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Abstract 

Felling of trees in native forests is a hazardous occupation characterised 

internationally by high accident, injury, and death rates. In the research reported 

in this thesis three fundamental components of performance, namely, physical 

work effort, the judgement and prediction of dangerous work outcomes, and tree 

felling accuracy, were examined through measures taken in the forest work setting 

with Tasmanian Eucalypt hardwood tree fellers. In addition, a signal detection 

paradigm was used in a controlled simulation to assess the ability of tree fellers to 

discrim:1nate between normally and abnormally falling trees from information in a 

set of felling episodes on film. The goal of these studies was to further the 

development of scientific explanations of performance failures with this particular 

type of high-risk rural worker. 

Only a small minority of the men in the sample were physically over-stressed in 

meeting energy (VO2) demands during the field research day. Physical working 

capacities were in the vecy high category (Astrand and Rodahl, 1977) in some 63% 

of the sample, with PWC (V02 max) generally increasing with age. The majority of 

tree fellers were found to be working within the medical recommendation of 35% 

utilisation for their maximal oxygen consumption (VO2 max), with only 3 out of 39 

subjects consistently above 50% utilisation. Although the average heart rate nett 

across all subjects of 62.4 beats/minute was well above accepted medical 

standards for this parameter, the cyclic nature of the task and production delays 

possibly ameliorates this effect in many situations. Personality assessment on a 

fatalism measure and sub-scales of the Jenkins Activity Suxvey did not reveal 

patterns expected from the literature and discussions with felling instructors on the 

psychological attributes of the effective tree feller. Extrapolations from the work 

physiology data and implications for worker selection are discussed. 

An exploratory model was developed of essential behaviours for felling accuracy and 

tree-to-tree survival. Tree felling decision processes were studied in the field and in 

an analogue setting. Actual q:ee falling time in the forest as measured on video film 

ranged between 2.6 and 9.7 seconds, with a mean of 5.8 seconds. In the field, 

workers predicted the direction in which the tree they were about to cut would 

finally fall, their certainty of prediction, and the risk and awkwardness of the fall. 

The instructions to subjects was for m~um tree felling accuracy. Nearly half of 

the subsequent falls during these tests exhibited noticeable felling error (defined as 

> 50). In over one third of all felling episodes there was a discrepancy of 10° or 

more between the intended direction of the fall and the actual position of the fallen 
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tree. In many of the falls involving error the worker responded with a high degree 

of certainty about his being able to achieve an accurate fall in the chosen direction. 

Contradicting current tree felling work-technique manuals the confident 

discrimination of the natural lean of the tree was not very evident. The perception 

of the tree's natural lean was not found to be a reliable basis for the choice of the 

felling direction. Correlation analysis showed no clear association between the 

measured characteristics of the tree and felling error. Neither certainty of felling 

direction, in particular, nor the men's ratings of risk or awkwardness before a fall 

were significantly related to target error. The men's own subjective assessment of 

their performance in the tests, their consistently short retreat distances from the 

stump, and their certainty of success in cases of felling error, indicated an 

unrealistic over-confidence in their own performance in the majority of cases. 

The analysis of felling error in the field led to investigation of the tree feller's ability 

to discliminate between normally and abnormally falling trees on video film. In a 

signal detection simulation experienced tree fellers were slightly but significantly 

more accurate than a control group of forestry students in discriminating whether 

the tree they were viewing would fall normally or abnormally. They also anticipated 

the abnormal outcome at an earlier stage in the tree's fall. However, there were 

substantial differences between tree fellers in discrimination of these important 

outcomes. 

Correlation of variables across the three levels of analysis indicated that neither 

workload, as indexed by heart rate or oxygen consumption, nor the particular 

psychological characteristics that were assessed were consistently involved in 

felling error. Felling performance in the field correlated significantly with signal 

detection performance in the first stage of the simulation. There is a possibility for 

the development of a selection test based on the methodology of the research. 

Although the results show a minority of experienced Australian hardwood tree 

fellers are likely to be physically over-stressed during their work, newer entrants to 

the occupation show a more '!'~ed picture with generally lower physical working 

capacity and lower utilisation of V02 max. The job of Australian hardwood felling 

remains in the very heavy category for most men from a physiological point of view, 

but it has been shown not to be beyond the capabilities of the high, rather than 

very high PWC worker of appropriate size, weight, and of course skill. However, in 

spite of these positive work physiology results most workers still made significant 

errors in the prediction of outcomes and the felling control of the tree under the 

optimum condition of the research. Critical subjective judgments about the felling 
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problem did not relate to error. There is evidence that signal detection by the 

worker in the final seconds of a tree's fall is currently not much better than that of 

laymen. 

The conclusion to be drawn from this study of a diverse sample of workers is that it 

ts not a case of the voluntary acceptance of carefully calculated risk and 

consistently accurate outcomes, but more that of a pattern of inevitable and 

"normal" errors in spite of the mythology and tradition surrounding the skills of the 

occupation. There was ample evidence of the difficulty many of the research 

subjects had with the cognitive aspects of the work in particular, and in their 

discerning that such flaws in their own performance existed. In terms of an 

exploratory model of tree feller skill and performance failure, the results from all 

three chapters tended to confirm that a significant proportion of the men in the 

sample were not able to "read" and control the tree as is generally assumed, and as 

1s described in overseas work-technique manuals. Because of the general lack of 

the key phenomena of accurate anticipation, the survival of many of the men must 

still be regarded as significantly related to the frequency of dangerous and defective 

trees, and other random failure (accident) factors in the forest environment. 

The implication of these results for further research and other high-risk worker 

studies are discussed. The importance of physical stress or erroneous perception 

and decision making as main risk factors in actual felling accidents, has still to be 

confirmed. The current study provides ample evidence that these and further risk 

factors now need to be evaluated within a prospective research design of several 

years duration. 
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Dedication 

This work is dedicated to Bill, Waldemar, and Tom. 

There is of course no substitute for work. I myself practiced constantly, as I 
have all my life. I have been told I play the cello with the ease of a bird 
flying. I do not know with how much effort a bird learns to fly, but I do 
know what effort has gone into my cello. What seems ease of performance 
comes with the greatest labour . . . Almost always, facility results from 
maximum effort. Art is the product of labour. 

Pablo Casals "Joys and sorrows." 

Men, water, and cable-blades all find their own level in the bush. 

W. H. Holmes. 
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1.1 The logging industry 

Chapter 1 

Introduction and background 

1.1.1 Lumberjacks, bushmen. and chainsaw fellers 

Throughout recorded history forests and their products have formed a significant 

part of the fabI1c of society (Baker. 1919: Cippolla and Birdsall. 1979). For many 

centuries Umber encompassed all aspects of village and town life. from rough 

frames and beams for housing construction to exterior boards and internal 

panelltng. Carts. wagons. tools, and farming equipment of all types as well as 

everyday furniture were all founded on wood. In the home smaller implements of 

time proven utility often consisted mainly of wood (Hartley and Elliot. 1925). 
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In today's modem industrialised economies, in spite of the dominance of 

petrochemical and high technology products, the market for all types of sawn 

timber remains. In addition there is the constantly expanding demand for 

reconstituted wood products such as particle board and "new wood". and 

woodchtps for the pulp and paper industxy (FAO, 1988). Up until at least the 

1930s. in Britain, Europe and countries of similar cultural background such as 

Australia. crafts involved in the cutting and working of timber in the rural 

community stlll employed a broad range of hand skills (Edlin. 1949; Seymour, 

1984). Up to the end of the first world war in some wood crafts, these skills were 

still held by the one worker who would select and fell the chosen tree with an axe 

and crosscut-saw. manually cleave or saw up the Umber as tradition dictated. and 

finally use his own specialised hand tools and techniques to produce the finished 

product. Such work was said to require an intimate lmowledge of the grain, 

texture. strength. and wealmesses of the various species in their natural and 

seasoned states. The differences between earlier rural craftsman both before and 

after the Industrial Revolution. and the gradual evolution of the various artisans 

and their guilds from Medi~ times, is cogently described by Lucie-Smith (1981). 

Today. in spite of the high technology of pulp and paper mills and the increasing 

introduction of computerised saw milling in some countries (Fibfger et al., 1986; 

Hallock. 1974), tree felltng in most natural forests ts carried out by the individual 

worker with a chainsaw who continues to use techniques based on the work 

methods of the axe and crosscut days. Tots manual felling of trees is a particularly 

hazardous occupation charactertsed internationally by high accident. injury, and 

death rates (Broberg, 1986; Macfarlane, 1980; Paulozzi, 1987). 
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A famflfar fmage of the logging worker fs that of the rugged and indoroitable 

lumbeljack carrying his trusted axe and crosscut between tall majestic tmtber. 

Such an image orfginates from the logging in the wilderness forests of Canada's 

Paciflc provinces, and in the vast western mountain forests of America that began 

to be heavily exploited in the 1820s in a manner not previously seen in European 

history. The harsh realities of the task in these early years and the range of 

working conditions in American logging camps is well documented by Williams 

(1976). Australia has its own unique history of logging dating from the early years 

of European settlement (e.g., Beckett. 1983; Penny. 1910; Rowe, 1980). The 

traditional job titles of lumbeijack or bushman. as he is termed in the case of 

Australian logging, are synonymous. The term chainsaw tree-feller is the more 

contemporary Scandinavian expression in the era of the high performance softwood 

chainsaw. The past work skills of the axe and crosscut bushman in Australia, and 

the noteworthy levels of hand-eye coordination. find their expression in the early 

photographs of tree felling and the squaring of beams and jetty piles exported from 

Tasmania and other states in the nineteenth and early parts of this century (see 

Appendix 1). Even at the beginning of this period much of the sawing and 

preparation of tmtber was still carried out in the forest. and the skills of a good 

sawyer and adze man were as prized as those of the tree feller. Calder ( 1980) 

describes the life and work of those early close knit communities in the rural mill 

towns that are the heritage of Australian hardwood logging today. As the jobs in 

the timber industry became more specialised and lalger centralised sawmills were 

established, the axe and cross-cut bushman who knew the subtleties of felling the 

best trees by hand remained a respected craftsman of the community (Beckett, 

1983). Though these particuJar rural sld1ls have been :In serious decline for some 

time. professional chainsaw timber fellers can still be seen competing in axe and 

sawing competitions at agricultural shows. and Tasmania has a reputation for 

having provided some of the best axe and cross-cut champions :In Australia. 

Eucalypt or hardwood logging continues on an extensive scale along the length of 

the eastern coast of the Australian matnJand, :In the southwestern forests of 
~~ 

Western Australia. and in Tasmania. Some of the large logging operations combine 

the felling of trees for sawroills, pulp and paper plants and woodchips. a practice 

commonly termed integrated logging (Walker. 1982). This contrasts with selective 

logging of the past which meant the careful selection and felling of trees for the best 

result in the sawmill and the forest. Selective tree felling was considered to requtre 

the greatest skill :In axemen of the day. and the same term is used in the industry 

today. Much of the logging of the native forests in America and Australia, as :In 

many other countries, has not been selective but has often involved clear felling. A 
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s1gnificant proportion of the trees harvested by today's loggers are used for the 

production of wood pulp or chips for paper making rather than needing to be felled 

for sawn timber (e.g., Kemp, 1982; Meadows, 1982; Risby, 1987). 

Although a large part of Australia's forest industry consists of softwood plantations 

that began to be established during the 1930s, eucalypt or hardwood logging still 

supplies over 10.2 million tonnes or approximately 67% of the total annual cut of 

all timber in Australia (Anon, 1989). It is estimated that the national hardwood cut 

will remain close to current levels over the next decade and will increase to a level 

of approximately 12-13 million tonnes that will be maintained well into the next 

century. The question of the contribution of plantation eucalypts to these future 

predictions is not clear, but hardwoods are expected to remain a stgniflcant export 

earner for the industry through the continued supply of woodchips to Japan (Anon, 

1988; Cameron and Penna, 1988; Walker, 1982). 

Natural hardwood forests in Australia have more in common with the forests of 

Canada, the west coast of America, and in some cases tropical rainforests than with 

their European and Scandinavian counterparts. The hardwood forest is 

characterised by diverse and often rugged terrain as well as trees of widely differing 

size with significant levels of fire damage or decay (Hillis and Brown, 1978). In 

terms of average height and volume, tree shape, growth stresses and cutting 

characteristics the eucalypt species are also distinctly different from the softwood 

species of Europe, and Scandinavia (Jacobs, 1965). Loggers often descrtbe a 

natural eucalypt forest as old growth, meaning the orJginal forest condition, or 

regrowth, meaning a forest which has regenerated between 50 to 100 years ago 

following clear felling or the effects of forest fires. Such classifl.cations are nominal 

ones, in that any natural forest of either type is in a constant state of evolution, 

where even-aged or mixed age stands of trees may be found. A third main category, 

the regenerated (man seeded) forest and eucalypt plantation. was not considered in 

the fieldwork of the present research. A number of eucalypt species form the bulk 

of trees that are used for pulp and woodchip production, as well as for sawlogs. 

These include those known in'Tasmania as blue gum (Eucal.yptus globulus}, white 

gum (E. vtm.tnalis), stringy gum or swamp gum (E. regnans), brown top (E. obliqua), 

white top (E. delegatensis), black peppermint (E. amygdaltna), silver peppermint (E. 

tenuiramts), and the mountain gum (E • .dalrympleana), (Boland and Johnston, 

1984). 

Tasmania has the htghest proportion of forested land in any state in Australia and 

some of the finest hardwood forests in the world. The tallest known hardwood tree, 
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a Eucalyptus regnans. rises over 100 metres above a grove of similar nJnety metre 

trees in the Stynx valley of southern Tasmania. At the tune the fieldwork for the 

current study was carried out. the estimated value of the predominantly eucalypt 

based industry for this state was $255.8 million. in contrast to $66.1 million for . 

prbnary industry and $189. 7 mill1on for secondaiy industiy and mining 

(Tasmanian Forestry Commission, 1981). There is little reason to doubt the 

continued miportance of the timber industry to the Tasmanian economy 

(Tasmanian Forestry Commission, 1988). Some writers have indicated that it was 

the advent of the export woodchip industry in the early 1970s in Australia that 

dramatically changed the nature of the logging industry, even if the methods of 

cutting and transporting trees in these natural eucalypt forests remained basically 

the same as before this date (Walker, 1982). 

The aim of this chapter is to describe the occupation of the Australian hardwood 

tree-feller and some of its idiosyncrasies, and to discuss international statistics 

which highlight the position of tree-fellers within the overall problem of logging 

worker injuries. Non-Australasian accident statistics are discussed first. followed 

by New Zealand and Australian data. Further sections consider the status of 

accident models in the logging ergonomics field, and detail research on tree-feller 

performance mainly by reference to Scandinavian studies. The focus of the final 

sections is on the particular Tasmanian forest setting of the research, as well as 

assumptions underlying the study. The difficulty of establishing safe work 

practices in such a varied and unpredictable work environment is also considered. 

The objectives of the research program reported in the thesis are then outlined. 

1.1.2 Logging technology 

Since the late sixties increasing attention has been paid in Europe, and particularly 

the Scandinavian countries, to full mechanization of all stages of logging. A 

primary objective of mechanisation was to reduce the injuries and the physical 

work-strain associated with motor-manual logging methods (Pettersson, 1978; 

Pettersson et al., 1983). Fully_mechanised timber harvesting was capable of 

extensive development in the Scandinavian and Nordic countries because of the 

smaller size of the various native species in the softwood plantations and natural 

forests. the longer and more adverse ~ter climate, the more integrated, educated 

and unionised workforce, and a large market for "comfortable" machines 

(Andersson, 1979). There was also greater pressure for improvements in 

occupational safety and health in these countries than in Australia (Henderson, 

1980). Tree felling machines were initially designed in Scandinavian countries in 
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the early 1970s to cut defect-free trees up to 50 centimetres tn butt diameter, while 

larger capacity softwood felling vehicles have been developed tn Canada (Andersson, 

1979; Legault, 1976). 

Hardwood logging necessttates the use of particularly heavy mach:lnery in terrain of 

varying difficulty. The major changes in technology over tlme have been the 

transition from horse or bullock teams for log hauling to the static steam engine log 

hauler, the bulldozer, and more recently to the larger types of rubber tyred or steel 

tracked skidder. For the bushman or hardwood timber feller cutting larger-sized 

trees, the main technological change since the 1960s has revolved around a 

progression of minor (and not necessarily genuinely ergonomic) changes to the 

hand-held chainsaw rather than any major innovation. Chainsaws used in 

hardwood are usually heavier, larger, and with longer cutter bars than those used 

in softwood tree felling (see Appendix 1). 

The hardwood tree-feller remains as the first stage of the whole production process. 

Without this small but specialised group of workers, the multlmillion dollar 

hardwood part of the forest :lndust:Iy could not exist. For those not famflfar with 

the timber :lndust:Iy :In Australia it is necessary to emphasise the important 

difference between forestry activities, which are carried out mainly by the 

permanently employed wages labour force of the various state forestry 

commissions, and logging activities, which typically are undertaken on a piecework 

basis by private sector sub-contractor operations. Nowadays a typical hardwood 

logging crew consists not only of a timber-feller but a choker setter or operator who 

attaches the steel haulfng wires to the trees once they have fallen. The skidder or 

bulldozer driver is responsible for hauling one or more logs back to the landing or 

loading platform. The bucker. or chainsaw operator :In Australia, cuts up the trees 

on the landing and prepares them for loading onto the logging trucks with a crane 

or grapple loader. There may also be high lead operators on those sites where trees 

are pulled :In via cables slung from trees or steel spars (a practice more common in 

Canada and America and southern parts of Tasmania than in the rest of Australia). 

Two or more of these roles arcftaken by one man :In smaller crews (for example, 

choker/skidder driver). For much of Australia's native eucalypt forests the larger 

average tree size, the problem of tree shape and defect, and the significant areas of 

steep terrain (260 or greater than 50% ~lope) :In eastern seaboard states have all 

ensured that mechanised tree felling is not a feasible alternative to motor-manual 

method in native forests. It is thus likely that felling of native timber in Austra11a, 

as well as :In North America and In many tropical rainforest areas, will be carried 

out by the h~hly-mobile, cha:lnsaw-carrytng fellers for the foreseeable future. 
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In discussing the social and economic context behind forest accident prevention 

efforts. Ager (1978) provided one scheme to describe the levels of development of 

working conditions for forest workers. He identified three case descriptions that 

could be used in assessing forestry and logging in any country. The first was 

termed manual techniques under unfavourable socioeconomic and climatic 

conditions. the second, moderately mechanized techniques under comparatively 

favourable socioeconomic and climatic conditions, while the third was of highly 

mechanized techniques under favourable socioeconomic and cl1matic conditions 

(see Appendix 2). Besides the mechanization of transport and de-limbing at the 

work site, mechanical Umber felling machines are increasingly employed in major 

northern hemisphere logging regions (see Appendix 3). The third case description 

above finds its best example in logging operations in Sweden and Finland where 

major mechanisation and associated injury prevention work has taken place 

(Pettersson et al., 1983). Through the initiatives of one large paper manufacturing 

company in particular, Australian softwood plantation logging is partly following 

the Northern European trend to full mechanisation, including mechanical tree 

felling (Brotoft, 1983). 

The environment and working conditions of the hardwood logging industry in 

Australia, rather than in Scandinavian countries, for example, are more likely to be 

in Ager's second case description above. The injwy statistics reported in this 

chapter are consistent with such a classification. As in other Australian logging 

states the logging workforce in Tasmania is more widely scattered and isolated for 

hardwood operations than for softwood. Further, hardwood logging is more likely 

to be organised on an independent sub-contractor rather than company employee 

basis. In Tasmania, logging and tree felling environments range between the lush 

and rugged temperate rainforests of the western rainfall area and the dry 
I scp.erophyll and more open forest types of the eastern parts of the state (see 

Appendix 4). Given the major decline of the traditional work skills of the axe and 

crosscut bushman (Beckett, 1983), this thesis is concerned with the work of a 

modern chatnsaw Umber-feller in Australia's native hardwood forests. 

1.1.3 Professional felling 

At the practical level, models of accide~ts attempt to explain why workers are 

injured or killed to a significantly greater extent in certain occupations than in 

others. In the case of tree felling it might appear unusual that so many men are 

seriously injured while carrying out the seemingly straightforward job of "cutting 

down a tree". In rudimentary terms, tree felling involves the cutting of a wedge 



7 

shape "scarf' out of the front of the tree to a depth of one quarter to one third the 

diameter. and subsequently cutting Into the back of the tree at a slightly higher 

level than the scarf cut until the tree begins to fall in the desired direction. 

However. it is :Important to emphasise the difference between cutting down a single 

tree in a garden or similar location as a once-in-a-lifetime exercise and the felling of 

mature hardwood t:fmber as a full t:fme occupation. The domestic scene of cutting 

down one tree (where fatalities still are regularly reported) is distinctly different 

from the actMties of a professional feller cutting up to 600 and somet:fmes as much 

as 1000 tonnes of timber in a week. An insightful description of the work of a 

modern lumbeljack working in big t:fmber and steep terrain is given by one 

American writer, Hager (1980), who was h:fmself a lumbeljack (see Appendix 5). 

This description is Indicative of the more difficult working conditions and 

challenges that confront Australian hardwood timber-fellers. This picture can be 

compared with a description of the chainsaw operator's work in a Swedish felling 

operation given by Pettersson (1978) and the difficulties of working in snow and 

below zero temperatures for part of the year. In Australia it is the age and size of 

the trees. the surrounding undergrowth and forest, adverse wind and weather, the 

closeness of other s:fmilarly decayed or damaged trees, and the proximity of heavy 

logging machinexy that makes the hardwood situation qualitatively different from 

the occasional use of smaller domestic chainsaws. The hazards of using large 

professional chainsaws for eight hours a day is a subject In its own right (ISO, 

1982; Haynes, Webb. and Fermo, 1980: Hunt. 1979; Pykko et al., 1986). 

1.2 Logger Injuries in Paclflc basin forests 

1.2.1 Introduction 

The problem of logging in.juries and fatalities has only begun to be properly 

documented in the last fifteen years or so (FAO/ILO. 1971; United States 

Department Labour, 1973). A number of Scandinavian and European reports have 

clearly confirmed that tree fellers and chainsaw operators are the highest risk 

group in their particular softwood forest industries (Broberg, 1986; Hofile and 

Butura. 1980; Pettersson et al., 1983; Strut, 1972). 

In assessing health risks for loggers, Edlin and Granstam (1980) made a 

comparisOn of causes of death in a Swe.dish sample of timber-fellers against the 

general working population (see Table 1.1.). Although the focus in this research 

was on certain types of cancers, the analysis confirmed the high risk of t:fmber­

fellers meeting a ''violent death". 
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The standardised proportionate _mortality ratio (SPMR) for violent death was lugher 

than that for the other causes shown in the table. This study also noted sfgn1ftcant 

excess mortality for violent deaths for lumbeJjacks over the age of 50. The SPMR 

for violent deaths was I. 79. while fatalities from all other causes had an SPMR of 

0.53 when compared with the general population at or above the age of 50. Even 

though the information on the death certillcates used in the study did not allow a 

complete sub-division according to work accidents. EcIDng and Granstam were 

confident that the general results plus the findings of increased risk of violent death 

with those over 50 years of age "should probably be interpreted as a high mortality 

bemg due to accident rather than suicide" (p.405). 

Table 1.1 Distribution of observed and expected causes of death amongst a sample of 
Swedish lumberjacks: Standardised Proportionate Mortality Ratios (SPMR)* 
(Derived from Edling & Granstam, 1980). 

Cause of death 
(Age 25-69) 

lschemic Cerebrovas. Other All Violent 
Heart Diseases Circulat'y Cancers Death 

Diseases Diseases 

Obs Exp Obs Exp Obs Exp Obs Exp Obs Exp 
123 114 26 21 23 21 75 85 94 65 

SPMR 1.08 1.24 1.10 0.88 1.45 

95% 0.90-1.29 0.81-1.81 0.69-1.64 0.69-1.11 1.17-1.70 
Conf. limits 

* Standardised Proportionate Mortality Ratio -The percenlage ratio of the number of deaths observed from a 
particular cause in the age-occupation-sex group studied to the number expected from the same cause for a 
reference or standard population. 

1.2.2 The overseas statistics 

Due to the difference between lhe Scandinavian countries and Australia in terms of 

trees. environmental conditions. the chainsaws used. and the organization of the 

workforee. the most appropriate data on the likely I1sk for the Australian native 

eucalypt fellers are probably best given-by non-EEC or non Scandinavian-Nordic 

reports (e.g .• Frazier and Coleman, 1983; Macfarlane. 1980; Milham. 1976; 

Peterson and Milham. 1980). Paulozzi (1987) and Holman et al .• (1987) have 

attempted to look more strictly at the epidemiology of fatal loggmg injuries in large 

timber logging in North American forests. 
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In 1983 the American National Institute of Occupational Safety and Health selected 

logging as the subject of its first report on the series of MOSH Surveillance Reports 

(Frazier and Coleman, 1983). Earlier general occupational mortality studies of 

MOSH by Milham (1976} and Peterson and Milham (1980) had focussed attention 

on the loggmg injuzy problem. In the 1983 paper, four major data bases from 

previous investigations were used to cross compare past logging injuzy statistics in 

the three main lumber regions of the countzy (see Appendix 6). In the study, 

estimates of the total American logging workforce were found to vaiy widely due to 

the seasonal nature of the work, the isolated nature of many of the operations, and 

the vaty:lng definitions of "logger" in different states. Using figures from the 1970 

census 73,192 males were characterised as the populatton at risk, even though a 

NIOSH survey in 1976 had concluded that as many as 300,000 workers possibly 

were employed throughout the industry. Analysis of the National Health Interview 

Survey (HIS) data base covering non-disabling injuries over a four year period 

(1969-1974) showed that males engaged in the manufacture of wood and wood 

products had an injury rate 38 % higher than the figure for all other workers 

combined. The study also found that the injuries sustained by loggers in the 

Western lumber region, where timber is larger and the logging conditions more 

rugged and difficult, were significantly higher than the other regions. 

Analysis of the Social Security Administrator's Continuous Disability History (SSA) 

sample for the same 1969-7 4 period indicated that loggers were responsible for 

79% of disability awards. In over 1000 cases of logger injury, 350 involved 

fractures to the lower limbs of one type or another. while 218 entailed fractures of 

the skull, spine, or torso. 

Table 1.2 Percent distribution of disability award among American logging workers by age. 

Age 

Database Injury <40 40-49 50-59 60-64 
% 

(HIS) Age 100 51.3 22.8 17.9 5.2 
1970 Census 
(SAA) Awarded 100 26.5 17.6 35.1 19.1 
Disability 

Award Incidence 1.00 0.52 o.n 1.96 3.67 

As with the (HIS) survey data base, the Western lumber region were found to 

experience a disproportionate share of these serious injuries even though this 



region constituted little more than one fifth of the total estimated American logging 

workforce. The combined data analysis also revealed that older workers have a 

greater risk of disabling injuries than younger workers (see Table 1.2.). 

The above results led Frazier and Coleman to conclude that a high risk group could 

be identified in terms of personal characteristics, geographic location, and the 

broad nature of injury: 

'White male cutters (including buckers, fellers, timber markers and wood 
boss) in the age group fifty and over working in the Western lumber region 
are at greatest risk of disabling injuries caused by fractures of lower limbs, 
skull, spine and trunk." 

Two earlier general NIOSH mortality studies in two states had included loggers as 

one of the occupational groups. The 1983 NIOSH study combined the data for 

these two states, in each of which logging conditions are similar to Australian 

hardwood logging. In both Washington State and California, loggers had excess 

mortality from ~urtes caused by falling trees and branches. Unfortunately data 

from Oregon (another premier logging state like Washington) were not available. 

Table 1.3, which is taken from the Petersson and Milhmn (1980) report, gives the 

proportionate mortality ratios (PMR) for their sample of American loggers in a 

Similar manner to the study of Swedish lumberjacks by Edling and Granstam 

(1980). 

Table 1.3 Proportionate Mortality Ratios for loggers in Washington State (1950-71) from 
Petersson and Milham, 1980. 

ICD 7th Revision * 

Tuberculosis (001-008) 
Cancer of the stomach (151) 
Lymphatic Leukemia (204) 
Bronchiectasis (526) 
Chronic interstitial pneumonia (525) 
Blow from falling object (91 O) 

* International Classification of Diseases. 

Deaths 

Observed Expected PM R 

74 
223 

18 
31 
24 

368 

57 
186 

14 
16 
26 
34 

130 
120 
128 
199 
94 

1075 

In the period 1950-1971 for the state of Washington, 368 fatalities out of a total of 

738 logger deaths were due to blows from falling objects and trees. The difference 

between PMR's for cancer of the stomach, for example, and the falling objects 

fatalities is very noticeable. The figure of 368 fatalities for this cause of death 
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based on the overall workJng population constituted approximately one quarter of 

all accldental deaths for this sample of loggers. Though blows from falling objects 

were the major cause of death {~ 1s found in Swedish, New Zealand, and 

Australian data), cuts, lacerations, and fractures were pmomtnant in non-fatal . 

m:Juries. A stngle year analysis for Washington state loggers in 1979 showed cuts 

and lacerations were predominant in non-clfsabling injuries in 27-28 % of cases, 

with strains and sprains a close second. 

Though 60% of disabling injuries were fractures, in the non-disabling case 

fractures accounted for only 5% of injuries. Some of the questions posed at the end 

of the NIOSH-Frazier and Coleman (1983) report which are relevant to Australian 

loggers include: 

1. What environmental conditions may contribute to the apparent increased 
risk of injwy for the loggers (in the Western lumber region)? 

2. What characteristics of older loggers may be contributing to increased 
risk of injwy? 

3. To what extent could training programs or retraining contribute to a 
reduction in logging accidents.? 

4. What behaviours differ between older and younger fallers as regards 
controlling hazards and for that matter between one region and another? 

Awdllary questions which are not the concern of the present study considered the 

problem of chainsaw cuts and the differing use of items of protective equipment. 

1.2.3 Australia and New Zealand 

Although the softwood industry predominates, New Zealand has a high proportion 

of some of the largest old crop Ptnus rad.ta.ta to be found fn the world. These trees, 

which are comparable in height and dimension to those found in many Australian 

hardwood areas, often have uneven shapes due to frost damage during early 

growth. In a sfgnillcant number of areas logging conditions include steep terrain 

and heavy undergrowth. In ~,_comprehensive study of injuries and fatalities on the 

main logging area of the North Island of New Zealand, Macfarlane {1980) found that 

the majority of injuries in some 90 long term cases of hospitalization were caused 

by a falling tree or log. Of 110 fractures studied, the majority were to a lower lfmb 

and 66 required reduction of the lfmb. · 

Nearly half of all fractures had stgmficant complications. For example, there were 

12 cases of chrome infections, nine entailing bone shortening or amputation, and 

seven non-union of the fracture. The causes of death for 143 logger fatalities 
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during the period 1970-78. as detailed in the same report. are given in Table 1.4. 

No estimates of the annual work:force or calculation of PMR rates were possible. 

These data emphasise that the use of the term softwood or hardwood fs somewhat 

Jrrelevant in the case of injury. All wood with a minimum of wefght and velocity 

acts like steel when it impacts the human body. 

Table 1.4 Cause of death New Zealand North Island loggers 1970-78 (Macfarlane, 1980). 

Falling tree 
Falling branch 
Logs falling off truck etc 
Crushed by machinery 
Falling from a height 
Blow from flying objects, steel hooks etc 
Drowning 
Insufficient detail 

Total 

% 
~ IQ1 

64 
17 >57% 
24 17% 
11 8% 
4 
4 
2 

17 

143 

The concern with aceidents in the Australian hardwood logging industiy fs not new 

(Waters. 1959). However. Crowe (1986) was the first investigator to look in some 

detail at accident statlstics fo:r mainland hardwood. forest conditions. He analysed 

accident statlstics over a three year period ( 1979-1982) for five of the largest 

pulpwood and woodchip companies in the south eastern eucalypt forests of Victoria 

and New South Wales. and the southern kani andjarrah forests of Western 

Australia. The five companies for which statistics were available were responsible 

for approxfJnately 40% of Australia's annual hardwood cut. Crowe cautioned that 

since his analysis concentrated on the larger mainland companies with more 

resources and usually some sort of safety program in place, the actual picture for 

the remainiDg predominantly small loggtng contractor operations would be worse. 
':--

Crowe reported a total of 445 lost time aceidents during the three years for an 

average estimated seasonal full-tfme workforce in the five companies of 1500 men. 

No details were given of the seven fatalities. Some 42% of the injuries involved at 

least 100 days off work and a further i8% of the accidents involved between 51-100 

days lost. The majority of these serious accidents (some 60% of those swveyed) 

occurred in association with fa11fng trees, falling limbs and rolling logs. Injuries 

incurred in the fa111ng of trees involved a mean lost time of 49 days compared with 

a mean lost time of 28 days for falls, slips and musculosk.eletal injuries. Fellers 
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and other men operating chainsaws had some 61 % of the total accidents and 

represented over 66% of the total lost time even though they formed only 34% of 

the surveyed workforce. Crowe's conclusion in this Australian study was that a 

tree-feller was three times more likely to have an accident than a logging machine 

operator. Over-representation of accidents in the above 50 years of age 

classttlcation was also found in this analysis. 

In studies undertaken outside Australia, Pettersson et al., (1983) and Paulozzi 

(1987), found an inverse relation between size of logging organization and injuiy 

rates. If the same situation applies in Australia we can assume the above statistics 

represent a best case scenario for Australian hardwood logging. A partial 

confirmation of this best case conclusion comes from unpublished data on serious 

injuries for Tasmanian hardwood logging where the smaller sub-contractor 

operations predominate (Tasmanian Department Labour, 1981). In the 21 month 

period that was sampled seven timber-feller deaths involving falling trees occurred 

within an estimated hardwood timber feller workforce of no more than 310 men. 

Seven vexy severe injuries, which could easily have been fatalities, ranging from 

serious head and spinal injuries to crushed legs and a severed foot were also 

reported. In addition there were 28 injuries involving the impact of the tree or 

limbs on a tree feller which resulted in minor lost-time injuiy, but could easily have 

had fatal consequences. Overall there was a probable serious injui:y /fatality rate of 

between 5 to 12% over a period of nearly two years. These particular results 

probably represent the worst case scenario for Australian hardwood logging. 

1.2.4 An optimistic viewpoint 

In a recent investigation that followed the North American ones previously 

described, Paulozzi (1987) examined the epidemiology of fatal logging injuries using 

Washington State data for the years 1977-1983. Toe analysts. which was restricted 

to timber felling and the pulling and loading of logs, excluded lower risk jobs (such 

as those of log truck driver) which have tended to confound the denominator in 

other PMR studies. In such a-sample of logging workers there were 132 fataUties 

over a five year period. Forty five of these deaths or 34% were caused by the man 

being struck by a tree brought down by the deceased or, to a lesser extent, by a tree 

felled by another person. A further 20.men (15%) had been killed by trees that had 

rolled or toppled when disturbed, while 13 (10%), most of them tree-fellers, were 

struck or run over by heavy mobile equipment. Surprisingly, no chainsaw 

associated fatalities had occurred. 



Table 1.5 Logging fatalities, Washington State 1977-1983 timber fellers and machine 
operators only (total n unspecified). 

No % 

Struck by tree brought down by deceased 34 25.8 
Struck by tree felled by another 11 8.3 >34% 
Struck by rolling log 20 15.2 
Struck by log being dragged 18 13.6 >29% 
Struck by heavy equipment 13 9.8 
Equipment rollover 12 9.1 
Struck by machine boom 7 5.3 
Struck by log during loading 3 2.3 
Electrocution felling near power lines 2 1.5 
Other 9 6.8 
Unknown 3 2.3 

TOTAL 132 
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Table 1.5 summarises results from the study, and clearly demonstrates the kinetics 

of injury in modern large timber harvesting. Paulozzi's calculation of the annual 

logger mortality rate for the state varied between 1.8-2.4 per 1000 according to 

whether the census count or the estimated hours worked was used in the 

denominator. Paulozzi noted a significant trend (p < .01) toward lower PMR with 

increased organization size, a result that has been found in other industries (e.g., 

Kjellen and Baneryd, 1983). Paulozzi pointed out that if all logging operations had 

experienced the same mortality rates of the largest companies in his smvey, deaths 

would have been reduced by 75% during this period and 81 lives would have been 

saved. In addition, Paulozzi reported that safety inspectors from the Washington 

State Department of Labour had estimated that 90% of the 129 fatalities they had 

investigated were preventable, while nearly 50% had involved a clear violation of 

oftl.cial safety codes. While the previous NIOHS reports and his own study led 

Paulozzi to conclude that logging was not simply a dangerous occupation but "an 

extremely dangerous occupation", he also felt that: 

"This study demonstrates that logging fatalities are not inevitable or random 
events. A great deal more can be learned about their causes, but clearly 
many fatalities can be prevented as evidenced by the record of larger 
companies in the study." (Paulozzi, 1987 p.107). 

Confidence in external regulations and general safety programs bringing about 

such a reduction in injury rather than increases in the worker's skills in dealing 

with job risks could possibly be too optimistic. A questionnaire study by Lindstrom 

and Sundstrom-Frisk (1976) on risky behaviour in Swedish timber cutting work (to 

be reported in later sections) clearly demonstrated that ignoring safety regulations 
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was perlectly "rational behaviour" from the timber feller's point of view, particularly 

under piecework conditions. 

A smaller analysis of severe rather than fatal logging injuries is reported by Holman 

et al., (1987) in a cohort study of 51 loggers admitted to a Level-I trauma centre in 

Washington state. Sixty seven percent of the injuries resulted from being struck by 

falling or rolling trees and logs, with chainsaw cuts as the next highest source of 

injury (16%). Two deaths within 24 hours of injury yielded a mortality rate of 4%. 

Twenty five of the men or some half of the cohort had permanent disabilities. The 

investigators concluded that there would be little possibility for improvement in the 

logging injmy position until the mechanism, type and severity of injuries were more 

clearly understood, and until the magnitude of the logging injury problem had been 

fully appreciated in the community and the logging workforce itself. 

To assert, as Paulozzi (1987) has, that greater regulation and increased fines for 

safety violations will signfficantly reduce injury is possibly too simplified an 

approach. Such a point of view could be counter productive in the cause of injury 

prevention because, as one example, there is no clear understanding at this stage 

as to why logging company size is generally associated with reduced injury. Even 

"reduced" injury rates are not necessarily satisfactory when compared with 

currently "acceptable" mortality rates in other high-risk industries. The western 

forests of the north .American continent bear greater resemblance to Australian 

hardwood forests than other logging regions in .America because of the diverse and 

often steep terrain and the greater tree size. The consistency of severe injury rates 

that are reported in those regions and for Australian hardwood logging seems to 

question the optfmistic point of view. 

1.3 Theories of forest accidents 

1.3. 1 Accidents and research orientation 

In the accident prevention literature the term "accident" can refer to a completely 

random and unpredictable event causing injury which some workers will refer to as 

"pure chance" or "a twist of fate". Accident can also refer to the mechanical event 

immediately preceding injury, to human error preceding injuiy, or to all events, 

human and otherwise, which contribute to the injury process (Surrey, 1969). 

In the present thesis the use of the word accident is limited strictly to that of an 

unpredictable randomly occurring event leading to injucy. Thus, in logging, the 

prime example of an accident is injucy resulting from the collapse of branches or 
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even a tree on to a worker as a result of the natural process of ageing and decay of 

the tree in an undisturbed forest. This definition of a so called "real accident" is 

stroHar to that used by many bushmen themselves. Events where mechanical 

failures of machinery are implicated, or those involving mechanical failure of the 

wood fibres in a tree as it is cut, or where a failure of human performance can be 

clearly shown to have occurred are termed exactly this - mechanical. tree, and 

human performance failures, and not accidents. 

When discussing accident models in relation to Umber worker injury in particular, 

Lagerlof (1974) suggests the term "model'' is perhaps misleading. In the literature 

there are in fact three orientations to accident phenomena, linked particularly to 

the disciplines of epidemiology (medicine), systems engineering (engineering), and 

behavioural-ergonomics and skill psychology (the behavioural sciences). Other 

researchers suggest that there is no one "theory of industrial injury" any more than 

there is one theory of human behaviour or human error (Singleton, 1984a p.113; 

Benner. 1983 p.127-8). Leplat (1984) emphasised that "an accident is a 

phenomenon resulting from the interaction of a set of variables for which there is 

no simple model" (p.87). He suggested the study of accidents often requires the 

combination of several models, and for this reason systems theory offers a suitable 

perspective. As demonstrated by the Paulozzi (1987) study previously described, 

the medical epidemiology of industrial injuries constitutes a fruitful approach to the 

study of accidents. However, the literature relating to this approach falls outside 

the scope of the thesis and is not considered further. 

Toe so called cognitive (and systems) framework for describing an accident in 

process industries attempts to identify and chart the network of human 

performance and decision failures; that is, errors and "mechanical or material 

failures" which lead up to the actual injury event itself, or the point where the 

person can no longer regain control of the system (Leplat and Rasmussen, 1984). 

In such systems engineering or multi-disciplinary orientations to work injury, two 

basic thrusts can often be found (Chapanis, 1980; Rasmussen, 1985). The first 

perspective emphasises the fact that errors are an absolutely inherent component 

in all human performance and should therefore be accepted in setting up any 

production system. Thus, the systems engineer and equipment manufacturer 

should in theory accept responsibility for any recurring patterns of injury that will 

occur. despite following a total error reduction strategy wherever possible (see 

Appendix 7). A second position. with a much older heritage in common law (see 

Appendix 8), suggests that the worker is, in legal theory as well as working practice, 

totally responsible for acceptance of risk, and that the most a responsible industry 
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Figure 1.1 Interacting factors in forest accident "models" (after Lagerlof, 1974, 1979). 
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management should mm to do is eliminate those factors that greatly mfluence the 

worker's decision to accept high levels of risk. The Illiddle ground adopts as much 

of the total error reduction strategy as possible to prevent the technical provocation 

of error, but at the same time recognises that factors within the work setting may 

clJcit hJgh-risk behaviour. Timber fellJng binds these important system issues 

together. The outdoor forest setting prohibits introduction of a total error reduction 

strategy in spite of the continuing high levels of injwy. The organisation of the 

fndust:Iy (in Australia in particular) makes it difficult to remove all the factors 

(Lindstrom and Sundstrom-Frisk. 1976) thought to be supporUng high-risk actions. 

Indeed, some observers of the hardwood fndust:Iy might suggest that. contrru:y to 

modern occupational safety and health ideology, the hardwood feller is still fn the 

ftnal analysis responsible for any injury that befalls him because of the essentially 

direct personal control of job risk at the tree stump and the skilled trade-craft 

nature of the job. 

The human and environmental factors considered to be involved in forest accidents 

are typically represented in generic models as in Figure 1.1. Such a rudimentary 

systems listing of factors likely to be involved in accidents could be couched in the 

more descnptive terms as follows: ''beside the characteristics and skills the operator 

brings to the job his behaviour and choices are influenced by the surrounding work 

group, the task charactenstics, the nature of the tree he is felling, job information 

and instruction. physical condition, organisation of the work process and the 

methods of management. as well as the system of payment." Agren (1981) is an 

example of those researchers who have warned against the dangers of complex 

models and flow diagrams when considering a systems approach. Agren suggested, 

"it is all too easy to. on paper, put down some boxes and connect them with arrows 

and then make some "reasonable" guesses about the values of these arrows ... 

There is an urge to make the model as "realistic" as possible by including all factors 

thought to be important ... it is then very difllcult to relate the behaviour of the 

model to any particular formulation (p.16)." 1be system o11entatlon might therefore 

be best suited in many instances for establishing the context of the research study 

of performance relating to accidents rather than specffic content. 

A third onentatlon in accident research and human performance studies is of 

parUcular importance because of the inherently uncontrolled nature of native forest 

timber felling. The behavioural-ergonomics approach is exemplified by Singleton 

(1984), who argued that there was "increased interest in behavioural approaches to 

safety as distinct from the engineering approach which relies on physical 

separation of the person from the hazard ... the objective of behavioural 
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[ergonomics] approaches 1s to reduce the probability of human error" (p.107). 

Singleton also emphasised the need to determine the relative importance of the 

same sociological and background system factors discussed by the other 

researchers, as listed in Figure 1.1, 1n dfscoverJng the orfgins of human errors 

within injwy processes. The behavioural-ergonomics stance underlying the tree 

assessment fieldwork w1ll be further defined in chapter 3. However, the cUffl.culty in 

followtng Singleton's pragmatlc recommendation ts emphasised by the fact that in 

many fndustrtes so called risk-taking or unsafe behaviour is rarely followed by an 

accident, and even less so by injwy. Toe "unsafe" way of tackling some tasks ts 

often experienced to be easier, quJcker, and less strenuous so that choosing the 

higher risk option can be associated with reward rather than a cost for the worker. 

Sundstrom-Frisk (1983) suggests rfsk-takfng should be regarded as "an intentional 

choice of behaviour which ts known from accident statistics to increase the chances 

of having an accident." The choice is made although there is time and opportunity, 

at least in an observer's eyes, to choose a safer way of acting. "How then", asks 

Sundstom-Frtsk "can you convince a person. who has been applying "unsafe" 

methods for 20 years without having an accident, to change to "safer' but less 

rewarding work habits?" (p.49). The promise of no injury at some indeterminate 

point in the future is not an inducement to change behaviour if experience has 

demonstrated to a worker that he should not expect an accident from his "unsafe" 

behaviour. 

In an earlier article on the relation of the vartous psychological schools of the time 
~-· 

to the problem of human error, Singleton (1973, p.730) suggested the field type 

theories in psychology at least made us realise that: 

"almost any acci.dent Involving a man-machine system can with equal 
validity be traced to inadequatt machine design, inadequate trainJng, 
inadequate instruction, inadequate attention, an unfortunate cofnci.dence of 
relatively rare events, or just to human erm:t''. 

It w therefore of some importance to deci.de what aspects of human performance 

and accident phenomena one is attempting to research. While the acci.dent and 

human performance models relating to the high-risk work of tree-fellers are at a 

rudbnentary stage of development, this thesw concentrates on the physiological 

and behavioural aspects of error and performance failures in tree felling within 

three Jmportant facets of the Job, and within the broader systems framework of 

factors supporting so called hfgh-rfsk behaviour. 
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1.3.2 Previous research on factors 1n feller iltjury 

Productivity and accident prevention have been studied with reference to logging in 

the European and Scandmavfan countries over a long period (e.g., Samset, 1963, 

1969; Harstela, 1971; FAO/ILO 1971; Pettersson. 1978; Vik et al., 1980). However, 

few forest ergonomics studies which are directly relevant to the problem of the tree 

feller's skilled and safe performance have been undertaken. In contrast, there have 

been many studies of the work physiology of tree fellers. This latter literature is 

considered to have particular implications for safe felling and is discussed 1n detail 

in Chapter 2. 

Dunn (1972a), one of the first investlgators to consider the question of the 

'subjective risk model' of the tree-feller, obtained estimates of the frequency of the 

particular problem of chainsaw injuries to different parts of the tree feller's body 

from 25 English forestry workers. There was a consistency amongst the men on 

assumed injwy patterns. However, the estimate of the frequency of iltjwy to the 

cUfferent parts of the body did not correspond to mjui:y statistics. Though the 

pereeptions of the group were inaccurate, Dunn made the point that even having 

accurate lmowledge of iltjury probabilities was unlikely to prevent many fellers from 

being injured 1n the real felling situation. A well informed worker might experience 

injury whenever cues to danger were difficult to pereeive, ff he did not have the 

requisite skills for that partlcular type of tree, or when equipment was not up to the 

task. These points are taken up 1n chapter 3. 

':;_• 

As part of a larger study of risk-factors with Swedish forest workers (Lindstrom and 

Sundstrom-Frisk, 1976), Ostbelg (1980) reported data on the perceived risk 1n 

pictorial representations of commonly accepted dangerous felling situations 1n 

Sweden (see Appendix 9). Employtng·a booklet of illustrations of 10 dangerous 

felling situations and a neutral but hazardous work-related situation (walldng home 

from work along a dark forest highway without reflection strips on clothing), a 

paired comparison analysis tended to show tree fellers had lower pereeption of risk 

in felling than most other personnel groups within. Swedish forestry (see Figure 

1.2.). Ostberg reported a consensus across all groups on the ranking of the felling 

situations from the least to the most unsafe work behaviour; the felling of lodged 

trees or being 1n close p:roxtmity to another working tree-feller were seen as the 

most hazardous situations (see Append1x 9). A lack of accident statistics for the 10 

speciftc fellJng scenarios used in the study did not allow comparison between the 

subjective and objective rank order of the risk situations. Although Ostberg's 

emphasiS was that the tree-feller supeIVisors had lower overall assessments of risk 

than the tree fellers themselves, the relatively low overall rating in Figure 1.2 by 
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Overestimation of the risks 

Underestimation of the risks 

--
Teachen Engineers Officen Pupils Fellers Supervlson 

Hypothesized deQrH of Involvement with production 

Figure 1.2 Mean risk assessment values of 10 felling situations for six Swedish forest 
personnel groups (Ostberg, 1980) (Range of values O ·not very unsafe' to 5 
·extremely unsafe'). 
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those workers at actual risk should be noted. 

Important ftndings on the broader systems aspects surrounclJng tree felling injuries 

were also reported in a second major part of the study by Lfndstrom and 

Sundstrom-Frisk (1976). Some two thirds of the 600 workers taking part in a 

quest1onnaire survey reported that they occasionally used methods forbidden by 

the Swedish forest safety legislation. Furthermore, those men using forbidden work 

methods often did not consider that this involved ''taking [real] risks". The major 

reasons given for using the banned methods were to increase piecework earnings, 

to save energy, or simply because there were no other practicable methods to solve 

the problem available. Surprisingl¥, the investigators reported a distinct lack of 

consensus among these Swedish workers in terms of the regulations and 

recommended procedures for making the felling cuts. There tended to be a 

difference of opinion about work technique between those workers who had and 

those who had not recently suffered accidents. It was also reported that older 

workers generally earned less and were less willing to trade their safety against 

Wgher production or convenience. In relation to the size of the logging enterprise, 

supeIVisors in smaller companies were seen as more lenient in safety matters, while 

"safety minded workers" (sic) were more likely to have "safety minded" supervisors. 

The types of tools and chainsaws used by the men were found to be much more 

dependent on the type of company than on the type of logging operation. Many of 

the men believed that piecework led to an irregular work pace and hence unsafe 

working behaviour. 

In summary, this large questionnaire survey showed that the average Swedish 

forestry worker sometimes did not follow the prescribed safe working methods. 

ThJs did not seem to be due to his ignorance of the safety regulations and the risks 

they were meant to avoid, but rather to the fact that (a) the production system often 

inevitably created the risks; (b) too many supervisors had a lenient attitude toward 

unsafe work behaviour; (c) the hfgher risk methods were regarded as more 

economic fn terms of energy, time and earnings, espec1ally by the younger worker; 

(d) the equipment. tools, and work procedures were not designed entirely from the 

point of view of safety; and (e) the piecework system, by and large, acted against 

safe behaviour. 

Plecework is the prevalent method of payment 1n the Australian logging industry. 

The simple idea behind the flat-rate piece rate system fn logging is that the faster 

the man works the greater his productivity and pay. Payment is one of the 

"background" factors that has received consideration in accident models for many 
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years, and had featured in the conclusions of the previous Swedish surveys just 

described. A major field study of the issue of payment methods in Swedish logging 

was made possible in 1975 (following the Undstrom and Sundstrom-Frisk risk 

factors study), when several thousand forestiy workers went on strike, with the 

prJm8Iy goal of getting rid of a thirty year old flat rate piecework system. Systems 

of payment were subsequently changed for forestiy workers throughout the 

country. Pettersson et al., (1980) and Sundstrom-Frisk (1981; 1984) reported 

strong evidence that the subsequent 29% reduction in injwy frequency, with a 50% 

drop in the severity index, was due mainly to the change in payment to a salary 

(85%) and incentive (15%) method. However, according to Sundstrom-Frisk. (1980), 

the established use by this tlme of other system factors such as ergonomic saws, 

protective leggings and felling aids. and the training of different personnel groups 

also contributed simultaneously to the decrease in accidents. Although reduced 

productivity occurred, intervi~ with workers and supervisors showed quite 

clearly that Swedish chainsaw cutters on a salary system were less likely to use the 

shortcut methods to maintain or increase earnings. particularly in veiy hazardous 

situations such as bringing down lodged trees. Both supervisors and the worlanen 

reported workers as more willing to help each other in difficult phases of the work 

once they were freed from the potential for loss of earnings for doing so 

(Sundstrom-Frisk.. 1984). 

The role of payment methods was also the subject of a Canadian study (Mason, 

1977). Data for compensation claims by fellers and buckers on the BC Workers 

Compensation Board for 1972 revealed that the nature of the iltjmy and fatalities 

was not associated with the logger being on piecework or salary. However, 

piecework tree fellers were found to have been struck by falling trees and limbs to a 

sJgnJflcantly greater extent than salaried loggers. Mason also reported that a more 

"direct" method of analysis indicated that the age of the worker, the size of the 

company and its geographic location had stronger links with accidents rates than 

the type of payment. Contnny to other flndJngs Mason found that men under 25 

years of age had the highest accident rates, and those over 49 the lowest. It is hard 

to directly compare the conclusions of these two logging payment studies because 

their execution was so different, as were the environments in which they were 

undertaken. With major differences of forest types and operations management, it 

fs far from certain that simple changes to the payment schemes in the Australian 

hardwood industry (as opposed to the comprehensive program of technical and 

work organisation changes that occurred in Sweden in the late 1979s) would 

Influence iltjwy patterns to a large degree. 
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F1nally. Lagerlof (1979) provides a description of a single fictional accident to a man 

felling a softwood tree into the wind. which fs based on her own experiences in the 

field and fs an example which applies to her own model of felling accidents. Her 

causal factors include the condition of the man. the outdoor environment and wind 

conditions. and lack of proper equipment Work organization and piecework 

payment were given as background reasons for the work.er to be "taking-a-nsk" (see 

p.18. previously). The precipitating error leading to the blow from the tree and the 

man's broken arm was poor execution of the cut in the hinge wood of the tree. In 

the article Lagerlof gave priority to four factors in the case. 

l. The worker was not st@c(ently aware of the actual accident statistics nor 
convinced of the danger of felltng this class of tree against a strong wfnd. A 
questiDn of infonnation and conviction. 

2. Even lawwtng of the uncertainty of success and the risk involved. the 
man's attitude that "this won't happen to me" based on his successes in 
several stmilor falls against the wind. A question of past experience and rare 
events, the mqJor problem in flllury preventiDn that near-accident reporting 
attempts tD combat 

3. The time of day and his unwUlingness to walk back and get the proper 
felling aid for this particular tree. A question of time pressure and possibly 
physical work strain. 

4. The reward.for taking the quickest and least physically demanding optiDn 
that ts represented by the piecework method of payment A question of the 
broader organtz.atton of hfgh-rfsk work. 

The previously described studies are good examples of the particular attention 

loggtng ergonomics and occupational health and safety has received in the 

Scandinavian - Nordic sphere for some two decades (see Henderson. 1980; 

Pettersson et al.. 1983). Many of the conclusions from these large overseas studies 

mJght well apply to hardwood tree felltrs working in Tasmania. and it fs these 

background or system factors to logging injuries which are the context for the more 

direct studies of skill and error such as those reported in thfs thesfs. 

In graphs of injury prevention success. like that for the Swedish Forestry Service 

reported in Pettersson et al. (1983) (see AppendJx 10). the injwy rate may reach a 

baseline level. It fs at thfs point, where all "common sense" accident prevention 

measures have been used. that the fssue of human performance and error may 

need to be re-considered for the higher risk groups. Some eight years after a 

national forestry (and logging) accident prevention program was initiated fn Sweden 

by Pettersson and his colleagues. Broberg (1986) reported almost 4000 injuries over 

one year in the foresuy and logging sector. The most important point in relation to 

the present research was that some 64% of injuries occurred dur!Dg manual 
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logging operations and felling. Of the 14 fatalities in the industry that year, ten 

occurred during tree felling operations. At the time of writing no detailed testing of 

parts of the logging "accident" models descrtbed in previous pages had been 

undertaken in the actual field si~ation of logging. Such research ts necessary to 

establish the importance of the various proposed factors under real working 

conditions, and this is especially so in large-tree native forests like those in 

Australia. 

1.4 A study In Tasmanian forests 

1.4.1 Assumptions 

Tree feller injury rates in the Australian hardwood logging industry remain a largely 

unknown quantity. There is however sufilclent evidence from the research so far 

reported to suggest that Australian hardwood loggers are no better off in terms of 

fatality and ~ury than their counterparts in North America, and to a lesser extent 

the Scandinavian countries. The injury data of the Amertcan Western forest region 

are particularly relevant because they come from an area where big timber felling 

operations have the reputation of being the most professional in the world (Dent, 

1974; Willfams, 1976; Workers Compensation Board, 1977). With a history of 

extensive logging for well over 150 years. these red cedar forests are where the term 

"professional lumbeljack" originated. The skill in the logging past of Australia, and 

Tasmania in particular, is probably equal to that of North America and Canada 

(Beckett, 1983). Small pockc;ts of the Australian hardwood logging industry that 

have adopted normal industrial accident prevention strategies still have signf:ficant 

problems in the area of tree feller injurtes (Crowe, 1986). 

A fammar opinion about the nature of felling work that can be found in the 

hardwood industry is that the tree feller is a specially skilled and somewhat unique 

individual when compared with the rural workmg population in general. An 

alternative point of view in the ranks of logging workers and management alJke is 

that hardwood felling is a semi-skilled job for which little selection and mfnfmal 

training and experience are really necessary. There also appears to be an implicit 

belief in the forest ergonomics literature, and on the part of many people in the 

1oggtng industry itself (see Dent, 1974; FAO, 1980; Pettersson, 1983), that timber 

fellers would be fully able to cope with the demands of the job if the industry 

introduced changes such as (a) selection of men. (b) basic chainsaw skills training, 

and (c) further ergonomic improvements to protective equipment and chainsaws. 

Initial observations in Tasmania and New South Wales suggested that such a 

"classic ergonomics" solution to the problem of feller injuries might not be totally 
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valid. The existence of this• underlying assumption thus had some influence on the 

focus and direction of the thesis: 

1.4.2 Practical limits to "safe working'' 

When the weights, sfze, velocitles and ground conditions often involved in the work 

of hardwood felling are given proper consideration, one is left wondering why so few 

injuries are reported rather than why so many. Keeping injuries in felling to a 

mfntm1rm is not simply a case of adopttng "safe felling practices" taken from 

standards or work manuals, but of working to the lowest risk possible 

commensurate with frequently hazardous conditions. On numerous occasions 

there may be no alternative but to accept a considerable level of risk in order to get 

an awkward tree to the ground, As Dent (197 4) describes the issue in dealing with 

the particular problem of old and decayed trees: 

"Snags (stags] present a special problem for the faller because they may fall 
at any time and in any direction. A snag by, definition, is a dead or dying 
tree which is still standing. To some degree or another a snag is comprised 
of rotten wood. Many tlmes the supportlng root systems have decayed to 
the point that virtually any vibration will result in the snag toppling to the 
ground. Vibrations from a fallJng tree, gusts of wind will cause a snag to 
come crashing down (p.44). 

In such cases, suggestmg with htndsfght that the accident was "caused" by a 

violation of safety regulations fs of little use Jn explaining the incident. Such simple 

assertions take little note of the detatled cireumstances surrounding iDjwy to a tree 

feller. If a man cuts between 10 to 60 trees per day for much of his working life in 

a totally uncontrolled and physically demandJng work setting. there will be ample 

opportunity for the occurrence of random failures of human performance of a 

physical or mental nature. These fatJnres mtght in turn interact with defect and rot 

or mechanical failures in the tree, and sudden changes in the physical envtronment 

such as wind dJrection, weather and conditions underfoot. Thus, even on 

superflcial obselvation, it can be suggested that some of the information demands 

on the tree fellers may be beyon~ the abilities of even the most able and 

experienced man simply because of the inherent unreliability of the raw mateI1al 

and the normal error-prone nature of human performance. Figure 1.3 lists the 

major groups of factors which have the potential to lead to human or mechanical 

failure and create excessive hazard in the Job. 

It may not always be possible to perceive and predict a threat like a sudden wind 

change, or it may not be feasible to check for defect and obstructions in trees many 

metres away. One typical example is the case when some 30 metres or more above 
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Figure 1.3 Factors contributing to potential failure (mechanical or human) In hardwood tree 
felling. 
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the man a tree has a branch which fs partially obscured by foliage and, though 

appearing healthy, is actually rotten. Such limbs can fall ff the tree lurches away 

from the stump too quickly, or it can be thrown back forcibly when the tree hits the 

ground. Another faroflfar example is where a young healthy looking tree some 

distance away ts defective on the. side away from the bushman, and though only hit 

a glancing blow at its base during the main fall the weakened tree "comes back" 

unexpectedly on to the man. Ground debris and stumps obscured in undergrowth 

can lead to injwy, while wind changes IDight sometlmes cause a tree to topple over 

backwards when it is finely balanced during a fall. Examples of these and other 

types of almost unpredictable incidents were observed during the research. They 

are part and parcel of the practical lJmits to complete "safe-working" for the 

professional tree feller. Finally, production pressures within the man himself, as 

well as external pressure from the logging crew because of piecework, may seIVe to 

exacerbate the problem. 

1.4.3 The overriding goal of fellfng accuracy 

Because there are numerous hazards in the Job that the professional tlmber feller 

cannot fully control it should be emphasised that a proportion of hardwood feller 

injuries will not involve inaccuracy in tree felling (e.g., chainsaw cuts, being hit by 

logs on the ground or by machinery). The feller's basic aJm, however, is to maintain 

accurate directional control of the tree he is felling, and thereby obtain the all 

important outcome of a predictable fall (Dent, 1974, p.48-68; Workers 

Compensation Board, 1977, p.13-20). 

Target accuracy of the fall is one of the central tests in the National Scandinavian 

Forest Worker Skill Competition (~ 1979 - 1987). In this annual event a 

straJght 16.5 metre spar must be felled with pin-point accuracy on a 5 centimetre 

target peg 16 metres from its base. Though the conditions for this simulation test 

are a far cry from the working conditions of a hardwood feller, a similar need for 

accuracy applies to the Tasmanian working situation in many instances. In the 

continually changing conditions of the forest, the tree feller will regularly be 

presented with trees that need to be fallen with precision. He may be tiying to 

avoid hitting a tree in the line of the natural lean, felling between two trees, or 

simply fellfng into a position with less ground debris. He may need to pull a tree 

away from its natural lean to avoid breaking it over a recent stump, an old log, or 

rocks. A particular direction of fall requiring more mental as well as physical effort 

may make things a lot easier for the skidder driver to extract the tree. 
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''A professional faller always puts his best face forward ... The face is 
comparable to the sights on a rifle fn that both determtne direction. 
Therefore, the proper use of the face is the key to professional fallJng" (Dent, 
1974, p.54). 

A. stmfJar view can be found amongst the bushmen of TLmnanta with the terse 

adage that ''you must do your homework in the front". An accurate fall is not a 

total solution for there may still he those occasions when, in spite of the tree falling 

accurately, a chance of htjwy remains from broken branches or difllcult escape 

paths. However, the accuracy of the fall is the final and ultimate performance 

measure which encapsulates all previous Judgements and actions. The question of 

good directional fell1ng therefore appears to remam of the utmost importance for 

both productivity and injwy prevention in natural forest logging. 

1.4.4 Potential research methods 

The investigation of performance in relation to injmy at work has been dealt with in 

a number of ways. Descriptive material and self reports are useful in identlfytng 

areas for more objective investigation. Participant-observer articles like that 

published by Hager (1980) demonstrate the value of personal Jnstghts into job 

demands (see Appendix 5). Detailed investigation of indMdual fatality cases has 

been used in loggtng to decide on accident prevention measures (Preen, 1981). The 

analysis of general accident statistics, which took such prominence in the earlier 

literature review (e.g., Petersson and Milham, 1980), demonstrates the benefits of 

such a method for problem clariftcation. A drawback in such studies is their post 

hoc nature and the assumptions that must be made in building up a picture of 

causation of "the accident" or classes of injmy. Accident statistics are usually the 

le>gjcal starting point for an assessment of issues and drawing up regulations and 

legislation. 

The questionnaire and swvey approach is ably demonstrated in the structured 

surveys of workers at risk like that of Lindstrom and Sundstrom-Frisk (1976). The 

questionnaire swvey approach can also be used in the study of circumstances and 

factors associated with near-acctdents whfch are reported some time after the event 

(Gustafsson, 1973). Studies of near-accidents using self report methods attempt to 

bridge the gap between the accident statistic approach and the direct perlormance 

study. Ergonomfc perlormance studies in the actual Job by to determine how 

much is demanded by the task~ terms of perception, Judgement, decision, output 

and control; that is, how close the operator is required to work to his ind1vidual 

limit of perlormance, and to a lesser extent, the general lfmits of human 
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petformance. These empirical facts can be used to correct whichever model of ''the 

accident" has been derived from accident statistic or near-accident studies. 

In the final analysis. work injury results from a person's inability to recover from 

error and retrieve control of the system. If sufficient fieldwork observations are 

made of the men in the real risk environment a critical part of the Job can 

sometimes be simulated or tested in a more controlled setting or laooratory. This 

can allow more careful selection of subjects for particular characteristics or levels of 

skill It may also enable a measure of error that is not swamped by the noise of 

other interacting factors. A simulation enables failures of petformance. and ''the 

accident". to be studied in safety. For dangerous occupations in particular. 

simulators enable study of the subject's failure to perceive accurately and quickly 

enough. to make the appropriate decision for the specJftc demands of the situation. 

and to make the exactly appropriate response with speed and accuracy (Davis and 

Behan. 1962). It is conceivable that some form of partial-simulation could be used 

in the tra1n1ng of hardwood timber fellers in the 1990s. 

In planning the research it was accepted that analogues of the real task of 

hardwood production felling would need to be developed. The goal was to make 

these analogues as close as possible to the real task so that conclusions about 

performance and error, but ll2t accidents per se. could be drawn. The strategy was 

that of two analogues of the Job linking actual forest observations and a more 

controlled testing of part of the Job. The first test was as close as possible to 

normal felling in the forest. While allowing opportunity to interview the men on tree 

assessments and risk and monitor behaviour under realistic conditions. The 

second test was an analogue that focussed on a critical escape aspect of the Job 

under more controlled conditions. In Ulis way it was hoped that this second 

'1aboratory" measure mfght then be validated agamst the initial fieldwork results. 

although they were both still analogues of the real production task. At the less 

theoretlcal level the study could also be seen as assessing three critical sets of 

behaviours within the felling cycle. and allowing possible identification of where the 

failures might actually occur with a representative sample of workers. as well as 

how such performance failures might be related to each other and to the various 

"antecedent" variables employed in the study. 

A short pilot study was earned out to test the feasibility of work physiology 

measurements in these partlcular forests. and the level of interview cooperation 

likely from this type of worker in the field. Using some of the research methods 

outlined above, the investigation was planned with relatively separate assessments 
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(a) In chapter 2 the medical and work physiology perspective of energy expenditure 

and heart rate was the pl1nclpal concern. with psychological factors receiving less 

emphasis. 

(b) In chapter 3 the behavioural ergonomics and skill perspective focussed on the 

decisions and risk evaluation as the subjects attempted to produce an accurate and 

controlled fall. 

(c) In chapter 4 an experimental psychology rationale was employed to Investigate 

the detection of abnormally falling trees. using subjects selected from the field work 

phase and a matched group. in a film simulation of the escape phase of the felling 

cycle. 

1.5 Alms of the research 

Study of men drawn from a proven high-risk work environment. and reputed to 

have special skills for dealing with risk and error recovery. offers a unique 

opportunity to investigate behaviour at the upper limit of human performance. 

This researeh was the ftrst of its kind to be undertaken with this particular type of 

rural high-risk worker. and one of only a small number of combined field plus 

laboratory studies in the area of blue-collar job performance (e.g .• Blignaut. 1979b; 

Caille et al .• 1972; Rognum et al .• 1986; Ursin. Baade. and Levine. 1978). It was 

also the first time an attempt has been made to test parts of a model of tree feller 

performance and error actually In the forest. The study was one of operator 

performance and error rather than of 1!.ctual accidents. Since there are at present 

only rudimentary models concerned with timber feller "accidents" and errors. the 

research was not based on a b~d overall model of fellJng performance. The 

concern instead is with selected aspects of men at their work. The studies reported 

In this thesis represent an 1nWal approach to assessment of key ergonomic 

demands of felling in a hardwood forest. Without such baseline studies. more 

advanced theoretical work with thJs high-risk occupation. and others lJke it. might 

be considered premature. A subsidialy goal of the research Is to establish the 

proportion of workers who are working beyond their particular phys1cal capabilities. 

A Onal aim Is to lay the foundation for a prospective study of the longer term health 

and survival of hardwood tree-fellers. 
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2.1 Physical and biographical details of the sample 

2. 1.1 Introduction 
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The occupational image and historical stereotype of the lumberjack were introduced 

fn the initial chapter along with present day injwy patterns. In Australian writing 

of an earlier era, the bushman fs depicted as a large, heavily built and flt man, 

skilled though sometimes reckless, with a certain degree of stoicism shaped by 

hard work and difficult working conditions (e.g .• Calder, 1980, p.48-57; O'Reilly 

1958, p.99-105). By describing the physical characteristics, work physiology, and 

part of the personal profiles of the men tested in the present study, it fs possible to 

determine how far felling workers fn Tasmania conformed to the Australian version 

of the lumberjack stereotype. 

As the literature review of the present chapter will show, timber felling with the 

chainsaw still relies heavily on the man's physical capacity for work. If the man's 

working skills and physical capacities are not equal to the demands of this outdoor 

job, it is usually suggested that the subsequent overload and strain might lead to 

poor job performance, error, and ftna1Jy ~ury. Toe flt between the physical 

working capacities of the person and the demands of the Job would seem more 

critical in timber felltng thanin many occupations because, as chapter 1 

demonstrated, the consequences of performance failure can be so severe. The main 

focus of the present chapter is thus on the work physiology of the Job. Four 

psychological or personality characteristics said to be of importance in successful 

hardwood felltng were also tested, though this forms a minor part of the chapter. 

Modem descriptions of the job. such as those found fn the article by Hager ( 1980), 

seive the important purpose of rem1ndfng us that the forest working environment 

has not changed, and that many of the work hazards for the natural forest faller of 

today remain much as they were 50 or 100 years ago. The advent of the modem 

high capacity chainsaw has s1gn1ftcantly increased the cutting speed and the 

productivity of the single worker, without necessarily increasing the basic safety for 

the worker. 

The chapter is fn three major parts. The first sections describe some basic physical 

and biographical details of the men fn the sample. The central section of the 

chapter is concerned with the physiological cost of the job and the men's responses 
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in terms of oxygen consumption and heart rate. The last part of the chapter deals 

more briefly with some of the psychological attributes of the men. 

2.1.2 The sample 

No centralJsed. register of full-time logging woi:kers exists for Tasmania. Estfmates 

by logging safety officers and Labour Department Inspectors of the number of full­

time hardwood timber fellers working in Tasmania ranged between 180 to 420 

persons. Data from the four major pulp, paper, and woodchip companies 

cooperating in the study gave 217 full time hardwood tree fellers at the tfme of the 

research, but this did not mclude men working for small back-block mills and the 

major sawmills, or the day-wages tree fellers of the Forestry Commission. 

A sample of 42 men was selected at random from the lists of tree fellers supplied by 

the four major companies. This constituted a 10% sample of the maximum 

estimated population of hardwood fellers assumed to be working m the state at that 

time. One subject withdrew from the study after initlal contact because he was 

leaving the industry, while heavy rain prevented fieldwork with two of the subjects. 

Medical, biographical and questionnaire mformatton, as well as work physiology 

and field data, were obtained from 39 men. Minor exceptions due to missing data 

for some subjects are detailed in the text. 

2.1.2.1 Stages of data collection 

The research incorporated three main data collection stages (see Figure 2.1). The 

first stage was a medical ex:amtnation and interview. This was carried out m each 

forest dfstrict by a doctor who was famflfar with examination of forestry and loggtng 

workers. 

The second stage of data collection was a day of fieldwork with measurements 

including assessments of work physiology, riskjudgements and decision making, 

and measures of the worker's tree felling accuracy. The work physiology data are 

reported m the present chapter, while those on tree judgements and felling 

accuracy are reported in chapter 3. At the end of the day of field measurement the 

subject was interviewed for approxfmately one hour and completed questionnaires 

covering biographical details. a fatalism and work involvement measure, and 

questions on the recall of near-accidents. The third stage of data collection, 

reported in chapter 4, was the sJmulation signal-detection tests conducted with a 

sub-group of 18 men. These tests were made in the tree feller's own home some 

weeks after fieldwork. At the start of the project the principal investlgator visited 
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~ Data Ch51gt1ri 
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1. Medical Exam. HR rest,systolic/dia- Chapter2 
& interview stolic blood pressure. sect. 2.1.7 

Height/weight, eyesight 
Previous 
Umotor system, trunk 
flexibility. 
J A S questionnaire 

PWCtest Oxygen uptake (ml/min) chapter2 
Minute ventilation (I) sect 2.1.7 
Energy output (kJ/min) 2.2.4 
Predicted VO2 max (I/min) 

2. Field Heart rate (absolute & Chapter2 
(Work physiol.) nett), oxygen consumption, section 4.4 

ventilation, energy output. 

Field Risk & awkwardness of Chapter3 
(Tree assess) cutting, certainty of 

fall, choice of fall & 
felling accuracy, retreat 
distance, judgement of pert. 
by S's and instructor. 
Fatalism/locus control & 
biographical questionnaires 

3. Simulation of P (A) Sensitivity Chapter4 
signal detection BBias 

Figure 2.1 Stages of data collection, data collected and chapter in which it appears. 
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each of the five regional doctors to explain the nature of the overall study and the 

medical examination requirements of the project. Administration procedures for 

the Jenkins Activity Survey (JAS) were also explained and this test was 

subsequently completed by each subject at the time of the medical examtnation 

Each subject was visited at home or on the worksite prior to the study. One of the 

subjects chosen for study declined to participate on the grounds that he was soon 

leaving the industry. The remainder volunteered after full explanation of the 

investigation and the risks in their involvement. The anonymous nature of the 

individual's research results was emphasised, as was the rtght to leave the project 

at any time. On the allotted day subjects sJgned an informed consent form before 

fieldwork commenced. 

The field study conststed of one day and occasionally two days of measurements 

with the subjects at their normal worksite. Heavy rain and high wtnds prevented 

fteldwork with two subjects, while one other man completed fieldwork but was 

unable to complete the physical work capacity test because of a recent lmee injury. 

Complete sets of data consisting of results from medical tests, questionnaires, and 

fieldwork were obtained for 39 men. 

Field measurements took place over a 17 month period 1n five major blocks. Field 

trip sequence and average values for temperature and humidity according to the 

season are given below. The summer temperatures are less than the low thirties 

that can be encountered on~ fire danger days in Tasmanian forests. The men 

worked under their normal piece-rate conditions with a guarantee of normal daily 

earnings and a small additional payment for research co-operation. 

Average @ Noon 
Diy bulb Humidity 

Period Field Subjects co % 
trip (n=39) 

October (Sprtng)l 10 17.6 68 
December (Summer)2 5 15.08 89 
January (Summer)3 5 23.5 67 
June (Winter)4 11 14.5 83 
November (Spring)5 8 20.8 72 

a Unseasonal weather - west coast ratnshadow area. 
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2.1.2.2 Age. physique and ex:pertence 

The average age of the group was 34.4 years. with a standard deviation (SD, 

hereafter: + / J of 9.4 years. Ages ranged from 19 to 54 years. The number of men 

in different age groups is shown in Table 2.1. The average height of the group was 

177.o+ I _7.8 am,, range 162 to 196 ems. Average we1ght was 73_4+ / _12.6 

kilograms. range 45 to 102 kilograms. The mean he1ght for a national sample of 

Australian males age 25-64 years ts 175 cm (5th percentile 163 cm, • 95th 

pereentile 186 cm_ present study 177.0 cm:.,/ not sfgnfftcantly different) (National 

Heart Foundation. 1980). The mean weight of the Australian male population for 

the same age range !s 79 kilograms (5th pereentile 61 kgt 95 percentile 99 kgL), 

and the present study value of 73.38 kg ... was sfgnJ:ficantly different. :t (40) = 3.00, 

p< .005). 

Table 2.1 Frequency of fieldwork subjects by age group in the overall sample (N=41) 

Range (Yrs) N Mean age group (Yrs) 

16-20 2 19.5 
21-30 13 25.1 
31-40 13 35.1 
41-50 12 44.6 
50+ 1 54.3 

The physical heterogeneity of the group Is emphas!sed by a 25 year old man at one 

end of the spectrum who ~ 167 cm in hcigh.t. weighing 45 kilograms (5 feet 6 

inches tall, at 99.2 lb ~). At the other extreme. there was an athletic 29 year old 

worker. 196 cm in height weighing 102 kilograms (6 feet 5 inches. at 224.9 lb). 

Such differences are strfklng sfnce one mtght expect homogeneity through natural 

attrttion of those men less physically suited to the Job. 

Over three quarters of the group were man1ed. with 65% of these marriages having 

at least one child. Out of the 41 men. 32 or approximately 78% were from a rural 

or logging family background. Seven of the older men had sons working in a 

logging operation, with two of these men working as tree fellers. 

Ex:pertence in full time tree fellfng ranged from four subjects with less than a years 

experience to three men with over 25 years full-time experience in hardwood felling. 

The average for experience was 9.44 years with one third of the men having 2 years 

or less in the work. There was a significant correlation between age and years of 

experience (r = .70, n=39. p< .01) {Figure 2.2). 
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Approximately half of the group (20) had always worked in logging operations as 

tree fellers, whJle the remainder had alternated tree felling work with periods in 

commercial ftshmg, farmmg, or factory work. Five of the men had previously 

qualliled as mechanical or building industry tradesmen. whJle six were owners of 

commercial farms. One man was still act1ve as an officer in the Australian Army 

Reserve. Thirty seven percent of the group had left school at or below 14 years of 

age and overall 88% had left school at or before 16 years of age. One man had 

completed full time education at 18 years of age, while four had been at school 

until 17 years of age. 

2.1.3 Medical examination and PWC test 

The medical examination and interview included the basic measures reported in 

Table 2.2. This Table also lists the baseline parameters related to the field work 

physiology measurements. The medical examination included testing for eyesight, 

a clfnical test of hearing with audiometry in some cases, and examination of 

previous ~uries. Subjective assessment of resp:lratory function. spinal flexibility 

and upper body mobility was made to identify any gross abnormality that may have 

excluded the person from the project (see Appendix 11). The three classifications 

for the men's medical status were: 

1. Fully flt. 
2. Capable of work Jn this occupation relative to 

normal ageing and past injury. 
3. Doubt as to suitability for this occupation and 

the research project. 

Twenty nme men (7 4%) were placed in the first category by their respective medical 

examiners, with the remaining 12 (26%) in the second category. None of the men 

was excluded from the research on the basts of results from the medical 

examination. Eighty percent had 6/5 vision or better in both eyes, and the 

remainder wore glasses during work. One man was totally colour blind. Sixteen of 

the men smoked, with 14 smoking more than 20 cigarettes a day. National data on 

blood pressure of Australian males are available for the pertod covered by the 

present study (National Heart Foundation. 1980). Average systolic blood pressure 

for the national adult male population (all age groups) was 134 mm/Hg, while the 

value for the men Jn the present study was 129 mm/Hg. National mean diastolic 

pressure was 86 mm/Hg, and for the present study 79 mm/Hg. In the national 

study, values for diastolic blood pressure above 95 mm/Hg were taken as one of 

the mdicators of hypertension. Eighteen percent of men in the national sample 
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were above that level. Only two subjects in the present study had diastolic blood 

pressure above the 95 mm/Hg level (Le .• 108 and 100 mm/Hg). 

Table 2.2 Basic medical characteristics of the subjects 

X so Range 

Basic: 
Age years n=41 34.39 9.35 19-54 
Height cm n=41 1n.02 7.79 162-196 
Weight kg n=41 73.22 12.34 45-103 

parameters at rest n=38: 

Heart rate rest (beats/min) 64.6 8.3 49-80 
Blood pressure (mm/Hg) 

systolic 128.76 14.15 106-170 
diastolic 78.78 10.59 54-108 

oxygen uptake (mVmin) n=37 345.80. 76.79 200-560 -

minute ventilation (I) n=37 10.06 1.97 6-16 

energy output (kJ/min) n=37 6.78 1.17 4-9 

Predicted maximum oxygen uptake (PWC) 
V02 max (Vmin): 

Absolute measure 4.20 0.86 3-6 
Corrected for age (V02 max)8 3.77 0.80 2-6 

a Correcting predicted V02 max for age Astrand & Rodahl 19n, p.352-353. 

The specification of maximum aerobic capacity (V02 maxl, or physical working 

capacity (PWC) as it ts sometimes known. can be derived either from direct . 
measurement in maximal tests or by prediction of V02 max from heart rate in sub-

maximum tests. as was the case in the present study. Predictions of maximum 

oxygen uptake (hereafter: V02 max,) (Astrand-Rhyming test. see Astrand and 

Rodahl. 1977 p.334-361). were made from steady state heart rate at 1200 

Kilopound/metres (kpm) on a bicycle ergometer (Repco Ergometer HP5209, 

Australia). Steady state readings at 600 and 900 kpm for a minimum of two 

minutes preceded the ftnal two minutes workload at 1200 kpm. The test was 

completed at the worksite prior to the day's field measurements. The range in 

predicted V02 max was much greater than anticipated, from a figure of 2.10 

litres/minute {hereafter: I/min) for one 47 year old subject in a non-quota operation 

to the highest value of 6.00 1/min for a 29 year old man cutting 1000 tonnes of 

timber per week. The measurement procedures for predicting V02 max and the 
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individual subjects field results are discussed in more detail in section 2.2.1.2 and 

2.3.3 respectively. 

During medical inteIView 19 men indicated past injury sites or scars that had 

required medical treatment and stgnitlcant time off work ( > 2 weeks). These 

injuries included 15 fractures; one hand. two arm. three legs, two feet (with the 

amputation of three toes in one of the cases by the tree jumping back over the 

stump). four trunk-shoulder. and three lower back-pelvis. Extensive contusions 

were associated with many of these injuries. Seven men reported chainsaw 

lacerations requiring hospitalisation. Five were to the leg. one to the shoulder. and 

one to the forearm. The most severe injury history was a man having a fractured 

leg. fractured ribs. and a severe chainsaw cut to the thigh in three separate 

incidents over a period of three years. One of the arm fracture men and one with a 

previously fractured shoulder had reduced flexibility in the joint. while a signillcant 

reduction in forearm strength and hand grtp was reported and confirmed in the 

case of the man with the major forearm laceration. The subject with the amputated 

toes felt he was still learning to cope with the disability even though the injury had 

occurred more than 12 months before. These subjective data on injuries mirror the 

accident statistics of chapter 1. None of these past injuries were thought by the 

doctor. the subject themselves. or the investigator to prevent the men participating 

in the study. 

2.1.4 Summary 

Discussion of group results requires the unavoidable sfmplitlcation of the individual 

case. This relatively small sample of men displayed a wide range in the physical 

attributes of weight and height. with onzy a minority of men fitting the larged­

framed lumbeijack stereotype. The group mean height did not deviate a great deal 

from the mean value in a national Australian survey of the same period. while over 

70% of the men were below the mean body weight of Australian men in general. 

Hypertension as indexed by elevated diastolic blood pressure was less than in the 

national study . Basic physical working capacity showed wide variation and is 

discussed in more detail in section 2.2.3. Other than minor injuries regarded as a 

normal part of the job. nearly one third of the group had suffered major fractures 

during their careers. while five out of the 41 men (12%) had suffered chainsaw 

injuries requiring hospitalisation. Felling experience showed a wide range 

irrespective of the man's current working conditions. The majority of the men had 

a farming or loggJng family background. Over three quarters of the men were 



42 

married with children. The formal education level was low, with a small number of 
exceptions. 

2.2 Phyalologtcal working capacity and Job demand 

2.2.1 Uterature and measurement rationale. 

2.2.1.1 Capacity and demand 

This central part of the chapter now turns to the question of the men's 

physiologlcal suitability for the demands of hardwood felling work. It has been 

proposed that a tree-feller who works beyond the medically recommended limits for 

his physical working capacity is more likely to look for short cuts and the least 

demand.mg work methods (Gustafson, 1973; Lindstrom and Sundstrom-FI1sk, 

1976). A mis-match between capacity and demand would seem one of the strong 

candidates in the explanation of the ~ury statistics reviewed in the first chapter. 

In the tree felling situation. for example, the man may compromise by not making 

the full depth of front cut needed to control accurately the fall of a larger tree, or in 

steep terrain and heavy undergrowth he may be tempted not to retreat to the full 

safe distance as the tree falls. Following sections explore the physiological work 

capacity (PWC) and the reactions of the men to the physical demands actually on 

the job. 

The best measure of aerobic fitness to undertake prolonged arduous work is still 

that of maximal oxygen uptake (Astrand and Rodahl, 1977: Malchaire et al., 1984; 

Taylor, Buskirk. and Henschel, 1955). In any given individual there ls an 

approximately linear relationship between oxygen uptake and heart rate under 

standardised test conditions (Astranctand Rodahl, 1977, p.357, 344-349, 455). 

using the nomograms of Astrand (1960). the heart rate at predetermined sub­

maximal workloads in the test situation can be used to predict maximum oxygen 

consumption (V02 max). If the same large muscle groups are involved in the 

working situation, under similar environmental temperatures and levels of 

emotional arousal, the fteJd heart rate can be used to estimate the oxygen 

consumption or workload (Astrand and Rodahl. 1977). At the same time, 

estlmatlon of oxygen consumption from heart rate in field situations has been 

questioned. Gilbert and Auchmcloss (1971). for example, found the correlation 

between heart rate and oxygen consumption to be slgnif:lcantly lower under 

unsteady-state work than under steady-state work. More recently Neilsen and 

Meyer ( 1987) found that the calculation of oxygen consumption from heart rates fn 

eight different working situations sign1ftcantly overestimated the actual measured 
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oxygen consumption. Their conclusion was that static load and tasks such as 

liftJng and carrying (as opposed to fully dynamic actMty such as walking) were the 

main source of the over-estJmation of oxygen consumption from heart rate 

measurements. 

If similar conditions between V02 max tests and the field conditions are not 

thought to apply, the alternative to attempting to infer oxygen consumption from 

heart rate is to look at oxygen consumption and heart rate measurement as 

separate issues. This stance was adopted in the present study. A relatively large 

number of oxygen consumption measurements were made on site. While field 

measurements of oxygen consumption are of an intermittent or spot measurement 

nature, heart rate allows assessments of the haemodynamic part of work load over 

the whole workday, as well as the closer evaluation of the workload for particular 

stages in the work. To measure respiratory function and energy cost of work, the 

first parameter employed is oxygen consumption and the respective energy output 

value. The second parameter is the percentage (%) utilisation of the maximal 

aerobic capacity (V02 max). Overall ventilation of the subject is also usually 

included in the measurements taken. Along with continual heart rate 

measurement these respiratory indices allow a comprehensive analysis of the 

cardio-respiratory reaction of the subject. 

For all practical purposes the maxJma1 oxygen uptake is approximately the same 

while running on a horizontal tread mill, cross country skiing, or pedalling a cycle 

ergometer (Astrand and Saltln, 1961; Bergh et al., 1976; McArdle, 1973). In a 

comparison of five submaximal methods for the prediction of maximum oxygen 

uptake the bicycle ergometer method was found to have the highest association 

with the actual V02 max value from t1mning to fatigue state on an inclined 

treadmill {Robertshaw et al., 1984). The intrinsic difficulty for naive or untrained 

subjects of running on a treadmill can preclude its use in some testing situations, 

and this was the case in the present study. If the working position in bicycle 

ergometry is carefully monitored (i.e., seat at the correct height for each subject and 

almost directly over the pedals), the proper protocol of progressive workload for a 

sub-maximal test is adhered to (Astrand and Ryhming, 1954) and sufficient 

motivation is created in the subject, results from the bicycle ergometer are 

considered the best sub-maximal indicator for maximum oxygen consumption 

predictions (Astrand and Rodahl, 1977 p.355-360). 

Lehman (1953), Astrand (1960) and Bink (1962) were among the first researchers to 

propose upper limits of physical strain in terms of oxygen consumption for work 
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over extended periods. Though there is not complete agreement on a precise cut-off 

point. it is recommended that workers of moderate working capacity or less should 

not exert more than 35% of their max1rnal aerobic capacity as measured on a 

bicycle or treadmill crgometer (Astrand and RodahL 1977. p.445. 462-466). Myles 

et al. (1979) reported Canadian and French army males using 30-40% of their VO2 

max when working at their own pace fn sustained. repetitive exercise (6.5 hours per 

day over 6 days). Evans ct al. (1980) found energy expenditure close to 45% of 

their V02 max with soldiers of "average physical working'' capacity. These subjects 

were carrying dffferent loads across four types of simulated battle terrain at their 

own pace. but the tests were only over a two hour period of this "hard physical 

work". 

Researeh and experience over several decades have thus confirmed that the 

reasonable upper limit for physical work perlormed over a 7-8 hour day is between 

30 to 40% of the workers maximal aerobic power. Beyond these levels the "average" 

worker can be expected to exhibit objective as well as subjective symptoms of 

fatigue (Astrand and Rodahl. 1977 p.462-466). 

Trained workers of high working capacity are considered by some researchers to be 

capable of using up to 50% of their maximum oxygen uptake value over a normal 

working day with appropriate rest periods without aey long term deleterious effects 

(Astrand and Rodahl. 1977. p.302-304; Bfnk. 1962). At Intensities of work above 

50% vo2 max some anaerobic metabolism and lactic acid production can be 

anticipated. and it is speculated that this forms the barrier for subjects attempting 

to work as close as possible to their aerobic limit (Evans et al .• 1980). 

The detlnition of low. moderate and~ categories of physical work capacity (PWC) 

centre on the notton of the fit, average worker between 20 and 30 years of age 

(Astrand and Rodahl, 1977. p.462) Such descrtptive categories for a person's 

physical working capacity should only be used as a general guide because of the 

veiy wide Individual variations in the ability to perform dffferent types of physical 

work. For such descriptive purposes, this thesis employs the scheme based on 

Astrand (1960) and Astrand and Rodahl (1977. p.466) (see AppencUx 12). 

2.2.1.2 Oxygen consumption measurement 

Oxygen consumptton during fieldwork was measured in the present study with the 

portable Oxylog (P K Morgan. England) which employs the polygraphic principle 

and provides minute ventilation of oxygen (V02 /m1n) and overall ventilation volume 

(B'rS). The Oxylog is approximately 20x22x8 cm in size and 2.6 k4~~ th weight. It is 
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supplied with a oro-nasal mask held by a two-strap head harness. The 

manufacturers give a reliability range of 0.25-3.0 1/min for oxygen and 6 to 80 

1/min for volume ventilation. Oxygen consumption per minute or total oxygen, and 

ventilation per minute or total volume ventilation can be displayed as digital 

readout in an IED display on the top of the inStrument. The Oxylog corrects the 

volume of inspired air to o0 dry at the barometric pressure of the experimental site, 

and this must be set before sampling takes place. The correction is achieved by the 

instrument automatically measuring temperature at the flow meter with a 

thermistor assuming a relative humidity of 50%. Inspired air passes through a 

turbine flow meter in the face mask while expired air passes to the measuring 

electrode through a flexible hose usually passing over the subjects shoulder to the 

top of the unit. The ambient (inspired) and the expired air is dried by passing 

through a filter of anhydrous calcium sulphate and the partial pressure of oxygen 

(PO~ measured separately with two polargraphic oxygen electrodes. 

Volume of oxygen consumed (V0i) per minute is calculated by the Oxylog using the 

formula: 

VO2(L) = (P02 inspirate-P02 expirate) x Vl/760 

Before each field trip the instrument was calibrated with nitrogen as the inert gas 

and samples of known oxygen concentration according to the designer's 

recommendation (Humphrey and Wolff, 1977). In the field the subject wore the 

Oxylog for five minutes while seated during the subject preparation phase to obtain 

a value for rest and familiarise them with the feel of the instrument. Harrison, 

Brown, and Belyavin (1982) recommend a pause of between two to five minutes to 

allow the oxygen concentration of the arriving expirate air to equalise with that 

surrounding the oxygen electrode. At The tree a minimum of three minutes at rest 

was taken before measurement under worldng conditions commenced. Thirty 

seven subjects had oxygen consumption measured in a maximum of three and 

usually two work cycles which covered main elements requiring chainsaw work. 

Measurement tlme per Oxylog sample averaged 4.37 centi-minutes, range 1.08 -

13. 71 centi-minutes. Energy output in kilojoules per minute (hereafter: kJ /min) 

was calculated by the Douglas formula from oxygen consumption measurements 

(see Appendix 13). 

2.2.1.3 Physical working capacity (V02 max) 

Prior to the field research, subjects had been medically examined, weighed, and 

had completed the sub-maximal bicycle ergometer test. As shown in Table 2.2, the 
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mean oxygen uptake of the men was 345.s+ / .77 ml/min, with a range of 200-560 

ml/min giving an energy output at rest of 6. 78+ / .1.2 lrJ/min, range 4-9 kJ/min. 

Predicted maximum oxygen uptake (VO2 max. conected for age) was 3. 77+ / _0.80 

1/min with a range of 2 to 6 1/mJn. The correlations of the predicted vo2 max with 

basic physical parameters of the men and their timber cutting quota at the time of 

the research are given in Table 2.3. 

Table 2.3 Correlations between the predicted VO2 max, basic physical parameters, and 
current timber cutting quota (M2). 

Age 

Wt 

Ht 

Quota 

* p < .05 ** p < .01 ... p < .001 

Age 

-.23 

Wt 

.57"* 

.00 

Ht 

.37 

.30 

.51** 

Quota 

.24 

.00 

.00 

-.27 

Astrand ( 1960) recommended broad ranges of VO2 max for five categories of 

physical working capacity in five age groups (see Appendix 12). Using this 

descriptive framework the approximate distributton of the men's predicted VO2 

max. or levels of physical working capacity, are shown in Table 2.4. Based on the 

work phystology literature so far discussed, the expectation would be to find all 

subjects in the high or very high categories of physical working capacity, as defined .. 
by Astrand, irrespective of their age. Approximately 36% of the sample had a 

moderate or lower working capacity according to Astrand's classification In the 

group of older subjects, 11 of the 13 men (85%) were in the highest two categories, 

whereas only seven of the younger men (fewer than 50%) were in the highest two 

categories. The proportion of men in the low or unsatisfactory working capacity 

categories decreased with age group suggesting the possibility of a selective 

attrition effect dependent on years of smvtval in the work. 

2.2.1.4 Heart rate measurements 

Heart rate was the measure chosen for evaluating physiological cost of a job over 

the whole working day. Within the context of blood pressure and stroke volume, 

heart rate indexes the cost of a job to the heart and haemodynamtc system. Both 
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Table2.4 Physical working capacity against age as in the categories suggested by Astrand 
(1960). 

Physical working capacity category a 

Vtow Y2!! Moderate .l:ii9h Vhiqh 

Moderate or below High and above 
(36 Percent of total) (64 Percent) 

(group of men) (of group) 
(n=14) (n=25) 

Vlow low Moderate High Vhiqh 

Age: 
20-29 1 1 6 1 6 
(n=15) 7% 7% 40% 7% 40% 

30-39 4 3 4 
(n=lO) 36% 28% 36% 

40-49 b 1 1 4 7 
(n=13) 8% 8% 23% 67% 

50-59 C No PWC test taken 
(n=1) 

Total 2 1 11 8 17 
5% 2.5% 28% 20% 43% 

a Appendix 12 for the limits of each PWC category 
b One subject age 49 did not complete PWC test 
c One subject age 54 did not take the PWC test 



absolute heart rate (hr) and heart rate nett thereafter: hr nett) as proposed by 

Muller (1942) can be employed. 
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Specifying work Umits on the basts of absolute heart rate levels. Christensen (1953) 

proposed that chronic heart rates of 125-150 beats per minute (hereafter: 
beats/mm) reflected a high daily cost for the normally ftt worker. The 150 

beats/mm limit ts a commonly accepted view in the literature. and Astrand and 

Rodahl (1977. p.462) include absolute heart rate levels in their general guide-lines 

for prolonged physical work. Heavy work ts defined as between 110-130 

beats/mm. and veiy heavy as 130-150 beats/mm (see AppencUx 14). Heart rate 

nett. as the term implies. is the working heart rate minus the resting value for that 

individual. Karrasch and Muller (1951) and Hunting et al. (1974). as also cited in 

Grandjean (1986). recommend a continuous hr nett of not more than 30 beats/min 

over the a normal work day to avoid any risk of overload and to maintain long term 

productMty . On the other hand Hettinger (1970) and Hollmann et al. (1963. 1976) 

suggest a limit of 40 beats/mm for hr nett over a day of continuous hard physical 

activity. 

Law of initial value 

Heart rate nett enables the cardiac measure to be in relative rather than absolute 

terms but does not completely solve the problem of interpreting baseline to working 

level differences. The use of unadjusted raw score differences in psycho­

physiological measurement~ first questioned by Wilder (1958) when he proposed 

the Law of Initial Value (LIV). This was said to apply for those phenomena where 

the magnitude of change is systematically related to the initial value of that 

variable. In a subsequent paper the problem was described as follows: 

Given a standard stimulus and a standard period of time, the extent and 
direction of a physiological function at rest depends to a large measure on 
its initial (pre-experimental) level. The relations are as follows: the high.er 
the 1n1t1al value. the smaller the response to function raising. the larger the 
response to function-depressing stimuli" (Wilder 1967. p.vW). 

In the case of heart rate while there ts some evidence that LIV ts applicable 

(Graham and Jackson. 1970: Oken and Heath. 1963), there are also studies which 

show that LIV does not apply (Hutt and Hutt. 1970: Stratton. 1970). When a 

relationship exists between initial level of a response and the operating level other 

interpretations are possible besides the Law of Initial Value. Any particular 

situation could, for example. be a case of regression toward the mean or an 

unlmown homoeostatic mechantsm operating. 
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One index of LIV is the correlation between the baseline level and the difference 

score. If the correlation is negative then the indMduals with the high baseline level 

for heart rate have a relatively smaller response than their lower baseline 

counterparts. Benjamin maintains that this fs the best single index for LIV 

(Benjamin. 1963). 

Beside the actual workload itself. factors having an effect on heart rate include 

climatic conditions. the proportion of dynamic versus static load. emotional 

arousal. and basic characteristics such as age. dexterity. special skills, and the 

general state of health of the worker (Astrand and Rodahl. 1977; Green et al., 

1986). One concern of particular interest in the present work was the anticipation 

period Just prior to the tree falling and the possibility of elevated heart rate at this 

point in the fall (e.g., Bateman et al., 1970; Becker et al., 1983). 

FYeld measurement 

In the present study heart rate was measured telemetrically with an FM transmitter 

and receiver built for the particular forest conditions of the project (H. Riddle. 

Melbourne). The subject's transmitter was a nine volt unit weighing 245 grams 

designed for R-wave polartty. with each heart beat giving a 500/4 reduction in 

amplitude for 5-20 milliseconds. The unit was carried in a pouch on the belt of the 

subject with a 45 cm aerial hanging away from the body in the vertical position. 

Beckman MJcro-telemetry electrodes from the unit (Beckman NNP-9) were placed 

above the sternum and on th~ fifth left hand intercostal space in a modified VS 

position. with the indifferent electrode unused 1n the majority of cases. 

The heart rate receiver was a 10-15 DC unit of proprtetacy circuitry (as above) with 

a 80 cm coaxial aerial. A two metre half wave dipole aerial was also tested but not 

found to be necessary over the transmission range encountered in the field i.e .• 

usually less than 40 metres. An IED range control included in the unit allowed 

a4justment during monitoring to compensate for interference and as a warning of 

out of range conditions. A 10 second sampling interval for the receiver was chosen 

(i.e .. unit range 10-60 seconds in 10 second steps), although heart rate was 

recorded by the forest technician evecy 30 seconds. The heart rate data were 

recorded by the forestry technician from a dfgital display on the receiver as he 

obseived and timed the vartous work elements employing normal time study 

procedures (ILO. 1969). The technician had an auditocy signal through an 

earphone 1n one ear as well as a flashing IED sfgnal for each 30 second interval 

between heart rate records. Later coding and computer data entry allocated heart 

rate response to the particular work activities of the subject. 
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2.2.2 Previous research 

2.2.2.1 Related ''blue collar'' studies 

It Is a popular mlsconcepUon that automation and mechanJza.Uon have removed the 

need for hard physical effort from most occupations in 1ndustr1alised countries. 

The Uterature demonstrates that many working situations. of which timber fel11ng 1s 

only one example. stlll require significant energy expenditure. In determmtng the 

physical cost of outdoor work. peak loads in the job can be as important. jf not 

more so. than average levels of energy expenditure. Awkward working positions 

and static load will also have a strong influence on the man's willingness to work 

even at energy demands within recommended limits (Astrand and Rodahl, 1977, 

p.463-466). A worker's subjective rating of a particular work load is more closely 

related to heart rate than oxygen uptake {Borg. 1970; Skoldstrom. 1987). 

Deep sea fishing is one well known example of high physiological cost job. Rodahl 

et al. (1974) found that oxygen consumption of older commercJal fishermen was 

close to the permissible limit of 50% VO2 max for much of the work shift, and 

highest not while at sea but when unloading the catch at the pier. In a study of the 

handling of gas cylinders on stairs and building sites. Westerling and Kilbom (1981) 

found peaks in heart rate often approaching maximum values in the heaviest tasks. 

in spite of mean heart rate over the whole work day being 99 beats/min. 

Subsequent biomechanical analysis was used to reduce stresses on the upper torso 

during dragging of the cylinders. but no s1gnillcant reduction in physiological 

workload was achieved. In another example. the delivery of milk products by lony 

the average heart rate reached 122 beats/min. while mean oxygen consumption 

was 1.51/min (Ilmarinen and Nygard. 1982). Some of the least fit workers in this 

study were also found to be using up to 50% of their maximal oxygen consumption 

capacity at dffferent parts of the day. A related study of work allowances for 

different types of manual postal delivery (Ilmarinen, Louhevaara, and Oja. 1984) 

found the utilisation of maximal aerobic capacity varied between 31 and 54%. with 

the hardest mode of dellvery averaging 1. 7 1/min oxygen uptake when carrying a 

mail bag up and down statrways. This study also showed that with freely chosen 

pace and rest breaks. energy expenditure was at or above 50% of VO2 max in three 

out of the five modes of postal delivery. 

2.2.2.2 Studies of tree fellers 

1be work of the tree feller in cold and temperate climates has been studied by 

numerous work physiologists and foresters for several decades (e.g .• Bink. 1962; 
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Hansson. 1964; Harstela. 1975; Kukkonen-Haijula and Rauramaa. 1984; Samset. 

1963; Samset. Stromnes and Vik. 1963; van Loon and Spoelstra. 1973; Vik 1973; 

Vik. Kristianden and Nyland. 1980). Many of the studies, especially in more recent 

years. have included measurement of heart rate and oxygen consumption. Those 

studies most relevant to the present research are discussed below. 

Hansson ( 1964) was one of the first investigators to relate heart rate to worker 

characteristics and productive output. He found that the high production worker 

in felling tended to be in a higher oxygen uptake group. Hansson suggested the 

more flt worker achieved his hJgher productivity due to less need for long rest 

breaks. He also found that these higher capacity men tended to take less tlme per 

unit of production than the "average" men. Most studies of tree fellers have used 

10 or fewer subjects. although Samset (1969) employed 25 subjects over an 

extended period to study the effect of field and tree conditions on productive output 

and heart rate in felling and bunching. The study investigated the effects of tree 

species. snow. work methods. tools, and general working conditions. Oxygen 

consumption was found to vacy between 1.03 to 1.85 1/mfn. Average heart rate for 

felling and cross-cutting varied between 106-133 beats/min. Durnin and Passmore 

(1967) in the British Isles reported that the activity offelling required an average 

energy output of 23 kJ/min (1.131/min). 

More recent studies have shown that in spite of technical improvements and lighter 

and more ergonomre chainsaws the workload of the softwood timber feller has 

remained very high. In Poland. Fibiger ( 1976) reported felling. trJmming, and 

stacking having a range between 22 and 43 kJ /min across widely differing terrain 

and tree characteristics. More recently. Fibiger and Henderson (1982). working 

with a small group of Australians~ fellers in summer (21 + / _ 4 oC), found an 

average energy demand of 36 kJ/mtn, with the stacking part of the Job requiring up 

to 49 kJ /min in one subject. The elements of felling and trimming were found to 

require an average of 30.4 kJ /min. The mean percentage utilisation of maximal 

aerobic capacity (VO2 max) was 55.5%. but this value was considered atypical due 

to the small sample stze. In a Norwegian study of tree felling and tr1mm1ng steep 

terrain was shown not to tncrease the workload so much as to increase the energy 

consumption per unit of wood produced (Vik. Kristianden. and Nyland, 1980). 

Energy expenditure was found to vaiy between 27 to 35% of the subjects predicted 

maximal working capacity. 

Kukkonen-Hai:jula and Rauramaa (1984), who studied a group of 15 experienced 

Finnish lumbeljacks between 30 and 39 years of age, found average energy 
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expenditure in felling, trimming, and cross-cutting of 36.6 kJ/min (or 1.81/min), 

combining wJnter (snow depth 62+ / .12 cm, temperature 5+ / _5 OC) and autumn 

measurements (no snow, 10+ / .4 oC). Separate figures for snow conditions were 

not provided. For felling alone the average energy expenditure was 32.5 kJ/min (or 

1.6+ I •. 31 1/mtn). Maxmlum oxygen consumption (V02 max) for this select group 
+ . 

was 3.94 / _.52 1/min using a symptom-limited maximal exercise test on a 

treadmill. Utilisation of the V02 max for felling was 41 % and 46% for trimming and 

cross-cutting. The average heart rate for the felling part of the work cycle was 

126+ / _ 6 beats/min, while cross cutting and trimming was 125+ /-6 beats/min. 

Thus, although felling had a similar heart rate to cross-cutting and trimming, it 

had a lower level of oxygen consumption (1.6 vs 1.81/min). Bunching of timber 

after felling and trimming was the most demanding part of the job from the work 

physiology point of view, at 44.7 kJ/min (or 2.2+/_0.21/min), and was the major 

influence on the average cost of the all work phases combined of 38.6 kJ/mtn. 

Smith, Wilson, and Sirois (1985), in a study of forest workers in the southern states 

of America, concentrated on the effect of summer working conditions on heart rate 

in different types of jobs. In felling work the heart rate was rarely found to exceed 

130 beats/min, with heart rates exceeding 120 beats/min up to 34% of the time. 

No direct measures of oxygen consumption were undertaken. 

Upper body work 

A number of papers have reported that upper body exercise alone (usually fn the 

form of arm cranking) elicits approximately 70% of the peak oxygen uptake 

obtamed durJng bicycle ergometer or running work (Astrand and Saltin, 1961; 

Bergh et al., 1976; Petrofsky and Lind, 1978; Sawka et al., 1982). This phenomena 

has some Importance for field measurement if tests for predicting maximum aerobic 

capacity have of necessity been conducted with bicycle ergometry, or any method 

concentrating on the main muscle mass of the legs. As Kukkonen-Hmjula and 

Rauramaa (1984) suggested, quoting Petrofsky and Lind (1978), " ... For work such 

as logging which involves a lot of upper body effort the standard maxfma1 capacity 

tests tend to underestimate the relative oxygen consumption at work" (p.63). 

Chatnsaws used in hardwood fellJng are several kilograms heavier than those used 

in softwood, for example, Stihl 035 (softwood) 8.5 kgi · versus Stihl 075 (hardwood) 

12.9 kg,. with longer guide bars and heavier cutting chain. Chainsaw weight 

within the present study also varied by as much as 4.3 kilograms according to the 

man's preference for a saw suited to the felling conditions of the research day i.e., 

12.85 kg to 17.15 kg with fuel and oil. However, there was no correlation 
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between chainsaw weight and the direct measures of oxygen consumption with the 

Oxylog. Much of the work Jn all types of felling is done with the arms and upper 

body but fn hardwood feWng. fn particular. energy expenditure will be partly 

dependent on the cutting efficiency of the man's chain, and on how he uses the 

supporting dogs (spikes) on the front of the saw to take the weight of the chainsaw 

while cutting. His skfll Jn the balancing and placement of the saw when cutting the 

larger trees is also an important factor to take Jnto account. Thus fn the present 

study under-estimation of oxygen consumption fn some parts of the Job might have 

been anticipated. especially for those men who - though having a good aerobic 

capacity - were less skilful. and had relatively light upper body development. 

2.3 Work physiology In the field 

2.3.1 Goals for the work physiology 

All of the forestry studies discussed so far have been ones concentratlng on 

productMty rather than on safety and skill ergonomics. All but one of the tree 

feller studies (i.e .• Fibiger and Henderson. 1982) also relate to softwood felling in 

the northern hemisphere. In mature eucalypt forests tree size is greater and the 

extent of defect more widespread than fn the forest setting of the studies so far 

cited. Terrain can also be vezy steep and heavily overgrown. Factors in the trees 

themselves. and in the equipment used to cut them. point to the possibility of 

different work technique and energy consumption patterns in eucalypt felling work 

when compared with the oth:er studies. 

Generally. and particularly Jn the last decade. studies of timber feller work 

physiology have used specially selected samples of workers. The sample sizes of 

these studies have been small compared with the present study although the 

duration of measurement may have been for more than one day. Even the few non­

European/Nordic studies have been restricted to softwood fellers using a lighter 

weight chatnsaw than is commonly found in our own native eucalypt forests (e.g .• 

Fibiger and Henderson. 1982. 1983; Smith. Wilson. and Sirois. 1985). The present 

study sought to use a large heterogeneous sample of timber fellers where a sizeable 

proportion of the group were of lfmtted experience; i.e., 30% having less than two 

years experience in felling work The objectives and aims for the study of work 

physiology were to determine: first. whether the physiological functioning of a tree 

feller in the hardwood environment is above generally recommended standards for 

physical work. and second, to compare these research results with those of 

prevtous studies of this type of worker. both in terms of aerobic work capacity CV02 

maxJ and energy cost of the Job. An issue of further interest w,as to assess what 
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proportion of men currently working as hardwood tree fellers might be 

physiologtcally unsuited for this type of work. Finally, in a strenuous Job such as 

hardwood felling there were additional considerations in terms of the often 

proposed work physiology implications for felling error. It was thus necessary to 

hypothesize that a man working close to the recommended limit of his physical 

capacity might experience physical strain and fatigue which might in tum affect 

perceptions, Judgements, and reactions. These fatigue effects in one or more Job 

elements could then eventually lead to felling error in combination with other 

environmental factors. For example, an excessive utilisation of heart rate reserve 

might influence the man's ability to execute the proper scarf cuts as the day 

progressed, or hinder his persistence in identifying hazards in the heads of trees 

past which he must fall the working tree. These matters are considered in both 

chapters 3 and chapter 5. 

2.3.2 Field-work conditions 

Work physiology measurements were taken across a wide range of microclimate, 

terrain, and environmental conditions (Appendix 23). As previously described, tree 

s17.C averaged 9.73+ / _7.34 tonnes, and varied from 0.31 tonne to a number of trees 

estimated at over 65 tonnes. The quotas of wood cut by the men in the week 

preceding their field trial varied between 200 and 1000 tonnes per week, with a 

mean of 450+ / _ 196 tonnes (work study details for each man are given in Appendix 

15) . .Although interruption of the flow of work occurred throughout the day 

because of tree evaluation mtervtews that were part of the overall study, the 

separate work cycles per se could be regarded as uninterrupted. 

MtcrocUmate was recorded once every hour from 0900 hours, the approximate 

starting tlme for field measurement, until the man stopped work. Ambient 

temperature during actual work measurement ranged from 1°C at 0900 hours on 

some winter mornings to 31 °c at 1400 hours on one of the warmest days of the 

study. Humidity varied from 36% in open woodlands in summer to almost 100% in 

rainforest in winter. Micro-climate varied considerably according to the velocity 

and direction of the wind, as well as exposure of the work area to direct sunlight. 
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2.3.3 Energy output 

2.3.3. l Basic levels of energy expenditure 

The overall results for oxygen consumption. minute ventilation. and energy 

expenditure while working 1n the fteld on the oxylog test trees are given fn Table 

2.5. Measurements with the oxylog were made either on the whole work cycle 

mcludJng cutting and trimming, or only on the front and back cuts in the case of 

larger trees. The highest energy expenditure figure fn the field calculated for a 

whole work cycle was 40.61 kJ/min. equivalent to 2.001/min. while the lowest 

measurement on a man of medium physical working capacity was 17.06 kJ/min or 

0.84 1/min. The average energy expenditure for the whole group of 34 men where 

measurement was successful was 27.42+ / _5.19 kJ/mfn. while average energy 

output at rest was 6. 78 kJ /min. 

Table 2.5 Energy output and respiratory parameters for field measurements - 73 readings 
N=34. 

Mean SD Range 

Oxygen uptake VO2 (mVmin) 1.35 0.29 0.84-2.00 

Minute ventilation (Vmin) 33.30 6.70 18-52 

Energy output/min (kJ) 27.42 5. l q 17-41 

Utilisation V02 max (%) .a1i;, 
·,r 
1rv· 20-68 Jo 

Estimated energy output/hour over 7 hour Standardised day 1150 k.J/hour) 

The older age group of 40-49 year men had the higher average group energy 

expenditure of 30.34 + / _3. 7 k.J /min. Energy cost for activities during productive 

delays such as saw maintenance and chain sharpening was estimated at 12 

lrJ /min on the basis of the literature. The average proportion of time for productive 

delays of the whole group was 17% of total production time. Assuming a seven 

hour standard workday (seven hours of productive time and productive delays), the 

average daily nett energy output calculated from obseIVed values and time study 

was 1150 kJ/hour (see Appendix 15). This figure is within the "heavy level of 

effort" for a 7-hour day according to the recommendations of the British Medical 

Association. and just within the ''very heavy'' classffication of Lehman (1953) (see 

Appendix 14 - Physical Effort Standards). The correlation between energy output in 

the field and vo2 max was positive and significant (r = .31. n=34. P < .05), while the 



strongest correlates of energy output were height and weJght (r = .56, n=34, p < 

.001. and r = .44, n=34. p < .01) respectively. 

2~3.3.2 Utilisation of V02 max 

56 

The average level of percentage utilisation of V02 max (%-utilisation) across all 

subjects was 37+ / _9%. with a range between 24-68%. Sixteen of the men (47% of 

those where field V02 measures were obtained) had average utilisation levels at or 

less than 35% (mean 29+ / _ 4%) of their predicted V02 max (Table 2.6 & Figure 2.3). 

The average %-utrusation of V02 max for a further 15 men was between 36% and 

49% (mean .40+ / _3%). Only three men had utilisation levels above 50% (mean 

, · ss+ / _9%), two of them with a ''very high" class of physical working capacity and 

one with only a ''moderate" classification of working capacity . As might be 

expected there was a negative correlation between the men's predicted V02 max 

and the %-utilisation of V02 max. As the man's capacity increased. utilisation of 

capacity generally decreased (r = -.47, n=34, p < .005). Even though there was no 

statistical association between age and the man's potential in the form of predicted 

V02 max (Table 2.3), the correlation between utlllsation ofV02 max and age was 

positive and significant (r = .41, n=34. p < .05). Thus in the main age groups of the 

sample adopted for the chapter (PWC categortsation-Table 2.4), the level of 

utilisation of V02 max consistently increased (being 33+ / _8% for the 19-29 year 

group, 35+ / _8% for 30-39 years, and 40+ / _5% for the 40-49 year group). The 

difference between the youngest and the oldest group was sJgn1ftcant tt (26) = -2.89, 

p < .01). These group trends are illustrated in Figure 2.4. 

Table2.6 Levels of utilisation in the group above and below the medically recommended 
lower 35% limits (Individual predicted V~ max not withstanding) N-=34. 

Class % utilisation 

20-35% 36-40% 41-45% 46-50% 500/4+ 

No. 16 6 8 1 3 
of Men V V V V V 

V V V 

Overall V V V 

16 15 3 

Large differences in energy expenditure as well as utilisation of V02 max could be 

found not only between subjects with the same category of physical working 

capacity, but between different trees dealt with by the same subject during the 

tests. Examples of such cases indicating the potential range of physiological costs 
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involved in the job arc given in Table 2.7. A single case worthy ofmentlon was that 

of a 47 year old subject with av~ low VO2 max of 2.11 I/min. who had a level of 

utilisation of 68% in his field oxygen consumption test. 1bfs specialist or gill tree­

feller was working on some of the largest and most defective timber of the study . 

(average volume 54 tonnes) necessitating large saws and the longest cutter bars. 

The example gives some indJcation of the Importance of annual work capacity 

testing and alternative forest employment opportunities for the older work.er. 

Table 2.7 The possible range in energy expenditure and percentage utilisation of v~ max 
for Australian hardwood felling. 

Range between diverse Range within two high PWC 
subjects subjects 

(s5 age 47) (s25 age 36) 

V02 max V02 max 
Vmin kJ/min o/outil Vmin kJ/min %util 

field field 

2.7 29.4 ,54% 6.0 Tr1 28.8 24% 
Tr2 38.3 31% 

(s18 age 47) (s16 age 24) 

5.2 26.4 , ,25% 5.3 Tr1 18.2 17% 
Tr2 31.7 29% 

2.3.4 Heart rate 

2.3.4.1 Absolute heart rate 

The average heart rate per tree across all subjects was 126.9+ / _ 12.4 beats/min, 
~ 

with a mean restlng heart in the field prior to testing of 64.6 beats/mm. While the 
~ 

highest single recorded heart rate was 183 beats/min, the highest mean heart rate 

for any one tree was 179 beats/min (hr nett 115 bpm), and the lowest was 97 

beats/min (hr nett 29 bpm). 1be mean heart rate per subject with different sets of 

trees varied between a subject with an average of 105 beats/min over 25 trees to an 
J 

average of 155 beats/min over three large trees for the subject with the highest 

average heart rate in the study. 

'lyptcal patterns of absolute heart rates during the field testing period (excluding 

the pertods of tree assessment tnteIViewtng) are shown in Figures 2.5-2.9 for three 
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subjects drawn at random for descnptive purposes from the overall data (Examples 

of average heart rate/tree for dJfferent subjects are given in Appendix 16). In the 

example of Figure 2.5 the predominant trend In the 110-130 range for the subject 

is quite clear, while a more erratic pattern can be discerned in Figure 2.6 for a 

subject who had a higher average heart rate. As indicated in the figures, the first 

set of readings come from an expertenced tree-feller of 40 years of age, while the 

second set of results are those of a younger entrant to the industzy. Though the 

restlng heart rates of these particular two men were in fact at quite similar levels 

(58, 54 bpm), any direct compansons between subjects would be spunous when 

the set of trees cut by each man was always unique. Figure 2. 7 combines the 

charts of the first two examples to highlight variation over the sampling penod. 

Figure 2.8 shows a typical record of a further subject with a higher resting heart 

rate than the preceding subjects (78 bpm) and relative consistency in the 110-130 

range after approximately the first hour of testing. 

The heart rate cost of the different work elements remained at sfmilar levels (Table 

2.8), being attnbuted in part to the flow-on nature of heart rate between elements 

and to the contribution of the continual effort of walking and working with a heavy 

chainsaw. 

Table 2.8 Physiological cost of the different elements in an Australian hardwood tree 
feller's job expressed by heart rate/min (n=38). 

Work element 

(1) Walk to tree 
(2) Prepare fell 
(3) Felling 
(4) Trimming 
(5) Dock/cross cut 
(6) Prod delays 

Number 
records 

750 
757 
2701 
1026 
887 
950 

Overall product. mean ( 1-5) 126.9 

* p < .05 ** p < .01 *** p < .001 

a Kukkonen-Harjula and Rauramaa (1984) Finnish sample n=15 

Heart rate 

Mean 

124.6+/_15 
124.8+/_15 
128.7+/_14 
12a.1+1 _ 14 
12a.s+ / _ 13 
114.s+ / _ 15•• 

Mean a 

12s+ /_6 
125+ /_6 

91+ / _4 

Multivariate analysis of variance of heart rate with the sfx work elements as 

repeated measures (Kerlinger, 1986) gave a stgn1ftcant difference between the heart 

rate 1n the five major work elements and the productive delays such as using the 

axe, and chain and saw maintenance, mult . .[ (5, 185) = 48.86, p < .001. The 
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heart rate 1n productive delays remained distinctly above heart rate"'at rest. 

Multivariate analysis of the heart rate for the five production elements alone 

indicated that felling. trimming and cross cutting were significantly different from 

the clements of walking to the tree and preparing to fell. [ (4, 48) = 6.36, p < .001. 

The dUference between heart rate Jn the least demanding productive element of 

walking to the tree and the productive delays element was significant, t (37) = 11.5. 

P < .001. There 1s close similarity between the mean heart rates of the hardwood 

study to the mean heart rate of the two matching work elements in the Kukkonen­

Hmjula and Rauramaa (1984) study of Finnish timber fellers (Table 2.8). 

2.3.4.2 Heart rate nett 

The average heart rate at rest Jn the field was 64.6+ / _8 beats/min (range 49-80). 

which was slightly lower than the mean resting heart rate in the medical 

examinations reported previously. The average hr nett over all subjects was thus 

62.3 beats/min (tree mean minus resting heart rate). The value of average hr nett. 

or the relative heart rate cost per tree. ranged between 29 and 115 beats/min over 

the 636 trees that were cut down. The overall hr nett for an individual's set of trees 

varied between 43 to 90 beats/min nett (see also Appendix 16). Most subjects had 

average hr nett values which were considerably higher than Hollmann's 

recommended limit of 40 beats/min for heavy manual work over an 8-hour day. 

The distribution of average hr nett across subjects is given in Table 2.9 where it can 

be seen that the greatest number of subjects were at the 50-59. and 60-69 

beats/min nett level. There was a significant negative correlation between the 

base-line resting heart rate and the hr nett. or difference score (r = -.48, n=39, p < 

.001). confirming that in terms of the '1aw of initial value", the individuals with the 

higher resting heart rates exhibited ~ relatively smaller increase in heart rate 

response to the work. 

Using the data for the two previous absolute heart rate examples with similar 

resting heart rate (Ftgure 2. 7), the clear dJfference in hr nett levels between the two 

men ts shown in Figure 2.9. The more experienced man rarely drops below the 60 

hr nett value. and while peaking at 100 or more beats/min shows a consistent high 

effort over almost the whole measurement period. The second younger and less 

experienced subject remains in the (still excessive) 60-70 range for most of the time 

with stgnillcant episodes in the 40 beats/min range. The lower graph suggests a 

downward trend in the man's reaction to the work, while in the upper graph of the 



100 

80 

60 
hr nett 

40 

20 

0 

1t I I 

(Age 40, wt 80.5 klgs, rh 58, experience >1 0 years) 
- peak 104 bpm nett, trough 54. 

~ 

II• i" ~~ ",, ,. I I,. \ ' ..... ,, \ 

.'~: :: :: : :, ' .. 
I r ' • - I' ', 1, I t I 

'l I I , •, .!, :~ l r- I I I\ ,, ,,,, I I I 

I II I I I I I I ,.! '- ~: ,: '1 I I~.-! I 'i \I I I t 

I 1' 11 1' I I•,• • It I 

I Y1 I I ,, 
•'• f .... ,.:. I I....!:,!: ' :1, 'i I II I, 

'• '• •,•, I ,, 
:; l ; :-'.: i.-·. : ' ; ,, : ; ~ '" 

t \ 
r ' I I I ' '•1 ~·· : ~~,-!I .. .,! I :, : , l ~ I .,! ~ ,... ,, ,, 

\ \ ' ,, ,, •'•' •'•' ' 
'i I ' ";• I I II II 

I I ,, 
I 

..! .._ ' I 'i r ' r ,r 

+ ',,, ,, 
,, I , , 

/ ..! ,' ,, 
\ 

,, 

+ 
~ 

(Age 22, wt 63.0 klgs, rh 54, experience < 1 year ) 
- peak 80 bpm nett, trough 32. 

I I I I I I I I I I I 
I I I I I ,I I I . I. 

(Minutes of actual working time) 
1 16 31 46 61 76 91 106 121 136 151 166 181 196 

r I 
o I ,, 

I I 'i' I 
,, 

'• ,, 1,1 I '• 
t.,_ I..,_ I I I -·· : .. ' ,. '• .. ',, ·, \ \ 't I 

,,, 
'i \ .-J I ' ' I' 

~ I r I, 
I 

',, ,,, 
I ,,, ,, 
• : .! ,, , ,, 

\ I ' ,, I 
I ,r, •' 1\ I 

••' • ,' •'• t , ., ,, I I ...! 

I 

211 226 241 256 

FIQUre 2.9 Example of pattems of hr nett (relative physical effort) for two distinctly different subjects. 

m 



67 

more experienced man the peaks in hr nett decrease. and the cost 1n the region of 
80 beats/min remains. 

The trend 1n absolute heart rate over tune was assessed by a repeated measures 

analysis of variance with subject as the factor. and tree series as covariate. where 

the sign of the regression coefilcient of the covariate indicates the trend or slope of 

the grouped data (Norusts. 1986b). Data up to the tenth tree were analysed in the 

group of 27 subjects who had cut down 10 or more work study trees. A sfgniftcant 

difference 1n heart rate over the series of trees was evident .E (1. 242) = 18.31. p < 

.001 with a negative raw regression coefilcient (-. 60) indicating a slJght downward 

trend 1n heart rate over the day. An analysts with a group of 18 subjects who had 

cut down 15 or more trees also produced a similar result • .E (1. 251) = 26.18. p < 

.001. and the same indication of a small decrease in heart rate. The difference in 

heart rate between the normal trees that were cut down as the day progressed and 

the one or two oxylog test trees for each subject was sfgniftcant • .E (1. 595) = 4.36. 

p < .05. (normal trees 127.o+ / _12 (n=561) vs oxylog trees 125.4+ / _11 (n=71). 

However. this difference in heart rate is small in practical terms and is not in 

agreement with Malchaire et al .• (1984) who reported significant increases in 

working heart rate during oxygen consumption measurement in a factory setting. 

Table2.9 Distribution of average hr nett within the group of tree fellers (n=38). 

Hr nett 
beats/min. percentage Mean Range 

N % beats/min beats/min 

<~ 0 
40-49 5 12 43 41-46 

50-59 12 32 56 52-59 

60-69 12 32 68 65-69 

70-79 5 12 74 71-79 

80-89 3 1 86 84-89 

90> 1 91 

2.3.5 Conclusions 

2.3.5.1 Energy expenditure 

The percentage utilisation vo2 max and average heart rate for each subject were 

the two measures chosen for assessing physical work effort and energy cost. The 

correlation between these two indices was r = .55. n=34. p < .o 1, and the plot of the 

relationship of average heart rate to percentage utilisation of (PWC-V02 max) is 
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given in Figure 2.10. On fnitlal inspection. with the mean value of 27.4 kJ/min 

(1.35 1/Dllll) for energy expenditure. the group seems to have demonstrated a lower 

level of aerobic demand than that ex:pertenced by stmfJar logging workers in other 

countrtes. Astrand and Rodahl's general gu1de-11nes for absolute or basic oxygen 

uptake still places hardwood tree felling in the "heavy physical work" category (see 

Appendix 14). The mean %-utilisation values for the whole group was Just above 

the 35% llmit advocated for those with a moderate to high PWC. The utilisation of 

physical working capacity varied considerably between individuals and seemed 

most closely linked to the age of the worker. which in many instances was a 

positive covariate for height and weight. The group of older men had the highest 

average level of utilisation at 40% of V02 max. but this could not be seen as 

excessive in view of their generally higher physical working capacity and probably 

skill level. 

2.3.5.2 Heart rate 

The average heart rate for all the subjects and all the Job elements (126.9 

beats/min) is Just inside the very heavy class of physical workload according to 

Christensen's classification of 125-150 beats/min {seeAppendJx 14). while some 19 

subjects or half the group had average heart rate in this very heavy category. and 

two subjects were over the 150 beats/min level (see Figure 2.10). The average 

value of the study of 62.3 beats/min is approximately 22 beats/min above the level 

recommended by Hollmann et al. (1976). while the 30 beats/min limit (Hunting et 

al.. 1974 or Grandjean. 1986) sets the findings well above that recommended for 

regular hard physical work (see Appendix 14). During work all subjects therefore 

had average hr nett values above the recommended limit However. the 

ameliorating effect of production delays and rest during tree evaluation on such 

findings needs to be taken into account. Analysis of variance on the mean 

individual tree heart rate over tlme showed no consistent fatigue effect, though this 

possibility would have been masked by the non-productive delays involved in tree 

assessment interviews of the study. Astrand and Rodahl (1977, p.359-60), describe 

a number of situations that may cause an marked increase in the pulse rate under 

sub-max:ttnal workloads. These include dehydration due to the heavy nature of the 

work or working conditions (Saltin, 1964), the length of the exercise (Rowell, 1974), 

as well as the famflfar reference to emotional arousal which has special relevance in 

tree felling. However, the heavier the workload the less pronounced the neIVOus 

effect on heart rate. Astrand and Rodahl also suggest that under circumstances 

such as those detailed above, the "excessive" heart rate is still a better criterion for 

reduced work capacity than oxygen uptake . This is possibly the conclusion to be 
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drawn in the present study. s1nce the heart rate measure has more validity than 

the spot measures of oxygen uptake that were carried out in less than ideal 

conditions. 
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The data in Figure 2.10 show that some of the individuals could be clearly 

identifled as risk outliers of the group in terms of the physical effort they required 

for the Job. It is quite apparent that subjects A and B cannot match the Job in 

terms of the work physiology. while C is an example of a high PWC subject who 1s 

operating well within capacity on both parameters. Thus. there appears to be some 

possibility of identlfy.tng workers who may not suit the job on basic work 

physiological grounds. without any reference to their level of skill. 

2.4 Some psychological attributes la the group 

2.4.1 The rationale for psychologfcal assessment 

In addition to the issue of physical working capacity and the man's success in 

dealing with the actual physiological demands of the job. there is also the question 

of the stable psychological attributes of the productive .and. low-risk tree feller. The 

earlier literature review emphasised how some investigators felt that productivity 

and safety were often mutually exclusive states in many felling situations, and 

especially under piece work conditions. The accident diagram based on Lagerlof 

(1974. 1979) and discussed in chapter 1 (p.17) was chosen as describing the 

potential factors leading to failures in felling petfonnance. There has been 

considerable focus on mechanical - ergonomics improvements and on work 

organfsation factors that are thought to decrease the acceptance of risk and 

promote a general climate for safe behaviour (Pettersson et al .• 1983; Sundstrom­

Frisk. 1981. 1984). Though Lagerlofdescribed "personality" as a factor in accident 

causation she did not specify any particular psychological variables for study. To 

date there have been no tests of the association between psychological attnbutes of 

tree fellers and safer behaviours in the Job. 

Prelim1naiy discussions with the older experienced bushmen and with instructors 

during pilot work revealed implicit stereotypes of the attitudes and work habits of 

the successful hardwood tree-feller. These attributes of the men were considered 

by instructors to be a separate issue from levels of technical skill in cutting a tree. 

Whether the attributes were considered essential or desirable was difficult to 

ascertain. These comments by highly experienced people famflfar with the work 

and workforce were linked to some degree with the psychological concerns in the 

literature to be described. Important psychological attributes were reputed to be as 
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follows. First, a fataJJsttc or accepting approach to the hazards and dffflculttes of 

the Job if one was to have the neces$8IY "peace of mfnd" while working m the forest. 

Second. the abtlity to rematn patient and unperturbed even if the felltng of a 

particular tree became increasingly difflcult. Third, a steady productive workpace 

irrespective of forest or weather condittons with. paradoxically. the abtlity to work 

speedily under maximum pressure when there was catching up to do because of 

machtneiy breakdown or bad weather. Fourth, the drive and determtnation to 

improve personal standards of worlananship, irrespective of pressures to reduce 

standards or to cut corners from people who were not actually felling the trees. 

Surveys of accidents and their antecedents m occupational groups other than tree­

fellers have sometimes included assessment of psychological attributes. For 

example, 1n the rural sphere, Harrell (1980) conducted a questionnaire survey of 

the accident histortes of 450 CanadJan male farmers using masculinity items 

dertved from previous research. Factor analysis of 15 items resulted 1n five short 

scales: men m charge, unemotional mascul:lnity, strength and persistence, reckless 

driving, and aggression. Frequency of exposure to hazards (e.g., heavy machmeiy 

and livestock) as well as age were found to be signJficantly related to average yearly 

accident rate, r = .14 and 0.13 respectively p < .05, as had been shown 1Il previous 

farm accident studies (Pfister and Hofmeister, 1969). Though other questionnaire 

vartables assessed 1n the survey had sfgnificant but low correlations with the 

farmers' accident rate, e.g., conservative farming practices, r =-.25, p < .001, and 

takiDg health rtsk to make a profit, r = .17, p < .01, none of the masculinity scales 

Harrell had constructed was associated with the farmers' reported accident rate. 

Arguments were offered in the paper for the indirect influence of the mascul1nity 

dimensions. However, multiple regression analysis, showed that masculinity 

yielded neglfgible increase 1n varianee accounted for. No other studies of 

masculinity as an important psychological factor 1n fanning accidents or similar 

outdoor work have since been reported. 

2.4.2 Scales 

2.4.2.1 Fatalism and locus-of-control 

Many working situations, including tree felling. may be divided into those where 

outcomes are dependent to a large extent upon the man's skill and the way he 

organises his work. and those where outcomes appear dependent ma1Illy upon 

chance or uncontrollable factors no matter what safety precautions or rules are 

applied. 1b1s dilemma is captured 1n the Australian working man's phrase "she'll 

be rfght, mate". An fmportant psychological consideration regarding tree fellers was 
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the way they felt about the "skill versus chance" accident realities of their work; 

that is. the fatalism they exhibit about being in control of the dangerous outcomes 

in the Job. Some tree fellers maintain that a fatalistic attitude to eventual tnjwy in 

the bush is the only realistic stance to take in the Job. 

The Locus of Control scale /: of Rotter (1966) ·has been widely used as a measure of 

perceived control in research in educational and clinical settings (e.g .• Rotter, 1975. 

Watson. 1981). In the orJginal Internal-External (I-E) scale. the 23 core items were 

considered to sample reported behaviour from areas ranging from friendship and 

affection to general- life philosophy. Rotter ( 1966) postulated that individuals who 

had an internal locus-of-control generally believed that rewards followed from their 

own actions. and that these actions would affect the course of their lives. Internal 

subjects are thus those who report greater confidence 1n their ability to influence 

task performance. Conversely. individuals with an external locus-of-control 

ortentation are more likely to believe that rewards and failures are largely controlled 

by forces outside themselves, with the state of their life more determined by chance. 

luck or fate. 

Mirels (1970) was the first to attempt to isolate separate factors with the 1-E scale 

and he described two prominent factors as "a belief concerning mastecy over events 

in one's life". and a factor which related to control over "political processes and 

institutions". Subsequent factor analytic studies arrived at similar conclusions to 

Mirels and several versions of the locus of control scale were produced (e.g .• Dixon. 

McKee. and McRae. 1976; Cherlm and Bourque. 1974). A study by Reid and Ware 

(1973) found two clear factors with close similarities and item content to Mirels' 

factors. They termed the first factor Fatalism, "the belief that luck. fate or fortune 

versus hard work. ability and p~ responsibility determined one's outcomes". 

The second factor. which was similar to that found 1n other studies. was termed 

"social control." 

Lange and TJggemann (1981) adrotntstered a 23 item 1-E scale to a sample of 

Australian students and found a "general control" factor consisting of nine items 

and a second factor of control over political institutions. Cronbach alphas for the 

general control (or Fatalism) items and the political control items were 0.69 and 

0. 70 respectively. while the inter-scale correlation of 0.23 was not s:tgniftcant. As in 

the Mirels (1970) study. the general control factor contained s1rof1ar items to that of 

the Fatalism factor found in the Reid and Ware (1973) study. In discussion of the 

dimensionality of the locus of control scale. Watson (1981) argued that an 

interpretation of more than two factors should be made with considerable 



reluctance. She considered that it would be more desirable to develop smaller 

situation specific scales for use in difl'erent contexts than to use the origtnal 23 

item locus of control scale. 
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The 1-E scale or vartattons has been included :In several studies of blue collar 

workers. Chiappone and Kroes (1979) assessed the validity of the idea of fataliSm 

:In miners by comparing 33 male miners with 33 male industrial workers on a 

variety of measures. In using a variation of the 1-E scale and a questionnaire to tap 

fatalistic attitudes, they reported no significant differences between the two groups 

and concluded that m:lners were not fatalistic as the ''term is commonly used". In a 

similar study involving a large sample of British coal miners Sims, Graves, and 

Simpson (1984) administered the o11ginal Rotter 1-E scale to men in three major 

regions. No regional differences were found. Nor were there differences between 

locus of control measures :In two of the collieries that had sfgnifl.cantly different 

accident records. However, the miners demonstrated a more external orientation 

than is found in studies with undergraduates. 

In a simulation of driving militmy cross-country vehicles, locus of control was used 

as a personality measure in a study of performance and physiological cost of 

driving under whole body vibration (Webb et al., 1981). The two performance 

measures were tracking accuracy and reaction time. Subjects with a more 

"internal" locus of control had significantly less tracking error, with a correlation 

between locus of control and tracking error of r = . 73, p < .01. This laboratory 

study showed that :lntcmal subjects (those who report greater belief in their ability 

to influence events) have a s1gruflcantly smaller decrement in tracking accuracy 

during simulated cross-country driving. Because the effect was stable across all 

vibration conditions the investlgato!8 suggested that ''the personality measure 

defined by the locus of control score" (p-.253) becomes increasingly influential with 

the severity of the stressor, in this case whole-body vibration. 

Montag arid Comrey (1987) investigated the relationship between the intemality­

extemality construct and a person's involvement in driving accidents which 

:Included a fatality. These authors developed separate specialised scales termed 

driving intemality and driving externality. Internality was negatively related and 

extemality was positively related to involvement in fatal accidents, though neither 

relationship was statistlcally sigmftcant. Montag and Comrey felt their results were 

consistent with previous work showing generalised fntemality rather than 

extemality is related to cautious behaviour. 
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These occupational studies incorporatmg various locus of control measures, in 

conjunction to the fatalism comments of the tree felling instructors, led to 

assessment of locus of control in the present study. A Fatalism scale of 12 items 

was constructed from those fataUsm items described and evaluated in the Lange. 

and Tiggemann (1981) and Watson (1981) studies. Since a number of these items 

were orJginally intended for an educational setting, the wording was slightly 

changed to provide face validity for Umber fellers. A further set of 10 Job 

involvement items was based on the :Involvement scale ofLodahl and Kejner (1965), 

or adaptations of this measure by Saleh and Hosek (1976) and Saleh (1981). The 

primary interest was in the fatalism scale. and the work involvement items were 

included as buffer items to counteract response bias. The 10 work Involvement 

items were randomly combined With the 12 fatalJsm items to form a single 

questionnaire (Appendix 17 Wor~ and IJfe questionnaire). The questionnaire 

containing the full 22 items used the Likert scorfng format ranging from strongly 

disagree to strongly agree as recommended by Duffy, Shiflett and Downey (1977). 

2.4.2.2 Type A behaviours 

Since tree felling can be self-paced or forced paced, the question of self-direction 

and work rate is a critical one in this type of work. It might be expected that the 

way a man views the job, the expectations he feels the logging crew have of him, the 

pressure he feels from the supervisor or contractor would influence how much the 

work.pace and quality of workmanship are genuinely under the tree feller's control. 

The particular need for thetree feller to overcome work diIDculties consistently and 

maintain high personal work standards has already been discussed. 

The Jenkins Activity Survey is the most established measure of what has been 

termed the Type-A behaviour pattern. From laboratory. clin1cal and epidemiological 

studies two cardiologists defined a coronary-prone behaviour pattern - also called 

'lype-A behaviour (Rosenman et al., 1964). These Investigators defined Type-A as: 

"overt behavioral syndrome or style of living characterised by extreme 
competitiveness. striving for achJevement. impatience, haste. restlessness, 
and feeling of being challenged by responsibility and under time pressure." 

A corollruy is that the behaviour pattern is often associated with persons so deeply 

committed to their job or vocation that other parts of the:lr lives are relatively 

neglected. Not every aspect of the pattern needs to be present for a person to be 

classitl.ed as possessing it. Type B behav:lour was defined by Rosenman (1978) as: 
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"a relaxed, mellow, saUsfted style where the Type-B person may be 
interested in progress and achievement, but tends to flow with the stream of 
life rather than constantly struggling against it." 

Subsequent research produced a structured self report questionnaire, lmown as 

the Jenkins Acttvity Survey (JAS). whiCh is used in the present study (Jenkins, 

Zyzanski and Rosenman, 1979). Based on a number of extensive factor analytic 

studies the Jenkins Activity Survey incorporates 3 sub-scales of some 20 items 

each assessing: Speed and impatience (S), Job involvement (J), and a Competitive 

hard-driving factor (C) (Rosenman et al., 1964; Zyzanski and Jenkins, 1970). Toe 

JAS measures have demonstra.t~ internal consistency, test-retest reliabllit.y, and 

discr1mlnant validity with a range of different occupational and health status 

groups (Jenkins, Zyzanski and Rosenman, 1979). 

In a prospective questionnaire-based study of health changes and injuries in 416 

air trafDc controllers, Neimcryk et al.(1987) employed the JAS as a predictive 

personality measure, along with life and work change measures and levels of 

dissatisfaction with operations management. The Type A measure was significantly 

related to the future incidence of physician-diagnosed acute illness and to inJwy. 

When the Type A measure was split into three percentile groups (Type A. Mixed 

Type, and Type B) those air traffic controllers with scores in the highest third on 

the Type A measure trype A) had more than 3.5 times the injury rate of those in the 

lowest third (fype B) over a 27 month period. A (C) factor sub-scale of the Type A 

measure, speed and impatience, was also shown to be a slightly less powerlul 

predictor of fnJury experience. Subsequent regression analysis attemptlDg to deal 

with multi-collinearity between the predictor variables indicated that "the Type A 

behaviour pattern was by far the best predictor of 27-month risk for inJwy'' (p. 

649). 

Cooper and Sutherland ( 1987) investigated the Job stress and mental health of a 

sample of 194 oil rfg men. A subsidiary goal of the research was to compare 

accident and non-accident workers on some of these questionnaire measures. 

Personality measures included the Framington Type A scale (Hayes, Levfne, and 

Scotch, 1978), and the Locus of control measure (Rotter, 1966). Type A behaviour 

was heavily implicated in utjury experience when the scores were divided at the 

median into Type A and Type B classes. Those 24 percent of the sample composing 

the accident group were significantly less sattsfted at work and had lower overall 

mental health rattng than the accident free majority. Though the authors 

emphasised that the causal order between Type A, satisfaction, mental health 

measures, and accident experience could not be tested with the data, they 
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mamtamed that, "Type A behav1our seems to be a veiy bnportant predictor of off­

shore accidents, and must, therefore, be investigated further'' (p.124). 

The major use of the JAS measure has been in relation to occupational stress and 

the search for reliable predjctors of cardiac heart disease (CHO) (e.g., DaVldson and 

Cooper, 1980; House, 1974; Kaltmo, El-Batawl, and Cooper, 1987; Levi. 1981}. 

Crttics of the A-B personality type dichotomy consider that the coronary prone 

behaviour pattern is more a product of the environmental conditions than of stable 

personality traits of the mdividual, and point out that the allocation to 'l)'pe-A or 

Type-B classiffcation is to some extent arbitrary (e.g., Ray and Bozek. 1980). It 

would seem unrealistic to assume that the two extreme descriptions of the Type A 

and B predisposition, as described above, would outweigh genetic, lifestyle and 

environmental factors in the causation of CHD. The use of the instrument in the 

present study was not concerned with reference to the CHD outcome, but in order 

to provide a reliable and comparable self report measure of how the indiVldual 

reacted to their work tasks and general environmental demands. Few studies 

relating a measure like Type A to actual working performance have been made 

(Damos, 1985). 

In the JAS, scores on the (A) sub-scale give a position on the Type A -Type B 

dJmension described above. The (S) sub-scale proVldes a score for speed and 

impatience of the man. while the (C) scale indicates how far the man can be seen as 

competitive and hard driving. These three psychological measures relate quite 

closely to those tree feller attributes described by instructors and expenenced men 

(see section 2.4.1.). The following psychological factors or charactertstics were thus 

measured by questionnaire: 

- Fatalism and Locus of Control 

- JAS Type-A/Type-B predisposition 

Speed and impatience 

Competitive and hard-dI1Vlng nature 

2.4.2.3 Possible outcomes 

The first goal was to obtain descnptive statistics on the psychological measures 

that had been selected. The second goal was to compare results for the sample 

with nonnative data. From the literature and the anecdotal evidence, there were 

some grounds for making predictions about relationships between these variables. 
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There was also some basts for saying what mJght be expected if the group was to 

fulfil the instructor's stereotype or Image of the professional hardwood timber feller 

usmg these measures. 

Inter-correlations in the three JAS scales would be pred1cted from prevtous studies. 

while the fatalism and work involvement measures fn particular were expected to 

be unrelated. In terms of the 'fype-A behaviour. meeting the men in the sample in 

a forest or in the distinctly rural settmgs at theJr homes rarely gave the impression 

of being with a person of the previously defined Type-A disposition. The 

expectation was a wide distribution of scores on the 'fype-A scale. with a tendency 

towards the Type-B pattern of reported behaviour for the group as a whole. Scores 

on the speed and :Impatience scale were expected to be lower than the normal 

population for similar reasons. Conversely. for hard-driving competitiveness the · 

expectation was for higher scores. mainly because determination and need for the 

pursuit of improvement seemed·an essentlal predisposition in such a demanding 

work setting. It might also be expected that the speed and :Impatience and hard­

driving competitiveness scores would gradually decrease with age. along with 

physical strength and work capacity, as the man saw the need for the steady, 

consistent, and as some instructors described it a "more cunning'' approach to the 

job. 

Predictions about the fatalism scores were not clear cut. Two previous studies 

usmg the locus of control measure found no signJftcant differences between coal 

miner samples and fatalism responses in the workforce in general. On the other 

hand, there was the consistent suggestion from hfghly experienced instructors that 

a fatalistic attitude was needed ff a man was to remain calm while felling, and in 

dealing with the everyday frustrations of logging work. On this basis the 

expectation was for a skewed distribution of fatalism towards low scores. A positive 

correlation between increasing years of experience and the fatalism measure. as 

well as a large range in the d1fferences between the men, was also expected. 

2.4.3 Results 

2.4.3.1 Fatalism and locus of control 

The Fatalism (and work involvement) scales contained within the work and lffe 

questionnaire were subjected to the same principal components factor analysis 

(Norusis, 1986b) to form new versions of the original raw score measure on the 12 

items in the fatalism measure. and the 10 items for work involvement. Neither 

scale gave the simple or short factor structure anticipated from results of previous 
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studies. The fatalism scale produced four factors, with the first factor accounting 

for 24% ofvartance (see Appendtlc 18 for analysis details and item loadings). 

Analysis with the solution constrained to one factor gave the same nine highest 

loading items. The similarity and face validity of the fatalism items overall defied 

any simple interpretation as to why the nme items had high loading on factor one 

while the other three items did not. The restricted number of items was used to 

produce two versions of a Fatalism measure. The first was simply the summation 

of scores of the nine highest loading items (Fatalism 2). The second was the 

summation of scores of the ~ nine items weighted by their respective coefficient 

score as recommended by NorusiS (1986b) (Fatalism 3). The inter-correlation 

between the two versions of the fatalism scale was high (r = .96, n=38, p < .001). 

The reduced fatalism measure (Fatalism 2) was thus chosen for use in later 

analysis. Scores on this scale could range from a mfnfmum of 9 to a possible score 

of 45. 

The work involvement scale produced a three factor solution, with the first factor 

accounting for 37% of the variaDCe (Appendix 18). Using the same rationale and 

procedure as above, an eight item scale was produced in a reduced raw score form 

(Work-involvement 2) and in a factor score weighted form (Work-involvement 3). 

The correlation between the two versions was r = .98, n=34, p < .001, and the 

Work-inwlvement 2 scale was chosen for later analyses. Table 2.10 contains the 

detail for score distribution and group means for both fatality and work 

involvement scales ustng the reduced raw score version in both cases. 

Table 2.1 o Properties of the Fatalism and Work Involvement measures (Fat.2 & Wl.2) 

Mean Standard Range Max possible 
Deviation in study 

Fatalism 25.61 5.11 16-34 9-45 
(9 items) (24.53)a (X=27)b 

Work 
Involve 24.81 6.58 15-38 8-40 
(8 items) (25)a (X=24)b 

a Median value for study group 
b Mean of full possible range 

A relatively even distribution of scores was found for the sample on both scales, 

although the range of scores on the fatalism measure was noticeably smaller than 

for the "buffer'' set of work involvement items {Appendix 18). The fatalism scores 
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covered approxJmately half the potenttal range, while the work involvement scale 

covered approximately 70% of the- potential range. Dividing the scores at the 25th 

and 75th percentile gave close to 60% of the subjects in the middle group for both 

measures. 

2.4.3.2 Type-A. impatience, competitiveness · 

The scores of the tree fellers ~n the Type-A (A), Speed and impatience (S) and 

Competitive hard-driving (C) scales are presented in Table 2.11. Comparison of 

standardised scores on each sub-scale can be made against the results obtained in 

the origi:nal instrument development studies (Rosenman et al., 1964, 1975), where 

the standardised scores on all three scales have mean of 0.0 and a standard 

deviation of 10. Reference can also be made to a large predominantly blue collar 

group such as that reported by Waldron et al. (1977). In this study the reported 

mean and standard deviation relative to the standardised mean and standard 

deviation for Type-A was (-2.2 SD 9.3), Speed and impatience (-2.9 SD 9.6), and 

Hard-driving and competitive (1.5 SD 9.9). 

Table 2.11 Properties of the three JAS sub-scales used in the tree-feller study compared 
with the standardised scoring range of Jenkins et al., (1979)8 {Maximum possible 
range in parentheses)b. · 

Type A 
Factor (A) 

Speed & impatience 
Factor (S) 

Competitive hard­
driving Factor (C) 

a All JAS scales standardised to have 
mean of zero and set's of 10. 

Mean 

-0.96 

1.02 

6.06 

Standard 
Deviation 

10.65 

10.57 

10.87 

Rangeb 

-19 to 22.4 
(-25 to 25) 

-13.6 to 26.2 
{-23 to 32) 

-8.6 to 30.8 
(-28 to 40.8) 

In the present study the men had a mean of-.96 and a standard deviation of 10.65 

on the Type-A scale. These scores were not significantly different from the 

standardised scores for a normal population reported by Jenkins et al. (1979). On 

the speed and Impatience scale, the sample had a mean of 1.02 and a standard 

deviation of 10.57. This difference was again close to the normative data provided 

by Jenkins et al., and was not stgnillcant (t (34) = .57, p> .01). On the competitive 



and hard-drMng scale. however, the men had a mean of 6.06 and a standard 

deviation of 10.87. These data were sfgniftcantly d1fferent from the normative 

values for this scale. t (34) = 3.30. p < .005. and in the predicted d1rection. 
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'fype-A behaviour is indfcated by posiUve scores on the 'fype-A standardised scale. 

while type-B behaviour is indicated by negative scores (Jenkins. Zyzanski and 

Rosenman. 1979). Caution is necessary in indiv1dual cases when interpreting 

scores close to the zero point between the two different types of seJf-reported 

behaviour patterns. Advice in the test manual of the Jenkins Activity Survey 

suggests that ''Type-A scores are thus an added piece of the puzzle" when used in 

studies of the factors associated with CHD (Jenkins. Zyzanski and Rosenman. 

1979, p.11). Other researchers have adopted the strategy of using the third 

percentile of scores at either end of the distribution as cutoffs for definite Type A or 

'fype B cases (e.g. Niemcryk et al., 1987). 

Of the 14 men in the group with 1ype-A scores greater than the standardised mean. 

seven were within one standard deviation of the mean and only one man had a 

score greater than two standard deviations from the mean. Of the men with 

negative Type-A scores. 33% were within one standard deviation from the mean. 

Out of the three scales. the competitive and hard-driving measure had the largest 

proportion of scores above the eightieth percentile, with 12 men or approximately 

30% of the sample above this level. 

2.4.3.3 Relationships between measures. 

There was a significant association between age and experience as a tree feller (r = 

. 70. p < .001). whereas years as a tree-feller and level of education were not related. 

Table 2.12 shows the correlation of the scores on the five psychological scales with 

age. experience and education level {year of leaving school). The only statistically 

signUlcant finding within the set of scales was the negative correlation of work 

involvement with educational level. 

No correlation was found between the Fatalism and Work involvement measures. 

These two measures were not associated with any of the three JAS sub-scales. 

Fatalism was slightly correlated with experience. but not work involvement. This 

argues agafnst the suggestion that a fatalistic attitude in tree fellers increases with 

experience or age. The unexpected sfgn1ficant correlation of work involvement with 

educational level suggests that work involvement might decrease with educational 

level if it enabled greater insight into the potentially costly nature of the job. 
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Table 2.12 Relationship of scores on the psychological scales to age and background factors 
and to each other. 

JAS 
Age Exp Ed Farsm Wlnvolv (A) (S) (C) 

Age .70 ••• .00 .00 -.02 .24 .23 .00 
Experience .12 .-.16 .00 .17 .08 .00 
Edu. level -.20 •• -.40 .13 -.13 .13 

Fatalism .00 .00 .17 -.20 
Work Involve. .13 .00 .27 

JAS 
Factor A ••• .68 .34 
Factors .14 
FactorC 

* P< .05 .. P< .01 *** P< .001 

Correlations between the three sub-scales of the J.AS questionnaire matched 

fincUngs from previous studies (Jenkins et al .• 1979). There was a substantial 

correlation between Factor (A) and Factor (S).(r =.68, n=35. p < .001), and a lower 

correlation between factors (AJ and (CJ, (r =.34, n=35, p < .05). There was no a 

priori reason to expect the three sub-scales of the Jenkins Activity SuIVey 

questionnaire (JAS) to be signJtlcantly associated with age, educational level. or 

even years of experience. None of these correlations was significant. 

From these analyses the two measures of fatalism and work involvement used in 

the study appear m.dependent of each other. and neither was related m. any 

statistically sJgnillcant way to the three scales chosen from the JAS. These selected 

measures of the individual's psychological attributes are thus separate and distinct 

candidate factors for association with levels of physical effort, or with the 

petformance measures used in the field. 

2.5 Discussion 

2.5.1 Work physiology 

Compared with softwood tree fellers during felling and tmnmtng under Australian 

conditions (Fibfger and Henderson, 1982). the present subjects appeared under a 

slightly lower level of average load (30.4 vs 27 .4 kJ /min). However. the hardwood 

men had more production delays than m. the Australian softwood felling study. 

These delays can act as recovery tfme, particular for those workers with lower 

capacity. Compared with overseas studies such as that by Kukkonen-Harjula and 

Rauramaa (1984) the energy expenditure cost for the same job elements of felling 
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and trimming were disttnctly lower (36,6 vs 27.4 kJ/mfn). with the heavier 

chainsaws of the Australfa possibly having to be balanced in this case against the 

snow conditions :In part of the Norwegian study. Further. the research delays 

occurrtng during the hardwood study when :lnterview:lng the subject about trees 

might have acted as recovery Ume over and above normal opportunittes. However, 

the haemodynamic cost in tenns of absolute heart rate while felling. trfmming. and 

cross-cutting was very close to that of the Norwegian study, while the most 

demanding work element of bunching was not involved. The sample in the present 

study was more representative. with younger, smaller. and less expertenced men, 

than most previous forest ergonomics studies such as that of Kukkonen-Haijula 

and Rauramaa with a smaller sample of highly skilled workers. 

From the energy expenditure results of the present study tt would appear 

appropriate to conclude overall that hardwood felling and tr1mmJng does not 

necessitate more energy expenditure than several types of felling and trfmm1ng 

work :In other tndustrJalised countrtes. While energy demand in VO2 terms was 

with:ln the recommended 35% lJmit In almost half of subjects under these research 

conditions, the hr nett cost was sJgniflcantly above recommended medical 

standards in all cases. Provisos in the interpretation of the work physiology results 

are now discussed _under the headings of: (a) Oxygen consumption, upper body 

effort, and reliability, (b) Work pace, intelView :Interruption, and external validity. 

(a) Oxygen consumption. upper body effort. and reliabOity. 

The physiological effects of any given level of demand for effort and energy output 

are determined not only by the individual's maxtmal aerobic power. but also by 

environmental conditions. the working position, size of engaged muscle mass, and 

whether the work Is intermittent and at a high rate or continuous and at a lower 

JD.tensity (Astrand and Rodahl, 1977, p.462). The question of using the bicycle 

ergometer for the prediction of VO2 max in jobs where there are major components 

of upper body work was discussed earlier (see section 2.2.1.2). 

Some of the oxygen consumption measurements in the present study included 

unavoidable delays. such as rc-mspection of a tree after putting down the 

chainsaw. Some of the men also appeared to work more tentatively during Oxylog 

sampling. espec1ally durtng the end of the work cycle near the start of the actual 

fall. Since there was no stgnttlcant difference in average heart rate between Oxylog 

trees and normal trees. it seemed unlikely that use of the Oxylog produced the 

underestimate of energy expenditure one mJght anticipate because of the subJect 

being encumbered with the measurtng device and mask. Although there was also 
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the possibility that the complete sample of trees in the field work had been cut at 

an easier pace than the normal level of exertion, the average heart rates for felling 

and cross-cutting were veiy stmiJar to other studies of tree fellers in c:Ufrerent 

countries. These results increase the possibility that over-estimation of V~ max in 

some of the subjects was the basts for an underestimation of their %-utilisation in 

the field (see 2.2.1.2). 

In comparison with the most closely related study (Kukkonen-Hmjula and 

Rauramaa, 1984), the current research provided contradictoiy findings. There were 

similar levels of average heart rate yet a distinctly lower average oxygen 

consumption/energy expenditure (9 kJ/min) as measured by Oxylog. Correcting 

individual cases of energy expenditure data might appear feasible. One might, for 

example, take those subjects below the national mean for weight and height and 

make correction of VO2 max utilisation using a conseIVative 20% decrease of their 

predicted VO2 max figure from a bicycle ergometer test. However. currently there ts 

no established methodology for determ1ning post hoc how much of the potentlal 

underestimation of VO2 max may have taken place. 

In a job that is accepted world-wide as a ''heavy" to ''vei:y heavy" one it might be 

anticipated that there would be a hfgh attrition rate in the first few months in the 

job due to strain and injui:y, or that subjects would have self selected to have a 

capacity, size and physique to match the demands of the job. The job might also 

have a physiological training effect on those medium capacity men who remain in 

the work. The sample was heterogeneous in physical terms with a sfgniflcant 

spread of hefght and weight. and of the capacity for work and the utllisation of that 

capacity. A number of the younger men in the 20-29 age group appeared relatively 

disadvantaged mainly because of their lower hefght and weight, and this suggestion 

is supported by the strong correlation of both height and wefght to energy 

expenditure in the field tests. For example, using 30 years and the median hefght 

and wefght in the national health smvey as a crtterion point (Age <30, Height 

<175cms, Weight <77 kilograms (National Heart Foundation. 1980), a group of 

efght young men of average age 23.5 years, average height 168.9 ems and weight 

63.6 kilograms was created. TheJr average energy expenditure was 22.9 k'J/min, 

with a %-utilisation of VO2 max .32%. For a group of five older men in the sample 

(> 30 years, >77 kgs. >175 ems), the average age was 43.2 years, average height 

184.6 ems, and average weight 82.5 kgs. Their average energy expenditure was 

36.3 kJ/min, and ut111sation ofVO2 max, t42%. In a study involving Brazilian 

industrial workers Chaffin and Couto ( 1986) found an effect similar in part to the 

present study, where there was little decrement in workers' aerobic capacity with 



age in jobs requiring high levels of energy expenditure {i.e., >21 kJ/mtn 1n their 

terms). The question of smaller, less fit, younger men entering the hardwood 

industiy as tree fellers is an important area for future research. 

(b) Work pace, interview interruption and external validity 
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At the time the research took place the average weekly quota of the men was 450 

tonnes, and nearly 56% of the subjects were on a quota of less than 500 

tonnes/week. Aman's weekly or monthly quota could fluctuate in many cases due 

to mill demand, seasonal variations, machinery breakdowns, etc. The effect of the 

then current quotas on effort d~ring fieldwork was difficult to assess, although no 

association existed, for example,. between %-utilisation VO2 max and a man's 

weekly quota {r = -.13 p > .05). The men above a quota of 500 tonnes also showed 

no consistent difference from the men on average quota or below in %-utilisation of 

their working capacity. The influence of production pressure and the habit of 

working at high quota pace can be explored in cases where high quotas prevailed. 

In a group of five subjects whose average quota was 700 tonnes, range 550-1000 

tonnes, the energy expenditure did not differ significantly from the main group, t = 
1.10, p > .05, {high quota group 29.35+ / _8.4 kJ/min, overall group 27.42+ / _5.9 

kJ/min). The %-utilisation figure for this small high quota group was also below 

40%. Thus, those with the habit of high quota did not exhibit unusually high levels 

of utilisation during the research day compared with the overall value for the whole 

group of37% ofVO2 max. 

The significant negative correlation between the predicted VO2 max for each man 

and %-utilisation of that VO2 max {r = -.47, p < .005) argues against any form of 

pacing based on capacity. However, unlike softwood fellers, hardwood fellers can 

find themselves working to an impatient skidder driver or under the production 

pressure of the whole logging crew waiting for logs. With a similar proportion of 

medium capacity men in the overall feller workforce, it is possible that maximal 

work capacity would become more important in the types of peak workload 

conditions referred to above. 

The data of the present study gtve an indication of the levels of utilisation of VO2 

max potentially involved in the job, particularly for the worker with low to moderate 

physical working capacity. In spite of the provisos on measurement some degree of 

extrapolation is warranted. With the under-estimation problems that were raised 

in the study at least one third of this sample of hardwood tree fellers could be 

considered to be in the unsatisfactm:y range of medium physical working capacity 

or below. They had lower energy output and %-utilisation levels. 
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During normal production. or particularly adverse conditions. it is quite feasible 

that the high levels of energy output and utilisation observed with the high PWC 

workers in the present study would occur to a greater extent than was found in our 

field tests. Using the slightly higher average field energy cost of 30.3 kJ /min found 

in the 40-49 year group. 25 of the men in the research sample (64%) would have 

been working at over 35% of their V02 max. with 18 (46%) at over 40% of their vo2 

max. and six men in the group (15%) working at over 50% of their vo2 max. 

Average energy costs up to 35 kJ/min have been observed in softwood productivity 

studies (e.g .• Kukkonen-Haljula and Rauramaa. 1984). For a group offive older 

and larger men in the present sample (average age 43.2 years. average height 184.6 

ems. and average weight 82.5 kgs). their average energy expenditure was 36.3 

kJ/min with a utilisation ofV02 max of 42%. Though this can be seen as the 

upper level of Job demand in hardwood felling. a 35 kJ /min level of energy 

expenditure in all the men of the present sample. would have had seventeen or 44% 

of the men working above 40% of their V02 max. and 3()0/4 tzying to work above 

50% of their V02 max. Thus even in the results of the present study. a case can be 

made regarding the main workforce of the dangerous combination of wide 

differences in capacities in the men and widely differing physiological Job demand. 

In spite of the "normality'' of the results compared with other relevant work 

physiology studies in forestry. it was still the case that too many of this physically 

heterogeneous sample of men did not completely fit the job and work environment 

from the work physiology point of view. 

2.5.2 Conclusions 

The data on energy expenditure and utllisatlon of V02 max revealed a wide range in 

physiological workload with very h1'}l levels of demand in only a small number of 

cases. These higher energy demand values would be more prevalent under high 

production conditions across all subjects. The haemodynamic cost of the job in 

heart rate terms was too high in.absolute and hr nett terms and similar to studies 

of tree-fellers in other countrtes. The role of non-productive delays and other 

recovery opportunities could not be addressed with the design of the study 

incorporating other tree assessment and interviewing aspects. Further research is 

needed to determine whether the work of this particular type of tree feller has a 

larger upper body component than 1s the case for tree fellers in Scandinavia and 

Europe. possibly because of tree size and cutting conditions and not Just chainsaw 

weight. There may be a need for a combined upper and lower body test in PWC 

assessment. as well as upper body strength and skill tests in selection. However. 

as a recent study by Sawka et al. (1983) has demonstrated. a sub-maximal test for 



V02 max on a bicycle ergometCI'. is still the most reliable predictor of upper body 

aerobic performance. In spite of well documented problems. 

2.5.3 Psychological factors 
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The sample was relatively homogeneous on three of the four psychological 

attributes that were assessed. The fatalism measure revealed a more complex 

factor structure than was expected from the literature, only reaching half of the 

potential range of scores. Response on the Type-(A) and on the speed and 

impatience (S) sub-scales of the JAS are similar to those of the normative 

populations studied earlier by Rosenman et al. (1975) and Waldron et al. (1977). 

Only seven men out of 38 had what could be seen as extreme scores ( >80 

percentile) on the Factor (A) measure. Speed and impatience (C) also had a normal 

range of scores, with a mean value slJghtly higher than that of the blue-collar data 

of Waldron et al. (1977). Both these normal results were contrary to expectation. 

Higher JAS Type-B scores were predicted, along with lower values than normal for 

the speed and impatience measure. Scores on the competitive hard-driving scale 

(C) differed from the normative data. A substantial number of men scored above 

the eightieth percentile on this measure. This was the expected direction for 

results on this particular psychological attribute as far as the local instructors' 

stereotype was concerned. Only one subject had scores above the eightieth 

percentile on all three JAS measures. This particular bushman, having high scores 

on all JAS scales, had the lowest fatalism measure possible ( 16) and a work 

involvement score only four points below the maximum possible (i.e., Factor-A 98th 

percentile, Speed and impatience 90th percentile, Competitive hard-driving 98th 

percentile, Fatalism 16 points, Work Involvement 34 points). The anomalies were 

the minimal fatalism score, diametrically opposed to popular stereotype, and the 

lugh Type-A score. This subject had been Independently ranked by two instructors 

as the most skilful and professiOnal worker In the study, and had the reputation of 

being one of the best timber fellers in the state. Thus, in terms of the psychological 

dimensiOns that were assessed, even this subject did not present a simple picture 

In relation to the instructors' stereotype of the effective hardwood feller. 

Many of the men In the sample did not match the felling instructors' psychological 

stereotype of the professional hardwood feller as having high fatalism, low Type A 

predisposition, and low speed and impatience. The group as a whole, however, did 

conform more closely to stereotype on the hard-driving and competitive dimension. 

The relationship of some of these psychological findings to performance fn the field 

and 1n the simulation will be pursued in Chapter 5. 



87 

Chapter3 

Judgements and felling behaviour in the field 
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Chapters 

Judgements and felling behaviour In the field 

3.1 Background 

3.1.1 Introduction 

The earlier review of acctdent statfstlcs and epidemiological studies of the 

occupation of felllng revealed that many injuries occur when a tree had not fallen 

as planned. Chapter two showed that some men 1n the present study did not fit the 

physical stereotype of the tree feller in terms of weight and height. while others had 

only a marginal physical working capacity for the Job. Furthermore, some men did 

not match the psychological characteristics for a hardwood timber feller that 

appeared to be part of the stereotype in the industry. The connection between 

injwy and trees often not fall1ng as intended. as well as wide differences between 

the men on physical work capacity and personal characteristics. offered a basis for 

the fieldwork reported in the current chapter. The goal is to examine a typical 

sample of men and their performance in an actual field situation, rather than to 

investigate an elite group selected on the basis of high levels of skill, fitness, 

professional motivation and equipment. 

The research in the present chapter is exploratory in nature primarily because the 

task of assessing the worker's skill in the actual Job does not have the well 

established rationale and methods of measurement of work physiology reported in 

chapter 2. Nor does investigation in the field allow the use of the more 

experimental techniques employed in the signal detection analysis in chapter four. 

3. 1.2 Studying work skills 

The focus of the study is on the skilled behaviour of men under practical risk 

conditions where it is not only a matter of skill in the task of cutting down relatively 

large and often defective trees, but the inter-related skill of avoiding injury if 

something in the felling plan does go wrong, or an unexpected problem occurs 

during the felling process. Some of the questions the following discussion attempts 

to clarify and answer are as follows. What do the words "skill" and "error" denote in 

the more restricted terms of skill psychology and ergonomics? How can we 

describe the tree feller's Job in terms of skill and behavioural-ei:gonomics concepts? 

How can we measure or at least judge the levels of decision making and felling skill 

of the tree feller in the practical situation? 
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As Singleton (1978. p.l) has emphasised. skill Within the blue-collar workforce was 

until recently defined mamly m terms of the length and type of traJnJng the person 

must undergo. The distinction between skilled. semi-skilled and unskilled manual 

work remains enshrmed in national classiflcations of occupation (e.g .• ASCO-ABS. 

1986. p. 7). In these broad terms the skilled blue-collar worker was the one who 

had seIVed an apprenticeship With all that this entailed in terms of occupational 

socia11sation and standards of workmanship. while the semi-skilled might have 

received some form of training over days. months. or even years. The term 

unskilled was meant to convey the fact that average person could perform the task 

almost as soon as they started the work. though this is often far from the case fn 

practice. In Australia. the occupation of softwood (and hardwood) tree feller is 

found fn the agricultural labourer minor group. Forestiy Labourers 82-8203. where 

no particular entry requirement is specified and general on-the-Job training of 

between 3-12 months is nominated (ASCO-ABS. 1986. p.205). At best, in these 

labour market terms. the Job appears to be classified as semi-skilled. 

Some 10 years ago it was Singleton's opinion that the ergonomic study of practical 

skills was still in the early stages of development in spite of the voluminous 

literature on the laboratory study of human performance since the early 1960s. To 

quote Singleton (1978). ''Ideas about §km have developed gradually and very slowly 

throughout this century. Since about 1960 there has been little progress because 

of the current fashion for the laboratory measurement of human performance. 

Such work is not about the higher levels of skill because the typical subjects are 

not skilled operators ... but the healthy educated young man as the universal 

human operator" (p.14). It is true to say that the situation in the specific area of 

high-risk worker skills is little changed today. 

While remaining a productive and pragmatic scientist in the broader ergonomic 

literature (Singleton. 1972a. 1984a). Singleton has also been one of the more 

notable writers on skiil and human error for more than the last two decades 

(Singleton. 1972b. 1978, 1979). The involvement goes back to Singleton's own 

experiences in analysis of industrial sk111s in the Brttlsh shoe industry in the 1950s 

(Singleton. 1957. 1960). A later European group at the RISO National Laboratories 

has had a sfmilar interest in the problem of human error and reliability. and 

process industries in parttcular (Rasmussen and Jensen 1974. Rasmussen. 1981. 

1985. 1986a). While both prtncipals have a primary concern for research on 

human performance in the working situatton rather than the laboratory. 

Rasmussen has moved more toward the problem of so-called "cognitive engineering" 

and error in complex high technology systems (Greene. 1985). to the exclusion of 
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other concerns. Singleton has ma1ntained an interest in blue-collar sk:flls and 

excellence and the fssues of ag,;1Cultural and fndustrfal ace1dents (e.g., Singleton. 

1978, 1984b, 1984-c). It is tmposstble not to quote extensively from Singleton 1n 

part1cular 1n the present chapter because he is essenUally the only major 

researcher who has continued the tradition of the study of practical skills 1nit1ated 

in the Csmbrtdge laboratories of Sir Freder.lc Bartlett some forty or more years ago 

(Bartlett, 1943; Bartlett, 1958; Bartlett and Mackworth, 1950; Dearnaley and Warr 

1979; Mackworth, 1950). 

How then fs skill to be defined when talktng about the higher level blue-collar Job 

skllls? Singleton's two companion volumes cover the topic in depth (Singleton, 

1978. 1979). ms first step is to define the phenomenon 1n terms of"sklll-economy" 

since "usually there Is no sign of wasted eff'ort, the moving limbs and body are 

controlled, but not stiffened or tightened by over-active muscles; there is no haste, 

there fs usually speed in the sense that the total achievement in a given period fs 

impressive but nothing seems to happen suddenly or unexpectedly to the 

performer" (Singleton, 1978, p.2). 

The second emphasis is on the three somewhat arbitrary divisions of mput­

decision-output, but in a way that not only captures the integrated and parallel 

processmg aspects of skilled performance. but the way the skilled operator learns 

the lesson of redundancy and knowing exactly what must be attended to guide 

action. and what information fs Just redundant noise; 

There are so many things which need to be looked for, so much to be held in 
mind, and so many thmgs that need to be done either simultaneously or in 
quick succession. All skilled act:Mty 1n.volves these three components of 
selection of releyant data. using it to make decisions on what to do and then 
doing it (Singleton. 1978, p.3). 

The third root of the definition of practical work skills and in.deed all high order 

skills, is the dimension of lead: that is, the matter of antidpation and the sktlled 

person's understanding of how much deviation from task parameters can be 

tolerated before there fs the real need for corrective action, or as is described by 

Singleton: 

The overall smoothness (and error free nature of performance] is thus not 
achieved by speed of reaction but by anticipation of events, partly from 
extrapolation from preceding events and partly from the established model 
of the total situation (Sfngleton. 1978, p.13). 

Descriptive studies of practical sktlls in a range of occupations by Singleton and his 

coworkers (Singleton, 1978, 1979) are dfff'erent 1n both conceptualisation and 
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execution from the S-R model of the human operator which underlies much of the 

laboratoiy based researeh on human performance and nsk (Crossman, 1964: 

Holding, 1981). 

From the perspective of the practical skill literature previously descrtbed, the 

fndlvidual worker's perceived r!sk might be regarded as an adjunct of.skill In that It 

may constitute a conscious Judgement - before taking actton - on what level of skill 

to apply to a situation. This might be a somewhat rational decfsion based on 

previous experience. or a reaction much lnfluenced by psycho-dynamic factors and 

transient states of the person. The topic of perceived risk In recreation actMties, or 

work settlngs, can range from narrative treatments such as those of Klausner et al. 

(1968) to more technical treatments (e.g .• Ross, 1974; Vlek and Stallen. 1980). 

Perceived rJsk and Judgements fnvolvfng uncertainty have a prominent place in the 

more socfa1 and technological hazard literature under the "acceptable risk" rubric, 

but In spite of appearances this materfal does not relate directly to the particular 

research problem of the thesJs (Ftschoff et al .• 1981; Kahneman, Slovic, and 

Tversky, 1982). 

3.1.3 Human reliability 

The questions of sk1l1 and error or human rellabflity are sttn.ply two inseparable 

sides of the same coin of human performance. It is the potentlally lethal 

consequence of t11al-and-error learning In hardwood tree felling that makes the 

error scenario In this work qualitatively different from many other occupations. 

Whether the operator Is In chmge of a relatively simple system such as a falling tree 

or controlling a complex system such as a high-technology production plant, many 

of the basic skill-ergonomics issues remain the same. 

The question of human reJJabflity as a component in complex systems is not new 

(Adams. 1982: DavfS, 1958, 1966), but according to writers such as Bell and Swain 

(1985), Rasmussen (1985) and Sfngleton (1984a), it has found a renewed emphasis 

in the last decade and a half because of the trend towards even larger centralised 

high-technology Installations where unpredicted and often catastrophic 

malfunctions continue to occur. Adams (1982), and Singleton (1984c) are two 

writers who argue agatost It being posstble to regard the reliability of the processing 

plant operator in the same way that reliability is determined for engineering 

components in a system. 1be increasingly catastrophic consequences of 

malfunction 1n nuclear and chemfcal plants since the 3-Mile Island fnc1dent (Swain 

and Guttman. 1983) have thus in a sense forced a return to the naturalistic study 

of the operator's behaviOur in the real working environment. 
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The changes in higher-risk tecJmologf.es have coincided with a further revival of the 

study of on-the-Job mental Jt!OCCS8a and cognWon of the contemporaiy 

occupational group of the so-e.»ed process controllers (Bainbridge. 1978) or "an 

approach to cognitive e:nglneenng" as Rasmussen (1986b) sub-titles hfs more 

recent work. This mirrors the noent trends In general psychology towards 

cognitive studies. The englneer1Dg fraterntiy may have also begun to accept that no 

matter what the degree of automation In a high technology plant. a process 

operator (and his/her techn:ical support team) will remain as the supervisor of the 

system for insurance and polfttcal reasons. as well as being the final decision point 

in recoveiy from these rare equipment and system failures. The once popular 

engineering-component analogy of the human operator 1n the human factors work 

of the 1960s (e.g .• Gagne. 1962) has been weakened. with arguments ranging from 

the ethical problems of detenntmng genuine failure rates in human operators to the 

dfftlculties of mathematfcalJy synthesising human relfabillcy data (ff available) with 

equipment rellabilicy data banks (Johannsen and Rouse. 1979). 

With the notion of error rema1nfDg the focus of human reliability measurement. 

Rasmussen (1985. p.1188) suggests that human errors 1n the complex modem 

hJgh-technology system should simply be considered to be "unsuccessful 

experiments in an unfriendly environment". This type of definition of error may 

apply equalJy well to the case of the "low-technology" native forest tree feller. where 

he also must experiment in a naturally "unfriendly" envtronment whenever a tree 

presents a felling problem he has not dealt with before. Both Singleton (1984c) and 

Rasmussen (1985) emphasise that the supposedly troublesome system tssue of 

human error has an often underestlmated positive aspect in that errors have the 

central role in maJnta1n1ng a skill as well as developing it. Rasmussen (1985) 

further suggested that errors neither can nor should be totally removed. even 1n 

hJgh-technology systems. and he, Jfke Stngleton. places particular emphasis on the 

Issue of error recovery and ClTOl" tolerance in the destgn of such production 

systems. 

These vartous points of view question the layman's notion that operator error is a 

discrete event at one point in tlme. rather than a Unked. sequence of cognition and 

output where some form of recovery from the iDitlatlng error event may be possible. 

Error. in cognitive terms. can be considered in the context of where the blockage of 

information has occurred in the major cycles of information processing and 

response. As an example, Sfngleton (1972b) has taken a well lmown taxonomy of 

common human errors by Kidd (1962, p.182) and suggested: 
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Thus the operator may fail to detect the signal for reasons of over-load or 
underload or excesslve noise assocfated with the sJgnal. He may detect it 
but make an lncortect identfflcatton because he is set for the wrong sfgnal. 
there is a confllct of the various cues available. or there .is inadequate 
differentiation of the cues available. He may detect the signal and identify it 
correctly but then go wrong because he does not attribute to it the nght . 
importance. This 1s usually because of an undesirable vagueness in 
contingency pJannfng. He may get all _of these things right and then go 
wrong because he selects the incorrect action. 1ll1s ts usually due to 
Inadequate tramJng. F1na11¥ he may detect stgna1s, identlfy them correctly. 
attach the correct importance. decide on the correct action but still go 
wrong because the correct action does not emerge. These are the most 
dUBcult kind of errors to deaJ with." 

With an analysts of the error phenomenon such as this it is not difilcult to see how 

a major error like being off-target in tree felling may evolve. and how the myth of 

ease of recovery from such an error. as represented in the "escape path" 

recommendations of tree-felling manuals, might be misplaced. 

The ideas on sk11l and human reliability outlined above enable one to see more 

clearly the Inadequacy of the old idea of a separate episode of behaviour called 

"risk-taking'' in investigating human performance problems, which includes those 

in the forest setting. Studies of so called tree feller "risk-taking" are better 

considered as studies of §km in controlled directlonaJ fell1ng. and escaping fallJng 

trees and branches. The questions of skill and error are frustrating as well as 

fascinating ones for. as Singleton (1978, p.14) has pointed out, "it emerges that the 

study of skill ts elusive with a frustrating quality of 'now you see it , now you don't' 

about it". A year later he commented (Singleton, 1979. p.6), "Unfortunately the 

only observable part of any human actMty ts the effector functions which cannot 

be other than sequentially ordered. Thus skills analysis always depends on 

creative reconstructf.on of what is probably happening behind the appearance of 

sequenttal outputs". 

In his major work Singleton (1979. p.3) felt that ''methodologically the study of 

human skfll (and error) seems to progress by sens1t1ve observation of the real 

sttuatton supported where possible by laboratory experJments". for he felt the 

expemnent remained the "ancillaty supportmg technique11 rather than the 

pioneering one when it came to the parttcular problem of looking at human work 

performance skills. Singleton, however, was at pains to emphasise that although 

the sk1l1s analyst bases his studies on practical problems, this cfreumstance "does 

not dlm1nfsh his interest in and respect for good theories about human 

behavtour"(p.315). Rasmussen (1985) made the same point a 11ttle differently when 

he pointed out that: 
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"It also seems important to realize that the scientific basis for human 
reliabllity considerations will not be the study of human error as a separate 
topic. but the study of nonnal human behaviour in real work situations and 
the mechanisms involved in adaptation and lea.ming." (Rasmussen 1985. 
p.1194) . 

Singleton (1979. p.322) describes a number of stages for the (behavioural or skill 

ergonomics) appraisal of the skilled operator. which start with detailed discussions 

with the worker and those to whom they are responsible and end with devising 

techniques to evaluate any work environment innovations that were possible 

(Appendix 19). Broadly following the rationale Singleton proposes. the following 

sections attempt a descrtption of the work of the hardwood feller in relation to ideas 

in the skill-ergonomics and human reliabllity debate, and seek to propose and test 

a model of the sk1lled hardwood tree feller 1n terms of his daily survival at work. 

3.2 Describing the Job for fieldwork 

3.2.1 Introduction 

Evidence of the skills of the older generation of axe and crosscut bushman can be 

seen 1n the continuation of competitive woodchopping 1n Australia and the men in 

the various state organisations affiliated with the Australian Axemen's Assoeiation. 

Reading about the tradition of the Australian and New Zealand bushman and the 

history of competitive woodchopping (Beckett, 1983, Preston, 1980), as well as 

observations at any major Australian agricultural show, will confirm the explosive 

power and fine control-skills involved in using these razor shape tools at maximum 

speed. Such obse:rvatlons leave one in little doubt that the professional axemen 

and sawyers of the past were essentially athletes with the strength, skill and 

stamina to match. Competitive axemen today, though no longer always drawn from 

the ranks of the logging industry, train assiduously for many weeks before major 

events and put great care into their collection of axes. Major competitions include 

the standmg block where the man must cut through a 40 cm block at 

approximately chest height with two V cuts from either side (record times of 33-40 

seconds). The underhand chop is made on a horJzontal log cutting between his legs 

within a few centtroetres of his feet, which are placed on two prepared footholds. 

The same v cut ts adopted. with the man swJngfng to the other side when half way 

through the log (record times of 26 seconds). In the tree felling competition the 

man ascends a trunk by cutting slots in a ''tree" and placing narrow foot or 

springboards one above the other before cutting through a block approximately 5 

metres above the ground. The sprtngboard 1s some 18 centimetres wide and up to 

1.8 metres long, with a special steel shoe at its end which digs into the slot the man 
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cuts 1n the tree. The man must ascend one side of the tree. cut haJf way through 

the block at the top. descend by the same narrow boards. and then go up the other 

side by the same means to cut through his block (record times of 1 minute 55 

seconds. Preston. 1980). 11:ais event requires parUcuJ.ar agility and balance as well 

as speed. and imitates the demands of felling trees with lai'ge buttresses using 

springboards (see Appendfx 1 and O'Reilly. 1958. p.99-105). The Australian racing 

axe Js considerably larger. heavier and sharper than the domestic tool most people 

are famtJfar with. The secret of a good axe is 1n the grtndfng and polishing of the 

original factory made article. which is often a jealously guarded secret. Most 

axemen have a collection of axes prepared for the various types of wood and their 

differing hardness or moisture content. Many will replace and set the handle of an 

axe to give a unique '1ead forward" wltlch is suited to their particular physique and 

choppmg style and is said to give a better balance when cuttlng (Preston, 1980). 

Sfmflar attention is given by competition crosscut sawyers to their saws. 

It is not possible to establish the accuracy with which men m the axe and crosscut 

era ~ fell a tree. or had to as part of dfrectlonal felling 1n selective logging. It is 

easy to fmagme how the strength and agility of today's competition axemen - both 

on the ground and the "springboard" - translates into survival of their predecessors 

amongst falling timber in pre-war forests. Whether the injury rate before the 

chainsaw era was pro rata less than ft Js today cannot be established. but 

apocryphal stories of feats of skill and of severe ~uries are readily told by any 

older bush worker one might talk to (Preston. 1980, p.42-44). 

Today, just as in the past. there Js lfttle uniformity 1n the head or the barrel of 

many trees 1n a eucalypt forest. be it an old growth or a regrowth forest. Terrain 

and tree density can vary greatly while rot. defect, and fire damage bring added 

uncertainty to the situation. In forest conditions which may appear quite stmUar to 

the layman, the pattern of trees surrounding the work tree may be of critlcal 

importance to the feller and hJs task. Even ff the hardwood feller carefully follows 

the stages of "safe working practices" in work-technique manuals as Usted 1n Figure 

3.2. it Js not a fool-proof formula for a successful fall. 

Fellmg a mature Australian hardwood in a natural forest with a chalnsaw Js not 

simply a case of following a ~dinavian felling tra1n1ng manual. or of usfng the 

North Amertcan style of cuts to the base of the tree. The Job requires information 

processJng skills and physical skills consiStent with the demands of Av31:m1Jau 
forest conditions ff it is to be carried out efficiently and without Injury. 
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Several overseas fell1ng work-technique manuals of varying quality and detail (e.g .• 

Conway. 1973; Dent. 1974; FAO/fLO, 1980; Lidberg and Skaaret, 1966) describe 

techniques and practices considered to produce "safe" directional tree felling for 

their particular working conditions. Recommendations cover not only use of 

chamsaws and the manner in which cuttlng proceeds on the actual physical cuts in 

the stump of the tree. but appratsal of the tr~ and its immediate environment. 

estimation of where the tree will fall. preparation of escape paths, assessment and 

monitoring of rJsk during cutting. and retreat when cutting is completed and as the 

tree begins to fall. 

These manuals and books. as well as bush instructors themselves, emphasise how 

each natural felling situation is different with every tree being in some way unique. 

Unless a number of men have been observed trying to fell trees in a mature forest it 

is dJfficult to appreciate such an assertion. In rudimentmy terms. tree felling 

involves "picking" the lean and then cuttlng of a wedge shape "scarf' out of the 

"front" of the tree to a depth of one quarter to one third the diameter. Cuts are then 

made into the ''back" of the tree at a slightly higher level than the scalf cut until the 

tree begins to fall in the desired direction (see Figure 3.1). In the past, particularly 

difficult trees were "sighted". '1aid-in", or "faced" using two equal length poles which 

were laid out from the comers of the scan cut. with the apex of the triangle thus 

formed showing the precise direction of the tree's likely fall (Edlin, 1949). In 

modem work-technique manuals that are most relevant to the Australian 

hardwood situation (i.e .• Dent, 1974; FAO/ILO. 1980) the essence of professional 

directional felling is seen as: the correct identification of the tree's natural lean; the 

choice of an achievable and low-risk fall; cutting a deep, wide angled, and clean 

scan without over-cutting into the hinge wood; back cutting to achieve a strong, 

wide hinge that will "control" the fall of the tree in the chosen direction, as well as 

provide the correct height of step above the scarf to prevent the tree Jumping back 

over the stump as it falls. In a forestiy article on felling Australian eucalypts in 

particular. Crowe (1985) has discussed the practice of having scans deeper than 

one third diameter in trees such as the fast grown mountain ash to prevent the tree 

splitting longitudinally during back-cuttlng (the tombstone or barber-chair). As 

well as noting the problem of cutting wide-angle scarfs in large diameter trees, he 

presented data on the range of felling cuts adopted by a group of tree fellers in the 

Victorian ash country in Australia. For North Ameriean trees and forest conditions 

Dent (1974) shows diagramS of scan angles close to 45° and recommends a depth 

into the tree of at least one third the diameter. while Conway (1973) shows scarfs of 

some 3()0 for the cutttng of large trees and a similar depth. Defect can prevent cuts 

being put into the tree as fully as books on felling technique would suggest. 



Conventional 

"'V" notch 

HIDllboldt or 
under cut 

Tree 48-inch dia. 

Unden:ut opening was wide 
enough so that the tree was 
committed to proper fall. 
When trees with misshapen rools 
.are encounfel'ed ,1 second partial 
section of undercut should be 
removed lo allow lhe undercut 
lo close evenly. 

Fallers and buckers handbook (WCB/BC, 19TT) p. 14, 16. 

PROPER NOTCHES 

1 
__ ( ----.J 

ESCAPE 

ROUTE 

ESCAPE ROl1TF. 

FELLIMG DIRECTION 

Learn to anticipate in your felling techniques: 
when the tree starts to move ... get moving 
yourself! 

Proper felling techniques (F. P. A P. A., 1981) p. 7, 22. 

Figure 3.1 Diagrams of recommended felling cuts in large timber and hardwood. 
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Chainsaws in tropical forests (FA O 1980} p.27, 37, 41 

Figure 3.1 (Cont.) 
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Figure 3.1 (Cont.) Two examples of differing felling cuts in smaller trees. 
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'Ihe usual stages or elements in the felling of a sfngle tree. including aspects of 

special relevance to the euaeypt situation. are summarised in Figure 3.2. In order 

to mvestlgate objectively~ of the mformatton processing and decJsion aspects of 

the job. the tasks need toftdescribed systematically in a work-study type of . 

approach as well as in terms of the more psychologfcal ideas on skills analysts and 

error discussed earlier 1n the current chapter~ 

3.2.2 Reading the tree 

Plannmg of a felling pattern fs the first step 1n a low-rJsk felling operation when a 

professional bushman reaches a new area. even to the extent of walking around the 

block or coupe looking at tree density. predominant leans. problem trees. etc. This 

Important aspect to felling should be mentioned even though the present chapter 

concentrates on the info:nnation processing within the felling of individual trees. 

'Ihe first stage in the actual felling cycle ts that of judging the tree's natural lean 

during what 1s usually termed "reading the tree". and then decidmg on a feillng 

direction. The natural lean of the tree ts said to be fnfluenced by head and barrel 

lean (head and side lean in North Amertca and Canada). and at least one work­

technique manuaJ cla1ros that "correctly picldng the (natural) lean 1s one half of the 

job" (Dent. 1976. p.48). The other half of the Job might be seen as beJng able to 

readily achieve the· over-riding goal of felling accuracy whenever it ts required. as 

was emphasised in chapter 1 (p.28). In the initial stage of choosmg a felling 

direction work-technique manuals suggest the man should take at least the shape 

of the tree crown and prominent branches into account. as well as the wind. the 

slope of the site. defect within the tree. and the shape of the barrel or trunk (e.g .• 

Dent. 1974; FAO. 1980; WCB/BC. 1977). No guidance is given in these train1Dg 

documents as to the weighting and combining of such a catalogue of factors 

affecttng the :8nal choice of fellfng direction for the tree. 

Many th1Dgs militate aga1nst a straightforward "reading" of the tree. The tree may 

or may not have a straJght trunk. the branches of the head may be deceptive as to 

where the heaviest limbs really are pulling (e.g .• seemJ.ng);y heavy and Important 

limbs some 20 metres or more above the worker may contain a great deal of rot and 

thus carry little real weight). the slope and other trees close by may affect the 

perspective on the viewer and. for example. influence his judgements about the 

tree's "pull up the slope". Besides the overall sJze and shape of the tree as well as 

tts apparent lean. the health of the tree and the amount of fire daroagP. or defect 1n 

trees of that age and type are reported as important aspects 1n some felling 

decJsiOns. Toe iDfluence of visible or assumed defect 1n the tree stump can be a 
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HardwOod Felling: Work elements 

1. •Read• the tree and assess the 
natural lean. Decide on certainty 
about the natural lean. Decide 
importance of prevailing wind 
conditions on fall. 

2. Identify hazards in the head of 
the tree being fallen and of 
surrounding trees, including 
interlocking branches between trees, 
and hazards and debri on the forest 

floor. 

3. Decide on a chosen felling 
direction or felling with the 
perceived natural lean. 

4. Intuitively or overtly decide on 
how certain they can be of achieving 

their chosen option. 

5. Intuitively or overtly rate the 
risk or danger of making the fall, 
and the difficulty making the front 

cuts. 

6. Decide on and cut an escape path 
or paths, if considered essential. 

7. Cut a scarf of a certain depth, 
width and shape. Make minor 
adjustment to the cuts, or in some 
cases decide on a minor change of 
direction. 

8. Carry out the back cutting, and 
in rare cases decide on a change of 
direction during the cut. The 
placing of wedges or gluts during 
the back cutting. Sometimes cutting 
through part of the hinge as the 
tree falls. 

9. Decide on remaining close to the 
stump or making a definite planned 
escape as the tree starts to fall. 

10. Consciously or intuitively 
assess the success of their work in 
that fall or reasons for failure, to 
consolidate any new lesson on 
technique or hazard that may have 
occurred. 

* Source: BC Workers Compensation Board 1917; FAO/ILO 1980; Dent 1979. 
(Appendix 20 desaibes these work elements in more detail and is based on various versions of 
recommendations for •safe working practice" in larger timber felling e.g., Dent 1976, FAO 1980). 

Figure 3.2 Basic work elements in production felling with mature eucalypt hardwoods. 
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particularly troublesome issue fn the case of older trees. However. some 

experienced tree fellers suggest that the problem of defect ts in most cases 

irrelevant. as long as there is enough solid holding wood on a few outer fnches of 

the tree's circumference to support the felling htnge. Others maintain that the 

position of defect might have a major influence on the flnal choice of felltng 

direction and the danger involved. 'I.be facts of the matter lie somewhere fn 

between. With this sort of fnformatlon•processtng complexity and cUfD.culty at the 

various stages fn the felling cycle. it would be understandable 1f the men opted for 

one or two main cues as to their perception of the trees lean and felltng direction in 

the real working situation. 

When a tree is not fallen with the perceived natural lean it is termed a "pulled fall". 

Various names are given to the cuts used to pull a tree away from its perceived 

natural lean. The best lmown and most dangerous fn the felling of larger tree is 

the "Swing Dutchman". Pulling a tree involves the manipulation of the htnge or 

holdJng wood in a stump away from the uniform pattern of cuts of the "normal" 

type of fall (see Dent. 1974. p.111. p.93-126). A number of tree fellers used the 

term "calculated risk'' when discussing the felltng of trees that were thought to be 

particularly dangerous or those needing to be pulled away from the natural lean. 

Such a precise term would seem inappropriate for the intuitive decisions the man is 

expected to make on the range of factors outlined above (section 3.2.2). 

3.2.3 Risk while cutting 

Once cutting has commenced at the actual stump. judgements about rot inside the 

tree. the weight distribution of the head of the tree. or the precise direction of the 

natural lean may turn out to be dangerously in error. On older trees the man will 

try to verify his initial assessment of defect withfn the tree from the way his 

chatnsaw is cutting and the quality of the chips and ''mud" or rotten wood fibre 

coming out of the cut. Thus. as ·the experienced man perceives the reactions from 

the tree itself. and senses the way the saw is cutting. he may suddenly realize he 

would have fallen the tree in an somewhat different way. As the man is half-way 

through cutting the back of the tree. for example. he may suddenly realise that the 

scan he has cut is no longer appropriate. or that a tree he considered not relevant 

to the fall ts suddenly dangerously close to where the tree may now fall. In this way 

the level of risk involved in a decayed or fire damaged tree in particular can change 

veiy rapidly once cutttng in the front or back of the tree is underway. On such 

occasions the tree feller may feel he has simply compounded the original problem of 

felling a difficult tree. with the attendant increase fn risk. Finally. once the tree 



begins to move the man cannot recover from any of h1s errors of commission or 

om1sston. but must escape along the 450 escape path which ts enshrined in all 

work-technique manuals. 

3.2.4 An exploratocy model for field work 
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Chapter two examined some of the work physiology implications of the generic 

model of the factors that Lagerlof (1979) and other Scandinavian forest ergonomics 

researchers had considered bnportant for low-risk tree felling pelformance. In the 

present chapter. the introductory review of the specJftc literature on field research 

into skilled blue-collar Job pelformance (and error) firstly emphasised the 

naturalistic-observational nature of any strategy that might be adopted, and the 

importance of obtaining scales of measurement suited to actual percepts, decisions 

and overt activities of the men at work. Ideas and recommendations from the 

various work-technique manuals that were available formed a second source of 

information (Figure 3.2. Appendix 20). Last. but not least. preliminary field 

observations of the men working in d1fferent forest types and discussion with 

experienced instructors and workers helped clarify the more informational 

components of felling pelformance that appeared essential if the man was to stand 

the best chance of day-to-day swvival. From these three sources it became feasible 

to question the assertion that (a) consistent hazard perception and assessment. (b) 

consistent felling accuracy. and (c) consistent escape reactions were basic skills 

that even highly experienced (and skilled) hardwood tree fellers would always have 

readily to hand. The exploratory model of felling behaviour underlying the tree­

assessment part of the fieldwork can thus be summarised as follows: 1 

Workers who can accurately pick the natural lean of the tree as the baseline 
for chosen felling direction; who respond with a variable and realistic 
perception of certainty and-risk about different trees; who can (on demand) 
fall the tree where they have predicted with a high degree of accuracy. [wlw 
can rapidly detect when a tree is beginning t.o fall abnormally - Chapter 4]; 
who respond with a realistic retreat distance and position: and finally, who 
show evidence of learning from their errors will be the ones (all other 
environmental factors being equal) who will have the greatest chance of 
daily survival. 

Because not all of the Job elements in Figure 3.2 were readily measurable in the 

field settlng. the research goal became one of movfng from this exploratory model to 

measurements of the man's Judgements and felling pelformance that would be 

1 FOOTNOTE: The assumption was made that each man had the ability to select a felling direction that would 
always minimise the chance of hitting other trees or dislodging limbs. A list of the suggested criteria for low-risk 
fefUng of eucatypts Is given In full In Appendix 20. 
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Assessed 
Job element 

Number 
(Fig 3.2) 

COmponent 

+Yes 1 (a) Perception and certainty regarding natural lean 

no 2 - lndentify general hazards 

+Yes 3 (b) Choice of actual felling direction 

+Yes 4 (c) Certainty of success in chosen direction 

+Yes 5 (d) Perceived risk & awkwardness of the felling 

no 6 - Decide and make escape path 

no 7 - Cut scarf (later stump measurement) 

no 8 - Make back-eut (later stump measurement) 

+Yes (e) Outcome - A measure of felling accuracy 

+Yes 9 (f) Retreat distances and direction 

+Yes 10 (g) SeH evaluation of performance 

Figure 3.3 Final choice of field measures in S-tree assessment and felling. 
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~easible in the working situation. Toe final choice of measures that were attempted 

I s ~ven in Figure 3.3. with the rationale briefly described 1n the paragraphs that 

follow. 

(a) Perception and certainty of natural lean: 

\ 

Much is made 1n work-technique manuals (e.g .• Dent 1974, p.58-63) and amongst 

tree fellers themselves of the need to determine the tree's natural lean before 

decicUng on a final felling direction. For obvious reasons felling with or close to his 

pereeption of the tree's natural lean and pull of gravity is the man's preferred 

option. but this is not always poSsible 1n many native forest situations. Natural 

lean is a subjective Judgement (even when it is assessed with a vertical axe handle 

or plumb bob) with no objective methods yet available to the tree-feller to determine 

this characteristic. A man's certainty regarding his perception of the natural lean 

of the tree might affect his choice of the final chosen felling direction. In this sense 

the men's perception of the natural lean and their contldence or certainty in the 

Judgement is said to form the backdrop for their decisions and certainty about final 

felling d1rect.1on. 

(b) Clwice of fall and certainty 

In maldng a controlled fall the consistency of being able to specify a precise 

direction and achieve it is critical. The more accurate and consistent predictions 

are. the less likely it is that the worker will be caught unprepared during felling. 

The overall performance measure employed within the study was the average error 

between the chosen fall and the actual result across all the special test trees 

(hereafter: 5-trees) that the tree feller dealt with. Discussion with felltng instructors 

on the issue of certainty of achievfng an accurate directional fall brought out two 

perspectives on the problem. Some men asserted they had to be as certain as 

possible about where a tree would ftnally fall if escape paths and options were to be 

properly prepared. Equally. 1t was suggested by several workers that the feller 

should never allow himself to be totally certain that a tree would fall in a particular 

directlon. As one mstructor put it, "you always have to be expecting the 

unexpected." The relationship between the feelings of certainty about the tree's 

perceived natural lean and the certainty of the men's chosen felling direction was 

an unknown factor. The question of equivocation and uncertainty about the felling 

directlon was also important in planning the escape directlon to a safe place. even if 

an escape path was not prepared in the physical sense. High ratings of certainty 

for achievtng an accurate fall could have a positive or negative implication 

according to whether the tree was ftnally fallen accurately or not. The more certain 



the man was about achieving an.accurate fall, when in fact the fall tum out to be 

inaccurate, the less prepared he.mfght be for other eventualities. 

(cJ Perceived risk and awkwardness tn maktngfelltng cuts 
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Two components involved in any risk Situation are the probability of alternative 

dangerous outcomes to the presumed safe one, and the likely seventy of the injury 

involved in the dangerous altematlve (Vlek and Stallen 1980, p.237}. The terms 

"danger" and "I1sk" of a fall were used interchangeably by the fellers. With the 

special S-trees in the field testing situation the expectation of the subjects was 

inevitably that of a controlled and accurate fall, for it would have been irrational for 

the man to have responded otherwise. Pilot study work had revealed that clear 

alternatives to a normal or safe fall would not often be volunteered by the men in 

these test conditions. When asked what might go wrong with the fall, the frequent 

response was that of being somewhat unwilling or unable to say what might 

happen other than the rather sensible global response that "anything could 

happen." Speciftc injury possibilities were not verbalised. Since it appeared that 

specific alternatives to a normal and· safe fall would not be readily volunteered by 

the men, a rating of risk was considered to be one way to tap into any underlying 

anticipation of a bad outcome. Thus, in a similar manner to certainty about a fall, 

the less I1sk perceived for a subsequently inaccurate fall, the less the man's 

preparedness might be for unexpected events ff felling error occurred. The 

awkwardness of making the felling cuts was considered an important issue in 

terms of the potentlal risk .of the fall and this was confirmed by instructors. A 

rating of the perceived awkwardness of making the felling cuts could also be linked 

to the final outcome of felling accuracy. 

(d) Actual forget accuracy 

From the point of view of work efficiency and safety, being able to achieve the 

chosen felling direction was the key end result of all the man's judgements and 

reactions to the tree. In the eveiyday working situation pin-point felling accuracy ts 

not needed on every occasion. In many instances nominating a fall in terms of the 

eight points of the compass is sufficient. Only in the more demanding 

dreum.Stances, which were observed throughout the study, will the need for such 

precJse accuracy ex:fSt with the majority of the trees of the day. In the research 

situation the men were asked for their best performance in terms of accuracy on a 

speeial sub-set of trees, ($-trees), out of the total number of trees in the day's 

felling. This arrangement approxtmated the normal felling situation of fluctuating 

demands for accuracy in felling. 
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{e) Retreat distance 

Based on the literature on U\JUlY in chapter l and the model previously described, 

retreat distance from the stump was an important behavioural outcome, while the 

direction of the retreat relative to the line of fall could also be a deciding factor in 

escaping injwy. Any person rematning wtthtn three metres of the stump of a falling 

hardwood tree is in a very Iugh-risk zone. For example, a study by the Western 

Australian Timber Inspectorate study found that some 73% of serious injuries to 

hardwood tree fellers occurred within 3 metres of the tree stump (WA Forest 

Department, 1974). While it was not possible to measure accurately these 

distances given the need for observations of spontaneous retreat behaviour and 

constraints of the field arrangements, they were subjectively recorded by an 

experienced forest technician in terms of three categories of distance away from the 

stump. 

(I) Subjective evaluation of performance 

The objective evaluation of one's own work performance is obviously of conSiderable 

importance in a Job which is as high-risk as hardwood felling. If error was 

occurring then the man should have some awareness of this in the constant round 

of trial and error and adaptation that forms the basts of improved skill and 

remaining uninjured. The man's self evaluation of his performance after felling a 

tree (as described in the model p.103, and Element 10, Figure 3.2) could begin to 

indicate the level of feedback and self-correction that might exist in a group of men 

like those studied. In addition to the subject's rating of his own performance, and 

subsequent to the day's field measurement activities, the instructor-fntemewer 

rated the research subject on what were seen as four key areas of basic job skill 

using a set of7-point rating scales (Appendix 22). 

S.SMethod 

3.3.1 Subjects, field conditions, and S-trees 

Details of the 39 subjects who provided felling performance measurements during 

the fieldwork are given in Chapter 2, while the location and description of forest 

types for each case are given in the map and descriptions of AppendJx 21. The 

distribution of subjects within the three main forest types was as follows: 



Eucalypt forest 
{High quality ash type) 

Eucalypt forest 
(Ash. Peppermint gwn to scrub type} 

Temperate rainforest 
(Brown top, Swamp gum. a.sh type) 

13 subjects 

21 subjects 

5 subjects 
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During the fteld day the subjects cut the normal run of trees as they worked their 

way through the forest. Within these trees there were also the smaller set of$­

trees, which were more carefully selected for the feller to assess and cut down. 

While the work physiology prepara.Uons were taking place the instructor-interviewer 

and tlme-study technician went into the working area of the forest and selected a 

sertes of S-trees that were subsequently :Interwoven with the normal trees that were 

cut throughout the day. The goal was to have a representative range ins-trees m 

terms of size and felling difficulty for that particular work site. The criteria for this 

selecUon included having no more than one in 10 S-trees below 0.5 of a metre m 

butt diameter wherever possible. Trees were also not to contain widow makers that 

were likely to put the subject at excessive risk or decayed lJmbs that were obvious 

candidates to break away during a fall. At least two of these S-trees with the least 

risk possible under the particular condiUons of the day were selected for axylog 

measurements. On occasion the lack of normal dfameter trees (between 1-2 

metres) dictated that fewer than ten (but relatively larger diameter) trees were 

selected for the subject. In approximately two thirds of cases S-trees were selected 

taking into account instructor-interviewer's knowledge of the skill level of the 

particular subject. The subsets of all these S-trees were numbered and marked 

with a cross and number in luminescent paint. 

3.3.2 Data collecUon and materfals 

3.3.2.1 Overall procedure 

The four mam methods and strategies involved in data collecUon were: a structured 

tree-assessment mterview on each of the S-trees: compass bearings to the chosen 

felling dfrcct1on (felling target), and the final direcUon of the fallen tree: video 

ftlmmg and time study obseJVations: and measurement of tree characterfstics and 

the cut tree stump. As reported in Chapter 2. preparaUons for other work 

physiology aspects of the study were undertaken at the begmning of the fieldwork 

day (p.35). Following these preparations the response cards and scales used m the 

s-tree interview were explained to the man. and questions dealt with (Appendix: 22). 

A practk:e s-tree tntemew was also conducted with the subject at the log landing 

before entering the felling work site proper. There were seven mam phases to the 

day's activtUes: 



• Preparation of the subject and explanations of the day's procedures: 

• The felling of nonnal non-interview trees throughout the day (work 
physiology). besides the set of S-trees: 
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• Tree-assessment interviewing at the base of the S-trees and the taking of 
compass beartngs: 

• Filming of the cutting of the S-trees prior to the actual fall: 

• Film of the man's behaviour in the actual fall. including the choice of a 
retreat path: 

• The instructor's debriefing of the subject after a fall. 

The completion of paper and pencil questionnaires at the end day of fieldwork was 

a separate exercise from the S-tree and felling data collection (the questionnaires, 

their administration and results are fully described in chapter 2). 

3.3.2.2 Filming the interview and fall 

During the S-tree interview video film was taken from immediately 1n front of the 

tree with the subject facing the direction of his chosen felling direction and towards 

the interview camera. During cutting. views were taken from both sides of the 

worker. as undergrowth and surrounding trees permitted. In the actual fall, the 

camera was positioned at least 5 metres along and behind a 45o escape direction 

relative to the line of intended fall. Toe video filming and the direct time study 

observations enabled a permanent record of cutting behaviour and retreat that 

could be analysed in detail and cross checked at a later date. The camera was a 

National Panasonic NV-35 with matching portable VHS video recorder NV-3000, 

with the units being carried on the investigator's back and hip in aluminium frames 

and harnesses specially constru~te~ for the research project. Figure 3.4 provides a 

schematic of the usual filming situation. 

3.3.2.3 The S-tree questionnaire 

A structured S-tree interview schedule provided a standard procedure for collection 

of these particular data. enabling a usually unverbalised pattern of decisions to be 

partially tapped in a consistent manner. The questionnaire was devised with a set 

of questions that were mainly answered using rating scales. Some open-ended 

questions were included in the mstructor-interviewer schedule to deal with the 

qualitative Judgements and fnfonnation that interspersed rating questions. The 

instructor was at liberty to use these open questions. or any that he thought would 

facilitate the inquiry. as part of the natural flow of the conversation with a fellow 

tree feller. The interview prompt cards and rating scales were in transparent 



Optimum filming 
position 

X 
Felling 
Direction 

Prefe"ed camera retreat 
position prior to fall >B metres 

Figure 3.4 Diagram of the positions adopted in filming.; 
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waterproof cases earned on a rtng clip and lanyard by the instructor. The interview 

and subject's responses were ftlmed (S-tree quest1onna1re. pro-formas and 

chccklfsts used in tleldwork are reproduced in Appendfx: 22). An expert felling 

instructor was used for the f1eld intervtewtng for three main reasons: first, to 

facilttate rapport with a someumes reticent subject who was being filmed for the 

first tune talldng about his ideas on felling; second, to have a knowledgeable person 

who could use the open-ended part of the interview schedule to best advantage; 

thJrd. to have a knowledgeable person who could guard against attempts at felling 

that m1ght be too rtsky. either for the feller or the research team. The instructor­

interviewer was given some additional trainfng to augment his previous inteIViewing 

experience as a felling instructor and police sergeant. Questions and their 

operational definitions were as follows (see Appendix 22): 

Question I - '7ni.tfal thoughts on the fall". An initial open-ended question 
was one requesting the man's "first thoughts on the tree as he walked up to 
it." The main questions then followed. 

Question 2 - "IdentlficatfQn q,fthe tree's perc;etved natural lean". The feller 
was asked to nominate the exact direction in which he believed the tree 
would naturally fall if it was cut straight through by indicating a particular 
feature in the environment such as a bush. rock, tree stump, etc where the 
centre of the main trunk beneath the head would land. In cases of 
indecisiveness or in open terrain, the forest ranger moved to a precise spot 
indicated by the man. and the compass bearing of this spot was then 
recorded. 

Question 3 - "Main factors thought to be dictating the tree's natw:al lean. 
:partiatlQriu the relative trnoortance of either the head or the barrel lean". The 
major factor or factors thought to be dictating the natural lean of the tree 
were also requested in an open ended question if they had not already been 
volunteered by the subject. 

Question 4 - "Cgrtnlnty regarding the direction q,fnatural lean". Using a 
rating scale from Oto 100%.with 5 point increments marked on it, the feller 
was asked to indicate how certain he was that the tree would fall naturally 
in the direction he had predicted. 

The use of any value betvreen O and 100% for their certainty was 
emphasised to the men. Certainty had been defined to the men at the 
beginning of the field day. using the same Oto 100 analogue scale with an 
example of the subject's own certainty of predicting rain the following day. 

Question 5 - "Chofce qfwhere the man would attem1Jt to fell the tree'. The 
feller was asked to nominate the exact direction in which he believed he 
could fell the tree by indicating, as before, a particular feature in the 
environment where he felt the centre of the top of trunk of the tree would hit 
the ground. 

Question 6 -"Qerlnlaiy ofrutrome ta the chosen felling directton.". That is, 
how confident the feller felt about the tree falling directly as he had 
predicted. Using the same rating scale from O to 100, the feller indicated 
how certain he was about hitting the target point in his chosen direction. 
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Question 7 • ",Perceu.,ecZ rfsl('. The risk was defined for the men as follows: 
''By risk we mean the likelihood of you being hit by branches, rubbish on 
the ground. brushed by the tree as it falls, that is. an accident or near­
accident of any type." A 6 point rating scale was shown to the subject with 
responses rangmg from "No risk at all" to "Extremely high risk" and the 
subject was asked to nominate a specific category with evecy tree. Open­
ended questions on ground debris and other hazards were also canvassed 
by the instructor-interviewer where appropriate to the situation (not 
reported here). 

Question 8 - "Awkwardness ofmakfnq cuts". Awkwardness was defined for 
the men as follows: "By awkward we mean the awkwardness of placing the 
cuts to make sure you will hit the target spot you have chosen." The 
responses to the awkwardness question were made on the same type of six 
point rating scale from "Not awkward at all" to it being "Extremely awkward" 
to place the felling cuts in the tree". 

Question 9 - "How well the man himself thought he had peiforrned the felling 
operatiDn.". After the tree had fallen, and to conclude the inteIView, the man 
was asked how he felt the fall had gone in general terms. He was then 
asked to specifically rate the fall (and his felling performance) on a 7-point 
scale from ''bad" ... through not-quite-right", to what he felt was ... "perfect" 
or "spot-on" (Appendix 22). 

3.3.2.4 Felling accuracy and retreat distance 

Compass bearings of the perceived natural lean and chosen felling direction during 

the S-tree interview were taken by the forest technician who stood immediately 

behind the interviewee as the different directions were nominated. The final resting 

position or bearing of the tree was again recorded by the forest technician who had 

taken the compass bearings of the natural and chosen felling direction. Felling, or 

target, error was derived from the actual fallen position of the tree based on the 

Judged centre line of the trunk at the head Junction and from the previous bearing 

for the chosen felling direction. Felling error was defined as: 

"An objective measuremenf of the discrepancy between the man's chosen 
direction and where the tree actually fell." 

To compensate for measurement error, any values for felling error (the difference 

between the Chosen - Actual felling direction) below s0 were disregarded during 

analysis. As previOusly emphasised absolute target accuracy with every tree is not 

typical of normal working conditions. In such cases as open terrain with large 

distances between trees, for example. accuracy would not be required. However. in 

this study only five subjects were judged to be working in such open conditions. 

Appendix 23 provides a better idea of the range of tree density commonly 

encountered. As already reported m detail m Chapter 2. time studies were made on 

both the normal and the s-trees by a forest technician with many years experience 

in such work. The technician also recorded the tree feller's retreat distance, using 
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the categories of 1-2 metres, 2-4 metres and greater than 4 metres, and estimated 

the man's general d1rectlon of retreat relative to the actual felling direction of each 

tree. 

3.3.2.5 Tree and stump measurement 

Once the tree had fallen and the· area was declared safe, the forest ranger and 

marker measured overall tree length, log length to the first prominent head limb, 

and overall length of the head to the nearest meter. Mid-diameter and log length 

were then used to calculate estimated volume from the Foresb:y Commission tables 

commonly used for this purpose. Toe tree stump diameter was measured in two 

d1rections in line with the scarf and at 900 to it and the average of the two 

measurements used. The depth of scan relative to diameter was also measured as 

well as the inclusive angle of the scan of wood cut from the tree. Other stump 

measurements included the hinge width on both sides of the periphery of the tree 

to the nearest centimetre, and the height of the hinge wood from the scarf line to 

the level of the back.cut, again on the left and right side (see figure 3.1 c). The scan 

bearing was measured at right angles to the line best representing the intersection 

of thf two scan cuts in the stump. At a later stage the amount of defect in each 

tree' stump was assessed from photographs of the stump taken after the fall. 

and/ or from a sketch of the defect and rot in the stump made by the forest ranger 

on his tree measurement pro-forma. Grading was made on the basis of the overall 

tree shape being split into eight segments using perspex gauges made for the 

purpose. These measurements of tree length. girth and dimensions of the stump 

provided an overall specification of each tree that could be associated both with the 

pereeptions of it by the subject and the final outcome of fellmg accuracy. 

3.4 Results 

3.4.1 Toe sample of S-trees 

Following the brief description of the S-trees used in the field tests. the results of 

the interview and felling measurements are reported in the same order of 

information as is laid down in Figure 3.3. which lists the final field measures 

adopted. In all, the felling of 266 S-trees were studied across the 39 field data 

subjects. Four of the subjects had 9 - 10 S-trees for study. with 70% of the group 

having 6 - 8 s-trees. Five subjects had only three S-trees. albeit mainly of larger 

diameter (see Appendbc 24). Toe main characteristics of the S-trees where tree­

assessment interviews took place before felling are given in Table 3.1. Some 50% of 

the trees were between 50 to 100 cm in butt diameter (dbh - diameter at breast 
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height) and 42% between ·101 and 200 an butt diameter, while of the remainder 

the three lalgest S•tnes went over 320 cm in diameter. 'lbe most common tree 

height was 25-26 metres. 'the falling time was the average of three measurements 

taken from the video mm of the felling episode. 

Table 3.1 The range of S~rees in the felling tests: 

All 266 S-trees 

Height (metres) 
Volume (tonnes) 
Diameter DBH (an) 
Falling time (seconds) 

29.1 
9.0 

113.8 
5.8 

11.7 
10.7 
52.7 

1.7 

Bmm 

6-69 
1 -87 

24-350 
<2->9 

Close to half the S-trees ( 128 trees) were classified by two independent Judges as 

having a noticeable degree of internal defective wood and decay, with 30% of the 

trees having at least two of the eJght sectors of the tree classifted as unsound. Only 

22 of the 266 trees had over half the tree stump (four or more sectors) graded as 

defective. In terms of defective wood on the cireumference of the tree a smaller 

number of trees. 75 or 30% were cla~ed as having at least one sector of defect. 

The complete dfstrJbuUon ts shown in .AppendJx 25. The correlation between the 

subjective grading of internal defect and cirCWnference defect was hJgh (r = .81, 

n=260. p < .001). The grading of the roundness of the tree's circumference at 

stump height had a much more varied distribution across trees than the 

assessments of defective wood :fn the stump, with 165 or approximately 60% of the 

trees being judged as having more than half the stump uneven in shape. and fewer 

than ten trees having the sort of cylindrical cfreumference typically found :fn 

Scandinavian or AustralJan softwood. such as Plnus radtata (Appendix 26 shows 

typical examples of the tree stump qualities of shape. defect. and Irregularity once 

the tree was cut). 

The major types of scan shape cut by the men (see Figure 3.1) were the 

conventional scarf (57%}. followed by those classtfted as v-notch (23%), with the 

humbolt or undercut be:fng least used by the group (20%). The distribution of the 

type of scan in the set of error trees closely followed the same pattern. The 

distribution of the angle of the scarf that was cut out of the trees as well as the 

depth of the scarf cut into the tree as a percentage of the average stump diameter ts 

also given in Appendix 27. 



3.4.2 Certainty of tree falllng dfrect1on 

3.4.2.1 Intluences and natural lean 

The first concern of the fteldwo:dt model was the confident and (accurate) 
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perecption of the natural lean of the tree (p. 1~). a perceptton which is reported as 

often forming the baselme or background to the ftna1 choJce of feliing dfrection. Toe 

pattern of cUrection found for the perception of natural lean in the s-trees was 

varied with no particular part of the compass taking main priority in the men's 

choices in terms of an ana1yBfs of quadrants, or the efght points of the compass 

(Appendix 28). Three promment groups of responses emerged from content 

analysis of answers to the open-ended question on the main influence on the trees 

lean. These confirmed the barrel and head pull dichotomy found in work-technique 

manuals. The choice of a main barrel pull occured for 81 or (34%) of the trees. A 

general pull of the head coveted 38% of comments, with a small number (16) 

nominated as a heavy head pull. The combined fntluence of head and barrel act1ng 

together in a tree were seen as dictating lean in 15% of the responses. Only one 

tree out of the 266 had wind as a major influence on where it would fall naturally. 

Thus in approximately 85% of the trees the men appeared willing to report 

influences on a tree's natural lean in these somewhat global terms. 

Ratings of certainty for the perceived natural lean of the tree were obtained for 184 

trees. Close to one thJrd of these cases reported complete uncertainty about the 

exact direction of the natural lean of the tree. The apparent conflict between the 

willingness to respond in terms of the global influences on the tree's d1rection and 

the stgnfflcant amount of uncertainty with a speciftc rating scale is dffllcult to 

explain. Possibly the habit of intu:ltlvely picktng head or barrel lean does not 

equate to an aided declsion on precise natural dJrect1on using a rating scale. All 

Judgements about the natural lean of the tree below a 50% level of certainty were 

termed equivocal or the 50/50 decision point, while hJgh certainty was defined to 

be that above 95% level. Overall nearly half of the obtained certainty ratings for 

natural lean were at or below the equtvocal decision of a 50/50 rating. Only a few 

trees were given certainty ratfngs for the natural lean which were rated above 95% 

certain while none of the trees received a 100% rating of certainty about their 

natural lean. This extent of uncertainty about the natural lean had not been 

ex:pected from dfscussionS with mstructors and experienced men or from inspection 

of the tra1nfng manuals, which tended to imply that a tree-feller could easily pick a 

natural lean with a hJgh degree of accuracy (e.g., Dent, 1976 p.48-50). The results 

support earlier comments in the thesis of the complexity of cues in the tree 

''reading" situation. 
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3.4.2.2 Chosen felling directfon 

1be pattern of dfrection for the chosen fall across the whole group of men showed a 

stmfJarly even distribution to the points of the compass as that found for natural 

lean, with only a slfght preponderance fn the men of choosing to fall to the north~ 

west sector (34% of falls) (Appendix 28). 

Certainty ratings for the chosen felling direction were obtained for 230 falls (Table 

3.2). An 1nitial expectation was that there would be high certamty in natural lean 

and less certainty about achieving an accurate fall. However. the distribution of 

the ratings of certainty for natural lean was stgnfficantly dJfferent from that for 

chosen fall (x2 = 61.92. p < .001). In comparison with the certainty ratings for 

natural lean a signiflcantly higher proportion of the chosen falls were given a full 

100% certainty of success i.e .. zero vs 21 %. As might~ expected. there were no 

cases were the man was completely uncertain about achieving the direction of his 

chosen fall. Only 12% of the 230 trees were below a 50% certafnty for the chosen 

fall. with the large majority well above this value (Appendix: 29). 

Table 3.2 Frequency distribution and the differences between the certainty ratings for the 
natural lean and the chosen felling direction. 

Certainty 
Rating 

Oto 5% 

6 to 49% 
Equivocation 

50 to 95% 

96 to (98%) 
(100°/4) 

High Certainty 

• figures rounded to whole numbers 

Proportion of group • 

Natural lean 
(n=184) 

N 

53 

15 

o/o 

(29%) 

{8%) 

Equivocation 

Chosen fall 
{n=230) 

N 

0 

27 

% 

zero 

(12%) 

{37% vs 12%} 

108 (59%) 143 (62%) 

8 (4%) 11 (5%) 
0 zero 48 {21%) 

High Certainty 
(4% vs 26%} 
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Table 3.2 provides an overall eompanson of the distributions for classes of certainty 

rating for the chosen felling direction and the perceived natural lean, where the 

equivocal assessments about certainty of natural lean were three times that of the 

certainty of chosen direction, i.e., 37% Natural vs 12% Chosen. Similarly, the 

proportion of cases of almost complete certainty (above 95%) was far greater for the 

chosen fall than for the Perceived natural lean, ie., 4% Natural vs 26% Chosen. 

The overall mean values for the two types of assessment were 51 + / _ 4 for certainty 

of the natural lean, and 75+ / ~22 for the certainty of the chosen fall. There was no 

correlation between certainty for the direction of natural lean and for the certainty 

for the chosen felling direction m the total group of trees that were studied Cr= -.06, 

n.=184. p > .05). The major ditfei"ences between certainty about the natural lean 

and about the chosen felling dtrection across all trees were to be found m the ''high" 

and "low'' regions of the certamty scale. 

The operator's choice of a felllng direction was exactly the same as his perception of 

the natural lean of the tree in some 60% of cases (160/266 trees). In this set of 

trees where the perceived and chosen direction was precisely the same, a close 

association between certainty of perceived lean and chosen direction might be 

expected. This was not the case (r = -.09, n=l 15, p > .05). 

Where the subjects had very low or completely uncertain judgements about the 

natural lean, they might have seen the tree as particularly dangerous and capable 

of falling spontaneously in any direction under the minimum of disturbance. 

Alternatively, they may have seen the tree as straight and evenly balanced, and 

capable of being worked on so that the tree could be controlled and felled almost 

anywhere. Quite clear results emerge (Table 3.3). 

Table 3.3 Certainty of accurately achieving chosen fall when the certainty of natural lean is 
zero (n=50). 

Certainty Value 

20 
40 
60 
70 
80 
90 
99 

100 

Frequency 
N 
1 
1 
3 
2 
5 
2 
1 

35 

Percent 
% 
2 
2 _ 50150 Cut off 
6 
4 

10 
4 86% >80 certainty 
2 level 

70 ____ _ 
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Taking the 50 casea of a total lack of certainty about the natural lean only two of 

the judgements for chosen faWng dJrect1on on these trees were below 60% certain 

and most were high. mean 91% certain. 1bJs suggests that the men generally 

pereeived non-leaning trees as balanced and capable of being felled ma wide range 

of chosen directton. posstt,1:)r feeJf.ng for example that they did not have to combat 

an awkward lean. The objecttvtty and reliability of these perceptions of natural lean 

will be c:Uscussed in the felJ:lng error section. 

In summary. these tree fellers were more certain of the tree's direction when they 

were mtervenmg and possibly felt in control of the tree's chosen direction. 

Particular levels of certainty about the trees natural lean were not mirrored in the 

man's certainty about the chosen fall. even when in the same direction. Although 

the chosen felling direction followed the perceived lean in the interview schedule. 

there was the possibility that some men w:111 sub-consciously decide on chosen 

felling dtrectton before thetr first overt interview choice of the tree's supposed 

natural lean. Thus the men's supposed perception of natural lean at the start of 

the S-tree interview may have been subconsciously follow.Ing their preferred felling 

direction from when they first looked at the tree. When the direction of natural fall 

was reported to be completely uncertain the certainty about chosen felling direction 

was much hJgher than in any other circumstance, which is again contrary to the 

folklore within work-technique manuals. 

3.4.3 Rfsk and awkwardness 

Following the questions on perceived lean. felJ:lng direction. and certamty. ratings of 

the risk Involved in the fall and the anticlpated awkwardness of making the felling 

cuts were obtaJned before the man began to cut the tree. The risk and 

awkwardness rating of each fall gave skewed dJstributions towards the low end of 

each stx point scale (Figure 3.5). As is shown fn Table 3.4. over 60% of ratings of 

risk are at or below the value 1 of a ("small level of risk"). while some 80% of ratings 

were not beyond the value 2 of a ("moderate level of risk"). These low ratings of risk 

are m contrast with the more varied judgements on the certainty of achieving a 

good fall, but they do seem to support the self-evaluation data reported below in 

terms of high certainty of success being linked to low perceived risk. Only 17 trees 

or 7% of the total sample of S-trees were rated as "a great deal of rJsk" or "extreme 

risk''. On the rattng of the awkwardness of cutting and positioning the fel11ng cuts 

ahnost half the trees were thought of as " not awkward at all" with 86% at or below 

the third value of "moderately awkward". A s1mt1ar skewed distribution to the risk 

ratmgs was found for awkwardness of making the felling cuts. The correlation 

between the risk and awkwardness scales, r = 0.53. n=244. P < .001, was probably 
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as a much an artifact of the -reatrioted range of the two rating distributions as 

evidence of a response set. 

Table3.4 Ratings of feUing risk & awkwardness of making the felling ruts (n•244 trees) .. 

Label Freq Risk .Awk Freq Label 

N % % N 
1.No risk 73 30 48 117 Notawk.1 
2.Small level 85 35 24 58 Slightly.2 
3~Moderate risk 37 15 15 36 Moderate.3 
4.Quite a bit 32 13 7 18 Quite awk.4 
5.A great deal 13 5 5 13 Very awk.5 
6.Extreme risk 4 2 1 3 Extremely.6 

The consistent)¥ low risk ratings across the majority of subjects and virtually 80% 

of trees may demonstrate the simple coping mechantsm of denial about the obvious 

fell1ng dangers and difficultles obseived durJng field work As far as the Tasmanian 

rural logging worker is concerned, min:hntstng the perceived risk ts one response to 

remaJniDg in. a regular Job when few other local employment opportuDities exist. 

However, the results are consistent with research of Ostberg (1980) who studied 

perceived rJsk 1n felling scenes shown to Scandinavian tree-fellers. An alternative ts 

the man does not attempt to make a general judgement on risk. but tends to 

concentrate. :>n specJflc issues in. the fall related to the risk The present results 

are interesting because they came from the actual working situation and not a 

questionnaire or pictorial simulated-risk test. 

3.4.4 Tree felling error 

3.4.4.1 Extent of the problem 

A major question of the feWng behaviour investigation was how frequent)¥ the tree 

did or did not fall prectsely in lfn.e with the man's chosen felling direction. Of the 

266 s-trees studied, close to half (n• 135, 51 %) had noticeable ta.Iget error greater 

than 50, and in. this lalge group of inaccurate and potentially· dangerous trees the 

majority (n=90, 67%) were ones where the chosen felling direct1on was the same as 

the man's perceived natural lean. The sub-group of eITOI' trees was stmflar in. terms 

of physical characteristics to those of the main group. Height was 21,5+ / _11.2 

metres, estimated volumes ranged from 1 to 85 tonnes, and diameters were sfmflar 

in. range. The dJstrtbuUon of fallfng time was the same, 5.s+ / _l.6 seconds 

(Appendix 30). 
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The use of group data should not detract from the :Important point that each tree 

felling episode was a dfst1nct event in its own right, with an objective level of hazard 

for the worker, no matter what the1r own subjective rating of rJsk might be. The 

distribution of tree felling er.rot for cases up to one sector (< 45°.) of the felling circle 

is given 1n Figure 3.6. FeJltr,g en-or occurred across almost the whole range of 

felling conditions and men. despite Instruction to achieve maximum accuracy in 

each S-tree fall. The majority offellfng errors were 1n the sectors up to 200 (103 

trees, 77%). The 11 cases wtth felling error beyond 6()0 included an number that 

fell backwards over the scarf line (Appendix 31). Though the plateau at 100, 1g<> 

and 200 in Figure 3.6 are artifacts of"roundfng-ofl" of the compass bearing taken 

by the forest work study technician, the errors are well above the 50 measurement­

error limit that was set 1n the study. This amount of measurable error 1n haJf of the 

sample of S-trees is more than enough to create major hazard under close felling 

conditions. .As might be expected, felling error showed considerable variation both 

between subjects and within a particular subject's set of S-trees. The extent of 

felling error plotted against the certainty of obtaining the chosen felling direction is 

shown 1n Figure 3. 7 for the cases up to 45o error. As can be seen, a wide range 1n 

certainty about a fall exists across the whole spectrum of felling error; for example, 

see the range of certainty among the seven readings at the 100 error point, and the 

sf:milar range 1n certainty 1n the readings at the 400 error point. For the error set of 

trees the correlation between certainty of the chosen directlon and error was not 

sJgnfficant, r = -.15, n=l21, p > .05. In the eight instances in which the tree fell 

fully backwards from the scarf line such eld:reme error was generally not 

anticipated. The mean certainty of felling direction for ftve of these backwards trees 

was above 90%, and the remainder ranged between 20-50% certain (overall mean 

certainty of all eight backward trees 72%). There was no evident relationship 

between fellfng accuracy and age, experience of the eight septtrate subjects 

involved, or the certainty offall or degree of pull involved in the fall (Appendix 31). 

Such relatively rare events might therefore be seen as the random near-accidents 

discussed 1n chapter 1 of the thesis (p.15). 

Physical measurement of the cuts 1n the tree stump included the dimensions of the 

scan cut out of the tree and the scan angle, the width of hinge wood, and the 

height of the step between the bottom face of the scan and the backcut. The angle 

of the scanwas not related to felling error. Only the maximum depth of the scarf 
into the tree was correlated with fellfng error, r = .17, n=105, P < .05, although the 

more meaningful depth of scarf as a percentage of estimated diameter was not 

stgnfftcantly associated with felling error (Appendix 32). The gradings of defect 1n 

the stump or on the tree circumference were not associated with felling error. 
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The line of the scarf cut could be detenntned after the fall in approximately 70% 

Cn• 185) of the total sample of trees. The final compass bearing of the fallen tree 

was within 5o of the direction of the physical scarf line on the tree stump fn some 

114 (62%) of this sample. This left a s1gn:fficant proportion of trees that could not 

be seen as closely followtng the dtrectlon of the lfne of the physical scarf. In the set 

of 135 error trees the bearing of the scarf line on the stump was obtained fn 95 

trees (70%). Within this error sub-group. the final compass bearing of the fallen 

tree was within 5° of the physical line of the scarf-cut in the stump for 61 trees 

(64%). Thus. in some 34 (36%) of these trees the direction of the fallen tree 

deviated from the physical scarf line by more than s0• with most over 1(1) away 

from the bearing of the scan line and sue trees with a discrepancy of more than 3(/). 

These results confirm that a significant proportion of trees in the production 

situation are still likely to be diverted from the physical scarf-cut line by such 

factors as dominant JJmb weight, severely conflicting head and barrel lean. sloping 

scaif faces, lack of a bite out of the front of the scarf. the tree posstbly rotating on 

the way down, or the tree propping on a major limb and falling away from the 

bearing of the physical scan line in this manner. 2 

3.4.4.2 Mean error 

Although approximately half of the total number of S-trees involved measurable 

felling error. 34 out of the 39 men had measurable target error in one or more of 

their S-trees. Only five men were deemed to have placed all the trees fn their 

particular set on the target area they had specified. The number of men in the 

different categories of average felling error is given in Table 3.5 (a). Over 80% of the 

subjects were within the 10-3(/) range of average felling error. with two thirds of the 

men having an average tree felling ~rror of between 10 and 200. In practical terms 

even the m1n1mal figure of 5 - 100 error means the difference between a clear fall 

and a major risk of other trees being hit or large limbs being thrown back towards 

the man. A classification that places the men fnto discrete groups of the proportion 

of trees fn a man's s-trees set involving error is provided in Table 3.5. 

2 FOOTNOTE:The post-fall stump and scarf One measurements were made by the forest ranger as ?P~sed to 
the workstudy forest technician who had previously recorded the natural, chosen and actual felffng directions 

cuing the S-tree Interview. 
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The largest group was men wh~ 26-50% of S-trees in the set were error trees. 

Close to one quarter of the men had 50% or more of their set of trees with 

noticeable error in the fall. Though a stgn:lflcant number of men had both large 

average target errors and a laJge proportion of trees in their total s-trees set with 

target error. there was no sJgnJflcant rcJatlon between average target error and the 

proportion of trees that suffered noticeable target error (r •.13. n=39, p > .05). 

Table 3.5 Numb_er of '!'9n in e~ch class of "Average Felling Error" and number of men with 
a parttCUlar Proport10n of Error Trees" in their S-tree set with noticeable felling 
error. 

a Number men in each class b Number men in Groups with 
of Average Target Error Certain Prop of Error Tree 
for all S-trees 

Fellers Fellers 
Asa% Proportion Asa% 

Average N group of trees N group 
error 

No error = 5men 13% No error trees 5 13% 

5o - 200 = 26 men 67% upto25% 2 5% 

210.300 • 6men 15% 260/4 to 500./4 18 46% 

a1o.900 = 2men 5% 51%to75% 10 260/4 

76%to 100 4 10% 

In some cases there were seven trees on target and only one in error, while in 

others, there were three out of four trees with felling errors between 10-200. For 

example, there was a case of the subject who had one tree with close to 900 error, 

while hfs other two large trees were without error (S15). Another worker had one 

tree with a 6()0 error when it was being pulled from the perceived lean by 35o, while 

his rematntng seven trees were without error even though one of them was being 

pulled 650 from the percetved Jean (536). 

3.4.4.3 "Pulled" trees 

Of the full complement of 266 S-trees. 83 trees (31 %) were pulled cases; that is. for 

nearly a third of the trees the men were attempting to fall the tree away from the 

natural lean as they subjecttvely perce1Ved it. A compartson of the pattern of felling 

error between the three key groups of: (J) overall error group; (ii) error group where 

the perceived lean and chosen fall were the same, and; (W) error group for pulled 

trees fs gtven in FtgUre 3.8. There was little dilference in the pattern of felling error 
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in these three classes of fall. In the smaller pulled-error set of trees all but two out 

of the 39 subjects attempted to pull at least one tree away from where they 

perceived the natural lean. with many pulling up to a maximum of seven trees away 

from perceived lean. Table 3.6 shows the range in "pull" attempted in the tleld 

study where the main classes were those trees being pulled off the perceived 

natural line from 5 - 4()0. Of the group of pulled trees, approxtmatelyhalf{n-43) 

were successfully fallen away from the natural lean to the ·degree nomfnated; that 

fs, pulling the fall to the target dfrection nomfnated J! their perceptton of the natural 

lean was indeed accurate. In those cases where the man failed to pull the tree 

away from the perceived natural lean (n=40), the tree followed the dfrection of the 

man's perceptfon of the natural lean on only five occasions. This places further 

doubt on the reliabillty of the men's perceptton of the natural lean as a baseline for 

felJJng decisions. In the pulled trees most were errors of 100 or more (n=34 trees). 

However, the correlation between the degree of pull beJng attempted and the final 

amount of fellfng error for the pulled-error group was stlll not statfstlcally 

sfgmtlcant (r = .37, n=40, p > .05). 

Table 3.6 The distnbution of desired "pull" in the sub-set of 83 S-trees. 

Angle of N 
pull in Noof as percentage 
degrees trees of 83trees 

5-10 14 17°/4]] 
11-20 14 17%ffl 720/o 
21-30 19 23%ffl 
31-40 12 15%]] 
41-50 6 7°/o 
51-60 5 6% 
61-70 4 5% 
71-80 3 4% 
81-90 3 4% 
> 90 5 6% 

3.4.4.4 Summaxy 

Across all the subjects it was found that half of the total S-trees that were fallen 

had notlceable target error, while only tlve out of thfrty nine workers had sets of S­

trees that were without notlceable felling error. While Just over one quarter of the 

group had at least half of thetr set of s-trees as dfsttnct error cases. some two 

thJrds of the men had an average target error of between 10-200. The present 

analysfs offers a more objective basis for dccidmg what can be expected in terms of 
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O - 2 metres 101, 38% 
2 - 4 metres 146, 55% 
> 4 metres 17. 6% 

Figure 3.9 Observations and estimates of retreat distance 
by experienced forest work study technician. 
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felling accuracy and tree control under real working conditions 1n Australia's native 

hardwood forests. It questions the myth of felling accuracy on which many safety 

practices in the industry are based. Hardwood fellers are frequently at rJsk through 

inaccurate falls. These field data from the practical working situation also 

demonstrate that men w1l1 try to pull a sfgniftcant number (up to one third) ofthetr 

trees from what they perceive as the natural lean. and that the extent of the pull, 

though large in many cases, ts not systematically connected to final felling error. 

The results suggest that the direction of perceived natural lean was not a great 

influence on the error involved with pulled trees. Being able to precisely "read" the 

natural lean of a tree may not be as important in many cases as is commonly 

supposed. 

3.4.5 Retreat distance and direction 

Followingjudgements on the tree and the subsequent felling ofit, two related 

aspects were considered. As a final observation the forest technician noted the 

approximate distance and the direction of the man's retreat as the tree fell. For the 

total number of trees the assessment of retreat distance was distributed as 1n 

Figure 3.9. Results were essent1ally those of a subjective classification by an 

experienced work-study technician and should be treated as such. Close to 40% of 

the men's retreat distances could be confidently stated to be within 2-3 metres of 

the stump, while only a few retreat distances could be found beyond 4 metres from 

the stump as the tree fell. These short retreat distances of the worker link 1n with 

both the generally low ratuig of risk during felling, the mainly high levels of 

certainty about the fall, and the over-confident assessment of their own felling 

accuracy. Tue direction of retreat as observed in relation to the tree's resting 

position shows an unacceptably high proportion of over one third of the men 

retreating directly behind the direction of the fall, which is absolutely contrary to 

recommendations in all the work-technique tra1n1ng manuals. These sin}ple 

tabulations are far from encouraging, especially when one considers these reactions 

occurred when the man had the extra safe working reinforcement of the 

investigators and the felling instructor being present. 

3.4.6 Relations between variables and outcomes 

The relationships between tree characteristics and variables from the $-tree 

tnteIView and the prtncipal outcomes are summarJsed 1n Table 3.6. It was useful to 

look at the main outcomes of hi _nett, felling em>r, and to a lesse,r extent retreat 

distance, 1n terms of (a) tree characteristics, and (b) subjective responses to the 

felling problem. The lack of variability in the men's rating of risk and awkwardness 
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prevented use of these measures fn a correlation~- Ra.tings of certainty and 

choice of felling d1reotlon remained as the key subjective responses to the fellfng 
problem. 

Tree length was the tree character1Stlc most expected to relate to heart rate nett. 
both from the physiologfcal point of view (with height being indicative of walking 

distance and crown sJze in terms of trimming), and from the psychological point of 

view with height being the most fntfmid.atmg and easily discerned visual cue for the 

worker. However, the main tree characteristics that were correlated with 

physiological cost in the form of hr nett were tree diameter (r = .24, n=260, p < 

.001) and volume (r = .20, n=252, p < .001) where the correlation between volume 

and heart rate nett Is essentially dependent on the diameter-volume relationship. 

Certainty about the natural lean and choice of felling direction had no association 

with the hr nett measure, while the degree of pull was also not linked to the heart 

rate response to the Job. Heart rate thus appears to be a purely physiological 

reaction to the physical exertion_ of cutting the tree rather than having any 

psychological component. 

Table 3.7 Correlations between selected variables - Full field data set 266 trees. 

Tree 

Lgth Vol Dia 

Tree 
Length 
Vol 
Dia 

Cert'y 
of nat. lean 
Choice fall 

Pull 
Hrnett 
Felling Error 

.49*** 

Class of Retreat Distance 

* p < .05 ** p < .01 *** p < .001 

.44*** 

.1a·-

lnter'w 
_Cert:y_ 

Nat Choice Pull 

-.05 -.03 -.10 
-.10 .06 .04 
-.13 .11 -.03 

-.06 -.01 
-.16 

---Outcomes----
Hr Fell'g 
nett Error Retr't 

.05 .16** .41*** 

.20-· -.04 .26*** 
,24-• .02 .1r· 

-.09 .06 .13 
-.10 -.08 .05 
-.15 .29** .15 

-.13 .13 
.10 

Of the three measured tree characteristics only tree length was marginally 

associated with target error, r = .16, n=256, p < .01. In practical terms this result 

tends to support the view that gross tree characterfstlcs per se are not a major part 

of the error nexus. There was no overall association between the men's certainty 

ratmgs on a tree and the feWng error (fncludfng the majority of cases where the 

natural lean and chosen fall were fn line, r = -.07, n=90, P > .05). 
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One question of particular tntercst was whether level of physJcal workload in terms 

of heart rate had any assodation with the global performance measure of felling 

error. A fatigue effect might contribute to felling error in combination with other 

factors. For example. an excessive workload in terms of hr nett (espec1ally above 40 

bpm), mfght influence the man's ability to ~te the proper scarf cuts as the da.y 

progressed. or hinder his persistence in identffyJng hazards in the crowns of trees 

past which he must fall the S-tree. Because of the problem of covarJation with 

teITain and workstyle factors, a stgnUlcant correlation between heart rate nett and 

error would not demonstrate causality. There was a low correlation between hr nett 

and felling error for the error group of trees (r = -.15, n=l35, p <. 035), but the 

relationship was opposite to the hypothesised dfrection. Average hr nett for the 

error and non-error trees across all subjects was not sfgnillcantly different, t (263) = 

-1.45,, p > .05. This result mJITors the finding ofno essential differences between 

the two groups of trees in terms of mean dJameter, length, or tree volume. All these 

results argue against a link between the level of physical workload and felling error. 

"Ihere was a strong correlation between retreat distance and measured tree length 

(r = .41. n=254. p < .001) (!'able 3.7), but lower correlations with the other two tree 

characteristics. Neither of the ratings of certainty about the tree, the amount of 

pull, or felling error in particular, was related to retreat distance. There must also 

be reservations about the correlation between tree length and retreat because of the 

rudimentmy nature of the classiftcatton of retreat distance by the forest technician. 

A slrofJar association was found in the sub-set of target error trees between retreat 

and tree length (r = .44, n=l26, p < .001). 

3.4. 7 Subjective assessments of performance 

3.4.7.1 Self-assessments by fellers· 

nie :8nal part of the S-tree interview was self assessment of the felling performance 

by the men themselves. In the case of the 135 error trees, 112 self evaluations by 

the men were obtained. A number of subjects were reluctant to evaluate 

themselves when stgntflcant error occurred after high certatnty ratings and no 

Judgement was obtained. Table 3.8 shows the distribution of subjective ratings of 

men for thetr own performance on the error trees. The total sample of trees is given 

tn parenthesis. As can be seen, the men were over-confident about their abtI1ties, 

espedally when the amount of tmget error across almost every man's set of S-trees 

ts taken into account. 1bus, in a group where noticeable target error did take place 

fewer than a quarter (23%) of the self assessments acknowledged this critical fact. 

Three quarters of the falls that had noticeable CITOr were assessed as "good" or 
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above, and 60% or more of the falls were assessed as "veiy good" or "perfect". 

These flndtngs have clear tmpJJcatfons for trammg. Whether these results are due 

to the speed of the fall, the bl'Oad limits the men place on what they term a "a very 

good" to "perfect" fall, or theJr reluctance to face the objective facts on performance 

produced by the study, there should be a much greater proportion than 

approximately 19% of trees being seen as "not quite rfght" to ''bad" in terms of the 

success of the fall. The same over-confident pattern of the trees fallen with 

noticeable error is mirrored m overall group results. Three quarters of the error 

trees were seen at the "good" or a hfgher level of performance. 

Table 3.8 Self assessments of feUing performance in the case of the trees exhibiting target 
error (n=112)(Total trees=241). 

Errortrees (Total trees) 
Response N o/o (N %) 

1 Bad 1 (1 ) 
2 Poor/equi\Geal 8 7% (14 6°/4 ) 
3 Not q/right 18 16% (30 13% ) 
4 Good 16 14% (24 10% ) 
5 Verygood 44 39% (104 44% ) 
6 Perfect 25 23% (61 26% ) 

The correlation between the self evaluations and target error was statistically 

signiftcant and negative (r = -.22, n=l 10, p < .01). However, in combination with 

the data of the frequency table above, the result is not distinct enough to conclude 

that the men were sensitive to their own felling error in the practical situation. This 

is especially the case when other aspects of their efforts (e.g .• cleanness of the scarf 

cut or the uniformity of the hinge w_ood) may have influenced self evaluations when 

the observed tmget error was well within their own everyday standards of felling 

accuracy. It is a cause for concern that in a Jmge group of S-trees where noticeable 

target error did take place, fewer than a quarter (24%) of the self assessments 

acknowledged this crWcal fact in interview. Such demal might be even greater 

under normal working conditions. 

3.4. 7.2 Ex.pert-mstructor assessments 

At the end of each field day the expert-instructor rated each man on the four basic 

Job skills of "preparfng around the base of the tree" (Ski): ''maJdng the scarf cut" 

($.k2): "avotdtng danger as the tree falls" (Sk3) and "control of the saw while cutting" 

(SK4). Seven point scales on a prepared pro-forma were used (Appendix 22). 
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While significant inter--correlation between the scales ~ be expected. the strong 

correlation. for exa:qi~le. between "making the scarf cut" i~> and "control of the 

saw while cutting" (~~) might be indicatfng observer b~as much as real 

connection between the two observed behaviours. 

Table 3.9 lntercorrelation between the instructor's skill ratings and average values of the 
main outcomes of the study. 

Sk1 Sk2 Sk3 Sk4 Hr Fell Error 
Base Scarf Avoid Saw nett Av Prop 

Sk1 1.00 .54** .41** .48** .22 -.33 -.42** 
Base 

Sk2 1.00 .51** .78*** .17 -.43** -.19 
Scarf 

Sk3 1.00 .52*** .00 -.25 -.41** 
Avoid 

Sk4 1.00 .00 -.20 -.34 
Saw 

* p < .05 .. p < .01 *** P< .001 

The extent to which the four sk111 ratings correlated with average hr nett, average S­

tree error and proportion of trees with error is gtven 1n Table 3.9. Of the four expert 

but subjective assessments. the only significant predictor of a man's average felling 

error across all his S-trees is his rated sk1111n ''making the scarf cuts" (Sk2). Ratings 

of skill in "preparing around the base of the tree" (Skl) and 1n "avoiding danger as 

the tree falls" (Sk3) were significantly correlated with the proportion of S-trees that 

exhibited error. but not with average error. 

3.5 Discussion 

3.5.1 The exploratory model and questions 

Early sections of the chapter considered the problem of skill. risk. and error. It was 

suggested that. contrary to popular timber industry myth. consistent hazard 

perception and risk assessment. consistent felling accuracy and certainty about 

achf.eVing this. and consistent and appropriate escape reactions were three sk11ls 

that even highly experienced men might nQ1 always have readily to hand. 

Rudimentaiy classification of the defect and shape of tree stumps following felling 

confirmed that that defect and an irregular barrel 1n the tree are famf1far issues for 

the hardwood tree feller. However. contracy to the :Implication that tree 

charactertstlcs were strongly linked with error, the group of S-trees 1n this 
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particular sample that involved felling error were very similar in terms of their 

average dimensions, to the overall group of S-trees. These data and the low 

correlations between three measured tree characteristics and felling error (Table 

3. 7) tend to suggest that tree characteristics are not a direct or consistent element 

within the error nexus. 

The key question posed tn the chapter was the extent to which the men fulfilled 

different parts of the exploratory model of low-risk felling behaviour proposed in 

section 3.2.4 (p.103). From data on actual behaviour 1n the forest it was shown 

that eucalypt hardwood felling in the Tasmanian native forest is consistently 

associated with noticeable felling error. Out of 39 men in the study only five (13%) 

had no noticeable error in the sub-set of S-trees amongst the others they had fallen 

as part of a day's work. The average target error was between 10° and 200 for the 

majority of men. even though the instruction to subjects emphasised maxinlum 

felling accuracy for S-trees. 

None of the 39 men reported absolute certainty about perceived natural lean. For 

over half the trees the judgements about natural lean were equivocal (below 500/4 

certain). In one sense this implied the men considered that the tree would fall 

where it was cut, and not where they felt it might have a slight lean. Since the 

target error occurred in the large majority of cases when the man was felling with 

his perception of the natural lean, the results cast doubt on the proposition that 

tree fellers are usually accurate in detecting the tree's real natural lean. The 

results clearly demonstrate that certainty about achieving a carefully chosen felling 

direction is not a reliable predictor of felling error. In those cases where the man 

was completely uncertain about a tree's natural lean, he was none the less usually 

highly certain about achieving an ~ccurate fall with such a tree. Felling inaccuracy 

was at approxfmately the same levels for the overall error group, the error group 

with the natural and chosen direction the same, and the error group when the tree 

was pulled off its supposed natural line. As suggested earlier the man may on 

numerous occasions perceiVe a natural lean in line with the direction he has 

already sub-consciously chosen to fell the tree. When error did occur with trees 

being pulled away from the perceived natural lean few of them went in the direction 

of the man's judgement of natural lean. This also places some doubt on the view 

that the experienced hardwood feller's judgement of natural lean was as accurate 

as generally believed 1n the industry. In further work it would be worthwhile to 

instruct the subject to fall always with the perceived natural lean in order to obtain 

a clearer esUmate of felling error and a better understanding of the judgement of 

natural lean. 
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In the part of the fieldwork model that specified the need for a realistic and variable 

perception of risk. there was remarkably little variation 1n these ratings across a 

widely differtng range of trees and felling. It was suggested that low risk ratings 

across all subjects and virtually _all trees may demonstrate the simple coping 

mechanism of denial of the obvious felling dangers and diftlculties observed during 

field work These results on perceived risk fn the Australian forest work setting 

support data on perceived risk obtained :In pictor1al representations of dangerous 

Swedish felling situations, as discussed :In chapter one (Lindstrom and Sundstrom­

Frlsk, 1976; Ostberg, 1980). A lack of sensitMty to risk (at least at the non-verbal 

level) seems untenable. The alternative possibility of the men concentrating on 

spectftc issues in the fall, rather than desiring (or being capable of making) a 

general Judgement on risk, needs to be explored :In future research. This apparent 

stoicism in a rural blue collar workforce is not unexpected, and the ma:lnly positive 

se1f assessments of performance that :Involved felling error tends to support this 

conclusion. In spite of obvious difficulties in cutting that were apparent on many 

occasions during :fieldwork, the low ratings on the awkwardness of making the 

felling cuts is so similar to the ratings of risk that a response set between these two 

scales is quite likely. 

Contrary to the underlying philosophy of overseas work-technique manuals some 

experienced bushmen do question whether even a solid hinge and clean scarf line 

will control the fall of a large or over-mature eucalypt in the same manner as it 

does in solid softwood trees. The final position of the fallen tree relative to the 

centre line of the scarf cut can be influenced by defective holding wood as the tree 

goes over, barrel or head weight being greater than foreseen, and random effects of 

wind in the case of the small trees. The number of cases showing a discrepancy 

between the ftnal fallen position of the tree and the direction of the physical scarf 

line, questions the notion of sighting and a wide scarf being the complete answer to 

safe hardwood felling. However, these two components should still be regarded as 

one of the comerstoneSof low-risk felling. 

On the main question of whether this diverse sample of the hardwood feller 

workforce could consistently fall the tree where they had chosen, the results are 

clear: they could not. While it is not always necessary for the man to operate with 

pin-point accuracy, when the man was explicitly required to do so the error rate 

persisted. Therefore unlilte the uniform softwood trees of Scandinavian forests that 

have led to training techniques based on precision felling, there seem to be natural 

lfmits to accuracy in the hardwood forest that has a signtflcant proportion of non­

uniform trees. As· far as this type of tree-feller is concerned these inherent limits to 
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accuracy question the reported benefits of spar felling practice to prepare the man 

for the real job (Jansson, 1988). 

In the matter of retreat behaviour, the empirical result was not as anticipated. 

Nearly 40% of the men's retreat distances were within 2 metres of the stump, with 

most retreats (94%) being judged to be within 4 metres of the stump. Toe men 

were Judged to have retreated beyond 4 metres on only 17 occasions out of the 264 

observations in spite of the audience effect of the research team. Without more 

detail on every fall, it is diftlcult to suggest why the short retreat distances occurred 

so frequently. It may have been the mfluence of heavy undergrowth in some cases, 

or fatigue and the heat of the clay in others. Toe retreat behaviour was consistent 

with the generally unrealistic felling certainty and the low level of perceived risk. In 

a similar manner to retreat distance, the 95 times when a man retreated directly 

behind the stump is an obseivation needing further investigation. These results 

show that the retreat distance recommendations and regulations that are so 

famj]jar to logging managers and safety officers are not often obseived in practice 

by the workers themselves. 

Finally, in the case of the men's assessment of their own pelfonnance immediately 

after the fall we see the same over-confident rationalisation that they exhibited with 

certainty of chosen felling direction. In the practical working situation the men 

were too certain and too confident about many of the episodes where error did 

subsequently occur. At this stage there is no evidence of the worker having well 

articulated strategies forlearning from day-to-day felling error. More research 

needs to be carried out to clarify the learning processes that must st1ll be assumed 

to be occurring with these men. 

How successful was the study in combining Singleton's skill-ergonomics rationale 

of a more naturalistic obseivatlon style with the need to measure some key 

antecedents and outcomes in the hazardous environment itself? Although the 

study broke new ground in exploring concepts that are typically examined in a 

laboratory setting, as with any field study it is clear that the measures employed 

were less than pe:rfect. Toe following remarks relate to the measures that were 

employed. Preliminary discussions with hardwood felling instructors and work­

technique manuals emphasised the need for the feller to be able to fall with pin­

point accuracy when necessary. The definition of accurate felling in the research as 

being on target to the nearest 5o may have been too precise, yet field observations 

did confirm that at least this level of accuracy is part and parcel of the demands of 

the Job 1n close felling situations. In the case of the large decayed tree some 
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measurement error was inevitable if the tree split on impact. or propped and rolled 

in the fraction of a second between contacting the ground and coming to rest. 

However the 5o allowance for such measurement errors between chosen and actual 

fall was thought to deal adequately with the problem in all but a few cases. Future 

studies will need to address the training and personal factors that fnfluence a 

man's own standards offelling accuracy and margins for error. Having the 

compass bearings taken by the forest technician during S-tree interviewing gave no 

reported or obsezved difficulties. Measuring felling confidence and certainty with a 

100 point analogue scale did prove to be acceptable and it is hard to suggest 

improvements to this measure. The use of a similar scale on the risk and 

awkwardness dimensions may have produced more varied response. but this had 

to be balanced agatnst the problem of response set within the scales that were 

used. The use of six point rating scales on issues lJke Job risk or Job cUfficulty ts 

common practice. but obviously needs to be re-assessed in the case of the high risk 

worker. The categories for retreat assessments were based on the one Australian 

study of serious injuries and the man's distance from the stump (WA Forest 

Department. 1974). Though the distance of retreat from a stump was an estimate 

made by a highly experienced forest technician. with hindsight smaller categories 

might have been included in this assessment. One way to have made the 

assessment more precise would have been for the preparation team to mark areas 

around the base of the tree during the tree selection phase. Such markings could. 

however. have acted as a cue and stimulus to alter the feller's spontaneous retreat 

. distance. It could also be suggested that some averaging bias may have been 

operating in the field obseiver. but it was not possible to check this. 

3.5.2 Towards a model of human reliability in felling 

Overall. do these empirical results support the view of the voluntary acceptance of 

carefully calculated risk with consistently accurate felling outcomes or a pattern of 

inevitable and "normal" errors of which the worker is not fully aware. possibly 

because of the intrinsic complexity of the information processing in the task? It 

seems the latter is more likely. Given the field study results described above. what 

theoiy of a feller's reliability. or unreliability, and risk behaviour in the forest can 

begin to be developed? The notion of accurate "reading" of the natural lean of the 

tree is put in some doubt through the amount of error that still occurred with 

chosen falls that were aligned with the perceived natural lean, as well the many 

pulled falls that exhibited error and yet did not follow the direction of pereetved 

natural lean. It could thus be suggested, contrary to the folklore surrounding the 

Job. that the man's perception of natural lean does not always appear to be a 
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reliable baseline for choosing the optimum felling direction. If there is consistent 

hazard perception occurring it was not evident ustng the simple scales of risk and 

cutting awkwardness employed in the study. While the reported perceived risk 

remains distinctly low across most situations, certainty about the Job betng carried 

out successfully was generally high. However, this all important Judgement of 

certainty about the fall was not a predictor of differences m felling error from tree to 

tree. The extent of error associated with half of the felling choices questions the 

validity of the chosen felling directions in many of the felling episodes. There was 

evidence that an :Important feedback mechanism for learning was not available for 

many of the men because there was no clear association between the degree of 

error 1n a fall and the man's self assessment of his own performance. There may be 

a need for renewed emphasis on ngourous directional felling in Australfan 

conditions, and accurate Judgements of when a tree does need sighting from the 

points of the scarf cuts, or an explicit acknowledgement that pin-point sighting 

cannot (and will not) be adhered to in the production situation. 

Based on the proposed model of low-risk hardwood felling these empirical facts 

about flaws in performance could begin to explain the 1njury and death rate, over 

and above the truly random accident events discussed previously in chapter 1 

(p.15-16). The field results may go some way to establishing the realities of 

hardwood felling accuracy and felltng reliability. The conclusions naturally lead to 

the question of prevention of 1njury events once these quite ''normal" errors in 

detecting natural lean and choostng felltng direction, as well as the actual felltng, 

have occurred. The observed f~ure 1n terms of adequate retreat distances also 

adds to the problem. This question is taken up 1n chapter 4 with the emphasis on 

tests of escape signal detection as the tree is actually falling. With further work 

this inittal study should prompt a re-evaluation of the whole idea of standards of 

felltng accuracy and the way they relate to current regulations and 

recommendations regarding escape paths and retreat distances. 



139 

Chapter 4 

Sfgnal detection in a simulation 
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Chapter4 

Signal detection performance in a simulation 

4.1 Introduction 

4.1.1 The escape phase in felling 

The focus in chapter 3 was on evaluation of decision making and performance by 

tree-fellers in the natural work setting of the hardwood forest. In contrast to the 

widely held belief that an experienced tree-feller can generally fall trees with precise 

accuracy, it was demonstrated that a majority of a representative sample offellers 

make significant felling errors even when under instruction to achieve the 

maximum accuracy possible. In a set of test trees during field work half resulted in 

a felling error. and nearly 300/4 of all test trees were off-line by more than 100. For 

various reasons such as the high levels of certainty of success, the prevalence of a 

low perception of risk, over-confident assessments of performance, and consistently 

short retreat distances, it appeared that many tree-fellers must essentially accept 

felling inaccuracy as "normal" performance. There was, however, significant 

variability amongst fellers in their capacity to predict felling direction accurately. 

The field study provided a powerful context for exploring information that workers 

use in the natural environment, but a limitation of the approach is that the 

investigator cannot manipulate the kind of information available to the worker. An 

alternative strategy for identifying information processing pertinent to tree felling is 

to determine the ability of people with different levels of experience or training to 

predict outcome during simulation of trees being felled. Signal detection analysis is 

used in the present study in determining how sensitively experienced tree fellers 

can distinguish abnormally falling trees through observation of video recordings. A 

further interest is in establishing the stage during felling that sufficient information 

is available for the abnormal/normal outcome to be predicted accurately. 

As discussed in chapters 1 and 3 recommendations in training manuals (e.g., Dent, 

1974; FAO/ILO, 1980) cover not only use of chainsaws, appraisal of the tree and 

the manner in which cutting proceeds, but preparation of escape paths and retreat 

as the tree begins to fall. Though the official recommendation in every felling work 

technique manual (e.g., Dent, 1974; Workers Compensation Board-BC, 1977; 

FAO/ILO, 1980) is the cutting of two 45o escape paths relative to the felling 

direction, some Tasmanian bush instructors had suggested with typical pithiness 

that "when the tree falls you should try to be where the danger isn'L" 
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While retreat distance is a crttical survival factor according to manuals and 

practical experts, it was shown through unobtrusive assessments in the field that a 

high proportion of the fallers remained consistently within two to four metres of the 

stump. The correlation of the measured tree length to retreat distance (Table 3.7, 

p. 130) though significant was compromised by the simplicity of the retreat 

distance assessment. None of the performance variables employed in the field work 

correlated with the retreat distance. The retreat direction away from the intended 

line of fall also revealed many inconsistencies. Guimier ( 1980) provides falling 

times and acceleration velocities of a sertes of theoretical trees of different sizes and 

shapes. Approximately 70% of total falling time is taken by the first 450 of the fall. 

Combined with data from the tree assessment field work, this suggested that final 

decisions on which way to escape would need to take place early in the fall before 

the tree was halfway to the ground (average total falling time 5.s+ / _ 1.6 seconds, 

Table 3.1). 

In the field the feller initially predicted the type off all or outcome he hoped to 

achieve. Many factors could change between that initial prediction, the completion 

of front cuts, and the moment that the tree started to lift from the stump. Even at 

this late stage defective wood, or wind in the case of smaller trees, can play a 

decisive role in where the tree finally lands. Judgements can rapidly change 

irrespective of the man's ortginal predictions or his initial certainty of achieving a 

normal and accurate fall. On occasion the man may not feel confident about what 

the tree will really do until one or two seconds into the fall itself. The static setting 

out of two regulation style escape paths is a sensible first step but the escape task 

of the faller who might be in heavy undergrowth on piece-work is patently more 

than this. In actual practice one escape may be to retreat a few paces and stand 

watching for projectiles like thrown limbs, another may be to run 5 metres behind a 

tree, another may be to take the prepared escape path, if this is indeed appropriate. 

One instructor regarded the way the back cut opened and the way the tree began to 

leave the stump as the most crucial cues for escape direction, but opinions varted 

considerably among the fallers as to the most important cues to making a good 

escape. 

Expertenced tree fellers report being able to "read" a tree while working on it, and 

hence be sensitive to possible hazards. They claim that by anticipating when a tree 

will fall abnormally rather than normally they can take preventive actions in 

sufficient time to avoid accident or irtjury. The concern in the study now to be 

reported 1s with the capacity of the tree fellers to discrtminate between trees that 

will fall normally and those that will fall abnormally, and particularly the bush lore 
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that the men can decipher such information before cutting the tree has 

commenced. The main proposition under test is that general felling experience is 

associated with accurate signal detection during the actual fall of the tree. It was 

expected that a group of experienced timber fellers would be more able to detect 

abormality than a group of control subj ec~who were familiar with the forest 

environment but had no experience in tree felling. An additional hypothesis was 

that on-the-job instruction would have a positive influence on a feller's signal 

detection performance in all three of the information stages used in the simulation. 

4.1.2 Theozy of signal detection 

4.1.2.1 Introduction 

Signal detection theozy was initially concerned with the detection of radar signals 

(Peterson and Birdsall, 1954). More recently Welford (1968) sought to apply the 

theozy across a wide spectrum of problems from simple reaction time through skill 

acquisition to more speculative propositions on social behaviour. More than 30 

years after the seminal publication by Swets, Tanner and Birdsall ( 1955) signal 

detection theozy is referenced in basic human factors texts (McCormick and 

Saunders, 1982) and afforded a central role in some treatments of human 

performance (e.g., Wickens. 1984). 

The basic concept in signal detection theozy is that the organism is always 

operating in terms of detecting environmental information against the background 

of random neural noise and other masking, conflicting or interfering information 

within the processes of the central nervous system. The theozy is said to be 

applicable in any situation in which there are two discrete though not necessarily 

easily discriminated states of the external world. These states are represented in 

theozy by two normally distributed sets of energy or information values (see 

Appendix 34). The first, the so called "noise alone" distribution, is general 

environmental stimulation and neural noise. The second, the "signal+noise" 

distribution is the values of the noise distribution plus those of the relevant signal. 

The task of the observer is to detect whether the signal is present. The four 

possible states in the theozy are: 

Hit - the signal is present and is correctly identified; 

False alarm - the signal is said to be there, but it is not; 

Correct rejection - the signal is said not to be there, and this is true; 

Miss - the signal is said not to be there, but it is. 
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The hit rate and the false alarm rate obtained from binary yes-no judgements under 

a given condition specify a point on an isosensitivity cmve, and the plot of hit rate 

against false alarm rate as response criterion varies at a fixed discriminability level 

and defines the receiver operating characteristic (ROC) curve for the observer. 

Parametric signal detection measures, such as d' and B, calculated from binary 

yes-no data can be validly interpreted only when the underlying signal and noise 

distributions are normal and have equal variance (see McNicol, 1972). However, 

the alternative approach of requiring an obseiver to make judgements using a 

confidence rating scale that covers a range of criterion values allows the complete 

ROC curve to be generated. Nonparametric measures of sensitivity, P(A), or the 

proportion of the area under the ROC cuive, and response bias, B, the decision 

points or criterion being employed by the operator, can then be derived (McNicol, 

1972). The ROC analysis is said to "give a measure of discrimination that is 

independent of the location of the decision criterion and is presumably 

uncontaminated by the processes such as expectation [probability] and motivation 

[utility] that affect the response" (Swets, 1973, p.995). 

4; 1.2.2 Diagnostic medicine 

The field of medical diagnosis has been seen as a fruitful environment for the 

application of signal detection theory. A main theme in ROC analysis has been 

evaluation of medical imaging techniques in radiological examination. Lusted 

(1971) and Swets (1979) have shown how diagnostic performance in radiology can 

be quanitified using an ROC cUIVe. Abnormalities in the form of disease symptoms 

or tumors are either present in the display or they are not, The task is to make a 

simple yes/no decision as to whether there is abnormality present. The strength of 

the signal, and therefore the sensitivity of the human operator P(A), is related to 

factors such as the number of converging symptoms for the potential abnormality 

and the training of the physician to focus upon the relevant cues. Response bias, 

on the other hand, can be influenced by both signal probability and benefits of 

identification. Influences on signal probability include the disease prevalence rate, 

and whether the patient ts being examined in initial screening (probability of 

disease low, beta high) or referral (probability higher, beta lower). Lusted (1976) 

has argued that physicians' detections tend to be less responsive to variation in 

disease prevalence rate than optimal. Factors that influence payoffs include the 

difficulty in quantifying consequences of hits (e.g., a detected malignancy that will 

lead to its surgical removal with associated hospital costs and possible 

consequences), false alarms (an unnecessary operation), and misses. Placing 

values upon these events based upon financial costs of surgery, malpractice suits, 
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and intangible costs of human life and suffertng is obviously one of the difficulties 

in such research, yet there is little doubt that they do have an important influence 

on a physician's detection rate. Swets and Pickett (1982) provide extensive detail 

describing the appropriate methodology that should be employed when using signal 

detection theory to examine performance in medical diagnosis. 

Though detection of particular abnormalities is only part of a physician's role the 

continual introduction of more sophisticated scanning equipment has changed 

rather than removed the problem of accuracy in diagnosis (Eddy, 1982). Rhea, 

Potsdaid, and DeLuca (1979) estimated the miss rate for detection of abnormalities 

to run between 20 and 40%. Swennsen, Hessel, and Herman (1977) have examined 

the effect on detection of directing a radiologist's attention to a particular area of an 

x-ray plate in which an abnormality is likely to occur. They found that such 

focusing of attention will indeed increase the likelihood of the tumor's detection, 

but will do so by reducing beta rather than increasing sensitivity. Swennsen et al. 

(1979) have also compared search for x-ray abnormalities between conditions in 

which the plates contain only the abnormality (in some proportion) and conditions 

in which the critical target abnormality is mixed with plates containing other 

pathologies. While the former condition produced a higher hit rate, it was 

accomplished by a reduction in beta. This shift in beta was such that the 

sensitivity was actually reduced compared to the mixed plate conditions. 

Parasuraman ( 1985), in comparing detection performance of staff radiologists and 

residents, found major differences between the two populations in terms of 

sensitivity (favoring the staff radiologists) and bias (radiologists showing a more 

conservative criterion in general). A third dimension of contrast between these 

groups, and one with important implications for training, related to the adjustment 

of beta. The staff radiologists were much more responsive than residents in 

adjusting beta according to the disease prevalence rate. 

4.1.2.3 Blue collar vigilance tasks 

In the area of signal detection and hazardous blue collar jobs the main emphasis 

has been on inspection or military type studies, usually of relatively simple 

vigilance tasks (e.g., Craig, Wilkensen and Colquhoun 1981; Drury and Fox, 1975: 

warm, Loeb, and Allusi, 1970; Weiner, 1987). In an industrial application with 

some similarities to the present study, Bltgnaut (1979) used signal detection 

analysis to test mine workers' ability to discriminate visually between the 

dangerous and safe rock conditions that are found in South African gold mines. In 

this study Blignaut examined the effects of experience and special practice on 
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signal detection by novice mine workers and those with some ntne months 

underground experience. The task was to discrtmtnate between safe rock and three 

levels of danger in loose rock, as depicted by stereoscopic slides. The responses 

were given on a 6 point scale ranging from "absolutely certain safe" to "absolutely 

certain dangerous". 

Using four comparison groups Blignaut found that novice workers who had skills 

training with the test slides performed marginally better than experienced but non­

skills trained men in terms of signal detection of the simulated dangerous rock 

surface images. He also found a general improvement in sensitivity as the level of 

danger depicted in the slides increased. In making a plea for special job hazard 

training in addition to job method training, Blignaut still emphasised the problem 

of evaluating the transfer of training from simulated signal detection to actual 

behaviour at the rock face. 

Differences between use of ROC analysis in medical diagnosis, detection of loose 

rock hazards, or tree felling abormality are pronounced. The physician can view 

the stimulus material a second time or change his decision many hours later. A 

miner or tree feller has dynamic information with direct effect on his own chances 

of survival rather than that of a patient. A short search and evaluation time is 

available before reacting and moving physically to escape from a tree that does not 

behave as anticipated or a rock fall or rockburst that occurs without warning. The 

concern in the present study is with detection of information that distinguishes 

abnormally falling trees ("signal" events) from normally falling trees ("noise" events). 

In a between-group comparison sensitivity and response bias measures are 

compared for experienced tree fellers and forestry students who were familiar with 

forestxy conditions but lacked experience in tree felling. In the within-group 

comparison tree fellers who had received field instruction from a company 

instructor within the preceding four months were compared with tree fellers who 

had not received such training. 

4.2 Method 

4.2.1 Subjects 

The experimental group comprised 18 tree-fellers who were recruited from among 

the 39 men participating in the previously reported field study. Ages ranged from 

22 to 47 years (mean 34_4+ / _7.9), and the men had between one and 26 years 

(mean 9. 7+ / _8.6) offull-ttme experience in tree felling. Nine of the 18 men had 

received between 10 to 24 hours on-the-job training from a company instructor 
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over the preceding four months, while the other nine tree-fellers had not received 

such instruction. The comparison group consisted of 18 second-year and third­

year forestzy students at the Australian National University. They ranged from 17 

to 45 years of age (mean 21.56+ / _6.37). Eight of the 18 students had some 

experience in the use of chainsaws, but none had worked full-time in tree felling or 

had cut trees of the size and type used in the simulation film. 

Within the tree-feller group, the instruction sub-group ages ranged from 23 to 47 

years (mean 32.2+ / _13.2), while their experience in full time felling ranged from 

less than one year to 28 years (12.44+ / _9.8). The non-instruction group ages 

ranged from 22 to 45 years (mean 31.8+ / _8.9). with full time felling experience of 

less than a year to 24 years (mean 6.6+ / _6.6). 

4.2.2 Materials and procedure 

Video records of tree felling that had been obtained during the field study were 

inspected to find five examples of abnormal falls that covered problems in the four 

quadrants of the falling circle. The five abnormal falls, each of which constituted a 

"signal" event in the signal detection analysis, were: 

(a) the tree fell to the front, but jumped back and bridged on the stumps, 

(b) the tree sat on the back cut, and then went over backwards, 

(c) the tree twisted to the right as it left the stump, with the potential of 
hitting other trees, 

(d) the tree twisted to the left as it left the stump, with the potential of 
hitting other trees, 

(e) the tree fell fully sideways at 900 to the intended direction. 

The set of five normal falls, each constituting a "noise" event, were falls that had not 

only proceeded as the worker had predicted, but were judged as good falls by the 

instructor and forest work study technician at the time the film was taken at the 

worksite. 

The 10 episodes were edited so that the starting sequence and the important stages 

in cutting before the fall began were available for viewing by the obseIVers. Scarf 

cutting had been filmed from directly in front of the scarf at a distance between six 

and 12 metres, depending on tree size. The cutting of the back of the tree was 

filmed from the left (facing) side of the worker. The signal and noise events were 

presented in a random sequence in a single testing session lasting about one and a 

quarter hours. Immediately prior to each felling episode a static segment was 



shown, and details of the estimated height and volume of the tree were given, as 

well as the comments the original worker had made about the tree before felling 

began. This information was given in the same voice and intonation on the video 

tape for each tree. 
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The tree fellers were tested in their own homes alone in a quiet room. The portable 

video unit (Philips A-910 30.5 screen size) was located at eye height 1.2 metres 

from the subject, and illumination of the screen was maintained at between 100 

and 150 lux (Yew Luxmeter, Type 3281). The control subjects were tested in a 

university laboratory under similar viewing conditions at a later time. The 

instructions to subjects emphasised that the task assessed the person's skill in 

"reading a fall" and predicting what each tree might do. Each time a judgement 

was required the subject had to report whether the fall being viewed was 

"abnormal" or "normal" and how certain he was in this response ("possibly", 

"probably", "certain"). Judgements were thus made on a six-point scale ranging 

from "certain abnormal" to "certain normal''. For each tree the video was stopped at 

three stages during felling: when the scarf cutting was complete, when the tree had 

visibly listed, and when the tree had fallen 30-45° from vertical. Subjects made 

judgements of outcome at each stage. No information was given about the 

accuracy of these judgements. Two practice trials, one depicting an abnormal fall 

episode and the other a normal fall episode, were given prior to the 10 test trials. 

Although subjects were invited to ask questions and to make comments during the 

practice trials, neither comments nor questions were allowed once the test began. 

4.3 Results 

The principal purpose in using signal detection analysis was to establish whether 

the tree fellers were more accurate than a control group of forestiy students in 

predicting outcome on the basis of the information available at three stages in the 

video recordings. For descriptive purposes ROC cmves were generated for tree 

fellers and forestry students by pooling data across subjects in each group. Figure 

4.1 shows ROC curves for the two groups when scarf cutting was complete and 

when the tree had fallen 30-45° from vertical. 

Judgements made by the groups at stage two when the tree had begun to visibly lift 

off the stump are not given in the figure, but these judgements are included in the 

r statistical analys~ that are reported below. Discriminability is defined by the 

percentage of the unit area under the ROC curve; the closer the curve lies to the 

upper left hand corner, the more accurately the observer has been able to 

differentiate signal from noise events. Performance at chance level would yield a 
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diagonal ROC line. It is clear from inspection of Figure 4.1 that tree fellers were 

more accurate than forestry students in predicting whether falls would be abnormal 

or normal, and that even when the tree had fallen 30-450 the forestry students were 

not as accurate in their assessments of outcome at that late stage, as the tree 

fellers had been in the initial judgements they made when only the scarf cutting 

was complete. 

The trends evident from inspection of Figure 4.1 were confirmed through statistical 

analysis based on the nonparametric indices of discriminability and response bias 

calculated from the ROC curves generated from the ratings provided by each 

subject. The discriminability values were transformed to 2 arcsin/P(A). Table 4.1 

reports the mean discriminability and response bias values at the three stages of 

felling, together with standard deviations, for tree fellers and forestry students. 

Multivariate analysis of variance showed a significant difference in measures 

between groups, mult. E (2, 33) = 16.37, p < .01. Univariate tests showed that tree 

fellers had significantly higher discriminability scores than forestry students, E (1, 

34) = 19.90, p < .01. Measures varied across the three stages of felling, mult. E (4, 

136) = 4.12, p < .01, and univariate tests showed that there were significant 

differences in discriminability across stages, E (2, 68) = 5.67, p < .01. Multiple 

comparisons between the discriminability means showed that abnormal and 

normal falls were overall differentiated more accurately when the tree had fallen 30-

450 than when scarf cutting was complete or the tree has visibly lifted. 

There was a significant interaction between group and stages, mult. E (4, 136) = 

2. 78, p < .05, and at the univariate level the differences were again restricted to 

discriminability, E (2, 68) = 3.36, p < .05. Multiple comparisons showed that tree­

fellers were significantly more accarate in predicting outcome than forestry 

students when scarf cutting was complete and when the tree had lifted visibly, but 

not when the tree had fallen 30~45° from vertical. 

There was a significant difference between tree-fellers and forestry students in 

response bias, E (1, 34) = 12.93, p < .01, but for response bias the interaction 

between group and stage in felling was not significant, E (2, 32) = 2.97, p > .05. 

Since the forestry students had lower mean B values than the tree-fellers, they were 

the more likely group when making judgements to report that a display was an 

instance of an abnormal fall. The forestry students were thus not only less skilled 

than the tree fellers in distinguishing between normally and abnormally falling 

trees, but they were biased towards false alarms when making judgements. 
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Table 4.1 Mean sensitivity and response bias values for tree-fellers and forestry students at 
3 stages in felling. 

Sensitivity P(A} Response bias <Bl 

Tree- Forestry Tree- Forestry 
fellers students fellers students 

~ Mean sd Mean .§Q Mean sd Mean §Q 

Scarf cuts 2.20 .48 1.64 .33 3.50 1.01 2.72 1.02 
complete 

Tree vis 2.08 .29 1.76 .23 4.22 .73 2.72 1.13 
lifted 

Tree fallen 2.23 .32 2.01 .37 3.83 1.10 2.83 1.29 
30-45° 

A further multivariate analysis of variance was undertaken in order to compare the 

performance of the nine tree-fellers who had received recent on-the-job training 

from a company instructor and the nine tree-fellers who had not been given such 

training. Discriminability and response bias values were the dependent variables 

in this analysis, while group membership and stages in felling were the 

independent variables. Judgements of outcome did not differ significantly between 

the two groups, mult . .E (2, 15) = 1.06, p > .05, or across the three stages in the 

simulation film, mult . .E (4, 60) = 1.86, p > .05. The two independent variables did 

not have significant interactive influence, mult . .E (4, 60) = 1.86, p > .05. Recent 

on-the-job training thus had no significant effects on simulation judgements made 

by the tree-fellers. 

4.4 Discussion 

4.4.1 The two groups 

The tree-fellers differed from the forestry students in the extent to which they could 

extract from video-recordings information as to whether a tree was falling normally 

or abnormally. The tree-fellers as a group demonstrated the ability to "read" a tree, 

while the forestry students could essentially do no better than chance in the first 

two stages. Performance on the part of tree-fellers was a peak level when scarf 

cutting was complete (typically several minutes before the tree hit the ground), and 

viewing the tree later on when it was visibly lifting or had fallen 30-45° from vertical 

did not improve discriminability. In contrast, the forestry students were most 

accurate in identifying outcome when the tree had fallen 30-45° from vertical (and 
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was within a second or so of hitting the ground), and their assessment of outcome 

at earlier stages in cutting was not much greater than chance discrimination. 

The results show that tree-fellers are skilled in processing information relevant to 

whether a tree will fall normally or abnormally. The skill is related to the specific 

experience of tree-fellers, since other individuals who had knowledge of the forest 

environment but lacked experience in felling trees could not assess outcome 

accurately until very late in the fall. The aspects of experiences that are important, 

and the types of information employed in making judgements, merit investigation in 

further research. The decision processes through which outcome is assessed 

accurately can be identified by asking subjects to report after each judgement the 

rationale for their response. The limited period for which tree-fellers were available 

for testing in the present study precluded use of this approach. As a further 

strategy for investigation of information processing, parts of the display can be 

masked or subject to distortion to establish whether loss of specific information 

lowers accuracy in decision making. 

The tree-fellers differed in terms of the period over which they had worked in this 

occupation, and in terms of whether they had recently received field instruction. 

However, years of experience was not correlated with accuracy in discriminating 

abnormally and normally falling trees (r = -.11, n=l7, p > .05). In terms of 

discriminability indices, there was substantial variability among the 18 tree-fellers. 

The transformed P(A) values ranged from 1.50 to 2.41 for the judgements obtained 

when scarf cutting was complete, and from 1. 79 to 2.54 for assessments of 

outcome when the tree had fallen 30-45°. Neither the basis for individual 

variability nor the importance of individual differences on the signal detection task 

for performance under normal working conditions in the forest could be established 

on the basis of the data collected in the study. 

The objective of assessing performance on the signal detection task was to study 

under more controlled conditions judgements based on the type of information that 

tree-fellers have access to when making decisions in their work environment. 

Whether the videorecordings did in fact provide the information that tree-fellers use 

in appraising a tree they are about to fell was not directly under study. However, it 

would need to be demonstrated that discriminability and response bias as assessed 

through signal detection analysis correlate highly with skilled performance in tree­

felling before measures obtained on the signal detection task can be used for 

purposes such as selection of personnel, training tree-fellers in information 

processing and decision making, and evaluating levels of competence. In settings 
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such as medical diagnosis, improved levels of sk111 in practical decision making 

have been achieved by providing originally inexpert workers with extensive training 

on a signal detection task (see Lusted, 1972; Swets and Pickett, 1982). These gains 

have been demonstrated when the analogue setting (signal detection task) has 

closely resembled the work context (diagnosis). It has been shown in the present 

study that tree-fellers can discriminate trees that will fall abnormally from trees 

that fall normally by the time scarf cutting is complete (several minutes before the 

tree falls). A question of interest is whether training in the use of information of the 

type provided in the videorecordings will benefit decision making and other aspects 

of performance during felling in the forest. 

4.4.2 Reliability and validity 

A question can be raised regarding the use of a two dimensional television image as 

opposed to slides, or the stereoscopic stimuli used by Blignaut (1979). The need for 

dynamic information on the execution of the scarf and back cuts was considered 

essential by the experienced instructors who were consulted regarding the 

simulation material. Three dimensional perspective was lacking but some writers 

have argued for the use of video images in performance measurement studies (e.g., 

Kennedy et al., 1982; Nunneley, Reader and Moldonado, 1982). In the simulation 

visual and auditory cues were available to the subject but the tactile one of 

feedback through the saw, as well as the visual one of being able to look up at the 

head of the tree from the base position as it starts to lift, were not. The size of the 

screen image could also be seen as reducing the validity of the simulation because 

the full panorama of the the fall was not available, and the retinal image was not as 

it would have been in the forest situation. A further question exists as to whether 

using three stages of information was valid in view of the brief average duration of a 

fall. Blignaut ( 1979) in using three levels of danger in each his simulations of loose 

rock could see no better solution, and indeed did not include dynamic movement. 

In the job the escape signal detection phase of a tree's fall occurs in an average 2.4 

seconds (ff the data and calculations of Guimier ( 1980) are accepted). The 

increasing performance of the control group over the three stages suggests it is 

feasible to examine stages in information processing prior to impact. 

The strongest evidence of stimulus fidelity is the clear discrimination of the normal 

falls from abnormal ones. The subjects were picking up relevant information even 

ff its basis could not be clearly articulated. The substantial differences in the 

proportion of hits and misses between the 18 subjects in the abnormal episodes 



also lends weight to this opinion. It is most unlikely that these patterns of 

response occurred by chance. 
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The differences in discriminability between the experienced worker and control 

groups were not large. On the other hand, however, failure to identify one 

abnormal fall in five would be a serious cause for concern in the field situation. 

Loss of statistical power relates not only to the restricted number of signal detection 

trials that were possible, but to ~e essentially skewed clustering of the normal falls 

at one end of the distribution of certainty ratings. Cautions to be considered 

particularly when false alarm rates are quite low are discussed by Long and Wang 

(1981) who suggest that even if signal detection theocy is appropriate, "meaningful 

and independent estimates of sensitivity and criterion as represented by the d and 

B scores are not automatically forthcoming from a signal detection analysis ... 

caution would appear particularly appropriate in applied contexts in which 

additional processes like attention or learning may be involved or where, for 

practical reasons, rather limited trials are employed" (p.230). 

From the outset, the recognised limitation of the sensitivity and bias analysis was 

the small number of stgnal+noise and noise alone trials that were feasible with 

these subjects in the time available and the home setting. The content of the 

simulation in placing skilled subjects in a controlled test situation was thought to 

justify the attempt and counterbalance this weakness. The length of each 

assessment episode was edited to the minimum possible, while still allowing a 

realistic set of felling episodes on the screen. In the final event a greater number of 

trials would have improved the statistical reliability of the study. The calculated 

P(A) values must be seen, quite rightly, as only approximations based on the 

proportional coding of a limited data set of 10 trials. 

There are many interlocking components in the skills necessacy to suIVive in felling 

work. Even small improvements in a bushman's ability to pick potentially 

dangerous falls will increase the chances of suIVival. In terms of the external 

validity of the simulation, the results suggest tree-fellers do become aware of the 

cues associated with an abnormal fall and with the passage of time they develop a 

degree of skill in using these cues and information. However, do the statistically 

signtficant differences between worker and control groups represent large enough 

differences in the practical situation? In the actual job the worker only has time to 

make his initial assessment of the fall in a conscious and relatively leisured 

manner. other stages in the simulation may be partially redundant from the 

escape calculation point ofview;except in the sense of split second and automatic 



responses. The performance of the control group did improve with the additional 

information at each stage to nearly the same level as the tree-fellers. It is also 

possible the tree feller group responded to the simulation in a realistic fashion in 

that once the tree moves there is little time to make further conscious decisions. 

4.4.3 Further research 
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Further research should focus on the basis of pre-crash predictions before any tree 

movement takes place. The link between anticipation of outcome and the failure to 

use prescribed technique needs to be more thoroughly explored in unskilled and 

expert workers. In view of the proven need for feedback in maintaining signal 

detection performance, it would be useful to know whether the feedback available 

to these men when their cuts and judgements for a normal fall are wrong is 

adequately understood and classified by them. It is also necessru:y to have a 

clearer understanding of how the relevant near-accidents are recalled to the best 

effect in other dangerous situations. In spite of prior claims to the contrary, the 

instruction/no-instruction analysis demonstrated that field instruction does not 

appear to give such men a greater advantage over their untrained peers in 

identifying an abnormal fall. The results suggest that current instruction in the 

field gives no significant improvement in these specific perceptual-escape skills 

gamed through day to day experience. An obvious question is whether a different 

type of instruction employing more sophisticated simulations would produce a 

larger difference between experienced and novice workers as well as 

instructed/non-instructed ones. The study suggests that the idea of anticipatory 

escape is in part a convenient myth for management in terms of the set escape path 

regulation and for the feller in the form of a misguided defence mechanism. The 

fact remains that these fine discriminations in variation of the abnormal fall in the 

bush should be one of the things that separates the skilled from the unskilled. It is 

as yet unproven. Because of the relatively small difference between experienced 

felling workers and the control subjects at the final stage of information in the fall, 

there can be little doubt that the problem of signal detection differences during the 

actual fall requires more detailed research work. 
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Chapter 5 

Conclusions and directions for further work 

15.1 Summary of chapters and results 

The attn of the thesis was to test four key components underlying a model of the 

work performance of a group of high-risk rural workers, namely: (a) physical work 

effort in the form of oxygen consumption and heart rate, (b) the Judgement and 

prediction of dangerous work outcomes, (c) felling accuracy on the Job, and (d) 

signal detection in a critical final phase of the work cycle. These issues were 

examined through measures taken in the forest work setting as well as in a 

controlled simulation. The set of separate but inter-related studies can be 

considered a starting point in testing a model of ergonomic demands in hardwood 

felling. Without su·ch basic research more advanced theoretical work with this 

occupation, and others like it, is premature. Overall, it was hoped to advance a 

more scientific explanation of performance failures and error for this particular type 

of hJgh-risk outdoor worker. 

The first chapter reviewed the models and studies of factors thought to be involved 

in tree feller accidents and introduced the behavioural-ergonomics orientation of 

the thesis, while the literature review in chapter 2 examined the issue of the 

measurement of tree feller effort and explored the assumed role of physical 

workload in felling errors. The literature review of chapter 3 emphasised the need 

to investigate judgement and physical skills in the forest with an obseIVational­

inteIView style approach. An exploratozy model was proposed of judgement and 

decision factors connected with the felling accuracy and day-to-day survival 

amongst falling trees. The third chapter also highlighted both the necessity and 

difilculty of applying the skill ergonomics approach (Singleton, 1979) to the 

fieldwork part of the thesis. In chapter 4 the rationale for using signal detection in 

testing a simulation of the men's discrimination in the escape phase of the tree 

felling cycle was given. In attempting to integrate these themes in a final chapter, 

the results reported in each of the three data chapters are briefly reviewed before 

overall conclusions are drawn. 

In chapter two, where the match between the worker's physical working capacity 

and the demands of the Job across a range of forest conditions was assessed, it was 

found that over 60% of the men in this representative sample could be placed in at 

least a high physical working capacity (V02 max) classification. Although absolute 

values of predicted physical working capacity (V02 max) were moderate or above for 

all but three subjects, actual predicted physical working capacity (corrected for age) 
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was consistently higher in the worker groups above 30 years of age. This suggested 

both a training and a possible selective attrition effect in terms of the physical 
aspects of the job. 

Physical effort as indexed by oxygen consumption gave average levels of energy 

expenditure which were lower than had been anticipated from the literature. 

Compared with a study of Australian softwood tree fellers (Fibiger and Henderson, 

1982) and their data for felling and trimming, the hardwood subjects were under a 

lower level of average load (i.e., 30.4 vs 27.4 kJ/min) but the men experienced 

distinctly more delays imposed by the research than those in the softwood study. 

Such delays (which might sometimes also occur under production conditions) could 

act as recovery time in hardwood felllng, especially for workers with lower working 

capacity. Only three workers exceeded the 50% limit for utilisation of capacity 

recommended for manual workers of a high physical working capacity 

classification. Although approximately half the group had utilisation of below 35% 

of V02 max, the utilisation of capacity was found to increase consistently with the 

age of the worker. The men in the above 40 age group had the highest average level 

of utilization at 41% ofV02 max, but this could not be seen as excessive in view of 

their relatively higher physical working capacity and probably higher skill level. 

Large differences in energy expenditure and utilization of V02 max were found not 

only between subjects with the same class of physical working capacity, but 1n the 

same subject dealing with different size trees during the tests. Extrapolations from 

the higher levels of energy expenditure of 30-36 kJ /min found in the research 

suggested that between 40-46% of the sample would be operating at above 40% of 

their maximal physical capacity (VO2 max) at such higher demand levels, and some 

300/4 of the group at over 50% (VO2 max), the maximum permissible limit for 

workers of very high PWC. However, the frequency of productive and non­

productive delays in the working situation are important factors to take into 

consideration in such extrapolations. 

Physical work effort indexed by the full day's heart rate measures indicated that the 

physical cost of the job was more strenuous than suggested by the more limited 

spot sampling of oxygen consumption on specially selected trees. Levels as high as 

l80 beats/min were found, with all subjects having average heart rate nett values 

above the 40 beats/min nett medical recommendation for an 8 hour work day 

11 I 1976. Hunting et al 197 4). It was argued that because of the (Ho mann et a . . , · • 
d the amount of arm work involved (especially with the less 

heavier chatnsaws an 
) r estimation of the V02 max base-line measure using the 

experienced men • an ove 
ht h e occurred. ThiS in tum may have resulted in the 

bicycle ergometer mig av 



percentage utilisation of V02 max being underestimated in the forest. No 

systematic upward trends in heart rate were evident across subjects, and the 

addition of the risk interviewing periods during the day prevented any firm 

conclusion on fatigue effects in relation to the heart rate measure. 
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In chapter three a model was developed of essential behaviours for tree felling 

accuracy and tree-to-tree survival. It was shown that noticeable felling error 

occurred for approximately half the sample of S-trees that were cut down in spite of 

the men being given specific instructions and ample time for maximum felling 

accuracy. A significant majority of these off-target trees occurred when the subject 

was placing the tree where he had perceived the tree's natural lean to be. 

Approximately two thirds of the error group (approximately one third of all test 

trees overall) had their average felling error in the 100-200 range. Close to one 

quarter of the men felled 50% or more of their set of S-trees with measurable error. 

There was no relationship between the two major performance indices of average 

felling error and the proportion of error trees in the man's overall set of S-trees. 

Approximately half of the 83 falls that were pulled from the perceived natural lean 

(31 % overall) were not successful, and doubt as to the reliability of the perception of 

natural lean as a basis for chosen direction was prompted by these and the general 

error findings. 

Of the overall ratings of certainty about the tree's perceived natural lean nearly half 

were at or below the equivocation level of a 50/50 rating of certainty. The men 

were significantly more certain about the direction in which they had chosen to fell 

the tree. The possibility was raiSed that men may have already decided on chosen 

felling direction before their first overt response during interview regarding the 

tree's natural lean. Thus in some cases the man's perception of natural lean may 

have subconsciously followed the preferred felling direction from the start of the 

tree assessment task. The men's certainty about the chosen felling direction did 

not correlate with certainty about the perceived natural direction of the tree. Even 

when the men were distinctly uncertain about the direction of natural lean of a tree 

the certainty about chosen felling direction remained very high in all but a handful 

of cases. The consistently low ratings on the tree's risk and awkwardness were not 

anticipated and added little to the understanding of Judgement in the felling 

process and felling error. Individual ratings of certainty about the success of the 

chosen falling direction, although more variable across the sample than the risk 

d t n "'t correlated with felling error. Both the self assessments of 
ju gemen s, were Wt1r. 

performance by the men and the inadequate retreat distances confirmed the 



consistent pattern of over-confidence and unrealistic perceptions of control of 

felling in many of the tree fellers. 
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The fourth chapter tested the proposition that the tree feller has specialist ability 

in detecting abnormally falling trees as compared with a control group of people 

familiar with the forest environment but lacld.ng tree felling experience. Multiple 

comparisons revealed that tree-fellers were significantly more accurate than 

forestry students in predicting the outcome in the early stage of making a fall, but 

that substantial differences between tree fellers in signal detection performance 

were evident. The dtscrJmination performance of the group of tree fellers remained 

essentially the same at all three stages of information in the simulation rather than 

showing the sequential improvement of the control group, albeit to a slightly lower 

level of performance than the tree feller's in the last seconds of a fall. That ts, 

experienced tree fellers can generally discriminate situations leading to danger 

several minutes ahead of a control group. but fundamentally they may not possess 

much greater accuracy than controls in the last moments during escape from a real 

falling tree. 

5.2 Relatlonshlps between data chapters 

5.2.1 The research strategy 

The research combined forest observations with controlled testing of risk 

perception. The first task was close to normal felling in the forest and the physical 

workload involved, while allowing opportunity to interview the men on tree 

assessments and risk, as well as monitor cutting and retreat behaviour under 

realistic conditions. The second task was an analogue that focussed on a critical 

escape aspect of the job under more controlled conditions. Seen from another 

perspective the research assessed three important aspects of behaviours within the 

felling cycle, and sought to identlfy where failures or blocks occurred with a 

representative sample of workers. A further issue ts whether the laboratory 

measure can be validated against the fieldwork results, although both are 

analogues of the real work-risk situation. 

Though the results of each data chapter can be judged on their own merits, 

relationships between the different facets of the investigation can be identified by 

combining data across studies. Correlations between all of the main variables of 

the three data chapters are gtven in full in AppendJx 33. In this appendix the 

correlation matriX 1s presented in the four main blocks of: 



(1) the physical-biographical variables· 
(ii) those variables concerned with m~dical characteristics and work 
physiology; 
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(iii) the psychological characteristics that were measured by questionnaire 
and; ' 
(iv) the Judgement and performance measures both in the field, and in the 
first stage of the signal detection simulation. 

The interpretation of simple bivariate correlations drawn from a large matrix has its 

pitfalls and some caution is required in interpreting results. Firstly, one can expect 

to find significant results by chance to the level and proportion of the significance 

level one sets for a Type 1 error; in this case, a =.05, in the overall correlation 

matrix. Secondly, statistics such as the average, in the case of certainty ratings for 

example, may be distorted by effects such as regression to the mean or the inherent 

unreliability of the measures used (Kerlinger, 1986). The question of attenuation of 

range must also be considered, since it can lead to an artificial reduction of the 

correlation (Skinner, 1984). Measures for risk and awkwardness were omitted from 

the overall analysis for this reason. In addition, it must be remembered that 

product moment correlations in particular assess linear relationships. Tables 5.1 -

5.4 in the followmg sections take up specific questions of interest on relationships 

between variables and the studies within the thesis. 

Within the set of biological-biographical characteristics of the men, both age and 

experience, and weight and height were strongly correlated as expected (Table 5.1). 

However, weight was the only direct attribute of the men that was correlated with 

the predicted vo2 max values calculated from the bicycle ergometer test (r = .57, 

n=39. p < .001). The question of the relationships between the basic characteristics 

of the men, the work physiology, and the felling outcome is addressed below. 

In the set of four physiological field outcomes (V02: %-util V02: Hr Abs; Hr nett) 

(Table 5.1), the age of the tree feller was positively correlated to the average%­

utilisation of vo2, r = .42, n=34. p < .01, but not to any other field measure. One 

interpretation of this age - %-utilisation correlation is that utilization of physical 

working capacity depends more on motivational factors associated with age than on 

simple physical antecedents. Both weight and height were significantly associated 

with the average energy expenditure (Weight: r =.55, n=34, P < .001), (Height: r = 

.47, n=34. p < .01), but not with the %-utilisation of predicted V02 max. There was 

no association between weight or height and the heart rate measures. Experience 

in the job was not related to any of the field outcomes including average felling 

error. Heart rate nett was negatively correlated with resting heart rate (r = -.48, 

_ 001 ) This would be expected because of the strenuous nature of a blue 
n-39, p <. . 

h fi lling and the action of the law of initial value. Predicted V02 
collar job sue as e 



Table 5.1 Biological - biographic variables and the main physiological outcomes and average felling error. 

Age 

Age 1.00 

Wt 

Ht 

Experience 

Hr Rest 

VO2 max (B/llne) 

AvVO2 

%utl1VO2 

HRabsol 

Av Hr nett 

Av Error 

* p < .05 •• p < .01 ... p < .001 

Biological - Biographic Variables 

Wt Ht 

-.17 .30 

-- .51 *** 

--

Exp 

.70*** 

.00 

.13 

--

Hr 
Rest 

.00 

.00 

-.12 

.00 

--

V02 
max 

-.24 

.57*** 

.37 

.00 

.00 

--

Av 
V02 

.24 

.55*** 

.47** 

.11 

.00 

.32 

--

Field Outcomes (Averages) 

%ut 
V02 

.42** 

.00 

.10 

.14 

.00 

-.59*** 

.53*** 

--

Hr 
Absol 

.12 

-.11 

-.13 

.00 

.00 

-.45*** 

.03 

.54*** 

----

AvHr 
nett 

.12 

.00 

.00 

.00 

-.48*** 

-.21 

.00 

.32 

.78*** 

---

Av 
Error 

-.10 

.06 

-.06 

-.08 

-.13 

.26 

.00 

-.27 

-.13 

.13 

1.00 

.... 
0) .... 
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max of the men was correlated with the %-utilisation of V02 max, but in the 

opposite direction to that expec~ed (r = -.59, n=34, p < .001}; and in contrast to the 

positive age - %-utilisation relatipnship detailed above. Finally, the predicted V02 

max was significantly correlated with the average absolute heart rate for each man 

(r = -.49, n=38, P < .001), which is consistent With the fact that as %-utilisation of 

V02 max increases the heart rate would also be expected to increase (Astrand and 

Rodahl, 1977 p.347-352}. 

As shown in Table 5.1, the key measure of average felling error was not related to 

any of the biological-biographic variables, particularly months of experience in 

felling, nor to the physical workload in terms of either oxygen consumption or heart 

rate. In concert with the data for individual trees in chapter 3, these results (based 

on average values across subjects) strongly indicate that physiological workload is 

not directly related to the man's felling error, either individually or on average over 

a working day. 

As discussed in chapter 1, the general models of logging accidents in the literature 

have placed some emphasis on the role of stable personality characteristics in the 

problem of logger "risk-taking" and accidents. An attempt was made to test this 

issue using a fatalism/locus of control measure and the three sub-scales of the 

Jenkins Activity Survey. 

Table 5.2 correlations between four psychological questionnaire measures and main 
outcomes in the two analogues of felling. 

Av Av 
Hr nett % util 

Fatalism - .16. 
Type A- .37. 
Speed/Impatience - .38 
Hard/driving - .04 

• 05 •• 01 ***p<.001 p<. p<. 

.20 
-.03 
.27 
.09 · 

Field 
(n=35) 

Av Av 
Cert Error 

-.07 
.00 
.00 
.00 

.08 

.00 

.00 

.25 

Simulation 
(n=17) 

P(A) 
Stage 1 

.03 
-.25 
.00 
.25 

5 2 th are si"'"fflcant correlations between two of the 
As shown in Table • ere &· ...... 

d the average physiological response of hr nett, but 
psychological measures an 

b t chosen felling direction, felling error itself, nor 
neither average certainty a ou 



performance at stage one in the simulation ~. related to these selected 

psychological attributes of the men. The fatalism measure that featured so 

prominently in discussions with instructors and experienced tree fellers does not 

correlate with any of the outcome measures of the study. The significant 

correlation between heart rate nett and the first two of the Jenkins Activity scales 

(Type-A, r = .37, n=34, p < .016; speed and impatience, r = .38, n=33, p < .014), 

are in the expected direction and serve to suggest that hr nett is the more 

consistent of the two work physiology parameters that were used in the research. 

Although the range of psychological scales employed in the study was strictly 

limited, these results argue firmly against these and similar personality 

characteristics being involved in performance failures in felling work. 
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When men had made significant felling errors during the day they were mainly 

found to be unaware or unwilling to recognise this fact. At the end of the field 

research day the expert interviewer-observer made general ratings of each man's 

skill in four areas of the job. None of these four skill ratings on each man was 

associated with the basic subject variables of age or experience (see Appendix 33). 

Out of the potentially important rating cues of weight and height, weight was 

significantly associated with "avoiding danger as the tree falls" (Sk3) (r = .44, n=39, 

p < .005). This might indicate that the rating of at least one aspect of a man's skill 

is dependent on something as fundamental as the man's size and physique. 

Table 5.3 lntercorrelation between instructors skill ratings and main outcomes of the study. 

Physiology Felling Error 

Field %-util Hr 

V02 vo2 max nett Av'ge Prop. 

Sk1 .25 .27 .22 -.33 -.42** 

(Base) a 

Sk2 .37 .35 .17 -.43** -.19 

(Scarf) 

Sk3 .41 ** .25 .00 -.25 -.41 ** 

(Avoid) 

Sk4 .00 .00 .00 -.20 -.34 

(Saw) 

• p < .05 •• p < .01 ••• p< .001 

a See over page. 



The four different instructor ratings of each mans skill in: 
(Sk1) preparing around the base of the tree prior to actual cutting 
(Sk2) making the scarf in the front of the tree 
(Sk3) control of the saw in terms of cutting accuracy 
(Sk4) avoiding danger as the tree falls 
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The correlations between the four skill ratings of the expert interviewer-observer on 

the one hand, and the physiological outcomes, average S-tree error and proportion 

of trees with error on the other, are given in Table 5.3. The only statistically 

significant connection of rated skill to work physiology was between "avoiding 

danger as the tree falls" (Sk3) and the average energy expenditure in the field, r = 

.41, n=38. p < .01. None of the ratings of skill was related to the %-utilisation of 

V02 max or heart rate nett. 

The only significant predictor of a man's average felling error is the rating of his 

skill in "making the scarf cuts" (Sk2), r = -.43, n=29, p < .01. Ratings of skill in 

"preparing around the base of the tree" (Skl) and in "avoiding danger as the tree 

falls" (Sk3) were significantly correlated with the index of the proportion of trees in 

the man's S-tree test set that exhibited error, but not with average error. Several of 

these results confirm the expectation that (a) the proportion of error trees would be 

linked to the "clearness around the tree"(Skl), which would facilitate working 

position while cutting the scarf etc; and (b) felling error would link with the "quality 

of scarf cutting"(Sk2). Why the proportion of S-trees with error would be linked to 

"avoiding danger as the tree falls"(Sk3) other than as a covariate or artifact is not 

clear, although the inter-correlation of Skl and Sk3 might be the common factor. 

There was no relationship between the P(A) performance in the simulation and the 

rated skill in "avoiding danger as the tree falls"(Sk3), which was the most likely 

candidate in terms of bush skills to be linked to the simulation performance (see 

Appendix 33). 

5.2.2 Validation of the simulation 

Earlier in the thesis it was suggested that accurate felling and signal detection in 

the escape phase might be related in terms of common underlying cognitive skills. 

Alternatively it could be suggested that there was no commonality between these 

two facets of tree feller performance. The relationship between the two analogues of 

the felling task thus needs to be considered. In the event, the largest correlation 

was that between average felling error and average P(A) value at stage 1 in the 

1 ti 44 n-17 p < 05 (Table 5.4). This result can be interpreted as a simu a on, r = . , - , · 
11 f 1 validation of the simulation test. However, there were only low partia y success u 



correlations of average felling error with P(A) values at stages two and three of the 

simulation. At the same time it should be recognised that data on the signal 

detection simulation were only available for 17 tree fellers. 

Table 5.4 The relationship between the average felling error measure in the field and the 
P(A) values of the three stages of the signal detection simulation (n=17). 

Av 
Fell Error 

Stage 1 

Stage 2 

Stage 3 

Average 
Felling error 

1.00 

• p < .05 •• p < .01 ••• p < .001 

5.2.3 The final view 

Stage 1 

0.44* 

1.00 

p (A) 

Stage 2 Stage3 

0.17 0.10 

0.19 0.28 

1.00 0.83*** 

1.00 
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The research demonstrated that "the combination of the skill ergonomics approach 

and an experimental methodology is feasible in research on tree feller skill and job 

performance. Thus, reliable measures of percepts, judgements, and outcomes can 

be obtained with such a high-risk blue collar sample in their own working 

environment, and in a simulation of part of the overall task. It has also been 

established that it is probably a mistake to assume a continuation of the reputed 

skills of tree Judgement and control of the selective logging axe and crosscut days 

into the relatively new era of the modem high-production chainsaw feller. The 

results call into question some of the central skill and safety myths of the 

occupation of the hardwood and large timber tree fell er. In addition two elements 

of the generic model of logging accidents described in chapter 1 (Lagerlof, 1979) 

were not supported in that, first, physical workload was not found to be linked 

directly to felling error: and second, the two personality measures selected on the 

basis of the literature and instructor recommendations were not associated with 

the main field outcomes in the study. 

This was a study of real skills in a dangerous outdoor rural occupation 

(Rasmussen, 1985; Singleton, 1979). The man-chainsaw-tree system is a dynamic 

but relatively simple one in comparison with the the task of the high-technology 
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process operator. Yet the conclusion has to be drawn from this diverse sample of 

felling workers that it is not a case of "the voluntary acceptance of carefully 

calculated risk with consistently accurate outcomes", but more a "pattern of 

inevitable and very normal errors of which the worker is not fully aware," (p.137). 

There was ample· evidence of the difficulty many of the research subjects had with 

the cognitive aspects of the work in particular, and in their discerning that such 

flaws in their own performance existed. Such results with a sample of the high-risk 

'blue-collar" workers present a challenge to the current literature on the cognitive 

skills of the ''white-collar" process controller (e.g., Rasmussen, 1986). 

Anticipation, or lead, as one of t:~1e three cornerstones of skilled performance was 

discussed in chapter three (p.9O). The man's subjective responses to the tree and 

the "reading" of it are said to enable him to anticipate how the tree would behave 

during the fall (e.g., Dent, 1974; FAQ, 1980). In the current research the certainty 

of achieving an accurate fall was the critical subjective judgement. Fieldwork, with 

all its pitfalls, demonstrated that no consistent link existed between this judgement 

and final felling accuracy. These results and the extent of error across nearly all 

subjects demonstrated that many of the men in the sample were not able to "read" 

and control the tree in the way it is generally assumed. Results from different parts 

of the research converged to show that there would be regular occurrences in the 

work where the man is unable to predict how the tree will behave, and precisely 

where it will fall. This occurred even on some of the occasions where the commonly 

recommended scarf cuts had been made by the worker. It might therefore be 

suggested that the hardwood tree fell er cannot be seen as genuinely skilled in the 

technical-ergonomic sense in this critical part of the Job, simply because there is 

little evidence of consistent anticipation and lead in an important cognitive and 

decision-making area of the job. _Such an assertion about cognitive skill does not 

detract from the fact that considerable physical and chainsaw handling skills may 

still be present, but without the appropriate level of judgement and anticipation 

skills, high levels of physical skill may mean very little to the survival of the tree 

feller. 

A contrary view to that proposed in the thesis is that it was gratifying that 

approximately half of the test trees were fallen accurately, rather than the fact that 

half were not. As discussed in chapter 3 (p.137) it may be possible that accurate 

prediction of felling direction as defined in the study (and work-technique manuals 

i.e., within 50) is impossible, and only a more general margin for error of, for 

example 200, or even greater with particular types of trees, will be possible (no 

matter what the skill and experience of the feller). Are such wider margins of error 
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adequate in the native hardwood and tropical forest, and is this the fundamental 

reason for the great preponderance of injuries and deaths (reported in chapter 1) 

being associated post hoc with the "tree not falling as planned"? The question thus 

becomes one of determining these wider margins of error with different classes of 

tree feller, and different types of trees, especially in relation to the mythology of the 

precise picking of the fall which is prevalent in the current work-technique 

manuals, as well as among the workers themselves. 

In discussing the acquisition of high level practical skills Neisser (1980) asks the 

perennial question of what determines the limits of skilled human performance in 

different settings. His answer is that certain skills have limitations because we 

have not sufficiently pract:tsed them, for "mind has probabilities but no capacity". 

In discussing Neisser (1980), Kinsbourne (1981) proposes that ''what occurs at the 

asymptote of practice is presumably an information-processing sequence which is 

maximally efficient because it unrolls in predetermined fashion without response 

uncertainty" [his emphasis] (p. 77). Response uncertainty however, as Kinsboume 

points out, can be inbuilt in a task in terms of the residual ambiguity of subtle 

choices between responses that might all be labelled correct, and the finer and finer 

discrimination of incoming task information with experience. Given the range of 

variables tested in the thesis and the more difficult and dangerous trees that were 

observed, it seems highly unlikely that any hardwood tree feller, in theory or 

practice, could reach the stage of having negligible response uncertainty with such 

trees. We also have the subtle opportunities for serious error at several stages in 

the felling cycle, as Singleton (1973) clearly describes (chapter 3 p.93). 

In Sweden, where the greatest effort world-wide has been put into tree feller 

training over a more than a decade and where the trees are smaller and virtually 

without defect (as one might find in future Australian eucalypt plantations), a 

significant level of injuries and fatalities is still occurring in the felling workforce 

(Broberg, 1986). The current research demonstrates that high levels of reliability in 

the prediction of felling error on a single tree by the worker themselves, and/ or the 

accurate prediction of average felling error in a set of trees nominated by the 

researcher, remain unattainable at the present time. There is thus a weight of 

empirical evidence to throw serious doubt on the viewpoint expressed by Paulozzi 

(1987) (see p.14) that significant.reduction of tree feller injuries will be achieved by 

wider use of the current training methods, more regulation, or greater inspectorial 

efforts. In terms of the goal of reducing response uncertainty through greater 

ergonomic research effort, and greater development of tree reading skills in the era 

of the chainsaw, no "safe" limits can be set for the job of hardwood felling. There 
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has possibly been too much reliance on making the regulation scarf cuts and 

preparing the regulation style escape routes, and not enough emphasis on work 

technique flexibility and the proper understanding of the underlying skills and 

limitations involved in the work. Possibly the issue of minimising risk in differing 

felling situations should be considered rather than following rigid regulations and 

procedures that give all parties the illusion of safe working. If anything, it is the 

nature of the trees rather than the characteristics of men that prevents one set of 

safe regulations and limits being applicable across all felling circumstances. The 

skill is in matching behaviour to circumstances on a tree by tree basis. 

5.3 Further work 

5.3.1 Further research 

Before considering what might be done to make the performance of the hardwood 

fellers in the 1990s more safe and predictable, it is appropriate to ask whether 

further ergonomic research on this occupational group is warranted. Native forest 

timber fellers will be required in the forests of North America, in tropical hardwood 

forests and in Australia for the foreseeable future (e.g., FAO, 1980; Risby, 1987). 

Other recent studies have recommended increased ergonomic research in this area 

(Paulozzi, 1987; Holman et al., 1987). The present research has explored selected 

parts of the model of tree feller performance in some depth. In discussing further 

work in this area the research aspects are interwoven with the possible application 

of results. Unless more than the improvement of scientific theories is offered to 

such a group as hardwood fellers, further research cooperation from these men 

who risk serious injury on a day-to-day basis cannot be expected. 

In spite of the inconclusive resul~ in relation to physical workload and felling error 

rates, basic work physiology remains an important issue in this Australian example 

of the hardwood tree feller occupation. Walking, climbing, clambering and carrying 

a chainsaw, axe, and tools all require physical strength and fitness. The younger, 

newer, and sometimes more sedentary workers in the study generally revealed 

lower capacity and lower utilisation of capacity in comparison with the older and 

often larger and fitter, experienced men. Consequently, the concept of a single 

physical work capacity test (PWC) being sufficient for selection to such an 

occupation as hardwood felling needs to be re-considered. This may be part of the 

wider changes in the applied work physiology literature that were previously 

discussed in chapter 2 (e.g., Petrofsky and Lind, 1978a). A more 

compartmentalized PWC test, which is indicated by the research, should include 

arm and upper body work, and could be incorporated in any pre-employment 



169 

medical scheme in the industry in the 1990s. A subsidiary field test that involves 

carrying the chainsaw in different terrain and cutting in different positions and at 

different levels might also be possible, and data from such tests should form a work 

physiology and physical sk111s profile of future cohorts of hardwood timber fellers in 

each state (elements of such an approach were being used by some instructors 

during the study). The question of employing sub-maximal or maximal PWC tests 

is yet to be determined. Pre-employment medicals and physical work hardening 

can be recommendedfor new entrants to the industry, as is common practice in 

other high-risk industries (Carson 1985, Mueller, Mohr, Rice, and Clemmer, 1987). 

The role of work physiology in other types of operator error, as well as felling error, 

has still not been fully resolved, mainly because the men in the fieldwork were not 

operating at the limits of their physiological capacity except in three extreme cases. 

There is a firm need for the work physiology results of the research to be replicated 

under Australian or possibly other Pacific Basin forest conditions. The most 

important requirement is for a further study on a smaller sample of new entrants to 

the industry. What might be feasible is a combination of working beyond 40% or 

50% of V02 max levels on a chainsaw canying and cutting task, in combination 

with an improved version of the signal detection simulation that could be used at 

the same time in the laboratory or the field situation. 

The results with the personality characteristics measured in the thesis give little 

encouragement to put limited resources into measures of this particular type in 

future field research. This conclusion does not, however, remove the need to 

consider stable psychological attributes of worker in future questionnaire or survey 

style research. Further work would need to build on the pioneering study of 

Lindstrom and Sunstrom-Frisk (1976). The significant problem of unrealistic and 

over-confident views of their own performance, and possibly denial in the psycho­

dynamic sense, needs to be addressed in future work (McKenna and Hall, 1982). 

One possibility may be to look more at the personal constructs of the tree feller 

about the work group and logging management which may encourage him to adopt 

some of the behaviours found in this study (Brett, 1984). 

The whole folklore of the accurate perception of the natural lean of the usually non­

uniform eucalypt is brought into question by the results of the study. Further 

studies on this subject may have to await developments in the experimental 

literature on global versus specific cues in visual perception (see for example 

Navan, 1977, 198 la, 1981 b). Atleast the question of how frequently the chosen 

felling direction actually comes before the supposed perception of natural lean 



needs to be clarified so that work-technique manuals can be amended where 

necessary. 
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Having carried out research on a representative sample of workers in this high risk 

environment, it is now appropriate to examine the performance of an elite group 

with improvements in the methods and measurement used in the present study. 

At the practical level it may be beneficial to study a small group of carefully selected 

subjects assessing a wide range of trees (without cutting them down), and seeing 

the commonality or diversity of information processing across subjects with a panel 

of expert bushmen as a benchmark. There is a need to study carefully matched 

subjects working in similar felling conditions, and if possible to explore 

perlormance of the reputedly top fellers on veiy carefully matched forest conditions. 

The reluctance of some of these "top men" to discuss or share what they see as 

their own hard won skills is a problem that may need to be overcome. 

Any additional work on risk perception must look at the question of enhancing cues 

for specific risk factors rather than general risk. This work may link with that on 

the perception of natural lean and global versus specific cues in terms of methods 

and measures that may be adopted. There appears to be a need for greater 

understanding and acceptance of the necessity to discriminate between different 

types of risk on the part of the tree fellers. The use of the certainty rating scales in 

the current studies was considered to be a success and is recommended for use in 

further research. 

The purely mechanical approach to felling perlormance might be described as "if 

the right cuts are made according to the work-technique manuals or regulations 

there will always be a safe and accurate fall". However, it would have been naive to 

believe that low-risk hardwood felling was simply a matter of making the regulation 

style cuts in the base of the tree (especially in the wide variety of trees and defect 

that were observed). The question under investigation was that of judgement-skill 

and anticipation, and not chainsaw handling skills per se. Field work confirmed 

that some trees do not always follow the line of the scarf that had been cut into the 

tree. In addition, results concurred with the injuiy statistics literature in that a 

significant proportion of workers are not making the or standard cuts i.e., at least 

60% of the trees had scarf angles of less than the regulation 30°. and that falling 

direction remained far from predictable in a significant proportion of falls. Some 

work has already been carried out on the mechanics of cutting in Australian 

hardwood felling (Crowe, 1985), and this could be developed further. Nonetheless, 

it should be emphasised that the feller is not simply a chainsaw manipulating 
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robot, but a processor of information prior to and following the physical cuts to a 

tree. Further work should seek to establish the tree and psychological factors 

determining failure between the intention of the man in making the "adequate" or 

possibly his ''best" cuts and the final quality of those cuts. Studies should include 

the examination of the action of a scarf that has been deliberately cut to provide 

face angles that deviate from the recommended pattern e.g .. bottom faces on the 

scarf that slope away from the horizontal plane. The effect of over-cutting of hinge 

wood could also be objectively studied. Film material from these engineering 

studies could be then utilised (a) in signal detection studies that lead on from the 

simulation used in the current thesis, and (b) as training and testing material in 

the familiarisation of new fellers with the theory- of the scarf and hinge in mature 

eucalypts, and the mechanical reasons that will cause felling error on the job. It 

may well be that accurate scarf cutting is a growing problem because in spite of the 

beliefs of some of the older workers, the younger elements in the workforce may not 

believe that felling accuracy is so important in terms of minim1zing risk. While 

precision felling is only required in certain felling conditions, the connections 

between judgement, choice, the precision of the final cuts and directions, and final 

error in the fall requires further clarification. 

Since the rating of the scarf quality (Sk2) of the feller by the expert-bushman of this 

study turned out to be best "predictor" of average felling error (r = -.43, n=39, p < 

.01), the rating of feller performance using such scales and tree stump 

measurements needs further investigation and refinement. The North American 

and Scandinavian chainsaw manuals recommend, some would say somewhat 

unrealistically, the "sighting" or "gunning" of nearly all trees. This neither feasible 

nor typical of the normal hardwood production situation. There are thus important 

implications for the evaluation of basic chainsaw cutting skills at the beginning of a 

tree fellers career, as the Scandinavian researchers in particular emphasise 

(Pettersson et al., 1983), and for on-the-job instruction with objective tests of 

cutting skills and exercises on a regular basis. These must form the basis for the 

licensing tests for professional hardwood tree fellers that should be operating by the 

early 1990s. Subjective ratings of practical skill, even if unstated, must form a 

large part of the bush instructor's assessments of the man on the job, and 

obviously needs greater research emphasis because of the results on the feller's 

highly over-confident self assessment that were found in the study. This might link 

into an applied research project of how the post-fall inteIView (used by the 

instructor-obsexver during the research) could be used in on-the-job testing, or by 

the men themselves in the case of major near accidents. These recommendations 



however would suffer the same problems as all incident/near-accident reporting 

programs (Carter and Mencke!, 1985). 
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Accident statistics world-wide confirm that the majority of serious injuries occur 

during the actual fall of the tree (e.g., Broberg, 1986: Hoffle and Butora, 1980; 

Holman et al., 1987; McFarland, 1980; Strut, 1972). The present research revealed 

some of the mechanisms behind this fact. The partially successful validation of the 

signal detection paradigm warrants further research work. The early anticipation 

of the abnormal fall before the tree starts to move is important because detection of 

the abnormal fall signal 1-2 seconds before impact is simply too late for effective 

escape. The research question is thus one of how to enhance this discrimination in 

the new entrant to the industry. The creation of more sophisticated video graphics 

simulations using recent and relatively cheap advances in CAD-CAM, and where 

particular dimensions of the display can be manipulated, is a distinct possibility for 

this and other signal detection scenarios, such as in the case of widow makers for 

example. However, the validation of such simulations with field performance 

criteria would still be of paramount importance. 

In keeping with conventional practice, this thesis and the studies that are proposed 

may serve to form a platform for a prospective study of the medical and ergonomic 

factors in the survival of the hardwood tree fell er. Though not a direct part of the 

thesis the need for a reliable injury and incident recording system in the Australian 

hardwood logging industry is essential if long term evaluations are to take place 

(Purswell and Rumar, 1984). 

5.3.2 The future professional 

When working with an occupational group such as timber fellers one must 

naturally be wary of being too influenced by the stereotype and work mythology of 

the lumberjack that was described in chapter 1. This was not always easy during 

the different stages of the research. Few of the men completely matched the 

lumberjack stereotype in appearance or domestic circumstances. Many were family 

men. Many did not appear to completely understand some of the ergonomic 

realities of the job, and why indeed should they without research results such as 

those presented in the thesis. The question then becomes one of how is the 

hardwood feller to respond once he realises, both through such research as well as 

personal experience, what the ergonomic demands of the job really are? 

In the hardwood feller workforce there will be those who will find it difficult to 

accept the results of the present study. This group will carzy on with the job much 
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as they did before. That is, either getting through the workday in as phlegmatic 

and low-risk way as possible, or continuing to take high-risk actions, but showing 

some of the forms of denial as demonstrated in the ratings of risk, awkwardness 

and certainty, and the self ratings of performance. A further group will be those 

men who have been willing to pursue strongly the different skills in the Job that 

they realised might stand between them and serious injury. Geraghty (1981 p.260) 

puts the point well when speaking of the particular high-risk occupation of interest 

to him: 

The initial stimulus may be nothing more noble than adrenalin addiction. 
But for all dedicated risk sportsmen there is a learning curve: to overcome 
fear is to gain self respect, self possession and freedom unique in a secure, 
but increasingly claustrophobic, society bound by no doubt necessary rules. 
To win acceptance among a group who have found the same road to self 
respect is to join a community and achieve an identity not attainable in the 
fragmented isolation of urban life, the world of the electric light people. 

While a number of hardwood timber fellers may see the opportunities, or indeed the 

necessity, of perceiving the job in this way, many appear locked in to the work for 

economic and demographic reasons. For those men who do understand the danger 

and continually challenging nature of the job, and who may appreciate both the 

aims and the results of this research, the camaraderie that Geraghty (1981) and 

Beckett (1983) sense is clearly evident in the forest, as well the wood chopping 

arena. High level skills require constant practice. Like any other high-risk 

professional some men appear to have learned to accept the inevitable problem of 

"response uncertainty", to use Kinsboume's term, or "expecting the unexpected" to 

use theirs. They appear to appreciate that every tree is a new opportunity to 

pract~e life-saving skills, and that there is a need to maintain their very best level 

of fitness and agility, as well as to use the best equipment available. For others, 

and especially the young and inexperienced, the enigmatic working of chance may 

appear of equal importance to that of the many aspects of skill. The research study 

suggests, however, that there may not be as large a gap between the two types of 

hardwood feller, at least in terms of the probability of survival, as has generally 

been assumed. 
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Appendices 



Appendix 1 
Tradition and the Australian bushman. 

Plate 1 Preparation of a blue gum pile with an adze and broad axe in the 1920s. 

Plate 2 Felling a swamp gum 
with an axe and cross-cut. 
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I (cont.) Appendix 1 

Plate 3 A modern Tasmainian timber feller with chainsaws used for different size trees. 
I 

J 
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Appendlz 2 

Descriptive framework for consideration of forestry and logging working conditions 

Ager (1978) provides one scheme to broadly describe the level of development of working 
conditions for forest workers. He suggested three case descriptions that could be used in 
assessing forestry and logging in any country: · 

Case I Manual techniques under unfavourable socioeconomic 
and climatic conditions 

Malnutrition, heat, poor Jiving conditions, 
unstable employment, low pay, poor vocational 
training, high work load and accidents rates 
are some keywords in this case. 

Case II Moderately mechanized techniques under 
comparatively favourable socioeconomic and 
climatic conditions. 

Low status of forest work, chainsaw-tractor 
operations, high work-load, noise and vibration 
and high accident rates are keywords picturing 
this case. 

Case Ill Highly mechanized techniques under favourable 
socioeconomic and climatic conditions. 

Reasonably good operator comfort and reduced 
accident rates are on the favourable side in 
this case. But noise, lack of physical 
activity, monotony, mental strain and social 
isolation are some of the problems to remedy in 
this case. 
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Appencllz S 

Mechanisation changes to Swedish logging systems 1972-1980 (Pettersson et al., 
1983) 

48.7 
miUion m3 

- 54.J 
million mJ 

(gross volume/ 
~l~l 

(gross volwne) .,...,..,,,, 
# u-:-r 

.,,.,..,.. 42.7 
million m3 .,,.,..,,, 
(gross volume)_,,/ .,,,.. -

7.4 % 
24.5 % 

---- 14.4 % 

~ 

9.2 % 
2-:0" 

- . ----....... ------c.. 36.7 % 
6.4 % 

~ 

~ 

-, 

9.9 % 
~ .O. l 

1.2 

15.0 % 
56.7 % 

35.9 % 

-------------
1972 1975 1980 

- Chipping systems 
..... Feller-limber systems 

- Feller-1,imber-Lucker 
systems 

-Limber-bucker systems 
(off-road) 

-Limber systems 
Limbing-bucking machines 

-at landing 
--.~otor-manual logging systems, 

tree-length method 

..-!~otor-manual logging systems, 
shortwood method 



Tasmania - Major forest types and areas 

(map Australian Forestry, 1982, 45, 221-2) 

FOREST CLASSIFICATION 
0 50 lOO,CM 

-

EUCALYPT FOREST - HIGH QUALITY ASH TYPE 
(height: actual ~ potential > 4 1 m) 

~ EUCALYPT FOREST-~SH. PEPPERMINT GUM TYPE 
~ (height: actual ~ potential 1 5-4 1 m) 

- TEMPERATE RAINFOREST 
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Appendlz4 

TASMANIAN FOREST~ 
ADMINISTRATION "--A. 

DISTRICTS: 
t SMITHTON 
2. BURNIE 
l. QUEENSTOWN 
4. IE\'ONPORT 
~ DELORAINE 
6. LAUNCESTON 
t SCOTT5DAL£ 
I . ANGAL 
II. NORFOUl 
10. TRIABUNNA 
11. GEEYESTON 

Q 
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Appendix 5 

Excerpt from Hager (1980) "Proud fatallsm or preventable death" - A Job description. 

The story behind injury statistics in native forest felling throughout the world has been 
eloquently described by Stan Hager (1980) who was himself an American lumberjack. 
Though a subjective view his article is a realistic description of the job at its most dangerous 
and serves the important purpose of reminding the reader that the forest has !!Q1 changed 
and does not change, and that many of the work hazards for the natural forest faller remain 
m.ich as they were fifty or one hundred years ago. Though the advent of the modern high 
capacity chainsaw has brought changes to the speed of cutting and productivity of the single 
worker, the faller survives in spite of the chainsaw rather than because of it. As Hager puts 
the case in part: 

In the predawn chill of an early October morning, two oddly dressed men leave their pickup 
parked by a dirt road in the Sierra Nevada and begin trudging up a steep, brush-covered 
hillside. They are dressed in heavy black pants, gray "hickory" shirts, massive boots 
studded with inch-long caulks, and battered hard hats. Each carries a chain saw over his 
shoulder, a gallon of oil, two and a half gallons of gas, his lunch, water bag, axe, fifty-foot 
tape for measuring logs, and assorted tools. The older man, Martin, separates from his son 
about halfway up the slope and walks side-hill for a hundred yards or so in the blue-gray 
dimness to the place where he had stopped felling timber the day before. He is breathing 
heavily and already perspiring beneath the accustomed weight of his gear ... Working his way 
uphill. he hears his sons saw start ... and settle into a varying rythmic whine that tells him 
the boy is limbing and bucking a tree he felled the day before. 

The big pine leans heavily uphill into the standing timber, its top a twenty foot spike of dead 
wood where the lightning stuck it. Martin first makes an undercut, chopping out a pie-shaped 
wedge of wood in the direction in which he wants the tree to fall. He then matches the 
undercut on the opposite side of the trunk with a single back-cut that will severe the tree from 
it's stump. Finishing the final inch of his back cut, Martin runs quickly side-hill as the tree 
shudders and begins its plunge to earth ... the snag top comes floating down to stick into the 
ground by the fresh stump. Martin, safely behind a neighboring bole, hears and feels a 
"whump" as his son, a quarter-mile away, fells a tree. 

"Big one,,. he thinks, "to be felt at this distance." 

The rhythm, the working monotony of the day, takes over as he fells, limbs, and bucks tree 
after tree. Anything done long enough becomes routine, even the destruction of 200-foot-tall 
trees, and he works automatically, gauging the lean of trees, checking for signs of rot in their 
stumps, driving plastic wedges with his axe, dodging limbs and tops as they fly back toward 
him. 

At nine o'clock Martin, stopping for his third tank of gas ... 

... The timber faller's chief tool, a chain saw, bears little resemblance to the toy one sees 
advertised on television, and is arguably the most lethal appliance on earth to the man using 
it. My felling saw (a Stihl 090) has a fifteen-horsepower engine driving its heavy steel chain 
around a four-foot bar at the speed of 6,000 feet per minute. It will cut through a thirty-inch 
log in less then a minute and through an arm or leg in a split second. 
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Appendlx7 

The total error reduction strategy and the six basic dlsclpllnes of ergonomics 
(Singleton, 1972a). 

A. Work Organisation: Allocation of function man - machine - computer. 
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B. Tool, Sensors and Workplace Design: Specialist displays and equipment to augment 
human function, simulators of the system. 

C~ Selection, Personnel Sklll Development: Internal models psychmotor, procedural, 
abstract. System failure algorithms and fault finding. 

D. Training and Over-training: Habit and automation versus random rare events. 

E. Fall-safe Procedures: Fail-safe (Rigid) procedures and double & triple checks. 

F. Contingency Planning and Error Recovery: Readiness for low probability events. Pre­
failure, failure and post-failure procedures. Damage reduction and containment. 

G. Monitoring: Human and hardware based monitoring of system/product states and 
processes. 

H. Working Hours and Physical Environment: Working hours and shiftwork. Vigilance. 
Environmental physiology. 

The 6 basic dlsclpllnes In ergonomics (modified from Singleton, 1972a). 

Anthropometry- The dimensions of ~he body 

Biomechanics _ ,:-he _application of forces and 
f1ght1ng stances ------~··--------

Work physiology-The expenditure of energy in work 

Environmental _ Th~ effects of the physical 
physiology envIrorment on the operators 

,s-,_;.. ____ '!' _______ performance 
~ f . . d Sk"II psychology_ln or~t1on processing an 

1 = dec1sIon making 

Occupational _ Training, effort. personnel differences 
_ psychology & social nature of work 
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Appendlz8 

Common law doctrine and voluntary risk. 

"A seNant entering upon his employ saw and contemplated all the risks he would or might 
run and agreed to include them in all his wages and also that he had identified himself with 
all the others seNants acting in the common employment; so that where an injury has 
happened through his own negligence he can have no remedy against his employer". 
Original source unknown, quotation dated (1886). 
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Appendh'.9 

Illustration material used In Ostberg"s (1980) study of perceived risk In Swedish tree 
felllng. 

* The size of the trees should be noted. 

l • -.,,ii, ... ' 
~ . - l ', .,, 

' ... "''-
II.~~""'- ~,.,.,. . 

C Freeing a lodged tree by felling the supportir 
tree. 

D Freeing a lodged tree by felling across it. 

I Making proper main cut and notch but accidently 
cutting through the "hinge". 

J Walking home along a dark forest highway 
without wearing any reflection strips. 

(This situation served as a reference) 
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Appendlz 10 

Number of accidents per mllllon working hours during cutting operations of Swedish 
Forestry Service, 1971-1978 (Sundstrom-Frisk, 1978 & 1983) 
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Medlcal pro-forma used In the study 
Appendlz 11 

-----.L.:.~~;;.;_------------1~--------------~---:,=--
. ., II 1't:, ~ 1,/J._ •• 1---------------,----,-,'---',--

o...a1Cot'd_..o. ( :,J A..f.-J;4,1.JJ 
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Appendb: 12 

Age correction tables for the prediction of VO2 max (Astrand, 1960: Astrand and 
Rodahl, 19n). 

Age Factor max Factor 
heart rate 

15 1.10 210 1.12 
25 1.00 200 1.00 
35 0.87 190 0.93 
40 0.83 180 0.83 
45 0.78 170 0.75 
50 0.75 160 0.69 
55 0.71 150 0.64 

Comment: 
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Age correction for the results of sub-maximal work capacity tests begins at age 15 with a 
correction factor of 1.1 O up to age 25, 26 to 35 is equiv ii ant while above 35 years the 
correction factor is 0.87 and decreases thereafter to O. 75 for 50 to 55 years of age (Astrand 
and Rodhal 1977, p.352-353). Values for predicted maximal oxygen uptake were calculated, 
and VO2 (age) max, subsequently adopted because of the wide range in the subjects ages. 

Descriptive classes for predicted V02 max according to age class (Astrand, 1960). 

VLow Low Moderate High VHigh 
(Litres Oimin) 

Age 

20-29 2.79 2.8-3.09 3.1 - 3.69 3.7 -3.99 4.0 

30-39 2.49 2.5 - 2.79 2.8 -3.39 3.4 -3.69 3.7 

40-49 2.19 2.2 - 2.49 2.5 -3.09 3.1 -3.39 3.4 

50-59 1.89 1.9-2.19 2.2 - 2.79 2.8 - 3.09 3.1 

Proviso: 

Large interpersonal differences always exist in any occupational group. 
Some subjects can have a relatively small aerobic capacity with a relatively large anaerobic 
capacity. 



Appendix 13 

The Douglas formula for the calculatlon of energy expenditure from oxygen 
consumption measurement 

VO;lmin * 4.85 - Kilocalories/min 

Kilocalories/min * 4.187 - Kilojoules/min 

VO;lmin * 20.307 = Kilojoules.min 
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Appendix 14 

Medlcal standards for heart rate and oxygen consumption-energy output at work . 

Lehman (1953). 

Level of effort Energy output 
(kJ/min nett) 

light up.to - 4.35 

moderate >4.35 - 6.24 

mod heavy >6.24 - 13.06 

heavy >13.06 - 17.42 

v. heavy >17.42 - 21.n 

extremely heavy >21.n 

British Medlcal Society (Flblger, 1976). 

Level of effort Energy output 
(kJ/min nett) 

light up.to 

moderate >4.9 

mod heavy >6.9 

heavy >13.9 

very heavy >20.9 

Astrand & Rodahl (1977). 

Level of effort 

light 
moderate 
heavy 
v. heavy 
ex. heavy 

Energy output 
(kJ/min Absolute) 

up to 10.5 
10.5 - 20.3 
20.3 - 30.4 
30.4 - 40.6 

>40.6 

- 4.9 

- 6.9 

- 13.9 

- 20.9 

- 28.6 

Christensen (1953) and Astrand and Rodhal (1977). 

Level of effort 

light work 
Moderate work 
Heavy work 

Heart rate absolute 

(beats/min) 

Very heavy work 
Extremely heavy work 

upto 90 
90-110 

110-130 
130 - 150 
150 - 170 

(kJ/Hour) 

786-1045 

1046-1306 

> 1306 

(kJ/hour) 

834- 1254 

1256 - 1716 
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• Time Study Data {N-391 

• All element Umes fn centt-muwtes. Cub(c metre CM3} equals apprwdmately one tonne for esttmatton purposes. Some figures rounded. 

Subject No Walle to Prep Felling Total (cenU•muw) Non prod "Approx$" 

Ident. trees Total Average trees to Fell Trtm time Total interview for effort 
Volume volume Cross/cut work Prod & Trees M3/ Current 

Ms treeM3 (cenU-mtnulm) delays delays /hour hour quota 

1. 19 94.3 4.96 16.70 7.70 48.75 20.88 9.68 310.6 139.6 11.0 171.1 8.2 40.5 250 

2. 4 38.8 9.69 2.63 12.15 22.94 1.71 1.39 174.2 88.3 20.4 86.00 2.7 26.3 500 

3. 10 30.3 3.03 9.91 12.54 15.64 14.14 3.37 273.9 177.0 5.8 196.6 7.8 23.6 300 

4. 16 59.5 3.72 11.82 7.17 33.02 26.25 10.83 253.6 111.7 11.7 141.9 8.6 32.0 260 

5. 3 157.6 52.53 1.82 23.93 32.91 - - - - 186.4 79.0 2.8 107.5 2.3 104.5 open 

6. 29 75.21 2.59 20.04 11.76 52.52 25.81 19.21 341.3 168.4 24.3 172.9 10.3 26.8 400 

7. 32 49.91 1.56 13.70 15.88 48.67 20.90 16.42 362.6 161.00 32.7 201.6 11.9 18.6 280 

8. 12 104.27 8.69 9.08 9.97 69.50 44.95 15.8 384.9 184.3 18.9 201.6 3.9 34.0 280 

9. 30 55.18 1.84 14.45 9.79 31.10 31.28 9.38 292.8 128.8 12.59 164.0 14.0 25.7 320 

10. 15 42.58 2.84 14.93 13.21 45.86 16.58 5.56 298.4 143.7 25.5 154.7 6.2 17.6 300 I (subject l l)No field data. 
12. 6 92.90 15.48 8.12 13.35 27.26 12.66 32.8 324.5 147.1 30.00 177.36 2.4 37.9 750 0 

1:1 

13. 8 179.69 22.46 7.06 11.60 63.47 3.81 24.85 363.9 171.7 28.00 192.2 2.8 62.8 600 ~ ... 
QI 

14. 9 108.99 12.11 14.29 20.63 32.77 -- 12.08 377.8 154.6 29.64 223.2 3.5 42.3 600 
t,:) 
0 
~ 

15. 3 43.61 14.54 2.71 3.24 10.33 0.54 14.54 109.4 53.00 11.3 56.4 3.4 49.4 600 

16. 30 70.84 2.36 25.66 12.70 38.44 25.26 8.61 321.5 136.8 17.8 184.7 13.2 31.l 300 



Time Study Data (N•39l • (Continued) 

• AU element ttmes !n centt·mtnutes. Cubic metre (M3) equals apprwdmately one tonne for estimation purposes. Some figures rowukd. 

Subject No Walle to Prep Felling Total (cenli•mln8) Non prod "Approx$" 
!dent. trees Total Average trees to Fell 1r1m time Total interview for effort 

Volume volume Cross/cut work Prod & Trees M3/ Current 
M3 treeM3 (centl-mlnu~) delays delay /hour hour quota 

17. 19 105.10 5.53 8.50 14.11 45.60 30.28 8.22 350.5 152.6 27.25 197.9 7.5 41.3 450 

18. 6 94.03 15.67 9.39 14.36 68.78 14.21 21.46 398.1 166.3 22.5 231.9 2.2 33.9 315 

19. 18 52.93 2.94 11.20 9.42 41.75 23.26 7.23 347.2 120.8 8.3 22.5 8.9 26.3 250 

20. 16 68.01 4.25 20.53 9.43 28.15 21.64 10.21 349.16 114.9 13.5 234.3 8.4 35.5 315 

21. 14 39.90 2.85 9.60 7.00 33.55 7.59 8.54 253.5 89.5 16.5 164.1 9.4 26.8 250 

22. 28 76.66 2.74 18.96 14.58 45.86 - - 318.0 107.0 8.0 211.0 15.7 43.0 230 

23. 12 46.25 3.85 2.27 6.82 41.21 11.64 8.15 229.8 102.1 11.7 127.8 7.1 27.2 200 

24. 10 106.11 10.6 19.16 19.17 39.15 8.70 25.10 351.9 144.3 6.7 207.5 4.2 44.12 500 ~ 
8 

25. 14 203.52 14.54 6.72 4.90 21.0 3.9 14.18 221.3 106.9 18.3 114.4 7.8 114.2 990 rt' -
26. 10 14.79 1.48 3.15 6.55 16.19 - - 115.7 30.5 -- 85.16 19.7 29.l open ~ 

0-C::, 
0 
i:s 

27. 6 98.87 16.48 8.85 5.69 34.16 6.86 6.47 198.3 84.8 16.2 113.5 4.2 69.9 700 ff: 
28. 20 48.59 2.43 9.57 6.43 34.77 20.43 8.90 356.0 128.0 21.5 227.9 9.4 

... 
22.75 265 Qt 

~ 
0 

29. 25 51.49 2.06 10.29 6.98 34.85 30.15 3.36 272.9 108.7 10.6 164.2 13.8 28.43 600 
(X) 

30. 12 115.31 9.61 7.91 8.64 34.74 4.09 3.75 238.0 74.4 4.2 163.7 9.7 93.0 265 



• Time Study Data fN•39) {Continued) 

• AU element ttmes In centt·mtnutes. Cubic metre (M3J equals approximately one tDrmefor estlmatton purposes. Some .figures rounded. 

Subject No Walle to Prep Felling Total (cenU·mlns) Non prod "Approx$" 

!dent. trees Total Average trees to Fell Trtm time Total interview for effort 
Volume volume Cross/cut work Prod & Trees MS/ Current 

Ms treeM3 (centl·mtnutes) delays delay /hour hour quota 

31. 13 27.15 2.09 8.27 13.84 38.98 0.38 227.1 91.0 25.3 136.0 8.6 17.90 open 

32. 6 16.62 2.77 6.24 9.63 13.25 145.5 35.0 1.4 110.5 10.3 28.5 open 

33. 17 138.97 8.17 13.46 8.93 45.64 18.39 9.56 300.0 136.2 23.7 163.8 7.5 61.2 500 
(Subject 34)No field data. 

35. 6 122.03 20.34 8.62 18.21 34.91 15.43 5.94 338.8 132.8 16.95 106.0 2.7 55.2 500 

36. 21 98.21 4.68 10.65 9.19 33.86 16.5 9.0 306.7 108.2 16.3 198.5 11.6 54.5 600 

37. 19 94.46 4.97 11.64 14.35 32.90 28.94 4.52 344.94 137.5 25.2 107.4 8.3 41.22 500 

38. 38 75.97 2.00 12.45 8.57 63.53 22.3 11.57 306.0 141.0 17.8 164.9 16.1 32.3 350 

39. 42 75.26 1.79 9.26 9.3 46.2 27.98 7.71 305.7 145.2 22.0 160.5 14.3 31.1 600 'n 
8 

40. 19 129.25 6.80 7.95 3.62 37.61 10.94 5.23 369.8 75.9 2.7 
.... 

294.0 15.0 102.2 800 . -
41. 22 84.53 3.84 14.18 7.79 54.39 26.11 21.09 346.2 166.7 30.6 180.0 7.9 30.42 600 ! 

(t 
ts 

e: ... 
QI 

~ 
0 
(0 
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Appendix 16 

Average Heart Rates In Sample {Overall 126.9 +/_ 15.26). 

Subject/no Mean hr Hr nett Std Dev No of Trees cut 
during study 

1 19 154.9 Highest 90.9 11.4 
2 3 126.3 57.3 10.0 
3 10 111.2 45.2 5.7 
4 16 129.4 53.4 6.9 
5 3 Highest 155.0 89.0 1.7 
6 29 134.2 63.2 7.0 
7 32 127.3 48.3 4.9 
8 12 119.2 59.2 7.2 
9 30 124.6 68.6 6.5 
10 15 129.0 68.0 8.0 
11 No field measurement data collected 
12 136.5 68.5 9.8 7 
13 116.2 60.2 6.6 8 
14 122.0 58.0 8. 7 9 
15 127.0 57.0 6.9 4 
16 111.2 43.2 5.3 30 
17 132.2 66.2 7.8 19 
18 126.0 62.0 8.6 6 
19 122.5 53.5 9.6 18 
20 130.6 54.6 5.8 16 
21 128.1 71.1 8.0 13 
22 121.0 Lowest 43.0 8.2 28 
23 112.2 52.2 7.9 12 
24 116.4 46.4 6.0 10 
25 126. 7 70. 7 5.4 14 
26 129.3 61.3 4.8 10 
27 132.8 64.8 6.1 6 
28 133.4 84.4 8.8 19 
29 Lowest 105.8 51.8 4.8 25 
30 124.1 74.1 9.2 12 
31 122.3 56.3 6.7 13 
32 112.8 58.8 5.4 6 
33 143.4 86.4 8.4 17 
34 No field measurement data collected 
35 127.8 64.8 4.4 6 
36 120.0 62.0 7.7 21 
37 116.3 54.3 3.7 19 
38 136.0 79.0 6.0 38 
39 136.2 63.2 7.2 40 
40 128.3 56.3 5.0 19 
41 133.3 75.3 11.0 22 
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(cont.) Appendbc 16 

Examples of Average Hr In 5 subjects set of trees 

Example 1. 7 S-trees Example 2. 9 S-trees Example 3. 9 S-trees 
Average Diam. 106 +/_ 24 an Average Diam. 88 +/_ 15 Average diam. 101 +/_ 22 an 

Sno tree Hr S-treeOxy Sno tree Hr s Oxy Sno tree Hr s Oxy 
1 1 169 10 1 139 1 19 1 120 
1 2 169 10 2 135 2 19 2 141 
1 3 179 10 3 133 3 19 3 139 
1 4 172 10 4 137 4 19 4 136 
1 5 160 10 5 142 5 19 5 126 
1 6 168 10 6 126 19 6 127 1 -
1 7 155 1 10 7 130 1 19 7 128 2 -
1 8 156 10 8 132 1 19 8 130 3 1 
1 9 149 2 10 9 132 19 9 120 
1 10 144 10 10 132 19 10 124 
1 11 163 10 11 119 6 19 11 118 4 -
1 12 148 10 12 120 7 19 12 116 7 -
1 13 141 4 10 13 116 8 19 13 117 
1 14 149 1 10 14 124 2 19 14 120 6 2 
1 15 137 3 10 15 119 9 19 15 113 8 -
1 16 144 2 19 16 112 9 -
1 17 148 5 19 17 108 
1 18 149 6 19 18 110 5 
1 19 150 7 

Example 4. 1 O S-trees Example 5. 4 S-trees 
Average Diam. 129 +/_ 42 an Average Diam. 73 +/_ 5 an 

Sno tree Hr s Oxy Sno tree Hr S-tree Oxy Sno tree Hr S-treeOxy 

33 1 139 39 1 126 39 18 132 1 

33 2 154 39 2 133 39 19 126 2 

33 3 153 39 3 141 39 20 134 3 

33 4 144 1 39 4 138 39 21 130 4 

33 5 152 3 39 5 131 39 22 138 

33 6 155 2 39 6 137 39 23 150 

33 7 133 39 7 133 39 24 152 

33 8 150 5 39 8 130 39 25 138 

33 9 141 39 9 146 39 26 144 

33 10 141 4 39 10 140 39 27 134 

33 11 128 7 39 11 134 39 28 140 

33 12 142 8 39 12 130 1 39 29 132 

33 13 142 9 2 39 13 141 39 30 144 

33 14 144 39 14 140 39 31 130 

33 15 144 39 15 138 39 32 150 

33 16 137 10 39 16 138 39 33 132 

33 17 129 6 3 39 17 130 39 34 126 
39 35 138 
39 36 150 
-39 37 150 
39 38 134 
39 39 134 
39 40 135 
39 41 128 
39 42 126 2 



Appendb:: 17 

Work and life questionnaire (Fatalism/Locus of control and work Involvement) 
CSIRO DIVISION OF FOREST RESEARCH 
Tasmanian Hardwood Faller Project 
c/o Mel Henderson (062) 818327 

Name •••• Ho...... .Date • 

CONFIDENTIAL 

Time •••••••••• 

These statements are concerned with your opinions on ~ aspects of life in general and 
your work as a f~ller. 

There are no right or wrong answers and similar to before you have a choice of S answers 
to each statement ranging from 'Strongly disagree' to 'Strongly agree'. Having made sure 
you understand the statement clearly,your job is to put a circle around the answer that 
really expresses your opinion. It is not necessary to dwell on each statement, your first 
gut reaction is the best. . 

~ "'¢....:.., ~ ~~ ..U..:.C::. s7rongly 
- . (J disagree Disagree 

The non-financial benefits of falling 
more than make up for the dangers and SD D 

difficultues @ 
. ::::=-:-=:=-d bo . Falling does become routine an rin9;t;, 

~ a- ... ,:;:, ,., 
after a while CY 
I have often found in life that what is 
going to happen will happen 

Chance or luck has played an important 
role in life 

Falling work is only a small part of 
who I am 

Trusting to fate does not usually turn 
out as well as making a definite decision 
on a course of action 

In my case getting what I want has little or 
nothing to do with luck 

Work as a faller has played the greatest 
part (compared with marriage, hobbies, 
sport, etc.) when it comes to understanding 
myself 

Many times in life I have felt that I have 
had little influence over the things that 
ha n to me 

I have other activities in life that mean 
more to me than falling 

Sometimes I do feel that I don't have 
enough control over the direction my life 
is takin 

People are right to say there is no such 
thing as luck 

K:>ney is my main reason for being a 
faller 

K:>st people don't realise the extent to 
which their lives are controlled by 
accidental happenings 

Falling should be the most important things 
in a fallers life 

SD ~ 

SD D 

SD 0 
SD D 

SD D 

SD 

SD D 

SD 

D 

D 

SD 

SD D 

SD D 

SD D 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Many times we might just as well decide 
,what to do by tossing a coin 

Some people have,heavily involved in 
their job, for others the job is just 
one of many interests. I am in the 
fii::.-~t rou . 

What happens to me is my own doing. 

It is not always wise to plan too far 
ahead because many things turn out to 
be a matter of good or bad fortune. 

Taking summer and winter (heat and rain) 
into account, even if I wasn't a faller 
I would want to work in the bush. 

I spend a great deal of time thinking 
about falling when I am not at work. 

When I make plans I am almost certain I 
can make them work. 

0 
A 

A 

A 

A 

A 

A 

A 

A 

A 

Strongly 
disagree 

SD 

SD 

SD 

SD 

SD 

SD 

SD 

Strongly 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

Disagree 

(y 

D 

D 

D 

D 

D 

D 

!!. 

N 

N 

N 

N 

N 

N 

N 
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Agree Strong: 
agree 

A SA 

A e 
(9 SA 

c9 SA 

@ SA 

0 SA 

6> SA 



Factor Analysls of the Work and Life Questionnaire 

Fatalism/Locus of Control Items 
Principal-Components Analysis Number of Cases = 36 

Factor Matrix: 

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 
Variable 

FAJl3 
FAJI4 
FAT6 
FA17 
FAJl9 
FAJl11 
FAT12 
FAJl14 
FAJl16 
FAT18 
FAJl19 
FAT22 

Final Statistics: 

.65337 

.72532 

.21427 

.67996 

.56270 

.22745 

.08346 

.48840 

.46433 

.39075 

.44398 

.49142 

.23679 

.13532 

.58206 

.318n 
-.34074 
-.44844 
.73950 

-.20066 
-.4n57 
.37489 
.32724 

-.17280 

.22336 
-.07404 
.34639 
.09008 
.18892 
.00519 

-.2n61 
-.49414 
-.20085 
.25163 

-.54839 
.64338 

-.03446 
-.11704 
.29154 

-.21725 
-.46278 
.43511 

-.25380 
.13402 
.24885 
.61986 
.18436 

-.00985 

Variable Communality Factor Eigen Pct of Var Cum Pct 

FAJl3 
FAJl4 
FAT6 
FA17 
FAJl9 
FAJl11 
FAT12 
FAJl14 
FAJl16 
FAT18 
FAJl19 
FAT22 

.53404 * 

.56358 * 

.58969 * 

.61928 * 

.68259 * 

.44217 * 

.69531 * 

.54094 * 

.54595 * 

.74on * 

.63893 * 

.68539 * 

1 2.88201 24.0 
2 1.92469 16.0 
3 1.35877 11.3 
4 1.11317 9.3 

24.0 
40.1 
51.4 
60.7 

Rotated Factor Matrix: (Varimax - Kaiser Normalization). 

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 
Variable 

FAJl3 
FAJl4 
FAT6 
FA17 
FAJl9 
FAJl11 
FAT12 
FAJl14 
FAJl16 
FAT18 
FAJl19 
FAT22 

.68531 

.63435 
-.05532 
.71762 
.65629 
.00753 
.12021 
.14031 
.17487 
.29112 
.12771 
.66828 

-.00261 
.02742 

-.31656 
-.17190 
.16890 
.65712 

-.70936 
.33279 
.62510 
.19304 

-.06046 
.31044 

.16028 
.. 39964 
-.18680 
.26593 

-.07812 
.07975 
.39529 
.61265 
.31411 
.18389 
.77479 

-.35674 

.19670 
-.02678 
.67196 
.06351 

-.46610 
.06284 
.14634 

-.18750 
-.16112 
.76482 
.13660 
.12310 
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Factor Score Coefficient Matrix: 

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 
Variable 

FAJl3 .28501 -.03702 -.01086 .10859 
FAJl4 .23057 -.04730 .15515 -.05323 
FAT6 .00019 -.08578 -.12027 .45688 
FAT7 .30702 -.16782 .05190 -.02162 
FAJl9 .32975 -.03664 -.15443 -.35735 
FAJl11 -.07932 .42455 .05623 .15367 
FAT12 .05449 -.43171 .22934 -.01580 
FAJl14 -.05887 .17069 .37952 -.09852 
FAJl16 -.02406 .35303 .18224 -.03053 
FAT18 .04516 .21923 .06734 .58826 
FAJl19 -.06971 -.02143 .48090 .07981 
FAT22 .33514 .14521 -.34065 .10941 

Principal-Components Analysis - Solution constrained to 1 factor 

Factor Matrix: 

Variable 

FAJl3 
FAJl4 
FAT6 
FAT7 
FAJl9 
FAJl11 
FAT12 
FAJl14 
FAJl16 
FAT18 
FAJl19 
FAT22 

FACTOR 1 

.65337 

.72532 
-.21427 
.67996 
.56270 
.22745 
.08346 
.48840 
.46433 
.39075 
.44398 
.49142 

Factor Score Coefficient Matrix: 

FACTOR 1 
Variable 

FAJl3 
FAJl4 
FAT6 
FAT7 
FAJl9 
FAJl11 
FAT12 
FAJl14 
FAJl16 
FAT18 
FAJl19 
FAT22 

.22671 

.25167 
-.07435 
.23593 
.19525 
.07892 
.02896 
.16947 
.16111 
.13558 
.15405 
.17051 
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Work Involvement Items 

Principal-Components Analysis Number of cases = 36 

Factor Matrix: 

FACTOR 1 FACTOR 2 FACTOR 3 
Variable 

Wl1 .52290 .18891 -.34323 
WIR2 .17323 .05201 .85064 
WIR5 .56285 .38417 -.21462 
WIS .65023 -.08839 .01635 
WIR10 .82156 -.23342 -.11338 
WIR13 .10011 .84733 -.18105 
Wl15 .86962 -.23944 -.14320 
Wl17 .73699 -.11013 .26562 
Wl20 .36979 .62349 .37598 
Wl21 .73n5 -.13661 .05869 

Final Statistics: 

Variable Communality Factor Eigen Pct of Var Cum Pct 

Wl1 .42692 • 1 3.70845 37.1 37.1 
WIR2 .75630 • 2 1.44311 14.4 51.5 
WIR5 .51045 • 3 1.16922 11.7 63.2 
WIS .43088 • 
WIR10 .74231 • 
WIR13 .76on • 
Wl15 .83408 • 
Wl17 .62583 • 
Wl20 .66685 • 
Wl21 .56638 • 

= 
Rotated Factor Matrix: (Varimax - Kaiser Normalization). 

FACTOR 1 FACTOR 2 FACTOR 3 
Variable 

Wl1 .47060 .38602 -.23759 
WIR2 .07602 -.05683 · .86446 
WIR5 .43945 .55800 · -.0n25 
WIS .64317 .09478 .09074 
WIR10 .86038 .02922 -.03471 
WIR13 -.14116 .85988 -.03817 
Wl15 .91043 .04233 -.05834 
Wl17 .71066 .05327 .34344 
Wl20 .13386 .62294 .51076 
Wl21 .73708 .06600 .13690 
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Factor Score Coefficient Matrix: 

FACTOR 1 FACTOR 2 FACTOR 3 
Variable 

Wl1 
WIR2 
WIR5 
WIS 
WIR10 
WIR13 
Wl15 
Wl17 
Wl20 
Wl21 

.12043 
-.02894 
.08097 
.18373 
.26710 

-.13559 
.28286 
.19210 

-.06134 
.21299 

.21593 
-.08482 
.32661 

-.01147 
-.07328 
.58937 

-.06898 
-.o5n9 
.3no1 

-.04297 

-.24912 
.72439 

-.11984 
.02830 

-.08906 
-.06097 
-.11292 
.23808 
.39258 
.06201 

Principal-Components Analysis - Solution constrained to 1 factor 

Factor Matrix: 

FACTOR 1 
Variable 

Wl1 
WIR2 
WIR5 
WIS 
WIR10 
WIR13 
Wl15 
Wl17 
Wl20 
Wl21 

.52290 

.17323 

.56285 

.65023 

.82156 

.10011 

.86962 

.73699 

.36979 

.73TT5 

., 
Factor Score Coefficient Matrix: 

Variable 

w•1 
WIR2 
WIR5 
WIS 
WIR10 
WIR13 
Wl15 
Wl17 
Wl20 
W121 

FACTOR 1 

.14100 

.04671 

.15178 

.17534 

.22154 

.02700 

.23450 

.19873 

.09971 

.19894 
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A procedure for sklll appraisal 

General procedure for skill appraisal: 

Appendix 19 
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1. Discuss the skilled activity almost ad nauseam with the individuals who practice it and with 
those to whom and for whom they are responsible. 

2. Try to make this verbal communication more precise by using protocol techniques , critical 
incident techniques, good/poor contrast techniques and so on. 

3. Observe the development of the skill in the trainees and by analysis of what goes on in the 
formal and informal training procedures and in professional assessmant. Make due 
allowance for history, tradition, technological change and so on. 

4. Structure the activity. Identify the dimensions of the percepts, the decision making, the 
strategies of action and the overt activities, and try to provide scales of measurement along 
each dimension. 

5. Check as many conclusions as possible by direct observation, performance 
measurement and by experiment. 

6. Implement the conclusions and provide techniques for assessing the limitations and 
successes of the the innovations. 

Source: 

Singleton (1979) The study of real skills - Vol 1: The analysis of practical skills. (p. 322) 
Appraising a skilled operator. 

(See also Vol 2: Compliance and excellence. (p. 4) with the skill appraisal list points 1-6). 
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Proposed criteria for low-risk professional felllng: 
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From the work-technique manuals previously quoted, and discussions with experienced 
workers and instructors, some of the critical issues in low-risk hardwood felling were reported 
to be: 

1. Good overall planning of the order and general direction of felling within a block. 

2. Chainsaw operating at maximim cutting efficiency. 

3. Felling to a face where possible. 

4. Getting to the heart of the tree in terms of the scarf, up to haH the diameter on many 
occasions, rather than the shallow scarves, that were currently recommended by some 
Scandinavian specialists in softwood felling. 

5. Ensuring solid hinge and thus holding wood, and a high step between hinge and back-cut, 
especially when felling uphill. 

6. Felling with the natural lean where possible. 

7. The judicious and frequent use of wedges in all situations and not jarring the tree 
unnecessarily when inserting or hitting the wedge. 

a. The taking of "calculated risks" when necessary, as long as the man had thoroughly 
considered the external "pressures" on him to attempt the fall, and genuine escape paths 
had been identified and prepared. 

9. Being as certain as possible of a fall before making the final decision on escape paths. 

1 O. Recognising when necessary that the success of a fall is uncertain. 

11. The identification of hazards and hodden stumps to the front and hidden ground debris 
that might fly back. 

12. Careful identification of ''wltlow makers" in the tree being cut, and in surrounding trees, 
both back and front. 

13. The identification of trees and rotten spars both behind and in front that have any chance 
of being set off by the current fall, or being hit glancing blows by it. 

14. Identifying safe trees to move behind, or cutting escape paths where necessary to 
enable you to move at least 4 metres away from the stump, and diagonally from the intended 
direction of fall. 
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Appendlz21 
Research locations. 

TASMANIA 
• so L.-_____ ....,__ _____ _:;100 --

51111 r-_______ _ 

,__ Piape,ty r@'iN1 
..._ ~ Pads. Waler. Lands. __ , __ _ 

Np. Woodchip lndustiy ee,,.,. ____ ...... 

Pulpwood Concestion Boundar, ____ _ 

Printed by courtesy of 
Forestry Commission. Tasrnaoia 



Pro-formas and questionnaires or checklists used In fieldwork. 

1. S-Tree interview checklist (as below) 
2. Tree and stump measurement pro-forma 
3. Interviewer - instructor's skill rating form 

1. Tree/assessment interview check list: 
(Used by Instructor-interviewer) 

1. What were your first thoughts on this tree as you 
were walking up to it (before you weighed him up). 

2. Does the tree want to go in any particular direction 
Nominate Point* 

3. How certain are you of where the tree wants to go? 
Start with sector if necessary. 

(Use example of tree being cut down instantly as 
necessary) 

4. What is the biggest influence on where the tree wants to go. 

5. Second biggest. NB (Clear on Barrel I Head I Both) 

6. Any others? 

7. FALL Where are you going to fall the tree? 

.. 

9. 

8. 

* 

10. 

* 

11. 

Nominate Point? (Start sector if necessary). 

(Check Rex for chosen target) 

What, if anything, could go wrong with this fall. 

(Record) 

How certain are you of your falling direction. 

CARD 

Are there any alternative directions open to you. 
(Did/did not) mention other alternatives. 

1 2 3 

What if anything could GO WRONG 

(Record). 

Reasons (if possible) 
* Tree itself 
* Other trees 
* Conditions/Terrain/Wind 
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12. How much RISK do you feel there is in falling this tree. 

* (CARD) 

13. Out of tree itself, other trees, wind and conditions: 
What is major reason or reasons for this level of risk? 

14. How much experience do you have with this type of tree 

* (CARD). 

16. Could you describe how AWKWARD this tree is as regards 
putting in the front and back cuts. 

* (CARD) 

17. How much experience do you have with this type of tree 

(1) very little 
(2) several times before 
(3) a great deal 

17. Is there anything in particular you will be watching for as tree falls. 

//1//// AFTER Fall \\\\\\\\\ 

18. How did that go. 

(Concrete reasons). 

* (CARD -which description) 

19. Did you change your mind about anything? 

When you were cutting 
When the tree was going down. 

20. Right back at the start what was the first thing you 
thought about in relation to this tree. 

At any time did you tl]Jnk about where you would go if anything went wrong. (first 
tree only) --
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3. Observer-instructor's skill rating form 
(cont.) Appencllz 22 

CONFIDENTIAL CSIRO DIVISION OF FOREST RESEARCH 
Tasmanian Hardwood Faller Project 
C/- Mel Henderson (062) 812801 

Final Co;nments of Bush Instructor 

I 

Name 7""1'~·-•-----'--:--··------':-:-- ----•-- Date ____________ __ T~..;.:---•-
Subject No- - - - - - - - - - • - - - - - • Instructor Initials~.-·• 
Total sample Selected trees 

It is f>OBBibZe that the faZZer being studied ha.s a tb:>astically "off" day at the time 
of the st;udy. To aid later interpretation of other information it; is necessary to 
have an e:rpert opinion on the faZZers pe:r>formance duPing this particular day. 

1. For each of the job elements listed below we would like you to think of a faller who 
represents the best end of the scale and a faller who represents the worst- Place 
their initials in the brackets provided_ 

Could you then mark (/) todays faller on each scale in relation to the performance 
of these top and bottom people_ 

Elements 

Planning the pattern of falling 

VERY POOR POOR 
) 

ADEQUATE 
( ) 

FAIRLY GOOD VERY GOOD 
( ) ( ) .. . 

Preparation around the base of the trees 

VERY POOR POOR ADEQUATE 

( ) 

Assessing the trees natural lean 

POOR 

Putting in his fronts 

TOP PERFORMANCE 

ADEQU~ 

c/i 

VERY GOOD 

cJ) 

Avoiding danger as the tree falls 

TOP PERFORMANCE 

Trimming 

POOR 

VERY GOOD 

ADEQUATE 

( /) 

FAIRLY GOOD 

cv1 
VERY GOOD 

TOP PERFORMANCE ( ) 

FAIRLY GOOD ADEQUATE 

FAIRLY GOOD ADEQUATE 

TOP PERFORMANCE 

Condition of his saw as regards cutting efficiency 

VERY POOR POO~ 

cv> 
ADEQUATE 

( 

FAIRLY GOOD VERY GOOD 

TOP PERFORMANCE 
( ) 

TOP PERFORMANCE 

POOR VERY POOR 

POOR VERY POOR 

TOP PERFORMANCE 



Examples of tree density and working conditions In the study. 
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Appendix 24 
Detalls of each subjects S-trees 

Sno 
S-Tree 

Length Volume diam Certainty of 
Fall time chosen 

Scarf Scarf direct 
Angle o depth% 

Dia. 

I 1 19.0 .80 30.0 5.11 23.0 
I 2 17.0 10.00 110.0 5.47 
1 3 18.0 10.00 121.0 6.04 20 
1 4 15.0 5.00 77.0 5.34 40 
1 5 30.0 14.70 140.0 7.84 15.0 40 
1 6 24.0 12.60 110.0 3.92 11.0 60 
1 7 5.24 60 

2 5 14.0 8.80 130.0 5 .36 24.0 80 
2 4 15.0 8.30 110.0 6.48 21.0 80 
2 2 21.0 12.70 131.0 13.0 100 

3 I 21.0 2.10 51.0 6.60 31.0 100 
3 2 19.0 1.30 41.0 4.64 30.0 .46 100 
3 3 11.0 2.00 74.0 20.0 .36 100 
3 4 18.0 1.60 50.0 22.0 .54 80 
3 5 20.0 1.80 62.0 6.89 23.0 .48 40 
3 6 10.0 9.10 110.0 5.73 22.0 .53 100 
3 7 15.0 4.10 86.0 20.0 .36 100 
3 8 20.0 3.20 61.0 5.37 .51 80 

4 I 18.0 3.60 69.0 5.64 18.0 .46 60 
4 4 15.0 4.20 87.0 7.0 .48 50 
4 5 23.0 7.10 90.0 6.0 .48 40 
4 3 20.0 8.30 95.0 8.12 50 
4 2 23.0 7.10 90.0 7.01 19.0 .44 95 
4 6 6.0 4.50 117.0 5.25 12.0 .38 100 
4 8 18.0 3.80 88.0 13.0 .48 
4 7 18.0 7.10 125.0 5.60 6.0 .50 

5 1 26.0 17.90 122.0 5.95 18.0 .68 80 
5 2 31.0 33.00 182.0 9.97 27.0 .55 90 
5 3 38.0 86.70 285.0 9.47 19.0 80 

6 1 15.0 6.60 114.0 4.34 27.0 .37 80 

6 2 10.0 3.20 109.0 24.0 .09 

6 3 6.0 4.90 132.0 12.0 .43 

6 4 8.0 4.30 90.0 3.10 18.0 .72 100 
6 5 7.0 3.80 113.0 5.47 20 

6 6 8.0 3.30 . 87.0 5.70 17.0 .53 100 

6 7 16.0 14.60 6.81 40 

6 8 8.0 2.10 117.0 5.67 60 

7 6 18.0 2.30 69.0 25.0 .33 40 

7 3 12.0 2.30 68.0 5.67 24.0 .38 60 

7 1 12.0 2.80 67.0 5.60 25.0 .45 60 

7 2 8.0 2.90 89.0 6.24 14.0 .27 80 
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(cont.) Appendix 24 

Sno 
S-Tree 

Length Volume diam Certainty of 
Fall tlme chosen 

Scarf Scarf direct 
Angle o depth% 

Dia. 

7 4 19.0 3.60 66.0 6.04 20.0 .42 60 
7 5 15.0 3.80 79.0 40 
7 7 16.0 2.60 80.0 21.0 .40 20 

8 1 21.0 7.60 100.0 5.39 18.0 .55 
8 2 22.0 10.70 144.0 6.69 22.0 .51 
8 3 14.0 7.60 125.0 4.67 17.0 .43 
8 4 22.0 8.80 106.0 19.0 .49 
8 5 20.0 7.60 115.0 18.0 .57 80 
8 6 25.0 11.20 130.0 5.22 14.0 80 
8 7 24.0 19.90 151.0 5.39 19.0 .40 60 
8 8 20.0 15.20 118.0 6.82 7.0 .25 60 

9 1 17.0 3.60 95.0 4.25 11.0 .26 99 
9 2 10.0 2.60 85.0 5.52 13.0 .45 90 
9 3 11.0 2.60 74.0 5.51 13.0 .32 90 
9 4 18.0 5.40 92.0 6.34 11.0 .41 90 

9 5 18.0 3.00 84.0 6.52 12.0 .43 90 
9 6 15.0 4.60 89.0 5.68 10.0 .45 80 
9 7 15.0 3.00 90.0 3.52 6.0 .39 100 

9 8 12.0 6.10 121.0 5.80 5.0 .20 80 

10 1 10.0 3.10 93.0 6.03 28.0 .31 

10 3 16.0 3.70 85.0 5.85 42.0 .29 

10 4 12.0 2.00 63.0 3.48 40.0 .33 

10 5 15.0 2.80 3 .13 36.0 
10 6 9.0 3.00 100.0 22.0 .41 20 

10 7 11.0 2.50 80.0 3.89 37.0 .23 .so 
10 8 15.0 13.20 41.0 40 

10 9 16.0 14.60 107.0 5.24 

11 No field data collected 

12 1 45.0 10.90 100.0 9.09 11.0 .61 40 

12 2 46.0 36.50 146.0 8.88 8.0 .22 40 

12 3 46.0 9.60 87.0 9.39 12.0 .61 40 

13 1 46.0 18.30 105.0 1.54 17.0 .23 80 

13 2 46.0 11.00 117.0 6.54 27.0 .30 80 

13 3 45.0 18.70 126.0 7.82 20.0 .34 60 

13 4 55.0 85.20 352.0 8.79 14.0 .20 60 

13 5 59.0 24.20 143.0 2.56 16.0 .45 80 

13 6 54.0 13.30 100.0 25.0 .30 

14 1 14.00 119.0 5.90 17.0 .19 80 

14 2 11.00 82.0 40 

14 3 45.0 12.60 128.0 17.0 .32 80 

14 4 22.0 8.80 113.0 17.0 .19 80 
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(cont.) Appendb: 24 

Sno 
S-Tree 

Length Volume diam Certainty of 
Fall time chosen 

Scarf Scarf direct 
Angle o depth% 

Dia. 

14 5 6.89 80 
14 6 10.60 157.0 9.98 80 
14 7 48.0 23.90 185.0 .57 80 

15 1 45.0 8.10 95.0 8.06 20 
15 2 42.0 5.20 7.85 40 
15 3 69.0 30.30 193.0 20 

16 1 26.0 2.10 72.0 4.45 39.0 .40 40 
16 2 31.0 2.50 65.0 5.27 32.0 .54 50 
16 3 25.0 1.70 55.0 4.86 35.0 .46 100 
16 4 28.0 1.70 47.0 5.25 36.0 .41 100 
16 5 34.0 2.30 69.0 5.13 29.0 .41 100 
16 6 28.0 7.00 90.0 6.21 25.0 .33 80 
16 7 32.0 2.90 78.0 8.03 30.0 .36 80 
16 9 28.0 2.30 57.0 31.0 .35 

17 1 26.0 8.40 130.0 4.24 15.0 .36 70 
17 2 34.0 16.40 170.0 4.79 24.0 .33 80 
17 3 40.0 34.20 135.0 5.53 15.0 .38 100 
17 4 29.0 3.10 .80.0 3.48 13.0 .43 80 
17 5 22.0 1.60 70.0 19.0 .57 90 
17 6 22.0 1.70 72.0 5.39 100 
17 8 25.0 2.50 62.0 5.98 20.0 .56 60 
17 9 34.0 16.50 140.0 9.09 18.0 .36 50 

18 1 45.0 43.50 295.0 8.30 30.0 .47 80 
18 8 33.0 14.50 125.0 5.51 30.0 .36 80 
18 4 47.0 25.10 330.0 5.06 27.0 .27 70 

19 1 20.0 1.70 70.0 4.29 25.0 .54 100 

19 2 22.0 4.50 105.0 3.49 25.0 .35 100 

19 3 21.0 7.00 135.0 5.45 18.0 100 

19 4 21.0 1.00 65.0 6.99 25.0 .48 100 

19 5 26.0 4.90 120.0 9.55 27.0 .45 100 

19 6 21.0 2.90 90.0 6.82 25.0 .57 100 
19 7 28.0 8.90 135.0 7.53 11.0 .38 100 

19 8 21.0 2.40 90.0 5.54 20.0 .36 100 

19 9 24.0 3.80 100.0 8.29 25.0 .42 100 

20 1 46.0 7.40. 65.0 25.0 .48 70 

20 2 36.0 3.50 70.0 20.0 .29 75 

20 8 52.0 11.20 80.0 18.0 .53 75 

20 3 48.0 6.20 90.0 15.0 .47 80 

20 5 34.0 3.40 78.0 6.22 25.0 .46 75 

20 6 38.0 3.70 65.0 8.15 20.0 .42 85 

20 4 41.0 4.90 70.0 25.0 .46 85 
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(cont.) Appendlz 24 

Sno 
S-Tree 

Length Volume diam Certainty of 
Fall time chosen 

Scarf Scarf direct 
Angle o depth% 

Dia. 

20 7 52.0 11.20 112.0 25.0 .36 80 

21 2 28.0 3.50 80.0 7.78 25.0 .31 60 
21 I 32.0 3.80 85.0 28.0 .40 60 
21 4 26.0 2.90 75.0 .43 40 
21 5 32.0 3.30 105.0 7.29 30.0 .22 60 
21 3 28.0 2.90 90.0 6.94 30.0 .28 70 
21 6 29.0 5.30 100.0 24.0 .55 5 

22 I 25.0 5.50 124.0 4.67 28.0 .44 90 
22 2 24.0 I.IO 63.0 4.04 35.0 .43 90 
22 3 29.0 1.90 62.0 4.38 36.0 .42 90 
22 4 26.0 7.20 85.0 4.85 38.0 .49 95 
22 5 19.0 2.40 65.0 3.61 37.0 .34 90 
22 6 25.0 1.40 78.0 6.78 38.0 .49 
22 8 32.0 4.00 80.0 4.10 35.0 .54 80 
22 7 26.0 9.40 135.0 6.35 35.0 .39 60 

23 2 47.0 6.20 93.0 5.55 35.0 .38 75 
23 3 37.0 4.70 106.0 8.32 26.0 .47 50 
23 4 26.0 3.00 68.0 5.56 30.0 .42 50 
23 5 44.0 11.10 191.0 9.86 23.0 .44 50 
23 6 36.0 3.80 86.0 5.29 24.0 .52 50 
23 7 3.00 70.0 6.70 50 

23 8 3.00 80.0 5.05 100 

24 I 7.00 125.0 
24 2 39.0 12.60 105.0 8.90 18.0 .56 

24 3 31.0 4.50 108.0 4.89 90 

24 4 37.0 15.20 164.0 5.84 
24 5 38.0 8.60 122.0 80 

24 6 35.0 5.60 81.0 6.47 90 

24 7 36.0 14.40 205.0 18.0 .38 80 

24 8 23.0 12.90 163.0 5.26 21.0 .39 

24 9 43.0 21.70 20.0 11.0 .42 80 

24 10 27.0 3.10 70.0 

25 I 42.0 46.20 310.0 7.25 100 

25 2 37.0 16.30 233.0 8.16 100 

25 3 45.0 31.60 220.0 
25 4 21.0 1.60, 220.0 
25 5 22.0 1.40 66.0 
25 6 45.0 45.50 280.0 9.25 100 

25 7 40.0 31.20 202.0 100 

26 I 23.0 1.60 78.0 4.74 20.0 .45 50 

26 2 24.0 1.20 57.0 5.12 20.0 .46 100 

26 3 37.0 3.80 71.0 5.28 18.0 .45 
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(cont.) Appendlx 24 

Sno 
· S-Tree 

Length Volume diam Certainty of 
Fall time chosen 

Scarf Scarf direct 
Angle o depth% 

Dia. 

26 4 29.0 2.10 80.0 5.01 25.0 .50 25 
26 5 28.0 1.50 80.0 4.50 23.0 100 

27 1 45.0 20.0 320.0 9.61 12.0 .47 80 
27 2 43.0 15.40 220.0 6.93 18.0 .35 80 
27 3 43.0 11.50 110.0 5.90 13.0 .45 80 
27 4 46.0 16.00 210.0 5.91 13.0 .26 80 
27 5 36.0 13.60 153.0 6.81 13.0 .56 80 
27 6 51.0 22.40 162.0 7.67 15.0 .29 50 

28 1 33.0 1.80 90.0 4.01 43.0 .40 50 
28 2 24.0 3.90 95.0 5.46 48.0 .51 10 
28 3 27.0 7.40 150.0 5.92 42.0 .36 50 
28 4 26.0 5.78 105.0 7.52 35.0 .45 50 
28 5 26.0 1.40 64.0 5.19 43.0 .55 60 
28 6 22.0 1.30 62.0 33.0 .33 50 
28 7 29.0 3.80 107.0 6.24 38.0 .34 50 
28 8 31.0 10.10 137.0 9.42 .41 

29 2 29.0 1.60 70.0 6.21 27.0 .45 87 
29 3 28.0 3.00 88.0 4.57 18.0 .53 78 
29 1 26.0 2.00 62.0 5.58 23.0 .48 98 
29 4 29.0 2.50 75.0 8.36 10.0 .24 70 
29 5 27.0 2.30 84.0 5.50 95 
29 7 27.0 2.70 65.0 5.48 18.0 .42 99 
29 6 25.0 2.30 79.0 4.45 96 
29 9 24.0 6.60 95.0 4.80 1.0 .52 98 
29 8 28.0 7.00 129.0 4.67 1.0 .45 96 

30 1 31.0 2.50 70.0 4.89 21.0 .46 75 

30 2 32.0 8.90 120.0 5.55 19.0 .39 60 

30 3 36.0 12.90 158.0 8.26 14.0 .28 60 

30 4 40.0 14.50 160.0 7.94 12.0 .34 
30 6 35.0 3.30 62.0 18.0 .53 70 

30 7 40.0 22.60 195.0 8.85 15.0 .54 70 

30 8 38.0 14.80 130.0 5.40 .47 98 

30 5 42.0 15.70 127.0 6.38 18.0 .48 80 

31 1 16.0 3.10 102.0 4.48 13.0 .59 75 

31 2 22.0 2.00 113.0 3.77 24.0 .40 90 

31 3 25.0 2.20 100.0 6.78 25.0 .20 50 

31 4 18.0 .80 70.0 4.07 23.0 .41 90 

31 5 28.0 10.00 208.0 25.0 .57 

31 6 24.0 5.60 99.0 4.48 20.0 .48 90 

31 7 8.0 .50 90.0 1.44 100 

31 8 22.0 1.20 110.0 4.33 .28 90 

32 2 26.0 3.90 80.0 4.88 



231 

Appendlz 24 

Sno 
S-Tree 

Length Volume diam Certainty of 
Fall time chosen 

Scarf Scarf direct 
Angle o depth% 

Dia. 

32 1 20.0 2.50 84.0 5.22 40 
32 4 2.00 55.0 3.75 20 
32 3 27.0 2.50 85.0 4.35 40 
32 6 24.0 2.60 24.0 5.23 60 
32 5 24.0 3.10 137.0 3.95 

33 1 35.0 18.30 170.0 5.30 90 
33 2 32.0 19.80 215.0 7.76 20.0 .28 70 
33 3 31.0 3.80 90.0 3.57 90 
33 4 35.0 14.70 144.0 16.0 .38 99 
33 5 26.0 10.70 112.0 5.13 21.0 .27 100 
33 7 25.0 6.00 116.0 4.36 24.0 .41 100 
33 8 22.0 2.80 74.0 5.31 29.0 .47 100 
33 9 25.0 8.80 105.0 100 
33 10 36.0 17.40 107.0 5.29 18.0 .47 100 
33 6 38.0 24.50 160.0 6.95 

34 No field data collected 

35 1 52.0 16.90 145.0 .25 100 
35 2 42.0 14.00 134.0 7.80 100 
35 3 45.0 14.60 150.0 5.44 100 
35 4 52.0 26.90 185.0 12.0 .45 100 
35 5 54.0 16.70 110.0 .60 100 

36 1 49.0 8.90 126.0 6.75 17.0 .60 50 

36 2 41.0 4.70 116.0 7.82 28.0 .36 50 

36 3 46.0 9.00 145.0 6.74 13.0 .34 40 

36 5 45.0 7.70 105.0 50 

36 6 45.0 6.00 127.0 6.63 18.0 .55 50 

36 7 41.0 4.20 83.0 4.60 20.0 .45 60 

36 8 44.0 4.40 80.0 60 

36 9 43.0 8.90 97.0 20.0 .58 50 

37 1 42.0 12.50 135.0 5.16 18.0 .48 95 

37 2 36.0 3.30 72.0 5.04 28.0 .35 95 

37 3 44.0 12.90 145.0 7.31 .28 70 

37 4 40.0 5.10 100.0 5.87 15.0 .50 90 

37 5 32.0 5.10 144.0 5.69 27.0 .28 90 

37 6 32.0 3.70 75.0 4.39 30.0 .53 90 

37 7 50.0 · 23.70 199.0 6.12 24.0 .35 100 

37 8 39.0 3.90 83.0 6.39 20.0 .54 90 

38 1 24.0 2.70 79.0 5.12 24.0 .51 75 

38 2 27.0 4.60 95.0 4.79 14.0 .63 75 

38 3 24.0 7.30 110.0 4.60 30.0 .32 75 

38 4 29.0 6.50 105.0 7.59 24.0 .52 75 

38 5 25.0 3.60 87.0 25.0 .40 90 
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Sno 
S-Tree 

Length Volume diam Certainty of 
Fall time chosen 

Scarf Scarf direct 
Angle o depth% 

Dia. 

38 6 26.0 2.10 71.0 6.69 16.0 .54 90 
38 7 22.0 .90 63.0 3.95 23.0 .37 90 
38 8 26.0 3.20 84.0 3.39 26.0 .27 90 

39 1 36.0 3.70 80.0 5.13 34.0 .59 75 
39 2 26.0 3.70 76.0 4.77 42.0 .48 75 
39 3 26.0 2.30 70.0 5.68 28.0 .50 
39 4 26.0 1.70 67.0 5.05 37.0 .60 50 
40 1 43.0 8.10 107.0 6.78 18.0 .54 98 

40 2 36.0 6.40 160.0 7.09 98 
40 3 49.50 230.0 7.67 14.0 .30 98 
40 4 33.0 5.40 .99.0 20.0 .59 100 
40 5 33.0 8.00 118.0 2.77 24.0 .47 100 
40 6 40.0 21.70 197.0 8.86 18.0 .50 98 
41 1 32.0 9.20 110.0 5.16 90 

41 2 37.0 5.30 182.0 22.0 .40 100 
41 3 30.0 19.10 228.0 5.96 .30 100 
41 4 35.0 6.40 228.0 6.64 27.0 .27 
41 5 31.0 8.60 167.0 4.54 10.0 .36 100 
41 6 31.0 6.80 195.0 7.27 18.0 .44 90 
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Appendix 25 

Distribution of the number of trees against 2 dimensions of rated defect: Internal and 
circumference, and the uniformity of tree shape (n=260 trees) 

The gradings of the two dimensions of defect in the S-trees were distributed as in below. 
Close to half the trees (128 trees) were classified by two independent judges as having a 
noticeable degree of internal defective wood and decay, with 30 percent of the trees having 
at least two of the eight sectors of the tree classified as unsound. Only 22 of the 266 trees 
had haH the tree stump, (four or more sectors), graded as defective. In terms of defective 
wood on the circumference of the tree a smaller number of trees, 75 or 30 percent were 
classified as having at least one sector of defect, with the complete distribution as shown in 
the central column of Table 20. The correlation between the subjective grading of internal 
defect and circumference defect was high (r - .83, n=-260, p < .001 ). As can be seen in the 
table, the roundness of the trees circumference at stump height had a much more varied 
distribution across trees than the assessments of defective wood in the stump, with 165 or 
approximately 60 percent of the trees being judged as having more than half the stump 
uneven in shape, and less than ten trees having the sort of cylindrical circumference typically 
found in Australian softwood, such as pinus radiata. 

Sectors 
of tree 
affected 

O (no def) 

1 

2 

3 

4 

5 

6 

7 

8 (full defect) 

Tree Stump Defect 

Internal 

No trees 

132 

54 

39 

13 

13 

7 

2 

Circumference 

No trees 

185 

42 

17 

11 

4 

1 

23 (irreg) 

Tree Stump Roundness 

Un-even 
circumference 

No trees 

-- (round) 

10 

17 

32 

33 

47 

51 

44 

Though rudimentary, these classifications support the commonly held opinion that defect and 
irregular barrel shape are familiar problems for the hardwood tree feller. 
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Appendb:: 26 

Examples of the tree stump qualities once the tree was cut 
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(cont.) Appendb: 26 



Appendb:: 27 
Distribution of scarf type and dimensions used by the men (Overall n:266) 

Scarf Type: 
(Figure 3.1, p. 97-99) 

Conventional 

V-shaped cut 

Humbolt 

Scarf under tree 
/not recorded 

Angle of scarf cut: 

Frequency 
N 

120 

48 

41 

(57) 

Angle 

Up to 9o 
10 -- 190 
20 -- 29° 
30 -- 39o 
40 -- 45o 
Above 45° 

Scarf under tree 

Percent 

57% 

23% 

20% 

Frequency 
N 
9 

77 
81 
30 
7 
1 

/broken (61) 

Depth of scarf Into tree as a proportion (%) 
of the mean stump diameter measurement: 

t_. Up to one quarter depth 

1/4 to 1/3 

1/3 to 1/2 

1/2 to 2/3 

2/3 to 3/4 

No definitive 
measure possible 

Percent 

4% 
38% 
40% 
15% 
3% 

Frequency 
N 

11 

27 

117 

39 

5 

(67) 

Percent 

6% 

14% 

58% 

20% 

2% 

237 
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Appendix 28 

Proportion of directions within the 4 quadrants of the compass for the chosen felllng 
direction of the trees studied. (Proportions for the perceived natural lean In 
parenthesis) (n:246) 

Directions - A quadrant analysis of points of the compass to determine if a prominent choice 
of felling direction existed, that is: 

- Did the the tree fellers choose to fall significant proportions of the trees towards a particular 
point or quandrant of the compass? 

Though there was a preponderance of trees chosen to be fallen to the north-west point of the 
compass it seems justified to conclude that this was a normal spread of chosen felling 
direction, and of the range of natural lean that would present themselves to tree fellers. 
Using forty five degree sectors, which is the most often used 8 way classification of a fall in 
the practical setting, these smaller segments still gave coverage to all points of the compass. 

N 
(34%) (27%) 

34% 25% 
w E 

(19%) (20%) 
17% 24% 

s 
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Appendix 29 

Frequency table of certainty for perceived natural lean and for the chosen direction of 
fall - In 10 point categories 

Rated 
Certainty 

0-10 

11 - 20 

21 -30 

31-40 

41 -50 

51 - 60 

61- 70 

71 -80 

81 -90 

91 - 100 

Perceived natural 
Lean 

(Frequency) 
n=184 

55 

0 

6 

2 

5 

16 

14 

25 

25 

36 

Chosen Felling 
Direction 

(Frequency) 
0=230 

1 

1 

0 

8 

18 

23 

22 

22 

43 

92 



Appendix SO 

Error tress - main characteristics 

240 

In all, the felling of 266 S-trees were studied across the 39 field data subjects. Four of the 
subjects had 9-10 S-trees for study, with 70 percent of the group having 6-8 S-trees. Five 
subjects had only 3 S-trees, albiet mainly of larger diameter. The main characteristics of the 
S-trees that were felled are given in-the secondy table. In terms of diameter some fifty 
percent of the trees were between 50 to 100 ems in butt diameter and forty two percent 
between 101 and 200 ems butt diameter, while the three largest S-trees were over 320 ems 
in diameter. The most common tree height was 25-26 metres. The falling time was the 
average of three measurements taken from the video film of the felling episode 

Error trees (n =135): 
X SD Range 

Length (metres) 27.5 11.2 6-59 
Volume (tonnes) 8.3 10.7 1 -85 
Diameter DBH (ems) 112.9 54.1 24- 352 
Falling time (seconds) 5.8 1.6 <2->9 

All S-trees (n=266): 
X SD Range 

Length (metres) 29.1 11.7 6- 69 
Volume (tonnes) 9.0 10.7 1 - 87 

Diameter DBH (ems) 113.8 52.7 24-350 
Falling time (seconds) 5.8 1.7 <2->9 

All accurate trees (n=106): 
X SD Range 

Length (metres) 32.2 11.6 8-69 

Volume (tonnes) 10.7 11.5 1.- 87 

Diameter DBH {ems) 119.0 52.4 47-320 

Falling time (seconds) 6.0 1.8 1.n 



Appendix Sl 

Details of the trees and subjects of the 8 backwards error trees I.e., trees that fell 
greater than 900 from the chosen direction of fall. 

S PWC Error Risk Awk Hght Vol Dia Average 
No Age Exp VminTree Cert Pull Scarf (M) (T) (ems) Hr Hmett 

4 44 
6 47 
7 19 
14 31 
24 20 
25 36 
29 24 
31 40 

Legend: 

SNo 
Age 
Exp 
PWC 
Tree 
Error 
Cert 
Risk 
Awk 
Pull 
Scarf 
Height 
Vol 
dia 
Hr 
Hr 
nett 

29 4 3 180 50 0 
21 3 5 150 20 1 
1 4 5 155 40 1 
1 5 6 109 80 1 
2 4 3 135 90 1 
16 5 7 121 100 
3 4 6 113 96 0 
22 4 7 180 100 1 

Subject identification number 
Subjects age in years 

0 zero N 20 
0 zero N 7 
4 5 N 15 
2 zero N 19 
0 zero N 31 

30 N 40 
1 5 N 25 
2 zero N 8 

Subjects experience in full time tree felling. 
Subjects vo2 max Or PWC class in terms of Vmin. 
S-tree number in the subjects series. 
Felling error from the nominated direction. 
Subjects certainty about achieving an accurate fall. 
Risk of the fall. 

8 95 129 53 
4 113 129 58 
4 79 122 43 

11 157 123 59 
5 108 110 40 

31 202 123 67 
2 79 98 44 
1 90 122 56 

Awkwardness of making the felling cuts. 
The amount that the tree was pulled away from its perceived natural lean. 
Type of scarf used by the subject ( all N normal conventional scarf) 
Height of the tree to the nearest metre. 
The volume/weight of the tree to the nearest tonne. 
Mid-girth diameter of the tree. 
Average heart rate cutting the tree. 
Average heart rate nett cutting the tree. 

241 
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Appendb: 32 

Correlatlon of physlcal stump measurements and felling error 

Fell Scarf Hinge Width Hinge Height Mean 
error angle depth depth % Left Right Left Right Tree dia 

Fell 
error -.08 .17 .08 .08 .15 .04 -.07 .00 

Scarf *** 
angle -.01 -.26 

*** 
depth .36 

••• 
depth% -.17* -.23 

Hinge width ... ••• 
Left .69 .48 

*** *** 
Right .34 .45 

Hinge Height • *** 
Left .15 .50 

••• 
Right . 35 

Tree dia. 

• p < .05 •• p < .01 ••• p < .001 
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Main correlatlon matrix for the study 
Legend: 

Appendix 33 

Age Subject age years and months. 
Wt Weight. 
Ht Height. 
Exp Experience full-time hardwood felling years and months. 
Skill-1 Instructors rating on skill "preparing base of tree". 
Skill-2 Instructors rating on skill "making the scarf". · 
Skill-3 Instructors rating on skill "control of saw - accuracy". 
Skill-4 Instructors rating on skill "avoiding danger as tree falls". 
Quota Subject's current quota at the time of the study. 
Hr-rest Heart rate at rest. 
Hr-Ave. Average absolute heart rate in the field. 
Hr-nett Ave. Average heart rate nett. 
VO2 max Predicted VO2 max value • 

.. VO2 field Average energy expenditure (VO2) in the oxylog tests . 

.. %-util VO2 Percentage utilisation (VOv in oxylog tests. · 
Type-A Score in Type-A measure of Jenkins Activity Survey. 
Speed/Imp. Score on speed and impatience measure of JAS. 
Hard/driv'g Score on hard-driving measure of JAS. 
Fatalism Score on fatalism/locus of control measure. 
Ave. cert Average certainty for chosen felling direction 
Prop cert Highest proportion of certainty value for felling direction. 
Ave. Error Average felling error in the field. 
Prop Error Highest proportion of felling error value. 
P (A) S/1 P (A) signal detection score at stage 1 of the simulation test. 

Age Wt Ht Exp Skill-1 Skill-2 

Age 1.0000 -.0172 .2898 .6985*** .2056 .1688 
Wt -.0172 1.0000 .5134*** .0058 .0019 .2303 
Ht .2898 .5134*** 1.0000 .1284 .1659 .2746 
Exp .6985*** .0058 .1284 1.0000 .1059 .2038 
Skill-1 .2056 J)019 .1659 .1059 1.0000 .5496** 
Skill-2 .1688 .2303 .2746 .2038 .5496** 1.0000 
Skill-3 .1058 .4387** .3330 .2284 .4132** .5017** 
Skill-4 .0295 .2009 .1657 .1078 .4819** .7839*** 
Quota .0544 -.0404 -.2675 .0053 .2343 -.1621 
Hr-rest -.0912 -.0857 · -.1158 -.0168 -.1339 -.0627 
Hr-Ave. .1209 -.1142 -.1329 .0604 .0558 -.1528 
Hr-nett Ave. .1174 .0019 -.0001 .0550 .2220 -.1695 
VO2 max -.2338 .5733*** .3673 -.0858 .0351 -.0442 
VO2field .2371 .5528*** .4720** .1092 .2486 .3676 
%-util VO2 .4163** -.0104 .0988 .1373 .2649 .3470 
Type-A .2361 .0239 .1012 .1713 .2434 .2334 
Speed/Imp. .2312 .1369 .2157 .0966 .1443 .2130 
Hard/driv'g .0415 .0929 .2279 -.0457 .1513 .3266 
Fatalism -.0431 -.3542 -.3176 -.1159 -.2059 -.5462** 
Ave. certain .2846 -.1346 .0113 .2570 .2040 .2220 
Prop certain .1668 -.0527 .0938 .1174 -.0207 .1421 
Ave. Error -.1053 .0638 -.0606 -.0834 -.3286 -.4332** 
Prop Error -.2227 -.0637 -.1274 -.0344 -.4183** -.1854 
P (A) S/1 .2188 .1254 .3473 -.1130 -.2795 .1208 

Age Wt Ht Exp Skill-1 Skill-2 

** p < .01 ••• p < .001, N varies according to pair-wise deletion for missing data 

Skill-3 

.1058 

.4387** 

.3330 

.2284 

.4132** 

.5017** 
1.0000 

.5146*** 

.1123 
-.1954 
-.1230 
.0100 
.1632 
.4132** 
.2513 
.0724 

-.0767 
.3386 

-.4557** 
-.0431 
-.0538 
-.2362 
-.4134** 
.0255 

Skill-3 



Appendix 34 

Diagram N & S+N dlst~lbutlons In the Theory of Signal Detection 

244 

P(A), the measure which indicates the ability of the operator to differentiate the S+N events 
from N alone. 

(B), which refers to the decision criterion (or response bias) being employed by the operator 
in making the decision about the presence or absence of the signal. 

>­
t-
:J 
m 
cl: m 
~ 
Q. 

Mean X I Mean Y 
C 

PSYCHOLOGICAL MAGNITUDE ( x) 

Hypothetical distributions of the psychological magnitudes of two confusable stimili x and y. 
The distance between their means can be calculated from judgements on a forced choice 
rating sale as detailed in chapter four where d is the measure of discriminability. The dashed 
line, c, represents the ideal symmetrical decision criterion. 
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