

Situational awareness is simply [self] task analysis with a mental clipboard. Situational awareness analyzers however use an electronic clipboard to record and dissect what is going on inside a person’s head and what can be done to the array of displays and controls to help this activity, or reduce the likelihood that the activity will result in error. One problem arises when the analyst is in too much of a hurry to turn to page two of the checklist of things that need attention. Another arises when the list of things needing attention is too long. The third is when attention is paid to the wrong information sources. The domain centric approach to task analysis employed by Richard Cobb in the car plant is an important complement to situational awareness task analysis tools.

LETSGOLOOKATAJOB

Physical and cognitive task analysis addresses task demands, context, human behavior, human performance, time issues and outcomes. Some approaches analyze what is happening to the human operator, whereas others focus on what can be changed in the task, context or time. Amalgamation of multiple aspects of the analysis is always a challenge, but this is necessary when an overall decision has to be made, either with regard to the task or the individual. On the other hand, decomposition and weighting are usually necessary to direct the analysts towards the profitable areas for change. Formal task analysis is the bread and butter of both physical and cognitive ergonomists, but domain experience is necessary to really comprehend what is going on.
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