PAGE  
28
[image: image1.emf]3

Number and Incidence of (all) Injuries (NSW)

1993/94 to 2000/01

Better Words, Models and Concepts – Better Safety


[image: image14]

BETTER WORDS, CONCEPTS AND MODELS –
BETTER SAFETY

By

G L McDonald  M.E., B.Sc.

INTRODUCTION

During school cadet under-officers courses, we were taught “First tell them what you are going to tell them, then tell them, then tell them what you have told them.”  This injunction embodies the psychology research findings on the importance of primacy and recency in recall.

Communities and scientists alike are led astray by their bias produced by their history. Also as a result of their pattern seeking and story telling propensity, they can fail to see things which are in plain view.  One of the limited varieties of canonical (authoritative, standard, accepted) stories “but for this” provides a biased pathway which leads us to cram the real and messy complexity of life into simplistic channels.  Typically in safety, this leads to the identification of “cause” (most commonly human error) and consigns to oblivion many essential factors, high in controllability.

The paper is divided into two sections.  The first explores how we measure safety performance in terms of incidence of fatalities and incidence of injuries and how the use of the terms “serious injury” (5 or more days paid for total incapacity) and safety history of reporting the measure of “lost time injury frequency rate” results in Permanently Life Altering Injuries (truly serious) not being seen, even though they are in full view and account for 90% of the total cost of the $82.8 billion dollars personal  damage from work in 2000/01.

The second section considers the safety heritage of words which have a strong value (emotive) component grafted into their meaning.  These words are associated with concepts which encourage people to make feeling (valuing) judgements of the form “good or bad” “acceptable or unacceptable”, each according to the values and motivation of the person making the judgement.  Common safety terms also discourage or inhibit the use of thinking judgements which are concerned with truth, which is necessary to reduce the potential for the energies of the world to damage tissue of function.  The word problem is illustrated by “human error”, whose use has helped perpetuate many fatalities.  Spandrel is an architectural term borrowed by a palaeontologist (1979) and in turn by a psychologist specialising in memory and brain function (2001).  Spandrel has a place in safety with other terms which will encourage and demand the use of the thinking function to help progress.

The two Safety Mandorlas, the Paradox Mandorla and the Judgement Mandorla, summarise this paper.

MEASURING AND COMPARING LEVELS OF SAFETY
NSW, via its Statistical Bulletin, has for many years produced the most comprehensive statistical description of damage to people from work in Australia, and for that reason, it is possible to compare or to examine what has happened in that state over many years.  For that reason and since they recently had a review of their workplace health and safety, this section can use the NSW report on work safety to illustrate “unseen while in plain view”.  In reading this section, consider what factors influenced those selecting the safety measurements to include in the report and those to leave out.  Also consider carefully how the different overall conclusions would alter what you do.

The information used and not used is contained in WorkCover (2002) “Statistical Bulletin 2000/2001”.  This document gives data on “Employment Injuries” and its subsets “Workplace Injuries” “Occupational Diseases” and “Non-workplace Injuries”.  The New South Wales report deals only with workplace injuries.  Occupational Disease data is heavily influenced by industrial deafness which in turn is strongly influenced by the compensation strategy so that time changes generally reflect that rather than what is happening in the workplace.  Non-workplace Injuries include “Road Traffic Accidents”, “Away from Work during Recess Periods” and ”Commuting   Accidents”.  Papers carefully considering occupational diseases and non-workplace injuries would be valuable but this paper restricts itself to the boundary of Workplace Injuries chosen for the NSW report.
In 2004, NSW Legislative Council’s General Purpose Standing Committee No.1 under the Chairmanship of the Rev. Fred Nile MLC, reported on “Serious Injury and Death in the Workplace”.  Chapter 3 “Data on Workplace Injury and Fatalities in NSW by Industries” was based on NSW WorkCover “Statistical Bulletin  2000/2001”  The change in Incidence (number per 1000 wage and salary earners) of All Injuries counted in the Statistical Bulletin is reported.  The text notes a reduction from 19 (1993/94) to 15.1 (2000/01).  Figure 1 reproduces the bar graph which also shows Incidence, published in the report.  Note the inclusion of ‘all’ in relation to injuries is my addition and indicates how I have interpreted these figures.
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Figure 1
The Statistical Bulletin indicates that the figures apply to cases where 5 or more days have been paid for total incapacity.  Note from the title of the publication that effectively 5 or more days paid for total incapacity defines ‘Serious Injury”.  In the majority of cases it would be certain that the person is not totally incapacitated and simply they did not or were not able to come to work for 5 days.  They were totally incapacitated as far as the work situation is concerned but no doubt not as the living individual experienced their situation.

The report draws attention to industries with high incidence such as Mining (45.4), Construction (31.4), Agriculture and Forestry and Fisheries (28.9) and Transport and Storage (26.9) compared with 15.1 for All Industry.

The Incidence for Fatalities is number “per 100,000 employees at risk”.  Figure 2 taken from the report shows the Number and Incidence for Fatalities but covers the years 1987/88 to 2000/01.
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Number and Incidence of Fatalities (NSW)

1987/88 to 2000/01


Figure 2
The report points to the Fatality Incidence peaking at 12.2 in 1988/89 and dropping to 5.2 in 2000/01, but added a cautionary note indicating that 2001/02 had 177 fatalities compared with 139 in 2000/01 and drew attention to industries with high numbers of deaths (not Incidence) and quote the number of deaths from 1991/92 to 2000/01 for Construction Trade Services (56), Agriculture (48), General Construction (47) and Road Transport (44) being the four highest.  An assessment using Incidence (number per 100,000 employees at risk) would be useful.
Standard Approach
In compiling the above assessment the General Standing Committee No. 1 has followed a fairly standard approach, utilised figures available for “All Injury” and for death and drew attention to difficulties with limitations of these figures.  From the report title and the content of Explanatory Notes, Serious Injury is one which would be counted in the Statistical Bulletin as 5 or more days paid for total incapacity.  Chapter 3 presents a fair assessment of the information used, shows that significant worthwhile progress has been made in safety and points to industry where increased effort should be rewarding.  Assessment of NSW safety performance is consistent with and can be compared to the safety targets set by the National Occupational Health and Safety Commission which calls for a 10 year reduction in all Injury Incidence of 40% in the years 2002/2012 and also a 20% reduction in the incidence of Fatalities over the same 10 year time period.  
What is a Serious Injury?  Other definitions of Serious Injury met over the years include “broken bone or above” or “at least one day in hospital”.  
Australian Standard 1885.1 1990 “Workplace injury and disease recording standard” 

and its antecedents have long been used widely throughout Australian industry.  A considerable essay both entertaining and tragic could be written about their uses and abuses.  For present purposes it is noted that this standard would support the use of an All Injury rate based on Number of Employees or Hours of Exposure, i.e. hours at work, as the safety measure but would also encourage a severity measure “Average Time Lost Rate”, where a fatality or permanent disability would be used to derive a severity index based on total number of days lost.  A fatality or permanent disability would both receive a maximum score possible of 220 days to add to the grand total of days lost.  
Note that this standard was not prepared by a Standards Australia Committee but was prepared by a working party of the National Occupational Health and Safety Commission.  

The Statistical Bulletin contained more detailed information which was not utilised.  Some of this information will be considered after an excursion into the writing of Stephen Jay Gould who provided insight which explains what has been a consistent and considerable problem for safety.
The question which must be raised is “What is being Measured?”  As seen above it is measuring number of occurrences.
Reality Arrives - Taxonomy

In consulting work in the early 1980s work sites were asked to provide their last “1000 accident” reports so that they could be developed as a Taxonomy to give them understanding of their past history and help predict their future.
Figure 3 shows the Taxonomy developed for one organisation.  The classification of occurrences was according to the type of energy involved in the damaging energy exchange.  
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Figure 3
All told there were 1037 occurrences which accounted for 9919 days lost, with the days lost being calculated according to an American Standard to which the company was reporting at that time. 

Heat Energy - Fixed shows 12 occurrences with 6042 days lost and Machine Energy - Vehicle showed 10 occurrences with 3030 days lost.

The American Standard had scheduled charges of 6000 days for a fatality and 3000 days for a paraplegic.  9000 days were lost by two cases and 918 days were lost by the 1035 remaining cases, some of which were medical treatment only and did not involve days lost.

If the two cases responsible for the 9000 days lost were removed from the Taxonomy, none of the remaining occurrences gave any assistance in detecting the likelihood of those two cases.  The question then arises as to what is important?  Historically it has been seen as important to control the causation (human error), involved in the 1037 cases to prevent the creation of the damage involved in the two schedule charge cases which account for 90% of the total days lost charge.  

Focus your attention on what is important in safety.   Historically, it has been often and still is that the lost time injury frequency rate be lowered. However, step back and look at the results of the damage.  One person is dead, with the consequential loss to their family, friends and the community.  Another is a paraplegic with their standard of living grossly affected, and the living of his family and friends also affected.   Safety, in my view, is not about producing satisfactory figures for an organisation but is about reducing the damage which occurs to the individual and the community, and to a lesser extent to the organisation itself. 

Shortly after producing this Taxonomy, I created two others for different organisations. All three showed the general result of a very small number of occurrences producing the major quantity of damage.   The taxonomies would direct effort to the least damaging occurrences.
Discussion and consideration of the meaning of personal damage led to the conclusion that it naturally falls into three different classes.

Personal Damage - Class I, II and III.

Class I Damage permanently alters the person’s life, either fatally or non-fatally.

Class II Damage temporarily alters the person’s life, they recover fully from it so that years down the track there is no evidence and effects of the occurrence.

Class III Damage is a temporary inconvenience and is best understood in terms of medical treatment only, whereas the Class II is best understood as a lost time injury.

A back of the envelope assessment of compensation figures, McDonald (1984) led to the conclusion that the vast majority of damage occurring to people at work came in the form of Class I Damage and that Class II Damage was of much less significance, and that Class III Damage was not of great concern at all.  This led to the conclusion that in consulting and drawing companies’ attention to their own past records, I was in effect misdirecting their effort towards Class II occurrences when attention needed to be directed towards the Class I potential.  

An historical view was that the Class I occurrences were a chance more serious version of the Class II and Class III occurrences and this was embodied famously in Heinrich’s Iceberg Theory.  
Damaging Energy Exchange

Guarnieri’s (1992) paper entitled “Landmarks in the History of Safety” drew attention to the publications of Gibson and Haddon.  Guarnieri indicates that in 1961, Gibson clearly described the correct formula relating the exchange of chemical, thermal and electrical energy to injuries.  He also indicates that in 1963, William Haddon Jnr said that injury prevention depended on the control of energy. Guarnieri continues “An unusual aspect of the discovery was the speed of its translation into public policy.”  For example, the formula provided the theoretical basis for the automobile safety standards promulgated in 1966.  In the synopsis of the paper he indicated that it has been estimated that this energy exchange approach has led to the prevention of approximately 5000 traffic deaths per year since 1966.  It is a small “step” to go from the concepts of Gibson and Haddon to “see” that the phenomena we are interested in controlling to prevent damage to people at work comes from an exchange of energy that goes outside tolerable limits and results in damage to tissue or function of a person.  This damaging energy exchange is the climax to one or more sequences of events which can include many factors essential or contributory to the final damage.  These always include behaviour, design and environment.  The concept that reducing damage to people from work is a matter of Energy Management has not yet been widely adopted.
The British Medical Association Journal (2001) in its editorial bans the use of the term “accidents” in articles for publication.  In its opening paragraph it includes this statement:

“An accident is often understood to be unpredictable – a chance occurrence or “an act of God” – and therefore unavoidable.  However, most injuries and their precipitating events are predictable and preventable.  That is why the BMJ has decided to ban the word “Accident”.’
A sequence of events ending in a climactic damaging energy exchange can be termed “A Damaging Occurrence” (the word incident is not at all suitable).

A damaging occurrence is the logical outcome of

· The system of work, of
· The energy stored or utilised within the system and of
· The characteristic of the participants (human, machine and environment)  interacting within the system.
The logical outcome is predictable and, in principle, controllable.

This definition focuses attention on identifying energy stored or utilised within the work situation and on consideration of the mechanisms of release of that energy and the potential for human damage. This is an effective method for predicting and reducing the potential for Class I damage, thereby focusing effort.
It is remarkable that the concept of Damaging Energy Exchange and Energy Management came to notice in 1963, was in operation in the road situation by 1966 with very impressive results, and some 40 years later is still struggling for recognition in Work Safety.  (Topic for another paper).

Costing Reality

The Industry Commission (1995) produced a report on Work, Health and Safety  including costing of various levels of damage to people from work for the year 1992/93.  
They used six levels of injury severity.  Three of these fitted into Class II given above, and three levels of severity fitted the Class I description.  McDonald (1995) plotted these figures onto the graph shown as Figure 4.
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Damage from Australian Work 1992-1993

Based on Industry Commission 1995


Figure 4
Class II Damage accounted for 87% of occurrences and 18% of the total cost.  Class I came from 13% of occurrences and accounted for 82% of the total cost with 1.5% attributed to Class I fatal and 80.5% to Class I non-fatal.
Class I fatal


1.5%
)
                                      Class I non-fatal 
             80.5%   ) of $20 Billion




  Class II                                   18.0%   )
Class I non-fatal occurrences dominated the total costing of the personal damage done and came from 50,000 people a year, 135 per day, seven days a week, 52 weeks of the year, having their lives non-fatally permanently altered as a result of them having been at work.

Figure 5 shows the stylised diagram for the figures for the year 1992/1993.   
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Stylised Diagram 1992-1993

Based on Industry Commission 1995


Figure 5
The Industry Commission showed that the role of Class I non-fatal was even stronger than I had predicted from the back of an envelope.
The National Occupational Health and Safety Commission (2004) updated and advanced the costing from “damage to people from work” (my term). They first did it on a similar basis to the Industry Commission but used five categories, two of which fitted into Class II and three of which fitted into Class I.  They also included fatality from chemical sources.  On their figures, Class II accounted for 8% of the total cost, and Class I for 82% with 3.5% going to Class I fatal and 88.5% Class I non-fatal.
Class I fatal 


3.5%
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             88.5%
   )   of $34.3 Billion

                                      Class II 

               8.0%    )

NOHSC adde estimates of the cost of pain and suffering and early death which 8% gave the following –

                                      Class I fatal 

               6.5%
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                                      Class I non-fatal

 90.0%
)   of $82.8 Billion

                                      Class II 

               3.5%
)

In that year the total exports of Goods and Services from Australia was $132 billion.  63% of the value of exports is an enormous loss for a Country to carry in producing those exports in domestic requirements.  The loss was carried as follows and shown in Figure 6 
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Figure 6
NSW Revisited – Lines of Regression

The Industry Commission and NOHSC figures have produced something very different from the New South Wales report figures.  Of the NOHSC figures including Pain, Suffering and Early Death, the New South Wales report has considered the Class I fatal accounting for 6.5% of the quantity of damage (but have excluded chemical deaths) and effectively the Class II accounting for 3.5% of the total damage, and therefore accounts for less than 10% of the quantity of personal damage.  
The WorkCover 2000/2001 Statistical Bulletin gave information on permanent disability, and on temporary disability 6 months plus, which is regarded as making up the lower end of the Class I non-fatal.  It is therefore worth having a look at the injury categories in the NSW WorkCover Statical Bulletin 2000-2001.  The incidence, i.e. the number of cases per 1000 wage and salary earners for injury, has been plotted from the years 1991/1992 to the year 2000/2001.  The incidence for fatalities is per 100,000 wage and salary earners.  Note carefully that the scale on each of the diagrams is different.  The incidence is given on the vertical axis.  For each figure, the Coefficient of Determination (CD) has been plotted and indicates the quantity of the change which can be attributed to factors associated with time.  The 10 year Change Rate (CR) has also been calculated so that the figure can be compared with the National targets.
Figure 7 giving All “Injuries” incidence in the workplace and Figure 8 giving incidence of Fatalities are comparable to the figures produced in the New South Wales report, and both show a worthwhile 10 year change rate, and show that an appreciable amount of change is due to factors associated with time.  These are encouraging figures saying safety is going well.
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Figure 8
Figure 9 is for Temporary with Less than 6 months Off Work, and shows a very strong decrease with a change rate of 36% with almost 90% of the change being due to factors associated with time.
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Figure 9
The lower end of the Class I non-fatal is the Temporary 6 months + and the line of regression, Figure 10, shows an increase with a change rate of +61%, with 30% of the change related to time.  In considering the points plotted, a single line may not be appropriate with there being an apparent peaking in 1996/97. It is important that the factors involved with this change in direction of the curve be identified.
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Figure 10

In Figure 11 Permanent “the line of regression” shows a dramatic increase starting from just below two and going to over four cases per 1000 wage and salary earners, ie. a permanent disability once every 500 years to once in 250 years. The change rate for the increases is 140%.  The coefficient of determination of 81.7% shows that the increase is strongly related to time factors in the change rate of +140%, by far the most dramatic in the series.  Figures 10 and 11 show that the Class I non-fatal quantity of damage has increased dramatically over the time period considered by the New South Wales report.
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Figure 11
If what was the major quantity of damage at the beginning of the time period has increased at a much greater rate that the smaller quantities of damage have decreased, the only conclusions is that the figures show that safety in 2000/01 was worse, and significantly worse than it was at the beginning of the time period of 1991/92.

The conclusion in the New South Wales report that safety had improved was justified by the figures presented.

Why did a report on Serious Injury and Death in the Workplace fail to identify what is truly serious injury, the permanent alteration of a person’s life?  For a reasonable answer to this we have to step back and look more broadly and appreciate some of the difficulties experienced in a wide range of sciences and in every day life, difficulties we experience and share because we are human.

HIDDEN IN PLAIN VIEW
The figures on Temporary 6 month + and Permanent incapacity were in plain view on the Statistical Bulletin and were not seen.  Why? 

In 2001, the Library of Congress named Stephen Jay Gould one of America’s 83 Living Legends i.e. people who embody the “quintessentially American ideal of individual creativity, conviction, dedication, and exuberance.”  Why did the NSW report present only ‘All Injuries” and “Deaths” and not include “Permanent disability” and “6 months plus” data which was in he 2000/01 WorkCover Statistical Bulletin from which they drew the other data they used?  The answer to this question is likely to be complex.  However, the simplest answer is that they were following a traditional safety approach and also following the pattern seeking directionality of Stephen Gould’s canonical stories.  
Australian Standard 1885.1 : 1990 “Workplace injury and disease recording standard” and its antecedents has underpinned a wide practice in Australian Industry of reporting safety by the Lost Time Injury Frequency Rate (LTIFR) which is the number of cases where a person has had more than a full shift off work (subsequent to the injury shift) per hours work in the organisation (usually quoted at a rate per million hours).  On this measure rewards have been given, promotions given or refused, contracts awarded or not.  As well, there are the National Targets from NOHSC requiring a 40% reduction in all injuries incidents and 20% reduction in the incidence of fatalities over 10 years.  It should be noted that measurement of all injuries is very similar to a measure of Class II occurrences since their number is very large relative to the number of Class I occurrences.  Also there is the logic that if the measure of the most serious, and the least serious occurrences agree, surely the in-between will follow.  
Stephen Jay Gould

Stephen J Gould was a palaeontologist (born 10 September 1941 and died 2002) who had a deep love of science and of evolution.  He was a prolific author, his writings remain the “the standard by which popular science writing is judged”…   Gould (2002) in an essay “Jim Bowie’s letter and Bill Buckley’s legs” observed “Human beings are pattern/seeking story telling creatures.  These mental propensities generally serve us well enough, but they also, and often, derail our thinking…by leading us to cram the real and messy complexity of life into simplistic channels of the few preferred ways that human stories ‘go’.  I call these biased pathways ‘canonical stories’ (p68).” 
Earlier he commented “…since we cannot observe everything in the blooming and buzzing confusion of the world’s surrounding richness, the organising powers of canonical stories lead us to ignore important facts readily within out potential sight, and to twist and misread the information we do manage to record…   We therefore fail to note important items in plain sight, while we misread other facts by forcing them into preset mental channels, even when we retain a vague memory of actual events”. (p57).
Gould did not see scientists as immune from these influences “These common styles of error hidden in plain sight and misstated to fit our canonical stories arise as frequently in scientific study as in historical enquiry”. (p69).   Gould uses “Jim Bowie’s letter” to illustrate “hidden in plain sight” by the canonical story of “all the brothers were valiant and all the sisters virtuous” and “Bill Buckley’s legs” as an example of “misstated” as a result of the canonical story “but for this” driving the facts which could be easily recalled into a false version dictated by the needs of the narrative.  

While the data on Permanent and 6 months Plus “was in plain sight” of those preparing the report, the traditional views would have encouraged them to “go” as they did. 

Another factor, “valour”, could influence what they “saw”.  They knew that more and more effort was being put into work health and safety by a wide range of people.  If the world is just, damage to people from work must be decreasing.  Another influencing factor which will be discussed more fully later is the widespread (false) “knowledge” that the majority of accidents (85/90%) are caused by human error (formerly unsafe acts). This belief or false knowledge can also help us derail our thinking.

If the vast majority of accidents are caused by human error then the major task ahead of us is to reduce human error.  If the total number of occurrences has been reduced, the number of human errors must logically have also been reduced, and behaviour improved.  This is one of the reasons that companies target occurrences with less and less negative outcome.  In doing so, company management believes it is improving safety.  This belief derives from folk science and may direct attention away from the potential for Class I damage. 

My 40 years’ experience has been that safety has difficulty dealing with permanent disability.  The lives of approximately 50,000 people per year are permanently altered from work in Australia, 135 per day.  Some never work again, others work at less skilled jobs, for fewer hours per week, or at a slower pace.  As shown in the costings given earlier, many experience chronic pain.  The first issue raised to counter the attention being drawn to the significance of Class I non-fatal damage is malingering.  Malingering unquestionably occurs and is essentially a problem of criminality not safety. It nevertheless impinges on safety and inhibits the focus of safety effort on the major component of work personal damage.  This inhibiting effect is unjustifiable and demonstrably so.  The employer carries almost all the cost of Class II damage.  The Class I non-fatally damaged employee will be carrying more than three quarters (>76.7%) of the total cost of the damage. As malingerers they do not as a group seem very successful at obtaining a financial reward.  The call to focus on Class I damaging occurrences is also robust.  Assume that in 2000/2001 there were 100 units of damage made up of:



Class I fatal 


6.5 units




Class I non/fatal 

90 units




Class II 


3.5 units




Total 



100 units

Arbitrarily assuming 50% of Class I non-fatal occurrences are not genuine, the 2001 damage would then total 55 units of damage made up of:



Class I fatal 


6.5 units




Class I non/fatal

45.0 units




Class II


3.5 units




Total 


            55 units

Of these 55 units of damage, 45 units are Class I non-fatal, that is 82%.  The only basis I can see for not focusing over half the safety effort on Class I non-fatal damage is to show that the NOSHC 2004 figures are grossly wrong.  If only 1/8th of the 2000/2001 Class I non/fatal cases were genuine, their cost would still exceed the combined cost of Class I fatal and Class II occurrences.  

When Gould drew attention to canonical stories and their influence in “drive facts into definite and distorted pathways that validate the outlines and necessary components of these archetypal tales” (p57).  He summarised “… at the risk of over-simplification we like to explain patterns in terms of directionality and causation in terms of valour” (p56), and argued “… that our preference for tales about directionality (to explain patterns), generated by motivations of valour (to explain the causal basis of these patterns) have distorted our understanding of a complex reality where different kinds of patterns and different sources of order often predominate” (p68).
The New South Wales report showed a “different pattern” of the incidence of fatalities and of all injuries decreasing with time, and did not recognise the complexity of the reality of the Class I non-fatal damage.  By far the greatest quantity of damage led in the opposite direction and at a much higher rate of change.
TERMINOLOGY, CONCEPTS, MODELS
In the earlier part of this paper a number of terms were given which help inhibit a person’s understanding of safety.  The term “serious injury” was used to mean 5 or more days of payment for total incapacity, and takes away the attention and visibility of the truly serious injuries which non-fatally permanently alter a person’s life - nearly 50,000 per year.  The safety performance measurement was in terms of number of cases rather than the quantity of damage, helping to obscure the importance of the Class I non-fatal cases that account for 90% of the total cost of damage that comes from only 14% of the occurrences.  The term “human error” was mentioned and will be dealt with in more detail later in this section.

In relation to serious injury the term “total incapacity” was used and used incorrectly.  What is meant is that the person was unable to, or did not go to work for more than 4 days.  The person is totally incapacitated from the employer’s point of view because they would not be doing any of the work required.  From the individual and community point of view the person is only partially incapacitated in the majority of cases, and will be able to carry out a number of functions as part of a family or friendship group and of the community.

The terminology, the concepts and the models we use are critically important in determining what we will see and how we will respond in the field of safety.  

It is often both necessary and useful to go outside your own field of study or of work or interest and look at the broader world so that you can see more clearly within your own world.  Stephen Gould is one of the people who, in examining his own specialised field of palaeontology and his interests in evolutionary theory, has identified problems which limit the effectiveness of these fields of science and help lead astray the thinking of scientists working in those fields.  While Gould specifically discusses these problems, Bagemihl (1999) does not.  However in “Biological Exuberance”, which for the first time brings together 200 years of description of non-reproductive sexual behaviour of mammals and birds, he shows how the bias of the observers’ views on homosexuality overpowers the animal behaviourists’ objectivity. In study after study their beliefs and values prevented them from seeing and/or reporting what occurred in front of them.  Editorial intrusion in learned journals further quashed objective observations.  It is useful to consider these insights in relation to safety to help reduce the negative effects of our history and bias on our understanding and action.  

Essential Factors
Safety has always (in this author’s experience) had great difficulty with cause and still does in many cases.  Many of these difficulties fit under the canonical stories of “but for this”.  In the mid 1960s as a newly graduated mechanical engineer starting research on tractor “accidents”, I followed the normal procedure of looking through the literature for guidance on what should be done.  It was clear that it was necessary to identify the cause of the occurrence and it also seemed that it was important to go further than that and identify the prime cause, the basic cause, the fundamental cause or a whole lot of other adjectival causes.  

As Police throughout Australia and the Department of Labour and Industry in Victoria and Tasmania reported tractor fatalities and permanent disabilities on a pro forma we had prepared, I was unable to identify a “cause” for each of the occurrences as there were simply too many possibilities.

A continuing discussion with a senior lecturer, over his hypothetical tripping over a briefcase I had left in the corridor, could not resolve whether his fall was caused by my leaving the briefcase in the corridor or him not looking where he was going.  We did not explore all the other factors which were involved, such as the lighting, visual conspicuity of the briefcase and the factors that led to it being left there, and the divided attention factors that led to him not seeing it.  There was no resolution as each regarded the other’s behaviour as the “cause”.  We both agreed that both the leaving of the briefcase and the not seeing it were essential to the fall.  

The subsequent Master’s Thesis on the “Involvement of Tractor Design in Accidents” identified essential factors in the 520 fatalities and permanent disabilities being considered.  These essential factors were divided into “behaviour”, “design” and “surroundings” (which would now be called environment) and averaged 6.5 factors per case.  Almost all involved behaviour factors, design factors and surrounding factors.  Any one essential factor is equally important in terms of causation as any other essential factor and there is no logical thinking basis of selecting any one factor  and giving it increased status by nominating it as the “cause” of the occurrence or of the damage to the person.

Only on the basis of emotion, prejudice or the person’s bias can an essential factor be elevated to a more important status than the others. While essential factors are all equally important in terms of causation they vary significantly in controllability.  The important judgement to be made is the selection for control of factors that are high in controllability.  Controllability has to be considered in terms of short term, medium term and long term, and on immediate area of influence and extended area of influence.  The tractor study identified over 100 different design factors essential to the final damage in 520 Class I damage cases.
Change for Future – NOT Blame for Past

A major professional responsibility is “Change for the future” rather than “Blame for the past”.  Rejection of cause in favour of essential factors will enable progress.  In hindsight the number of essential factors identified in the thesis was far too low and was limited by the limitation of the occurrence being described on a pro forma rather than by direct investigation.  It is not unusual to identify 30 or 40 factors essential to the final damage.  As well, there are contributory factors which, while not being essential to the final damage, make it more likely by making it more likely that one or more of the essential factors will be present.

Thinking and Feeling

During the tractor study, description of the occurrence was strongly affected by whether or not the body was present at the time the reporting officer viewed the scene.  With the body present, attention was focused on the body and the mechanism by which the injuries were sustained by the deceased and little attention was given to the loss of control phase of the occurrence.  If the body was not present much more attention to and description was given of the loss of control phase.  While the absence of the body would make it more difficult to understand the mechanisms of injury, the presence of the body would not alter the availability of loss of control information.  The emotion directed the attention to one area away from the other.  This was my introduction to the fact that the person’s feelings could affect their observation and reporting.  

It was much later I paid attention to Carl Jung’s (1971) “Psychological Types” (the original was published in 1921).  In this Carl Jung argued that people could be classified according to whether they were predominantly “Extraverted” or “Introverted”.  In his definition of extraversion he includes the following –
“In a sense, therefore, extraversion is a transfer of interest from subject to object. If it is an extraversion of thinking, the subject thinks himself into the object; if an extraversion of feeling, he feels himself into it.  In extraversion there is a strong, if not exclusive, determination by the object.”

In his definition of introversion he includes the following –

“Everyone whose attitude is introverted thinks, feels, and acts in a way that clearly demonstrates that the subject is a primary motivating factor and that the object is of secondary importance.  Introversion may be intellectual or emotional, …”

As Jung stated:

“Feeling, therefore, is an entirely subjective process, which may be in every respect independent of external stimuli…”

He also argued that people have four functions divided into two diametrically opposed pairs.  The first pair is a “Perceptual Function” of “Sensation” and “Intuition”, and the second pair is a “Judgement Function” of “Thinking” or “Feeling”.  In his definition of sensation he includes “Sensation is the psychological function that mediates the perception of a physical stimulus” and continues later “Sensation is related not only to the external stimuli but to inner ones, i.e, to changes in the internal organic processes.  In his definition of intuition he includes “it is the function that mediates perception in an unconscious way” and continues “in intuition a content presents itself wholly and complete, without our being able to explain or discover how this content came into existence.”  In order to understand the judgement functions of thinking and feeling, I took Jung’s one page definition of thinking and one third page definition of apperception to develop a brief description of thinking and three page definition of feeling to develop a concise idea of both concepts.  
The thinking function involves the linking up of ideas by means of a concept and/or the use of concepts to integrate new ideas into an already linked up set (constellated, or organised group) of ideas.  Thinking is concerned with “truth” and is necessary if the physical energies of the world are to be controlled to avoid damaging people.  
The feeling function uses sub-emotional feelings via our values to make judgements of the form “like or dislike” “acceptable or not acceptable” and is essentially concerned with “goodness”.  
The tractor study had shown that emotion can affect a person’s perception and judgement of a situation, and Jung’s work brought forth the realisation that if you take an emotion and quieten it down until there is no more nervous innervation than there is in thinking, perception and judgement can still be much more to do with the person making the judgement than with the object or situation being judged. The difficulty with feeling judgements is that the “goodness” with which the judgement is concerned, is the goodness according to the values and motivation of the person or group making the judgement.  

Safety terms which encourage the use of the feeling function and discourage the use of the thinking function include



accident



hazard



cause




risk



unsafe act



risk assessment



human error



serious injury

An important aspect of Jung’s four judgement functions is that they are in two diametrically opposed pairs, which means when you are sensing the external world it is not possible to be intuiting the internal world, and while you are making a thinking judgement you cannot at the same time be making a feeling judgement.  There is a great problem if a wrong function is used, or if the two functions are used together so that one corrupts the other.  Each function is as important as its opposing function but each to its own domain.
My experience is that safety is being severely handicapped by the wrong use of functions, and by the corruption of one function by the other.  Much of this problem occurs because of the lack of information and veridical knowledge.  A useful paper could be devoted to looking at the value laden terms so widely in use but it is sufficient to illustrate this aspect of safety by considering one of the most damaging, i.e. “Human Error”.

This term received a boost recently with a visit to Australia of James Reason who has done commendable work on Memory over a long period of time.  
HUMAN ERROR  - A DESTRUCTIVE TERM
‘Human error’ has been a widespread term (replacing Unsafe Acts) in safety and ergonomics/human factors who speak about ‘non-culpable human error’.  The difficulty with the term human error is the feeling/valuing component of its meaning i.e. its negative connotation.  It encourages the use of feeling/valuing judgements. The difficulty is multiplied enormously when dealing with the general public which has a highly developed skill in identifying “human error”.  This fits with Gould’s (2003) idea of a canonical story “but for this”, which selects one essential factor on the “valour/virtuous” scale where people’s behaviour is judged as being good or bad.  Human error of course is seen as bad.  The Control action required is then obvious in terms of eliminating the error usually by requiring the person to behave better.  This belief prevents other essential factors being identified and has delayed the introduction of effective control measures. Three examples illustrate the negative effect of the overwhelming belief in human error.
When I first commenced research on tractors in 1964 it was known that Rollover Protective Structures would markedly reduce fatalities from overturning tractors, since Sweden had introduced a requirement for ROPS in 1957 on all new tractors.  By 1964 their effectiveness was established.  My Master of Engineering thesis was published as a research report in 1972 and included reference to a paper by Nordström (1970) who showed that the overturning fatality rate had reduced from 11.1 per 100,000 tractor years for tractors without frames, to 1 per 100,000 tractor years for tractors fitted with overturn protection.  As a naïve engineer I believed that these highly effective fairly cheap control measures would rapidly be accepted and spread to wide usage throughout Australia.  Little did I realise the resistance to the introduction of these measures.  The history is that people had to be dragged kicking and screaming or bribed into use of the eminently sensible devices.  My overwhelming experience was that the people owning or operating tractors saw tractor overturning coming as a result of human error.  The drivers themselves did not believe they would make the stupid errors which other drivers did.  Mining companies and similar organisations did not believe the information was relevant to them since they had not had an overturning.  My first consulting job (1975) was to investigate the overturning of a large front end loader in an open cut coal mine.  After my report ROPS were fitted to all their earth moving machines.  There was another mining fatality from overturning in the coal industry in Queensland and then a third one occurred when a rubber tyred bulldozer reversed in poor light conditions over the edge of a low profile stockpile.  The Mines Department called me in and asked me to give evidence that wheel dozers should not be used on low profile stockpiles and that track dozers should be used.  My reply was that I did not care whether they had wheels or tracks as long as they had a ROPS.  This led to the Warden’s Inquiry recommending that rollover protective structures be made compulsory on all earth moving machines in the open cut coal industry.  This did not extend underground to the metal mining industry, to the quarry industry, to the road construction industry or to all sorts of other applications where they are required.  The slow rate of adoption in our Agricultural Industries will remain a very sad chapter of our history and safety.
Australia is rightly proud of being the first nation requiring compulsory wearing of seatbelts in cars with the regulations having been introduced in the year 1969.  This led rapidly to a dramatic decrease in fatalities.  It is my clear understanding that seatbelts were compulsory on all aircraft seats in Australia prior to World War II.  This requirement would have been at the instigation of Dr John Lane who was for many years the Director of Aviation Medicine and to whom many people owed their lives.  He was also one of the founders of Ergonomics in Australia.

In 1969 I had a core balance earth leakage relay fitted to a new house when built and required that every electrical circuit should go through that device.  Coincidentally the Japanese manufacturing industry in that year required that the same types of devices (differential current operated protective devices) be fitted within their manufacturing plants.  In the year 1969 there were 38 fatalities.  In 1972 this figure had reduced to 18 and by 1980 was down to 1, as shown in Figure 12 below.
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Figure 12
In the late 1970s I was consulting to a regional electricity board in Queensland whose CEO reported that at their combined meeting at a state level they had decided to oppose the introduction of such devices because they would discourage people from following the electrical wiring rules and result in slip shod work.  It was into the 1990s before these devices were being promoted and people encouraged to have them installed.  

With the rollover protective structures on tractors there were approximately 100 fatalities a year and about 60 of these would have come from rollover of the tractor.  Sixty lives a year were lost for a long period of time because the ROPS structures were not introduced.  The effectiveness of seatbelts has been well established and reference was made earlier to the work of Haddon in Highway Safety in the United States.  There is not a giant leap in conceptional thinking from the thought that if a seatbelt provides reduction in injury in aircraft it should also provide reduction in injury in a motor vehicle.  If my understanding about the requirement for seatbelts in aircraft prior to 1939 is correct there was about a 30 year delay in the adoption of seatbelts.  The unnecessary loss of life is very large.  
The vast majority of electrocutions in Australia have for many years been via 240 volts going to earth through a person.  The device now commonly called “a safety switch” or “residual current device” is capable of turning the electricity off before this current does damage.  A large number of lives has been lost unnecessarily because of non-adoption of these devices even though Japan by 1972 had established their effectiveness. 
A careful investigation of these and other phenomena would show that the over-whelming belief in human error causation played a major role in delaying the adoption of these innovations.  It is part of the bias of our culture and our value system.  We stick with the “but for this” and judge behaviour with our feeling functions.  The other essential factors are hidden in plain sight.
Three of the largest contributors to NSW Permanent Disability, No return to work are Manual Handling 35%, Fall to the Same Level 13% and Fall from Height 11%.  On the basis of a detailed knowledge of 6,500 Class I damaging cases, I would be confident that in the vast majority of these cases the damaged person was behaving normally – handling loads they normally handled – walking normally or accessing buildings, trucks, earthmoving machines and the like.  We do need to know in better detail just what happened in the 50,000 per year Class I non-fatal damaging occurrences so that we can discuss facts.

Divided Attention

Another value laden term which was raised recently in Queensland was the statement that use of mobile phones “distracted” drivers.  Distraction is a value laden term and infers that something is taking attention away from the primary or most important thing which should be attended to.  The thinking language is that the attention has been divided.  In an overlearned behaviour such as walking, walking up and down stairs, getting on and off machines, and driving motor vehicles for much of the time a person’s attention is going to be divided because the overlearned behaviour is operating on “automatic” and a significant capacity of the brain is unused.  The non task portion of divided attention can be operating internally within the person, can be attracted to environmental factors, the result of a direction or instruction.  For example if a person is driving to a hospital as a result of having just received word that their partner, child, parent, best friend or the like has been admitted with life threatening injuries, the person’s attention will likely be divided between the driving task and the person they are going to see.

Flight Lieutenant Humphrey Edwardes-Jones (later to become Air Marshall Sir) was the first RAF pilot to fly a Spitfire.  As he made his first landing approach a Super Fury some way in front of him was doing S turns to lose height.  He thought it was going to get in his way.  At that time there was no air traffic control and no radio communication.  The Super Fury landed and turned to the left.  The Flight Lieutenant had an uneasy feeling that something was wrong and at the last minute lowered his under carriage which lowered with a resounding klunk and the plane landed successfully.  Afterwards people said to him “You’ve got a nerve leaving it so late before you put the wheels down”.  The Flight Lieutenant just grinned and shrugged his shoulders.  In the months that followed he would go quite cold just thinking about it.  Supposing he had landed the first Spitfire wheels up.  He kept the story to himself for many years afterwards.  The Flight Lieutenant describes himself as being distracted by the Super Fury when in fact his attention was divided.  He needed to pay attention to the Super Fury.  What would have been the future of the Spitfire and of Humphrey Edwardes-Jones had he landed with the wheels up? 

An example of directed division of attention also comes from the Spitfires which in the early stages of the Battle of Britain was flown in a tight V formation with the wing men required to fly very close to the wing of the point man.  Significant numbers of Spitfire pilots and planes were unnecessarily lost since the attention required from the wing men to stay in position was so large that they had very little attention left to look for enemy aircraft.  The ability to operate with attention divided, not fixed on one single important but small item is one of the advantages of our species – shared with many others.
There are currently also available a number of interesting visual presentations of activities going on in which something visually bizarre occurs.  People are required to direct their attention to particular aspects of what is going on, and fail to see the visually bizarre but very prominent occurrence.  In thinking in terms of the division of attention it is possible to use the thinking function whereas using the term “distraction”, the feeling function will be brought into play. It infers not paying proper attention.   
THINKING TERMS
Thinking judgement terms can be divided into two groups, analytic and predictive.
Thinking Terms – Analytic

The following are useful thinking terms for analysing a damaging occurrence. 
Damaging Energy Exchange 

Damaging Occurrence

Essential Factor

Contributory Factor

Controllability 

Human Spandrel
Spandrel

Spandrel

The last term is unlikely to be familiar to many in the audience.  The term “Spandrel” comes originally from architecture from where it was taken in 1979 by Gould (Gould and Lewontin 1979) to help explain various biological features of animals in terms of evolution. 
“Spandrel” was adopted into psychology by Schacter (2001) and was still being used in an evolutionary sense.  

Schacter, the Chair of Harvard University’s Department of Psychology, is recognised as one of the world’s authorities on memory.  His book “How the Mind Forgets and Remembers”, subtitled “The Seven Sins of Memory” is well worth reading.  The seven sins are transience, absentmindedness, blocking, mis-attribution, suggestibility, bias, and persistence.  Each “sin” takes up a chapter and the final chapter is “The Seven Sins : Vices or Virtues”.  Schacter explains the three terms used in evolution, adaptation, exaptation and spandrel.
“An adaptation… is a feature of a species that came into existence with the operation of natural selection because it increased the reproductive fitness of individuals.”
 “Exaptations are, in effect, adaptations that are co-opted to perform functions other than the ones for which they were originally selected.”  For example Feathers developed originally on small dinosaurs for thermal regulation or capturing prey, and only later were they co-opted for the function of flight.
Spandrel is a special type of exaptation that is an unintended consequence or by-product of a particular feature and had no adaptive function from the outset.  Schacter draws attention to the Spandrels described by Gould and Lewontin being the “four Spandrels in the central dome of Venice’s Cathedral of San Marco: spaces between arches and walls that were subsequently decorated with four evangelists and four biblical rivers.  The Spandrels were not designed for the specific purpose of housing these paintings, although they do so quite well.
Schacter then goes on to relate the architectural spandrel to the memory spandrel.  

“There is a difference, however, between these spandrels of memory and the architectural spandrels discussed by Gould and Lewontin.  Architectural spandrels have benign consequences: they do not interfere with or undermine a building’s structural or functional integrity. Not so for memory, however. The irritation of absent-minded errors, the momentary frustration of blocking, and the potentially shattering consequences of eyewitness misidentifications and false memories resulting from misattribution or suggestibility all have the power to disrupt our lives, temporarily or permanently.  When suffering the consequences of these spandrels gone awry, it is difficult to appreciate or imagine that they are by-products of processes that, for the most part, keep our cognitive lives running smoothly  It may be helpful to think of these memory spandrels in relation to the squirrel that weighs the benefits of feeding against the possible costs of encountering a predator and returns to cover repeatedly with bits of cookie. The misbegotten spandrels represent the cost of a trade-off in memory which also has important, though less visible, benefits.

If my suggestions about the origins of the seven sins have merit, one thing we can count on is that the sins are not going to disappear any time soon.” 

If Schacter’s assessment of the sins of memory is correct, some at least are inherent parts of the “evolutionary design” of our mental function and therefore are not a human error but simply a human characteristic.  They only become an error when the person is placed into a system or environment which does not allow for these characteristics of the human being which are a by-product of our evolution.  The term “human error” helps misdirect our actions and encourages the use of the feeling function and discourages the use of the thinking function.  The term has done enough damage already.  There is no need for it to be continued to be used to perpetuate other problems.  I would strongly recommend Schacter’s book on memory to any safety specialist and any ergonomist/human factor specialist.

Schacter reports “Gould holds that many current features of the human mind are exaptations and spandrels….”  Which… are such dominant influences in shaping the contemporary human mind that they constitute a mountain to an adaptive molehill.”


Predictive Terms

As well as the analytic thinking judgement terms there are predictive terms such as: 
energy, 
mechanism for release of energy, 
potential, 
probability, 
Class I damage, 
Class II damage etc.  
There is no need to use the value laden terms which help misdirect thinking and misdirect activity.  Perhaps one of the finest illustrations of the use of the feeling function is its role in terms such as ‘primary cause’, ‘basic cause’, ‘ultimate cause’, which is suggestive of a cause of some higher level of importance than an ordinary cause.  In practice it is the essential factor that has the strongest emotional appeal for the most dominant person or group involved in the analysis.
The above is only a quick sample of factors to consider in selecting words concepts and models to minimise the use of the feeling function and maximise the use of the thinking function.  Examples could also have been given of where the thinking function is used where the feeling function should be used and of where the feeling function is used where the thinking function should be used.  Examples can also be given of the corruption of the one by the other.  However, at this stage I would like to go back to the New South Wales report of 2004. 
SERIOUS INJURY AND DEATH IN THE WORKPLACE – REVISITED
The alert among you may have noticed in the NSW report that fewer years were used in the assessment of “all injuries” than were used in the assessment of “fatalities”.  As quoted earlier, the text of the report noted a reduction from 19 to 15.1 for the incidence of injuries for the year 1993/94 – 2000/01.  
Had they started in the year 1992/93 the beginning figure would have been 17.6 and had they gone back further to the year 1991/92 the starting figure would be 18.7.  Starting with the 1992/93 year would have seen a lesser decrease over a one year longer time span – not as impressive.  While the 2000-2001 Statistical Bulletin gives a bar graph from 1991/92, the actual figures in Table 1.2 start with 1993/94.  As well as any meaningful trends in these figures, there are random variations from year to year and that is one of the reasons for using a statistical technique such as the line of regression which is use for Figures 7 to 11 inclusive. 

Attention should also be directed to Section 3.1.2 “Cost and Time Loss” in the WorkCover Statistical Bulletin 2000/01.

“3.1.2 Cost and time lost

The overall cost of workplace injuries rose more than two and a half times during the ten-year period from 1991/92 to 2000/01 (from $304 million to $804 million).  During this period average costs rose from $8,264 in 1991/92 to $20,109 in 2000-01, representing a 143% increase. Median costs more than tripled, increasing from $1,875 to $5,900 (see Figure 3.1.20.)
This increase in costs was mainly due to a rise in the number of permanent disabilities from 2,989 in 1991/92 to 10,300 in 2000/01.  Injuries involving permanent disabilities generally incurred higher than average costs.  In comparison, the numbers of temporary disabilities have declined by 15.5% (from 35,105 in 1991/92 to 29,649 in 2000/01).”

The main feature in this quotation apart from cost was the increase was mainly due to permanent disability.  A heading Cost and Permanent Disability would have been more important and may have served to better track the attention of those preparing the report on serious injury and death in the workplace.  The text points to permanent disabilities being just under three and a half times the 1991/92 figures by the year 2000/01.  This is noted in the text but not in the title of the section.

SUMMARY

At the start I indicated that I was going to tell you what I was going to tell you, then I was going to tell you and now I have to tell you what I have told you, but I am going to do this in a pictorial form.

Resizing the Safety Mandorlas
A mandorla (Italian for almond) is the common area of two overlapping circles.
In safety there are two important Mandorlas.  One, the Paradox Mandorla, represents the situation that there are far too many fatalities and permanent disabilities but these occurrences are so rare in an individual’s experience that individuals lack both the motivation to make changes and the knowledge of what changes to make.
Figure 13 – Paradox Mandorla

[image: image12]
The second, the Judgement Mandorla, represents the thinking and the feeling function, both of which are used to make judgements which lead to action.  The thinking function involves the linking up of ideas by means of a concept and/or the use of concepts to integrate new ideas into an already linked up set (constellated, organised group) of ideas.  Thinking is concerned with “truth” which is necessary if the physical energies of the world are to be controlled to avoid damaging people.  The feeling function uses sub-emotional feelings via values to make judgements of the form “like or dislike”, “acceptable or not acceptable”, and is essentially concerned with “goodness”.

Feeling corrupts Thinking (eg. by using value laden terms) and Thinking corrupts Feeling (eg. by attempting to rationalise how you feel).  Inappropriate judgements come from corrupting one function with the other, or by using the wrong function, (eg. lack of factual information with which to think will lead to a feeling judgement).
Figure 14 -  Judgement Mandorla

[image: image13]
At present the Paradox Mandorla is very thin and the Judgement Mandorla is very fat.  For effective and efficient safety at work The Paradox Mandorla needs to be fat and the Judgement Mandorla needs to be thin.

Thinking Judgements (truth) and Feeling Judgements (goodness) are both necessary, each in their own domain.

The use of the wrong function or the simultaneous use of both corrupts judgement and renders it counter productive.  The large Mandorla represents the large amount of corrupted judgement which exists at present.
Your task in real practical terms is making sure that people do not suffer Class I damage.  In more abstract terms, your task is resizing the Safety Mandorlas within which you work and operate.
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