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ABSTRACT 

This study assessed the use of heart rate indices and subjective questionnaires m the 

determination of fatigue in motor- manual tree fe lling operations in New Zealand exotic 

plantation fo rests. 

The research design consisted of a causal study utilising an amalgamation of both 

observational and ex post facto data collection techniques employing a cross sectional 

case study approach within a field study research environment. 

Findings from the research indicate that motor-manual tree felling and delimbing are 

tasks not necessarily analogous with excessively high levels of fatigue, even though the 

physiological measures categorised motor-manual felling and delimbing as being 

moderate to heavy workload tasks. Chronic fatigue was avoided, and acute fatigue 

mitigated by the effective use of the fallers self-pacing mechanism, combined with both 

structured and spontaneous rest breaks analogous with the work method adopted by 

motor-manual fallers. Consequently, production was not negatively affected by the 

progression of the working day. Poor work postures commonly adopted by the fall ers 

encourage the progressive development musculo-skeletal damage. Hazards encountered 

by the subjects followed national trends for felling and trimming. Significant decreases 

in thermal comfort and sensation ratings occurred, accompanied by an increase in the 

skin wettedness rating and higher thermal regulation ratings for the majority of the 

fallers. No discernible increase in mental fatigue could be identified during the study. 

The ambient thermal environment and work site terrain had minimal effect on the 

subjects performance levels or physiological and psycho-physiological loadings. 
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CHAPTER 1: INTRODUCTION TO COMMERCIAL FORESTRY 

1.0 Introduction 

This chapter begins with a brief history of plantation forestry in New Zealand, the 

resource and the labour force. It then outlines the current and future labour requirements 

for both current and projected harvesting trends within the industry. The final section 

outlines past and present ergonomic research relating to manual forestry work in New 

Zealand. 

1.1 New Zealand Commercial Forestry 

Forestry is one of the oldest occupations known to New Zealanders. Even before the 

whaling and sealing colonies were established during the late l 700's and early l 800's, 

Europeans had been involved in the extraction of Agathis australis (Kauri) poles for use 

as ship spars. Before European settlement, the indigenous forest was an important aspect 

of the culture of the Polynesian (Maori) population which inhabited New Zealand from 

ea 1000 AD. They harvested the forest for fuel wood, shelter and, using fire, cleared 

areas for the purpose of raising food crops. 

Commercial, or plantation, forestry commenced at the beginning of the 20th century. It 

was recognised that the indigenous forests could not provide the lumber requirements of 

the rapidly growing colony. Plantation forestry boomed during the great depression of 

the l 930's, when large scale planting of predominantly Pinus radiata was undertaken to 

provide gainful employment for the large number of people who were jobless during this 

period. This was the first evidence of the importance of plantation forestry to the nation 

and the employment opportunities it could provide. 

In 1995, New Zealand contained 1,308,000 hectares (ha) of exotic forestry of which 

89.9% was planted in Pinus radiata, 5.1 % Douglas Fir (Pseudotsuga menziesii) the 

remaining 5% consisted of a mixture of exotic softwoods (3%) and exotic hardwoods 

(2%) (Forestry Facts and Figures 1995). In April 1992 (latest available figures), only 

16% of the total Pinus radiata resource fell into the clearfell age class of 25 + years old. 
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More significantly, a further 43% of the total Pinus radiata resource was between 5 to 

l O years away from clearfell age class (Forestry Facts and Figures , 1995 ). 

Between 1920 and 1990, the annual rate of new planting's peaked at approximately 

57 ,OOO ha per year up until the early L 980's when this rate decreased dramatically in line 

with both the standardisation of all land based production incentives (Le Heron L 985) 

and the economic recession instigated by the share market crash of L 987. Since the 

early l 990's an increased interest in forestry investments in the form of joint venture 

retirement and superannuation schemes, combined with the more traditional farm based 

woodlot establishments, has seen the rate of new planting's increase dramatically from 

around 17 ,OOO ha per year in 1990 to an estimated 85,000 ha per year in 1995 (Forestry 

Facts and Figures 1995). The beneficial consequences of such a trend, in terms of the 

continuance of a viable wood fibre source for the forestry sector, are substantial. 

1.2 The New Zealand Logging Workforce 

In February 1994, there were 8548 people employed in the logging and silviculture 

workforces in New Zealand (Forestry Facts and Figures L 995). Current figures are 

unavailable on the exact distribution between these two groups. However, an indication 

can be gained from the previous year's figures which, for a total workforce of 7394 

workers, placed 4552 in silviculture and 2842 in logging (Forestry Facts and Figures, 

1994). The average ± (sd) age of the logging workforce in June 1995 was 31.4 ± 8.9 

years. The average logging experience for the workforce was 8.4 years. Seventy six 

percent of the logging workforce had at least one training module (Byers, 1995a). The 

logging workforce is predominantly male, with only 1.5% of the workforce being 

female (Byers pers.comm, 1996). The logging workforce is comprised of two major 

ethnic groups consisting of 57% European and 41 % Maori. Unlike the silviculture 

workforce, where Pacific Islanders accounted for 9% of the workforce, in logging they 

only accounted for 1.5% (Byers, 1995a). 
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1.3 Future Developments 

Traditionally, employment within the timber harvesting sector of the forest industry has 

contained a significant component of manual work. More recently this started to change 

with the development of technological advances which enable the partial or full 

mechanisation of certain harvesting tasks. Many overseas forestry nations have 

mechanised a large proportion of their timber harvesting and processing operations, 

particularly in Scandinavia and the United States. Such moves have been assisted by 

available and appropriate technologies, favourable timber resources, agreeable 

topography and most importantly, the emergence of critical health and safety issues. 

New Zealand's forest industry, while beginning to mechanise, still reqmres a large 

contingent of manual labour in order for it to function effectively. This will continue to 

be the case for the foreseeable future due to a relatively large proportion of the timber 

resource being established on steep and inauspicious terrain, and economy of scale 

constraints associated with the large production rates generated by mechanised 

operations. Nevertheless, timber production from New Zealand plantation forests has 

consistently increased over the last decade. In 1988 2504 logging workers produced 

3 
9,688,000 m of timber. By 1994 the logging workforce had increased to 3369 and 

3 
production to 15,937,000 m . In relative terms this means that in 1988 each person 

3 
employed in logging produced 3, 869 m of wood per annum. By 1994 this had 

3 
increased to 4,730 m per annum. Whilst some of this increased production would have 

been generated through the use of better technologies and increased production due to 

mechanisation, the majority can still be attributed to increased use of motor-manual 

systems, that is, a person using a chainsaw. 

1.4 Manual Forestry Work 

Manual forestry work has been categorised by many researchers as an occupation 

-I 
requiring moderate to heavy physical workloads (110-145 bt.min ), high rates of energy 

-I -I 
expenditure (7.5 - 10.0 kcal.min ) and oxygen consumption ( 1.5 - 2.0 1.min ) 

(Cristofolini et al., 1990; Fibiger and Henderson, 1982; Hagen, 1993; Harstela, 1990; 
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Henderson, L 984; Kirk and Parker, L 994b; Kukkonen-Harjula, 1984; Parker and Kirk, 

1994; Seixas and Ducatti, l 995). Such work is often undertaken in inhospitable working 

environments, and in close proximity to potentially dangerous equipment and situations 

(Golsse and Rickards, 1990; Vik, 1984). The hazardous nature of the fallers work 

requires constant vigilance in order to prevent serious or fatal injuries from occurring. A 

multitude of factors need to be constantly monitored, observed and corrective action 

taken while working in forest harvesting operations. If any one of these factors are 

misread, neglected or incorrectly diagnosed, then the result for the forest worker can be 

serious injury or death. 

This has been the case with forest harvesting operations globally. Similar research 

findings have been found in Scandinavia (Hagen et al., l 993; Kukkonen-Harjula, l 984), 

Europe (Van Loon, 1976), United States (Johnson and Tabor, 1987; Smith and Sirois, 

1982; Smith et al. , 1985; Smith et al., 1986; Smith and Thomas, 1993), Canada 

(Robinson et al., 1993; Trites et al. , 1993), South America (Apud et al., 1990; Apud 

and Valdes, 1993; Apud and Valdes, 1994; Seixas and Ducatti, 1995), Asia (Andersson, 

1986), Africa (Abeli and Malisa, 1994 ), Australia (Henderson, 1984 ) and New Zealand 

(Gaskin, 1990; Kirk and Parker, 1993a; Kirk and Parker, 1994b; Kirk and Sullman, 

1995; Parker and Kirk, 1993b; Vitalis et al., 1986) to name a few. 

Most of New Zealand's forestry based ergonomics research has followed those 

directions identified by Gaskin in hi s review of past, present and future ergonomics 

research within New Zealand's forestry sector (Gaskin, 1986). This review laid the 

foundation for much of the subsequent nine years human factors based research within 

the industry. Consequently there has been extensive work undertaken to identify the 

physical hazards (Parker, 1991; Parker and Kirk, 1993b; Tapp et al., 1990), accident 

type and frequency, (Gaskin and Parker, 1992; Parker, 1994; Parker, 1995; Prebble, 

1984; Slappendel et al. , 1993), physiological strain (Gaskin, 1990; Kirk and Parker, 

1993b; Kirk and Parker, 1994b, Kirk and Sullman, 1995; Parker and Kirk, 1993a; 

Vitalis et al., 1986;), biomechanical loadings (Gaskin, 1990; Gaskin et al. , 1987; 

O'Leary, 1988), socio-politicalfactors (Byers, 1994; Byers, 1995a; Byers, 1995b; Byers 

and Adams, 1995; Gibson, 1994) and the role of persollal protective equipmellt (Kirk, 
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1992; Kirk, 1993; Kirk et al., 1992; Kirk and Parker, 1994; Prebble, 1981; Sullman, 

1994) associated with forest harvesting operations. 

However, the majority of these studies have traditionally utilised one single measure to 

determine the physiological or mental effort being exerted by the person undertaking the 

observed task. The work undertaken by Kirk and Parker ( 1994b) investigating the 

physiological workloads experienced in several sectors of the forest industry, gave an 

insight into the severity of workloads experienced by forest workers in New Zealand. 

The research by Kirk and Sullman ( 1995) took this work a step further and used a 

series of measures to determine the impact of physiological and psycho-physiological 

stressors on the safety, comfort, productivity and fatigue of hauler breaker-outs. 

The objective of this thesis is to develop this research further by applying heart rate 

indices and subjective questionnaire protocols developed by Kirk and Sullman (1995) to 

motor-manual tree fallers in an attempt to determine fatigue in forest workers. 

1.5 Summary 

This chapter briefly outlined the history of plantation forestry in New Zealand, its 

resource and labour force. It then examined the current and future labour requirements 

for the industry. Past and present ergonomic research relating to manual forestry work in 

New Zealand was examined Chapter 2 identifies key issues pertaining to fatigue and 

reviews past and present research pertinent to each of these issues. 
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CHAPTER 2: LITERATURE REVIEW 

2.0 Introduction 

This chapter begins by discussing the concepts of muscular (physical) and general 

(mental) fatigue, their definitions and mechanisms for measurement. The chapter then 

reviews principal aspects which have been identified as impacting on worker fatigue. 

Thermal load, work environment, work rate, psychological state and physical capacity, 

are reviewed and key issues identified in conjunction with past and present research 

pertinent to each of these key areas. 

2.1 Fatigue 

As stated by Cameron (1974), fatigue is a concept which defies precise definition. It is a 

useful label for a generalised response to stress over a period of time, which has 

identifiable and measurable characteristics, but it has no explanatory value. The effects 

of fatigue may be either acute or chronic, or both, confined to the subjective state of the 

individual or extend into measurable aspects of their performance. 

Fatigue is a very complex concept since it involves both physiological as well as 

psychological factors . Fatigue can be defined broadly into muscular (physical) fatigue 

and general (mental) fatigue. However, Mital et al., (1991) in their review of fatigue 

allowances suggested three fatigue categories; subjective, objective and physiological 

fatigue. Krueger's (1991) investigation into the effects of fatigue, sleep deprivation and 

rest pauses on sustained military performance also used a third category of fatigue, 

namely that of phasic fatigue. Krueger defined phasic fatigue as short term fatigue 

resulting from prolonged vigilance work. 

The maJonty of researchers however, appear to use the more generic physical and 

general fatigue categories (Apud et al., 1972; Astrand and Rodahl, 1986; Brzezinska, 

1968; Grandjean, 1979; Grandjean, 1988; Mascord and Heath, 1992; Mital et al., 1991 ; 

Okogbaa et al. , 1994; Rodahl, 1989; Rosa and Colligan, 1988). Physical fatigue is 
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generally defined as being an acutely painful phenomenon, which arises in overstressed 

muscles, and is localised there. General fatigue, in contrast, is a diffused sensation 

which is accompanied by feelings of indolence and disinclination for any kind of 

activity (Grandjean, 1988). Both forms of fatigue are seen as being natural protective 

devices designed to prevent the body from overstraining itself as well as allowing time 

for the body's recuperative processes to take place (Apud et al., 1972; A.strand and 

Rodahl, 1986, Grandjean, 1988; Rodahl, 1989). 

The quantitative measurement of fatigue has been of interest to ergonomists and 

industry alike for many years (Brzezinska, 1968; Grandjean, 1979; Radjef, 1972; Rosa 

and Colligan, 1988; Mascord and Heath, 1992; Mital et al., 1991). Ergonomists have 

investigated the relationships between fatigue and the level of stress so as to develop 

ways of improving work methods and conditions in order to make such tasks less 

demanding on the worker. Industry on the other hand wishes to know the relationship 

between fatigue and worker output and the influence of working conditions and 

methods. Ideally the sole objective of these two groups should be the development of 

work methods and conditions which provide an efficient level of worker productivity 

without detrimentally effecting either the workers safety, comfort or long term health. 

Actual measurement of fatigue presents one serious limitation in that to date there is no 

way of directly measuring the extent of fatigue itself in absolute terms (Apud et al., 

1972; Grandjean, 1988; Radjef, 1972). There is no absolute measure of fatigue , 

comparable to that of energy consumption, expressed in kilojoules. All the experimental 

work carried out so far has merely measured certain manifestations or "indicators" of 

fatigue (Grandjean, 1988). As a consequence, several of these "indicators" must be 

measured simultaneously at set intervals throughout the period in which the task is 

being undertaken. Once this has been done, the level of fatigue can be concluded from 

these indicators. A key indicator which must be included in any assessment of fatigue is 

a person's subjective feeling of fatigue . As stated by Grandjean (1988), a measurement 

of physical factors needs to be backed up by subjective feelings before it can be 

correctly assessed as indicating a state of fatigue . 
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Grandjean ( l 988) states that the six most commonly used methods of fatigue 

measurement are: 

I. Quality and quantity of work performed. 

2. Recording of subjective impressions of fatigue. 

3. Electroencephalography (EEG). 

4. Measuring subjective frequency of flicker-fusion of eyes. 

5. Psychomotor tests. 

6. Mental tests. 

Fatigue can be caused by a number of factors (Figure 1) and is usually the result of an 

amalgamation of several factors which occur during the working day or week. Closely 

linked with the concept of fatigue is that of recuperation. A strong emphasis must be 

placed on the fact that stress and recuperation must balance out over the 24-hour period, 

and that neither of these should be carried over to the next day. If rest is unavoidably 

postponed until the following evening, this can be done only at the expense of well­

being and efficiency (Grandjean, 1988). Such a phenomenon is not uncommon within 

the forest industry due to the hard physical nature of the work, harsh working 

environment, long working days (12 - 14 hours/day), extended working weeks (5 .5 - 6 

days/week) and associated short recuperation time (1 - 1.5 days/week). As a 

consequence, the potential for workers to develop symptoms of chronic fatigue abound. 

There are numerous physical, environmental and psychological factors which effect a 

person's ability to perform physically in their work environment (Figure 2). The 

relationship between the work load and work capacity is affected by a complicated 

interplay of many factors, both internal and external, which must be taken into 

consideration (Astrand and Rodahl, 1986; Okogbaa et al., 1994). By far the most 

important of these factors in relation to the task of tree felling are; thermal load, 

physical work environment, work rate, psychological state and physical ability. 



Figure 1: Combined Effect of Everyday Causes of Fatigue. 
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Figure 2: Factors Affecting Physical Performance. 
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2.2 Thermal Load. 

The primary concern for forest workers in terms of thermal strain 1s heat stress. The 

worker usually has only a relatively small degree of control over this factor. The thermal 

load on the other hand, exerts a large degree of control over the forest worker in terms 

of safety , comfort, productivity and fatigue levels (Figure 3). 

Figure 3: Model for Considering the Effects of the Thermal Environment on Human 

Activity, Performance and Productivity. 
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2.2. l Effect of heat on performance. 

When exposed to whole body heating, the human body must maintain a core 

temperature of 37° Celsius. This is achieved by raising skin temperature via increased 

blood flow to the skin, by accelerating heart rate and by enlarging cardiac output. The 

change in blood routeing reduces the amount of blood that can be supplied to muscles 

and internal organs. If muscles must work in a hot environment, their raised metabolic 

requirements and heat output further increase demands on the cardiovascular system 

(Kroemer, 1991 ). Increasing deep body temperature creates competition for blood 

between working muscles and the skin. Consequently, fatigue and exhaustion from 

heavy work will occur sooner, and recovery will take longer, in a hot environment than 

a cool one (Sanders and McCormick, 1992). This influence has been shown to have a 

detrimental effect on work rate and overall productivity of the worker (Andersson, 

1986; Smith and Rummer, 1988; Smith and Sirois, 1982; Sirios and Smith, 1985; Smith 

et al., 1986). 

While fatal and/or even severe cases of heat strain are rarely reported in the New 

Zealand forest industry, the overall effect of undertaking hard physical work under hot 

conditions on worker safety, comfort and productivity is relatively unknown in New 

Zealand. As stated by Smith and Sirois ( 1982), there is a large body of literature 

concerning heat stress in general, but little directed specifically at forest harvesting 

tasks. 

The detrimental effect of heat stress on productivity within the forestry sectors of other 

countries has received some attention (Andersson, 1986; FAO, 1974; FAO 100, 1992; 

Smith and Rummer, 1988; Sirios and Smith, 1985; Smith and Sirois, 1982; Smith and 

Thomas, 1993; Smith et al., 1986). In some cases, it has been suggested that it may in 

fact be more economical to temporarily shut down the harvesting operation than 

continue to operate at a reduced productivity (and thus higher unit cost) level while 

increasing worker long-term accumulated fatigue (Smith and Sirois, 1982). Work by 

Smith and Rummer ( 1988) indicates that logging crew productivity as a whole, and the 
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productivity of motor-manual tree fallers in particular, can expenence productivity 

decreases of 5 to 15 percent when wet bulb globe temperatures (WBGT) exceed 26 °C. 

Surprisingly, mechanical tree harvesting operations also noted a 2 to 3 percent decrease 

in productivity once the WBGT exceeded 26°C. 

In terms of safety, Smith and Rummer (1988) noted that approximately half of the 

workers in their study increased their level of unsafe behaviour once the WBGT 

exceeded 26°C. More alarming though was the finding that those workers who were 

exposed to the most direct sun, tended to neglect their personal protective equipment 

under the hotter conditions. 

The impact of heat on perceptual motor tasks and mental/cognitive tasks 1s more 

difficult to define, and research into these areas often report contradictory findings 

(Ramsey, 1995). The review undertaken by Ramsey (1995) categorised this area of 

research into two distinctive categories, (a) mental or simple tasks, and (b) perceptual 

motor tasks. The review revealed that a loss of performance was not commonly 

observed for mental tasks and simple perceptual motor tasks undertaken in hot 

environments (Chiles et al. , 1972; Grether et al., 1971; Lewis et al. 1983; Meese et al., 

1981; Nunneley et al., 1978; Poulton and Kerslake, 1965; Ramsey et al. , 1975; Ramsey 

and Pai, 1975). 

The impact of heat on the performance of perceptual motor tasks however, showed a 

significant decrease once wet bulb globe temperatures reached the 30°C - 33°C range. 

Such a trend was evident for tracking tasks (Chiles et al., 1972; Duchon and Hudock, 

1989; Grether et al., 1971; Lewis et al., 1983; Ramsey et al., 1975; Ramsey and Pai, 

1975; Razmjou and Kjellberg, 1992; Wyon et al., 1979), vigilance tasks (Duchon and 

Hudock, 1989; Grether, 1973; Mortagy and Ramsey, 1973; Poulton and Edwards, 1974; 

Ramsey and Kwon, 1988;), and complex or dual tasks (Andersson, 1986; Chiles et al., 

1972; Fine and Kabrick, 1978; Grether et al., 1971; Mackie and O'Hanlon, 1976; 

Poulton and Edwards, 1974; Smith et al., 1986; Vitalis et al., 1994). Ramsey (1995) 

stated quite correctly, that complex or dual tasks are more difficult and demanding than 

perceptual motor skills, and thus come closest to representing typical industrial and 
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military work tasks. Such performance decrements are of concern, particularly with 

regard to the complex or dual tasks, as forest work requires constant vigilance in order 

to prevent serious or fatal injuries from occurring. 

2.3 Physical Work Environment. 

The significance of the physical work environment in terms of its impacts on work 

productivity, safety and health is illustrated by the lack of control forest workers have 

over their work environment. Slappendel et al., (1993) in their review of factors 

effecting work related injury among forest workers, specifically identified climate, 

terrain, flora, and lighting as being variables which can affect the safety and productivity 

of people at work in the forest. 

The full impact of nature's elements, whether it be cold snow or intense sunshine, can to 

some degree be mitigated by the wearing of either more or less clothing or through the 

provision of shelter or shade. Mitigating the impact of ground slope on the other hand is 

often impractical, both physically and logistically. Consequently it is this aspect of the 

physical work environment which often has the greatest impact on the worker. 

Slope has shown to be an important factor in effecting worker productivity (Apud and 

Valdes, 1994; Vik, 1984 ), workload (Fibiger and Henderson, 1984; Kirk and Parker, 

1994b; Trewin and Kirk, 1992; Wenbin et al., 1989) and safety (O'Leary, 1992). One 

major New Zealand forest company alone directly attributes 25 % of its 1991 lost time 

accidents to steep and difficult terrain (O'Leary, 1992). 

In steep terrain the use of equipment which is of the correct weight and design is of 

paramount importance (Tatsukawa, 1994 ). Tatsukawa (1994) found that working 

efficiency increased, and cardiac strain decreased, when smaller lighter chainsaws were 

used for tree delimbing on steep terrain, rather than heavier medium sized chainsaws. A 

reduction in localised muscular fatigue in the upper limbs was also noted when the 

lighter smaller chainsaw were used. Imatomi ( 1994) showed how an individual's 

physiological capabilities can be effectively integrated into effective forest harvest 
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planning. Similar work was undertaken by Apud and Valdes ( 1994) when extensive 

field evaluations found that the number of trees that could be manually planted per hour 

of work was positively correlated to the average cardiac frequency, and negatively 

associated to ground slope. The result of this work was th.e development of two 

equations for the estimation of output on ground with different slopes. The equations 

were based on the understanding that output is determined by the difficulty of the work 

object, the ground conditions, the climate and the workload that the worker may sustain 

without fatigue. 

Imatomi ( 1994) showed that increasing slope directly resulted in a decrease in worker 

performance within limits of physiological load. Consequently this relationship was 

used to determine the most efficient road placement for the harvesting of the 

compartment. Wenbin et al., (1989) also showed that slope played an important role in 

the attainment of maximum physiological efficiency and that such efficiency increased 

as ground slope approached zero degrees. 

2.4 Work Rate. 

If a person works at a rate beyond their aerobic capacity, their heart rate, pulmonary 

ventilation, blood lactic acid and body temperature continue to rise throughout the 

period of exercise at a rate roughly proportional to the intensity of the work. The person 

becomes fatigued and there is a limit to the time they can work (Durnin and Passmore, 

1967). 

There has been considerable work undertaken to determine the "optimal" working pace. 

During steady state work, sufficient oxygen is supplied to the working muscles by the 

aerobic metabolism and lactic acid does not exceed resting levels. If the work level 

intensifies and the aerobic metabolism can no longer supply all the required energy 

requirements, anaerobic metabolism commences and supplies the additional energy 

requirements. The negative aspect of this anaerobic contribution is that lactic acid 

accumulates within the working muscles . This lactic acid is subsequently removed 

through oxidation during the following recovery period (Durnin and Passmore, 1967). 
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As a consequence of earlier work undertaken by Apud et al.,.( 1989); Astrand, ( 1967); 

Astrand and Rodahl, (1986); Evans et al., (1980); Levine et al., (1982) and Michael et 

al., (1960), it is now generally accepted that a worker undertaking hard physical labour 

should not exceed on average, 40 per cent of their estimated maximal oxygen uptake 

(Vo
2

max) for an eight hour shift. A prime example of this philosophy being applied in a 

work situation can be seen within the Chilean forest industry. As a direct result of forest 

industry based ergonomic research into factors effecting human performance (Apud et 

al., 1972; Valdes and Apud, 1994), the industry has accepted that, as an average for an 

eight hour working shift, cardiovascular load should not exceed 40% of the workers 

Vo
2 

(Apud and Valdes, 1994). 
max 

When allowed to choose their own working pace, subjects have been shown to choose 

between 35% (Johansson and Ljunggren, 1989), and 45% (Evans et al., 1980; Levine et 

al., 1982) of their estimated maximal oxygen uptake. Work undertaken by Vik (1984) 

investigated several different forest harvesting tasks, and clearly showed that the body 

maintains an internal equilibrium whilst encountering different stressors, such as slope 

and difficult terrain, by decreasing work output. Smith et al., (1985) also found that 

subjects modified their work behaviour when subjected to hotter environmental 

conditions so as to keep their physiological stress at a tolerable level. Vogt et al., (1983) 

suggested that workers have the natural ability to set a work pace in response to 

increased thermal stress that results in the maintenance of their average heart rates in a 

relatively narrow range. They termed this phenomenon constant strain behaviour and 

suggested that the increase in environmental heat load is compensated by a decrease of 

muscular work. Smith and Rummer ( 1988) also recorded this phenomenon whilst 

studying heat stress effects on forest workers in harvesting operations. 

2.5 Psychological State. 

2.5 .1 Perception of Physiological Demands 

Motivational factors and perception of effort play an important role in determining 

individual capacity for physical work (Gamberale, 1990). Borg (1982) suggested that the 
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perceived exertion rating integrated different information, including signals elicited 

from the peripheral working muscles and joints, the cardiovascular and respiratory 

organs and the central nervous system. Hence the perception of exertion gives vital 

feedback to a person about their state of health and allows them to modify their work 

pace accordingly. 

Subjective reaction to physical work can only be measured indirectly through the use of 

self-reported techniques and are often used to a compliment objective physiological 

measures such as heart rate (Aunola et al., 1979; Costa et al., 1989; Genaidy et al., 1990; 

Johansson and Borg, 1993; Johansson and Ljunggren, 1989; Roscoe, 1993). In fact Borg 

(1985) stated that when considering the relative strain of an individual, the perception of 

exertion was in many cases, as reliable and relevant as physiological measures. 

Fleishman and Hogan (1978) found good agreement between rated exertion in different 

work tasks and the metabolic consumption of energy. The same findings have been 

found by other researchers studying people undertaking a variety of tasks (Capodaglio et 

al., 1995; Gamberale, 1972; Johansson and Borg, 1993; Ulmer et al., 1977). As pointed 

out by Capodaglio et al., (1995), several quantitative psychophysical methods have been 

developed to measure perceptual intensities during exercise (Borg, 1970; 1982, 1986). 

By far the most commonly used quantitative psychophysical methods are Borg's rating 

of perceived exertion (RPE) (Borg, 1970) and 10-point category-ratio (CR-10) scale 

(Borg, 1982). 

Several researchers have successfully applied subjective ratings when studying work­

related stress over a wide variety of occupations and applications (Aunola et al., 1979; 

Bru et al., 1994; Costa et al., 1989; Garg and Saxena, 1979; Genaidy et al., 1990; 

Jianghong and Long, 1994; Johansson and Borg, 1993; Johansson and Ljunggren, 1989; 

Karhu et al., 1977; Kihlberg et al., 1994; Kirk and Sullman, 1995; Ljungberg et al., 

1982; Oberg, 1994; Roscoe, 1993). In the majority of these cases the main goal of these 

studies has been to arrive at norms for acceptable workloads (Johansson and Borg, 

1993). 
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2.5.2 Discomfort Survey's 

Putz-Anderson (l 988) identified musculoskeletal disorders as the prime di sablers of 

working adults. Pain and discomfort, like perceptions of exertion, provide essential 

warnings which alert to damage, disease and the limitations of the body (Chaffin and 

Andersson, 1984 ). A linear relationship between length of exertion and musculoskeletal 

pain or discomfort has been found to exist (Corlett and Bishop, 1976). Musc uloskeletal 

pain and discomfort are therefore good indicators of over-exertion and fatigue. Stressors 

on the musculoskeletal system which are beyond the adaptive capacity of the individual 

lead to the inflammatory processes of the body taking over in the affected muscles 

and/or joints. If the exertion which causes pain or discomfort is continued daily, 

adaptation may occur (Chaffin and Andersson , 1984). If however, the demands (stress) 

placed on the musculoskeletal system are outside the homeostatic limits of the body 

(s tress response mechanisms), adaptation will not occur and the inflammatory processes 

(strain) of the body will take over (Chaffin and Andersson 1984). Hence the perception 

of pain and discomfort in muscles and joints allows a person to receive information 

about their body's state of well being and adjust their behaviour (work rate) accordingly. 

Discomfort surveys are often used in ergonomics (Bru et al., 1994; Stuart-Buttle, 1994; 

Johansson, 1994; Legg et al., 1995; Ryan, 1989; Yu et al., 1988;). A common approach 

is to use a modified Corlett and Bishop's (1976) body diagram, the Nordic Musculo­

skeletal Questionnaire (NMQ) (Johansson, 1994), or a hybrid body part discomfort 

survey or questionnaire (Bru et al., 1994; Legg et al., 1995; Stuart-Buttle, 1994 ). Their 

relative ease of application, minimal disruption to the worker and inexpensive nature of 

musculo-skeletal and discomfort surveys aids their use by researchers in applied settings 

(Bru et al., 1994; Johansson, 1994; Kirk and Sullman, 1995; Legg et al., 1995 ; Stuart­

Buttle, 1994). 

While there have been studies which have assessed musculoskeletal loads and incidence 

of disease via the use of BPD and HSE questionnaires in other industries (Johansson, 
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1994, Putz-Anderson 1988, Stuart-Buttle, 1994) there has been, to date, limited attempts 

to do so with forest workers in New Zealand (Ford , 1995; Kirk and Sullman, 1995). 

2.6 Physical Capacity. 

2.6.1 Oxygen Consumption 

Traditionally, in order to accurately determine the physiological cost of an activity, 

oxygen consumption (Vo2) has been measured. In many applied field settings however, 

the measurement of Vo2 is difficult, and in some cases impractical (Rodahl 1989, Apud 

et al., 1989; Astrand and Rodahl 1986; Montoliu et al., 1995; Imbeau et al., 1995). The 

development of relatively small portable Vo2 measurement devices such as the PK 

Morgan Ltd oxylog have improved the situation and enabled the measurement of Vo2 in 

some work situations (Becker et al. 1983; Fordham et al., 1978; and Goldsmith et al., 

1978). 

However, not all the associated problems of field Vo2 measurement have been 

completely resolved by this development. The measurement of Vo2 with such equipment 

requires the subject to carry the equipment on their person while breathing through a 

mask while attempting to undertake their normal working tasks. The result is often 

discomfort, interference and distraction for the subject, typically resulting in lost 

productivity, and in extreme situations, the collection of non-representative data (Apud 

et al., 1989; Astrand and Rodahl , 1986; Imbeau et al., 1995; Keawplang et al., 1993 ; 

Montoliu et al., 1995; Vitalis et al., 1986). 

Due to the difficulties associated with the direct measurement of Vo2, an effective and 

popular alternative often used is the estimation of Vo2 from the subject's heart rate 

(Aunola et al., 1979; Imbeau et al., 1995; Montoliu et al., 1995; Van Der Beek and 

Frings-Dresen et al., 1995; Vitalis, 1987). This approach is based on the linear 

relationship between increases in oxygen consumption and heart rate during 

submaximal dynamic physical work (Imbeau et al., 1995). Typically, the relationship 

between heart rate and oxygen consumption is established for each individual in a 
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laboratory cycle ergometer or treadmill test. Then, heart rate measurements taken in the 

field are compared to the data derived from the laboratory testing to estimate oxygen 

consumption (Andersson, I 986; Imbeau et al., 1995). Whilst not as accurate as direct 

measurement, this method provides an effective estimation of oxygen consumption with 

an accuracy of± 15% (Rodahl, 1989; Rodahl et al, 1974). 

Traditionally there has been some discussion relating to the applicability of the use of a 

cycle ergo meter based test for estimating an indi victuals Vo
2

max when that indi victuals 

work task involves the use of both the leg and upper body muscle groups. The work 

undertaken by Astrand and Saltin (1961) showed quite clearly that (a) cycling a bicycle 

ergometer in a sitting position, (b) simultaneous arm and leg work on bicycle 

ergometers, (c) running on a treadmill and (d) skiing, all exhibited similar heart rates 

and Vo2max readings. The three tasks which differed significantly were those of (a) 

swunmmg and (b) cycling in a supine position and (c) arm cranking of a cycle 

ergometer. Swimming and cycling in a supine position produced a Vo
2

max level 

approximately 15% lower than that achieved when cycling a bicycle ergometer in a 

sitting position. Arm cranking of a cycle ergometer produced a Vo
2

max that was 

approximately 70% of that obtained when cycling. 

Many of the tasks encountered in forest harvesting operations require the use of both the 

leg and upper body muscle groups (i.e. breaking-out, felling and delimbing and skid 

work). Consequently, the use of the cycle ergometer test to determine the relationship 

between heart rate and oxygen consumption for application in applied forestry 

situations, has been extensively adopted worldwide (Andersson, 1986; Abeli and 

Malisa, 1994; Andersson, 1986; Apud et al., 1989; Apud and Valdes , 1994; Henderson, 

1984; Kirk and Parker, 1994b). 

2.6.2 Heart Rate 

In situations where the direct measurement of V o2 has not been undertaken, the 

application of subjects heart rates to a series of heart rate indices can provide an 

effective and accurate estimation of task severity. This concept has been used in a 
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variety of occupations, including cane cutters (Vitalis, 1987), factory workers (Aunola et 

al., 1979), surgeons (Becker et al., 1983), nurses (Fordham, et al., 1978), steelworkers 

(Vitalis et al., 1994) and tree pruners (Kirk and Parker, 1996). 

One key consideration which favours of the use of heart rate is the fact that unlike 

oxygen consumption, which solely measures energy expenditure, heart rate has the 

ability to measure the total strain being experienced by the subject (Astrand and Rodahl, 

1986; Grandjean, 1980; Le Blank, 1957; Lamert, 1972; Rodahl et al. , 1974; Rodahl, 

1989; Vitalis, 1987; Vitalis et al, 1994). Previous research has raised questions 

regarding the validity of using oxygen consumption alone to measure the physiological 

strain of a task (Astrand et al., 1968; Grandjean, 1980; Sato and Tanaka, 1973; Sanchez 

et al., 1979). 

The true value and applicability of heart rate as a measure of task strain can best be seen 

in the work undertaken by Rodahl et al., (1974) which investigating the physical strain 

sustained by Norwegian coastal fishermen. Rodahl et al., (1974) stated that the use of 

continuous heart rate monitoring gave a better indication of stress than any other 

parameter that involves samples. They suggested that the continuous recording method 

overcame the difficulties associated with the measurement of tasks which occur 

intermittently, and accurately reflected the true work situation. In conclusion the authors 

stated that such an approach, when combined with direct observation, provided an 

effective tool for the accurate estimation of the physical strain resulting from workloads 

of varying intensities. 

A large proportion of the tasks encountered within clearfell forest harvesting operations 

present the same parameters as those experienced by Rodahl et al., (1974), (i.e. harsh 

working conditions and workloads of varying intensities and duration's). Consequently, 

the use of continuous heart rate recording, combined with direct observation, to 

determine the strain of specific tasks has gained considerable favour within the forestry 

sector (Abeli and Malisa, 1994; Apud and Valdes, 1994; Gaskin and Guild, 1989; Kirk 

and Parker, 1994b; Kirk and Sullman, 1995; Parker and Kirk, 1994; Seixas and Ducatti, 

1995; Sirois and Smith, 1985; Smith and Thomas, 1993; Tatsukawa, 1994). 
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2.6.3 Energy Expenditure. 

The use of the estimated energy expenditure approach gained early recognition due to 

work undertaken by Passmore and Durnin ( 1955; 1967), and has subsequently been used 

extensively by researchers in the field of work physiology (Apud and Valdes , 1993; 

Apud et al., 1989; Astrand and Rodahl, l 986; Frings-Dresen et al., 1995; Grandjean, 

1980; Gun and Budd, 1995; Imbeau et al., 1995; Montoliu et al., 1995; Reilly and 

Thomas, 1979; Rodahl, 1989). "An accurate assessment of oxygen consumption (Vo2) 

provides important information for determining the energy expenditure requirements of 

work and thus, has been used extensively" (Astrand and Rodahl, 1986). The basis for 

this is that the calorific value of oxygen is 4.8 kcal. That is, when one litre of oxygen is 

consumed by the human body, there is, on average, a turnover of 4.8 kcal of energy 

(Grandjean, 1980). With this knowledge, one can determine an individual ' s energy 

consumption by simply multiplying their oxygen consumption by 4.8 . 

The measurement of energy expenditure, and in particular an individual 's "work 

calories", has several purposes within the physiological and psycho-physiological 

context. An estimate of an individuals daily energy expenditure is important for both the 

calculation of their energy needs, and their level of physical activity. As stated by 

Grandjean ( 1988), "work calories indicate the level of bodily stress, and in relation to 

heavy work they can be used to assess the level of effort, to work out necessary rest 

periods, and to compare the efficiency of different tools and different ways of arranging 

the work". 

An individual ' s daily energy expenditure can be broken down into three broad 

categories; basal metabolism, leisure calories and work calories (Grandjean, 1980). By 

determining the combined energy expenditure obtained from these three categories , an 

individual is able to determine approximately how strenuous or "difficult" their 

occupation is in relation to others in terms of energy consumption. Of particular interest 

to physiologists is the "work calories" component of the equation, as it is this portion 

that tends to exhibit the greatest influence on an individual's total 24 hour energy 
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expenditure. As stated by Astrand and Rodahl ( 1986), there are three commonly 

accepted ways that energy expenditure estimates can be made; 

( 1) The 24 hour recording of heart rate by telemetric device, 

(2) Estimation based on time-activity data and measurements of the energy cost of all 

pertinent activity, 

(3) The assessment (by food weighing) of daily food intake required to maintain body 

weight. 

All three methods are of equal accuracy and reliability, with an error of no more than 15 

percent (Rodahl, 1960). The use of detailed direct observation time study methods, in 

conjunction with known task energy expenditure rates, enables the calculation and 

estimation of daily energy expenditures for observed subjects (Fibiger and Henderson, 

1982; Frings-Dresen et al., 1995; Hagen et al., 1993 ; Henderson, 1984; Nwuba and 

Kaul, 1987). The estimation of daily and hourly energy expenditure rates has been used 

effectively by previous researchers working in applied forestry situations (Cristofolini et 

al., 1990; Fibiger and Henderson, 1982; Golsse and Rickards, 1990; Maleta and Sood, 

1984; Nwuba and Kaul, 1987). 

2.7 Summary 

This chapter has reviewed much of the relevant literature pertaining to the ergonomic 

techniques and concepts utilised in this study. Their ability to judiciously determine the 

impact of both physiological and psycho-physiological stressors in applied field settings 

with minimal disruption to the subjects has been detailed. The following chapter 

describes the concepts and processes associated with the harvesting of timber from New 

Zealand exotic plantation forests. 
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CHAPTER 3: DESCRIPTION OF THE EXPERIMENT 

3.0 Introduction 

This chapter describes the concepts and processes associated with the harvesting of 

timber from New Zealand exotic plantation forests. The fallers daily timetable, the 

felling, delimbing and timber extraction processes used, and the methods and equipment 

used by the fallers are described. A description of the type and purpose of each felling 

cut is given as well as an explanation of the various delimbing techniques used during 

the study. 

3.1 Daily Time Table in the Field. 

All of the fallers worked from approximately 07:00 hours until 15:30 hours. Each faller 

was met at their work site by the researcher before they commenced work at 

approximately 06:30 hours. The crews tended to arrive slightly early so that they could 

organise themselves before starting work 07:00 hours. During this time the subjects 

were fitted with the Pe3000 heart rate monitors and the time study computers \vere 

brought on-line but not started. Once the subject indicated that he was ready to start 

work for the day, both the heart rate monitor and the time study programme were started 

simultaneously. 

Subjects one - four stopped at 11 :30 hours in order to have their 30 minute lunch break 

whilst subjects five and six stopped at 11 :00 hours to have their one hour lunch break. 

The subjects continued to wear the heart rate monitors during this lunch break. At the 

end of the day each faller would walk out to the nearest road where they would be 

picked up by the crew vehicle and taken back to the main skid. Once at the main skid, 

the heart rate monitors and time study programmes were stopped and the heart rate 

monitors removed from the subjects. 
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3.2 Operational Planning. 

The fallers were given a daily quota of trees which had to be felled and delimbed. This 

quota was known as the fallers "daily target". The entire forest compartment within 

which the crew as a whole were working was split between the crew's fallers, usually 

four men. Each faller was assigned an area of forest within this compartment in which 

they alone worked (Figure 4). The fallers were kept separated from one another by a 

distance of at least two full tree lengths, in order to meet the legal safety requirements 

stipulated by the Department of Labour. Whilst being far enough away from each other 

to ensure safety , each faller was within visual sight of at least one other fa ller. In this 

way the fallers were able to visually check on one another should assistance or aid be 

required. 

Figure 4: Plan View of Felling Face Layout and Operation. 
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Each faller would start the day by walking from the nearest road or skid into their forest 

area to reach their particular felling face . This typically involved walking a distance of 

approximately 30 to 40 meters. During this time the faller would carry their chainsaw as 

well as one fuel and one oil container. These containers had a combined weight of 
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approximately 6 kg, depending on their particular size and configuration. Upon reaching 

the felling face the faller would typically undertake a quick maintenance check of his 

saw chain, (i.e check chain sharpness and tension), followed by refuelling of the 

chainsaw. Once these procedures were completed the chainsaw would be started and 

allowed to warm up for approximately 30 to 60 seconds. The fal ler would then appraise 

the trees in the immediate vicinity before finally selecting one and felling it. 

The trees were directionally felled in a systematic manner so as to ensure that once on 

the ground, the trees lay in such a way as to exredite their extraction by the sk..idder from 

the cutover to the landing. The edge of this felling area was called the "felling face " 

(Figure 4 ), and the sys tem atic felling of the trees along this face was termed "working a 

face ". Each faller established at least two felling faces within their area so that if wind 

direction should unexpectedly change, or operational circumstances require it they 

could move to their alternative felling face and continue working. 

Figure 5: Faller Working the Fe!Jing Face. 
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3.3 Felling Equipment. 

The fallers main felling tools were the chainsaw, felling hammer and felling wedges . 

The chainsaws used were high performance 88 - 92 cc professional models from the 

Husqvarna and Stihl product range . They weighed 8.4 - 8.6 kilograms (kg) (fully fuelled 

and oiled), operated 46 - 56 centimetre (cm) length saw bars fitted with 3/8 pitch saw 

chain. Each faller wore a felling belt which contained several compartments holding 

plastic felling wedges, a chainsaw file, small chainsaw spanner. at least one wound 

dressing and a felling hammer (Figure 6). 

Figure 6: Falle r Wearing His Helmet , Ear Protectors , Protecti ve Legwear and 

Felling Belt. 
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The approximate weight of the felling belt complete with two wedges, one file, one 

spanner, one wound dressing and one felling hammer was 2.6 kg. Each faller wore the 

belt around their waist with the comp<u-trnents sitting at the rear or the body to allow 

unres tricted movemen t whilst still providing easy access to the wedges and hammer. As 

we ll as a felling belt, each faller wore a pair or cut resi stant chainsaw leggings (chaps) 

weighing o n average 1.5 kg. and a safety helmet fitted w ith car muffs and eye v isor 

weighi ng 0.6 1-; g . 

3.4 Timber Extraction 

Each crew had a dedicated timber extrac tion machine called a ''skidder" (F ig ure 7) . The 

skidder serviced a ll of the crew's fallers by remo ving freshly felled and de limhed sterns 

from the felling faces. The skidder extracted the s tems from the Celling face to a nearby 

processing area called a "sk id " (figure 8) . At the skid, skid workers processed the stems 

into indi vidual log types depending on the specific market demands at that time. 

Figure 7 : Grapple Skiclcler Extracting Felled and Delimbed Stems From The Cutove r. 
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As a result of this work method , the fallers had little time in which to build up a buffer 

of felled and delimbed stems , as the skidder would alternate between the fallers 

continually throughout the day re mo ving the wood as quickly as it acc umulated . This 

res ult ed in th at a steady production press ure being exe rted on the fall e rs through o ut the 

day . 

Figure 8: Freshly Felled and Ex tracted Sterns on the Skid Awai tin g Processing. 

3.5 The Mechanics of Tree Felling. 

The felling of the trees, invo lved the correct place ment of three basic components, the 

scarf, hingewood and backcut (Figure 9). The function of the scarf is to control the 

tree 's direction of fa ll. The hingewood also helps control the tree·s direc tion of fall as 

well a preventing the tree from twisting or breaking sideways when falling . The 

backcut removes the wood from the back side of the tree to leave the hingewood and 

allow the tree to fa! l forward in the intended direction (Figure l 0 ). Just prior to the tree 
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striking the ground, the hingewood completely breaks, thus entirely severing the stem 

from the stump of the tree. 

Figure 9: Cross Sectional View of Tree Felling Cuts 
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3.6 Delimbing Methods 

Once felled, the faller would either walk along on top of the stem, or beside it on the 

ground, removing the branches from the stem with the chainsaw as they ,verc 

encountered. This action is commonly known as "clelimbing" or "trimming" the tree. 

The posture adopted by the faller during this delimbing phase is that of heavily bent 

forward in a stooped nature incurring trunk inclination at angles of 90 to 100° (Figure 

11). 
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Figure 11: Poor Posture Adopted During Delimbing of the Stem. 

In some instance'.-. the faller would fall two trees in quick succession. In these cm,e'.-. the 

faller would de limh hoth stems together at the same time using one of two mcthotb 

(Figure 12). Method I involved delimbing one stem from the hase to the top . then 

returning the same way del imhing a '.-.econd '.-.tern from the top to the hase or the stem. 

Method 2 involved working between two closely placed :-..terns delimhing alternative ly 

between the two as he progressed from the base to the top or the stem. ln th is manner 

the faller would return to their original starting point with minimal unnecessary and non 

productive walking, and would be ready to fe ll the next tree. 

The fallers would work in this way until their chainsaw needed refuelling. Refuelling 

was done at the work si te. The fallers continually moved their fuel and oil containers 

along the felling face as they worked. Such refuelling breaks tended to provide the faller 

with short two to three minute rest breaks in which. as well as refuelling the chainsaw. 

they would usually have either a quick drink, harpen their saws chain, or carry out 

routine saw maintenance such as chain tensioning. 
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Figure 12: Faller Delimbing Methods. 

I 
l\I ethod 1 l'\I ethod 2 

3.7 Summary 

This chapter has described the concepts and processes associated with the harvesting of 

timber from New Zealand exotic plantation forests in relation to the current study. The 

following chapter describes the research design, the procedure for subject selection and 

the methods used for data collection and analysis. 
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CHAPTER4:METHOD0LOGY 

4.0 Introduction 

This chapter outlines the research design, the procedure for subject selection and the 

methods used for data collection and analysis. The methodology section has been 

formulated in such a manner as to enable other researchers to successfully repeat the 

research, even if they are unfamil iar with the forest industry. 

4.1 Research Design 

The research design consists of a causal study utilising an amalgamation of both 

observational and ex post facto data collection techniques employing a cross sectional 

case study approach within a field study research environment. 

4.1.1 Limitations 

The data were collected under field conditions from a relatively small group of subjects 

who were performing their normal felling and delimbing activities. Every effort was 

made to ensure that data collection did not interfere with the subjects' production 

performance. Although the data were obtained as precisely as possible, they are 

nevertheless limited both with respect to sample size and experimental control. In spite 

of these limitations, the data should be representative of the actual task demands 

experienced by New Zealand forest workers undertaking the tasks of motor-manual tree 

fe ll ing and delimbing in New Zealand plantation forests. 

4.2 Subjects 

Six fu ll time professional fallers working in clearfell logging operations. Each faller was 

observed continuously for one complete working week (5 days). 
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4.2. l Weight 

The subjects weight was measured before the commencement of the estimated aerobic 

capacity (Yo2max) test using a Hanson mechanical scale positioned on a hard flat 

concrete surface. The subject was barefooted and wore minimal light weight clothing 

(shorts and a singlet), suitable for undertaking the Yo2 max test. The protoco l described 

by Wilson et al., 1993 was adhered to with the subjects being asked to stand directly 

over the scale while the weight reading was being taken. The subjects were then asked 

to step off the scale, and the process repeated one further time. The correction factor of 

0.5 kg was subtracted from the readings to take account of the clothing worn (Wilson et 

al., 1993). Naked weights were not obtained as they were considered by the researcher 

to be non-sociably acceptable in this case. 

4.2.2 Stature: 

The subjects stature was also recorded before the commencement of the estimated 

aerobic capacity (Yo2 maxesi) test using a protocol modified from that described by 

Wilson et al., (1993). Since the researcher did not have access to an anthropometer, a 

plastic tape measure was attached vertically to a hard flat concrete wall. The tape 

measured 5 meters in length and contained 1 millimetre increments. The subjects were 

asked to remove their footwear and stand with both feet firmly together. The back of the 

heel s, buttocks, shoulders and back of the head touched the wall. The head was held 

straight with the subject looking directly forward, ensuring that the Frankfort plane was 

horizontal. The subject was then asked to stand up as tall as they could and a small ( l 0 

X 4 centimetre) spirit level was placed on top of the subjects head and held level. The 

point at which the tape measure and spirit level met was taken as being the subject 

height. 



4.2.3 Body Mass 

Body Mass Index (BMI); was derived us ing the equation: 

BMI = Body Mass (kilograms(kg)) 

Height2 (metres(m)) 

Dubai's Surface Area (DSA); was deri ved using the equation: 

DSA = 0.203 * w0.425 * H0.725 

Where W = Weight (kg) and H = Height (m). 

4.3 Sample Size 

4.3. l Felling Cycles 
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Felling cycles were based on data obtained from a previous study of fa llers undertaking 

tree felling and delimbing (Kirk and Parker, 1994a) . The previous study observed a 

mean cycle time for the felling and delimbing of a single tree of 7 .2 ± l. l min/tree. 

Usi ng the minimum sample size formula in Harnett ( 1982). 

Where: 

n = sample size 

cr2 = standard deviation of the population. 

z2 = the level of statist ica l significance to the estimate. 

o2 = maximum acceptab le difference between the sample mean ancJ the true mean. 

The standard deviation figure obtained from the Kirk and Parker, 1994a study, which 

observed tree fallers working in the same forest as the present project under simular 
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terrain and tree characteristics, was applied to the Harnett 1982 formula. A 0.999 

confidence interval and 0.3 minute ( 18 second) maximum acceptable difference were 

also included. The result being a sample size of 52 trees/subject/day. 

The subjects standard working day was 0700hrs until l 600hrs, with a total of one hour 

for food and rest breaks. This leaves a total of eight hours are available for data 

collection. To allow for late starts and early fini shes, the trees felled and trimmed /day 

figure has been calculated based on seven productive hours/day. Taking the seven 

productive hours (420 minutes) and dividing it by the mean value of 7.2 minute/tree, a 

total daily figure of 58 trees/day is achieved. This is then multiplied by five working 

days resulting in 291 cycles/subject. 

As can be seen, the five day of observation period/subject satisfied the criteria for the 

minimum sample size calculation. 

4.3.2. Heart Rate Recordings. 

Heart rate recordings were measured at l minute intervals. If this is multiplied by seven 

productive hours/day a total of 420 heart rate recordings/subject/day i obtained. If this 

figure is then multiplied by five working days a total of 2100 recordings/subject is 

obtained. 

4.4 Subject Recruitment 

Priority was given to the recruitment of subjects who have previously voluntarily 

participated in LIRO Human Factors research projects. Participation of the subjects in 

the project was on a voluntary basis with the subject being provided with adequate and 

appropriate information about what their participation involved . The subject had the 

right to decline to participate in the project, or withdraw from participation at any time , 

without penalty of any kind and without providing reasons (Appendix A). Potential 

subjects were contacted by the researcher on a one to one basis in complete discretion 

and informed of the projects details and what was required of them if they so chose to 
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consent to being involved with the project (Appendix B). The equipment to be used in 

the project was shown and demonstrated to each subject at this time and any subsequent 

questions answered. Complete confidentiality of the subjects identity was guaranteed 

during the project and during any subsequent write-up and publication of the findings . 

Once this process has been completed, each subject was asked to sign the consent form 

(Appendix A) after having it thoroughly explained. Each subject was also given an 

information sheet detailing the researchers involved, the objective of the study and 

detail of the subjects involvement and rights during the study. Special care was taken to 

ensure that the subject fully understood the consent form since the forestry workforce 

has traditionally contained a high degree of illiteracy within it. 

4.5 Ethical Approval 

The research plan received ethical approval from the Massey University Human Ethics 

Committee. The main ethical concern in the research was the minimisation of harm to 

the research subjects. This concern was accounted for by ensuring that there was no way 

to identify what data was associated with any individual subject. As established protocol 

was adhered to, there was no concerns about the submaximal exercise testing to 

establish the estimated Vo2max of the subjects'. 

4.6 Physiological Responses 

4.6.1 Heart Rate 

4.6.1. l Working Heart Rate (Hrw) 

Working heart rate was measured at one minute intervals for the entire working day, 

including rest breaks, using a hard-wired Polar Electro Sport Tester Pe3000 (Pe3000) 

portable heart rate monitor (Figure 13). The Pe3000 consists of a pericardia! 

heartbeat capturing-transmitting unit rn a 2.5 centimetre wide chest band and a 

receiver-storage unit similar to a digital wrist watch. This system has been validated 
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in several studies (Karvonen et al. 1984; Leger and Thivierge, 1988; Yogelaere et al. 

1986) and used extensively in New Zealand (Gaskin and Guild, 1989; Kirk and 

Parker, 1994a; Kirk and Parker, 1994b; Parker et al, 1993; Parker and Kirk. 1993b; 

Kirk and Sullman; 1995), as well as overseas studies (Montoliu et al. 1995; 

Smolander et al. 1995; Yan der Beek and Frings-Dresen et al., I 995). The Pe3000 

had been hard-wired using double insulated coaxial shielded cable so as to eliminate 

the electrical interference generated by the chainsaw (Parker, 1992) which distorts the 

transmitted heart rate readings causing erroneous heart rates to be recorded by the 

monitor. The Pe3000 monitor was placed into a small plastic waterproof container in 

order to protect it from the ambient climatic and harsh working conditions. This 

plastic container had a clear plastic lid which enabled the researcher to see the 

monitor and tell if it was recording correctly. This container was then placed within a 

small canvas army issue ammunition pouch which was then attached to the subjects 

felling belt at the wa ist located in the small of the subjects back. 

The purpose of doing so was to make the entire Pe3000 heart rate recording unit fully 

self contained and unobtrusive to the subject (Figure 14) . Since the Pe3000 monitor 

could be accessed from behind the subject while they continued working, regular 

inspections of the Pe3000 could be made by the researcher with minimal disruption 

to either the subject or their work pattern. 

The result was a low impact heart rate measurement system which did not require the 

subject to stop working in order for their heart rate to be recorded. This would not 

have been the case had the palpitation method been used as such a method would of 

required the subject to momentarily interrupt their normal work routine so as to allow 

the researcher to record their heart rate (Vitalis, 1981 ). Added to this, is the 

possibility of incurring inaccuracies which Cumming and Glenn (1977) found were 

inherent with the use of this method 
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Figure 13 : Pe3000 Portable Heart Rate Monitor, Protective Case and Carry Pouch. 

4.6.1 .2 Resting Hearl Rate (HR r) 

Resting heart rates for each subject were obtained prior to the Vo2 max test. Upon 

arri val at the testing laboratory the subjects were asked to sit in a comfortable chair 

whilst the researcher described the procedure that they would be required to 

undertake in order to obtain their estimated Vo2 max . After approximate ly 15 minutes 

the subjects were attached to the heart rate monitoring equipment whilst they 

remained seated. The subjects were then asked to remain seated without moving, 

drinking coffee or tea or smoking for a further ten minutes. The last ten minute 

period was recorded as being their resting heart rate since they had been in a sitting 

posture with minimal movement for a period of approximately 15 minutes prior to 

the commencement of the measuring period . Whil t acknowledging that true resting 

heart rate . hould be measured while the subject is asleep, such measurements were 

not possible during this research project due to the subjects not agreeing to such a 

measure. 



Figure 14: Fall er Wearing Pe3000 On His Belt In The Carry Pouch 

4 .6.1.3 Percent Heart Rate Range (%HRR) 

Percent heart rate range was de termined by applying the formula: 

HRw- HRr 
%HRR = -----* 100 

HRma., - HR, 

W here: average working heart rate . 

res ting heart rate as defi ned above . 

HR max = max imum heart rate was estimated by using the 

stand ard fo rmul a of HRmax = 220 - Age. 
(Source: Yitali s . 1987) 
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4.6.1.4 Work Pulse (HRwp) 

Work pulse was calculated using the formula: 

HRw - HRr 
(Source: Grandjean, 1988) 

4.6.1.5 50% Level of Heart Rate Reserve (50%Lc,c1) 

50% level of heart rate reserve was determined using the formula: 

HRmax-HRr 
HR,+-----

2 

(Source: Lammert, 1972) 

4.6.1.6 Ratios of HRwlHR, (Ratio) 
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Ratios of working heart rate divided by resting heart rate were obtained using the 
formula: 

HRw 

HR, 

(Source: Diament et al., 1968) 

4.6.2 Calibration of Heart Rate Monitors 

The Pe3000s to be used in the study were tested to see if they were working within an 

acceptable margin of error. This margin of error was set at an 85% signal to noise ratio. 

Calibration experiments were performed by comparing the output of the two available 

PE 3000s with that of a 3-lead clinical electrocardiogram (ECG) machine during 

exercise on a cycle ergometer. 
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4.6.3 Aerobic Capacity 

4.6.3. I 'Estimated Oxygen Uptake (Yo2es1) 

Estimated oxygen uptake values in litres per minute (1.min 
1

) were derived by applying 

each subjects mean Hrwork value rate recording to their workload/oxygen uptake (Vo2) 

relationship obtained via cycle ergometry testing (A.strand and Rodahl, 1986). 

4.6.3.2 Estimated Aerobic Capacity (Vo2 maXeq) 

Each subjects aerobic capacity (Vo2 maxest) in litres per minute (l.min-1) was estimated 

using the submaximal direct method using a "Cateye Ergociser" EC-1500 cycle 

ergometer (Astrand and RodahL 1986) (Figure 15). A heart rate monitor was attached to 

the subjects right ear lobe and the subject was then asked to sit on the bike for fi\·e 

minutes with no load and zero revolutions per minute (rpm). The subject then 

commenced pedaling at a cadence of 60 rpm and the level of resistance increased in 

three stages until the subjects heart rate attained a steady state within the 120 - 140 beats 

per minute (bt.min-1) range (Apud et al, 1989). Heart rate (HR) and energy expenditure 

(Watts) ,vere recorded during the final steady state condition and applied to the A.strand 

and Ryhming nomogram once they had been corrected for age (Astrand and Rodahl. 

1986). 

4.6.3.3. Relative Estimated Aerobic Capacity (V o2rei maxcq) 

Relative estimated aerobic capacity was derived using the equation: 

V J · -1 k -1 0
2

maxm.mrn. g = 
max (l. min- 1

) x 1000 

Body Mass (kg) 
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4.6.3.4 Estimated Energy Expenditure 

Estimated energy expenditure was derived from each subjects he .. u"t rate recordings 

using the workloacl/oxygen uptake (Vo2) relationships obtained via cyc le e rgometry 

testing (A.strand and Rodahl , 1986). Estimated mean Vo2 figures derived from the cyc le 

ergometry tests were multiplied by 4.8 and 20 in order to obtain the mean kil ocalorie per 

minute (kcal rnin -1
) and kilojoules per minute (kJ. min· 1

) values . These min -1 values 

were then multiplied by the time spent at work in minutes to obtain an estimation of 

energy expendi ture for the working period for each subject. 

Figure 15: Cateye Ergoc iser EC- 1500 Cyc le Ergometer 
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4.7 Production 

4.7.1 Cycle Times 

Cycle times were obtained through the use of a "Husky Hunter" field computer 

programmed with the continuos time study program (Siwork3). Siwork 3 1s a 

Turbo/Pascal language program specifically developed for work study and data 

collection. (Rolev, 1990). The time taken by each subject to undertake a pre determined 

task was recorded on the Husky Hunter field computer in centiminutes by one observer 

at the work site. 

4.7.2 Percentage Time per Task 

Each subjects mean time per task was divided by the subjects mean cycle time in order 

to obtain the percentage of the day spent undertaking each particular task. 

4.7.3 Time Study Elements 

Task. 

Walk In 
Select 
Fell 
Trim 
Refuel 
Maintain 
Odel 

Pdel 
Mdel 
Walk Out 
Lunch Break 

4.7.4. Volume/Day 

Description. 

Walk from the gang vehicle to the work site. 
Clear path to, and around, selected tree and prepare escape route. 
Fell tree (scarf, backcut, sloven). 
Trim any branches from stern. 
Refuel chainsaw petrol and oil 
Sharpen and tighten sawchain and other related chainsaw parts 
Delays attributed to operational interference ( e.g. machine 
interference). 
Delays caused by the subject themselves (e.g. toilet breaks). 
Delays caused by machinery breakdowns. 
Walk from work site to gang vehicle. 
Main meal break of the working day 

The average stern volumes were obtained from the stands "method for the assessment of 

recoverable volume, by log types, in plantation forests (MARVL) data which was 
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obtained from the forest owners . The number of trees felled per day by each faller were 

then multiplied by the associated stem volume to obtain a tree volume in cubic metres 

3 . 
(m ) felled per hour and per day by each subJect. 

4.8 Terrain 

4.8.1 Ground Slope 

Ground slope was measured in degrees using a sunnto inclinometer to determine the 

predominant ground slope of the working area in which the faller is working. The 

researcher stood at the stump of the tree previously felled by the subject. The 

inclinometer was raised to the researchers eye, a point on the next tree to be felled was 

selected that approximated the researchers own eye height, and a reading was taken 

from the inclinometer. 

4.8.2 Undergrowth Hindrance 

Undergrowth hindrance was determined subjectively by the researcher using the same 

rating system as outlined in (Kirk and Parker, 1994b) with l = low hindrance and 4 = 

extreme hindrance. 

4.9 Hazards 

4.9.1 Hazardous Felling and Delimbing Techniques 

Hazardous felling and delimbing techniques as defined by Ostberg ( 1980), and later 

modified by Parker and Kirk (1993b ), were used to determine hazard type and frequency 

of occurrence. The researcher personally observed when an unsafe act or situation 

occurred and duly noted so using the note pad function of the Husky Hunter field 

computer. 
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4.9.2 Hazard Ratios 

Hazard ratios per 100 stems were calcul ated usi ng the form ula: 

Hazards x 

Stems 100 

4.10 Psycho-physiologica l Measures 

4 .10.1 Rate of Perceived Exertion (RPE) 

Rate of perceived exertion was measured usrng the "Borg Scale" questionnaire 

(Appendix C) in an attempt to match the subjective rating of exertion with the objective 

physiological rating as measured by heart rate (Borg, 1985). Each subject was asked to 

state their RPE at the end of every fifth felling and delimbing cycle during the working 

day based on a fifteen point Likert scale (Figure 16). The anchors for the scale were six 

(no exertion at all ) and twenty (maximal exertion). At the same point that the RPE 

question was asked, the subjects corresponding heart rate was recorded from the Pe3000 

heart rate monitor being worn by the subject. The heart rate was then assigned to the 

subjects RPE response using the note pad function of the Husky Hunter field computer. 

The data was then transformed to give the variables, predicted RPE and actual RPE. 

Predicted RPE was derived by multiplying the rating given by the subject by a factor of 

ten in order to obtain the corresponding RPE (i.e. RPE of 12 equated to a heart rate of 

120 bt.min-1
) . Actual RPE was derived from the subjects heart rate record fo r that same 

epoch which had been divided by a factor of ten in order to derive the corresponding 

RPE on the Borg scale (i.e . a heart rate of 130 bt.min- 1 equates to a RPE of 13) . 

Correlation coefficients were then calculated for the two vari ables, predicted RPE and 

actual RPE, in order to determine how closely the subjects pred icted RPE correlated to 

the actual RPE over the period of the working day. 
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Figure 16: Faller Undert,1king Psycho-Physiological Tests . 

' ' • 
·-l· ' ... 

4 . 10.2 Se lf Assessment or Fatigue 

Se lf assessed fatigue was measured at one hourl y intervals throughout the working day. 

as well as at the start and end or the working day, usin g a series of six fatigue related 

questi ons (A ppendi x D). Each question co mprised of a seven point Likert sca le . The 

subject was asked the six questions in a seque ntial manner with the subjec t statin g the ir 

self assessed level of fatigue at that particular point in time. 

4.10.3 Body P,u·t Discomfort (BPD) 

Body part discomfort was determined at one hour intervaL throughout the working day 

according to a method modified from Corlett and Bishop ( 1976) (Appe ndix E ). The 

subject was shown the body part diagram and asked if they currently felt any di scomfort 

in any of the body part segments shown in the diagnun. ff the subject · res ponded 

affirmatively , they wer then as ked to identify which segment was expe riencing 

discomfort and to give the discomfort a severity rating . The severity rating consisted or a 
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four point scale with the anchors zero (minimal discomfort) and four (unbearable 

discomfort). In an attempt to remove any non-work related bias with the responses , the 

subject was asked if the discomfort was the result of a non work activity (i.e. rugby 

training, hunting). 

4.10.4 Perceived Thermal Comfort and Sensation 

Perceived thermal comfort and sensation was measured using a standard questionnaire 

at one hour intervals throughout the working day (Appendix F). Each subject was asked 

to rate their perceived thermal comfort on a four point Likert scale with the anchors of 

one (very uncomfortable) and four (not uncomfortable). The subject was then asked to 

rate their perceived thermal sensation on a nine point Likert scale with the anchors of 

one (very hot) and nine (very cold) . 

4.10.5 Skin Wettedness 

Skin wettedness was measured using an eight point Like1t scale at one hour intervals 

throughout the working day. The anchors for the scale were one (more dry than normal) 

and eight (sweat running off in many places) The subject would be shown the scale and 

asked to rate their degree of skin wettedness at that particular point in time (Appendix 

F). 

4.10.6 Thermal Regulation 

Thermal regulation was measured using a seven point Likert scale at one hour intervals 

throughout the working day. The anchors for the scale were one (vigorously shivering) 

and seven (heavily sweating). The subject would be shown the scale and asked to state 

their degree of thermal regulation for that particular point in time (Appendix F). 
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4.10.7 Digit Symbol Substitution (DSS) 

Mental fatigue was measured at one hour intervals throughout the working day using the 

Digit Symbol Substitution (DSS) test technique used by Kirk and Sullman ( 1995). The 

DSS test technique consisted of six separate sheets comprising eight double rows. Each 

double row was segmented into fifteen individual columns. The top segment of each 

column contained a symbol and the corresponding lower segment a blank space in 

which the subject wrote the matching number (Appendix G). The order in which the 

subjects were given the test sheets was predetermined using the random numbers 

obtained from Eton random number tables (Quinn, 1974). A dice was rolled in order to 

randomly determine both the starting column and row within the table. Once the starting 

point was selected the digits zero, seven, eight and nine were omitted from the possible 

choices since there were only six test sheets to randomise. The digits, one to six 

inclusive, were then selected from the remaining random numbers. The requirement was 

for each subject to be shown one test sheet every hour for eight hours over a period of 

five working days. 

Instances where the same digit was encountered sequentially within the random number 

tables resulted in the second number being ignored. The reason being that it was felt 

that if a subject was shown the same test sheet twice in a row, there would be some 

learning bias within the results. This being that the subject would have retained some of 

the digiUsymbol relationships from the previous test undertaken only one hour 

previously. 

Each subject was given one test sheet and had the process explained to them by the 

researcher. The subject was then allowed to carry out a practice run on the top row of 

the test in order for them to gain some familiarity with the technique. Once this test row 

was completed, the subject was given two minutes in which to attempt to complete as 

many rows of the test sheet as possible. This protocol was then repeated for the 

remaining seven tests of the day. The number of digit symbol substitutions attempted 

was divided by the number of correct digit symbol substitutions attained in order to 

derive a percentage correct figure for each test and subject. 
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4.11 Ambient Thermal Environment 

To ensure comparisons of workload could be made between days, dry bulb, wet bulb 

and globe bulb temperature were recorded on the felling face as near as practically 

possible to the faller throughout the day. The CR-21 weather station was set up at least 

30 minutes prior to the arrival of the crew so as to allow the probes to acclimatise to the 

ambient thermal environment. Dry bulb Ua), natural wet bulb Ctnwb) and globe bulb (tg) 

temperature were used to calculate the wet bulb globe temperature (WBGT) and relative 

humidity (RH) for each day of the study. The WBGT formula WBGT = 0.7 tnwb + 0.2 

ta+ 0.1 ta (Botsford, 1971; Parsons, 1993) for outdoor use was used Relative humidity 
b 

was determined from the wet and dry bulb temperature readings off the CR-21 weather 

station. Relative humidity was calculated using relative humidity tables (Anon, 1944). 

4.11.1 CalibrationofCR-21 Weather Station 

The CR-21 weather was calibrated by the National Institute of Water and Atmospheric 

Research Ltd (NIWA) and found to be operating with an acceptable degree of accuracy 

(i.e. ± 0.2°C) for all three temperature probes. 

4.11.2 Summary 

This chapter has outlined the research design , the procedure for subject selection and the 

methods used for data collection and analysis. The following chapter presents the results 

of data collection and analysis. 
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CHAPTER 5: RESULTS 

5.0 Introduction 

This chapter presents the results of data collection and analysis. Firstly the subjects 

physical characteristics and physiological responses will be presented. Then the results 

of the production study will be detailed The chapter will conclude with the subjective 

responses and the thermal environment. The interpretation of the results will be 

presented in the discussion and conclusions will be presented in Chapter 7. 

5.1 Subjects 

5.1.1 Physical Characteristics 

Table 1: Subjects Physical Characteristics. 

Subject 

Age (Years) 

Weight (kg) 

Height (cm) 

BMI 

Pondural Index 

Key: 

Body Mass Index = 

Pondural Index = 

I 

24 

79 

180 

24 

0.4 I 

2 

23 

76 

190 

21 

0.45 

w 
H * H 

Height(m) 

1/Weight (kg) 

3 4 5 

30 42 27 

86 100 89 

166 171 179 

3 I 34 28 

0.37 0.37 0.40 

20 = under weight 
20 -25 = correct weight 
25 - 30 =overweight 

I= Lean 

0 = Obese 

6 Mean± S.D. 

22 28 ± 7.5 

67 82.8 ± 11.4 

173 176.5 ± 8.4 

22 26.7 ± 5.2 

0.43 0.41 ± 0.03 

The fallers had a mean± standard deviation (sd) age of 28 ± 7.5 years, weighed 82.8 ± 

11.4 kilograms (kg) and were I 76.5 ± 8.4 centimetres (cm) tall. In terms of somotypes, 

subjects two and six possessed ectomorphic, subjects one and five, mesomorphic and 

subjects three and four endomorphic body shapes. 
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5.2 Physiological Responses 

5.2.1 Heart Rate Indices 

Table 2: Mean Daily Heart Rates at Work and Rest (mean± S.D.) 

Subject n Working Work Heart Resting Ratio HRw/50% 
Heart Rate Pulse Rate Heart Level 
(bt.min-1 ) (bt.min-1 ) Range Rate 

(%) (bt.min-1) 
1 1805 113.9 ± 9.9 44.5 35.1 69.4±1 .2 1.64 0.8 ± 0.08 
2 1471 105.1±12.2 37.9 29 .1 67.2 ± 0.9 1.56 0.77 ± 0.07 

3 1814 I 10.6 ± 10.9 45.3 36.4 65.3 ± 1.5 1.69 0.83 ± 0.09 
4 1425 105.1 ± 11.4 35.7 32.8 69.4 ± 2.0 1.51 0.76 ± 0.25 
5 2405 98.4 ± 10.9 30.5 24.4 67.9 ± I.I I .45 0.73 ± 0 .07 

6 2487 I 10.5 ± 16.1 42.5 32.6 68.0 ± 0.9 1.62 0.81 ± 0.05 

Mean 107.3 ± 5.5 39.4 ± 5.8 31.7 ± 4.4 67.9 ± 1.5 1.58 ± 0.1 0.78 ± 0.03 

n = sample size 

The subjects had a mean± (S.D.) working heart rate of 107 ± 5.5 bt.min·1
, work pulse 

of 39.4 ± 5.8 bt.min· 1
, heart rate range of 31.7 ± 4.4 %, resting heart rate of 67.9 ± 1.5 

bt.min- 1 
, ratio of 1.58 ± 0.1, and working heart rate/50%Ievel of 0.78 ± 0.03. 

Table 3: Mean Working Heart Rate; Morning (AM) versus Afternoon (PM) 

(mean± S.D.). 

Time Sub·ects 
1 2 3 4 5 

AM 111.0 ± 14 .3 105 .3± 18.0 107.4 ± 14.6 97.4± 11.8 93.2 ± 13.4 
PM 118.3± 15 .6 104.7 ± 16.8 I 16.3 ± 16.1 I 14.6 ± 12.9 104.8 ± 14.6 

Significant Yes No Yes Yes Yes 
Difference* (p = 0.000) (p = 0.479) (p = 0.000) (p = 0.000) (p = 0.00) 

* One way ANOVA (Bonferroni Pairwise Comparisons of Means) 

6 
105.5 ± 17.4 
117 .3 ± 17. 8 

Yes 
(p = 0.000) 

Five of the six subjects experienced significantly (p < 0.01) higher mean working heart 

rates in the afternoon (PM) work period, compared to the morning (AM) work period. 
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5.2.2 Aerobic Capacity and Oxygen Consumption 

Table 4: Estimated Aerobic Capacity and Estimated Mean Oxygen Consumption During 

Work. 

Subject 1 2 3 4 5 6 Mean±S.D. 
Estimated V 02max 

.J 4.6 4.6 4.5 4.2 6.0 4.8 4.8 ± 0.63 
(1.min ) * 

Estimated Vo2max 
.J .J 58.0 60.5 44.3 42 67.4 71.6 57.3 ± 12.0 

(ml.ke .min ) * 
Estimated Oxygen 

Uptake during 1.7 1.6 1.5 1.7 1.3 1.4 1.5 ± 0.2 
Work 

. J 
(Vo2.l.min ) 

* = Age Corrected according to Astrand & Rodahl (1986) 

The mean estimated aerobic capacity and estimated mean oxygen consumption during 

work was 57.3 ± 12.0 millilitres per kilogram per minute (ml.ki 1.min-1
) 1.50 ± 0.2 litres 

per minute (l.min- 1
) respectively. 

- I 
Figure 17: Predicted Oxygen Uptake (l.min ) 
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Table 5: Predicted Workload/Oxygen Uptake Relationships. 

Work Rate 02 Uptake Heart Rate 
(Watts) -1 -1 

(l.min ) * (bt.min ) 

1 2 :1 4 
Subject I Subject 2 Subject 3 Subject 4 Subject 5 

50 0.9 92 
100 1.5 108 
150 2.1 124 
200 2.8 140 
250 3.5 156 
300 4 .2 172 
350 5.0 188 

* Source: Astrand and Rodahl (1986) 

I 

2 

3 

R2 = 0.88 

R2 = 0.87 

R2 = 0.80 

4 

5 

6 

5.2 .3 Energy Expenditure 

R2 = 0.89 

R2 = 0.97 

R2 = 0.97 

84 88 
102 111 
121 134 
139 158 
157 18 1 
175 204 
194 228 

Table 6: Mean Estimated Rates of Energy Expenditure. 

Working Work Energy 
Subject Day Work Vo2 Expenditure 

(minutes) (l.min. -1
) (kcal.min-1

) 

I 519 1.7 8.2 
2 517 1.6 7.7 
3 496 1.5 7.2 
4 489 1.7 8.2 
5 495 1.3 6.2 
6 497 1.4 6.7 

Mean± S.D 502 ± 12.6 1.5 ± 0.2 7.4 ± 0.8 
* = based on an average work ing day of 8.4 hours. 

84 97 
100 113 
117 130 
134 146 
150 162 
167 178 
184 194 

Dai I y Work Energy 
Expenditure* 

(kcal) 

4235.0 
3970.6 
357 1.2 
3990.2 
3088.8 
3339 .8 

3699.3 ± 439 
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5 
Subject 6 

88 
IOI 
11 4 
127 
140 
153 
166 

Results show a mean ± standard deviation per minute estimated energy expenditure rate 

- I 
for the working day of 7.4 ± 0.8 kilocalories per minute (kcal .min ) and 30.8 ± 3.3 

kilojoules per minute (kJ. min-'). Total estimated work expenditure for the working day 

was 3699.3 ± 439 kcal and 15488.2 ± I 837 kJ. The average working day consisted of 

502 ± 12.6 minutes or alternatively, 8.4 hours. 

6 



5.3 Production 

5.3.1 Cycle Times 

Table 7: Mean Total Cycle Time Per Stem, Morning (AM) versus Afternoon (PM). 

Subject AM 

I 11 minutes 42 seconds 
n = 80 

2 10 minutes 34 seconds 
n = 83 

3 13 minutes 4 seconds 
n = 68 

4 13 minutes 2 seconds 
n = 57 

5 12 minutes I 3 seconds 
n = 82 

6 9 minutes 29 seconds 
n = 104 

* 95 % Confidence Level 
n = sample size 

PM Significant Difference* 
I O minutes 17 seconds No 

n = 52 
12 minutes No 

n = 47 
13 minutes 17 seconds No 

n = 39 
13 minutes I second No 

n = 31 
11 minutes 14 seconds No 

n = 72 
6 minutes 44 seconds Yes 

n = 109 
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Subjects one to five experienced no significant change in mean cycle time per stem 

relative to time of day. Subject six had significant decrease in cycle time during the 

afternoon (pm) time period compared with the morning (am) period (Table 6). 

5.3.2 Percentage Time per Task. 

Table 8: Percentage of Day Undertaking Each Task. 

Subject 
Task 1 2 3 4 5 6 Mean± S.D. 

Walk In 3 2 5 2 I 3 3 ± 1.4 
Select 6 6 5 4 I I 8 7 ± 2.5 
Fell 20 19 23 16 19 11 18 ±4.1 
Delimb 37 33 34 41 40 37 37 ± 3.2 
Refuel 4 5 6 3 5 7 5 ± 1.4 
Repairs 4 4 6 5 I 3 4 ± 1.7 
Personal Delay 10 7 2 7 3 7 6 ± 3.0 
Operational Delay 5 11 5 7 4 6 6 ± 2.5 
Mechanical Delay 0 3 I 4 I I 2 ± 1.5 
Walk Out 3 2 2 I I I 2 ± 1.0 
Lunch Break 8 9 11 JO 14 16 11 ± 3 . 1 
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The subjects spent most of their working time undertaking the tasks of delimbing (37 ± 

3.2% ), felling ( 18 ± 4.1 % ) and selecting the next tree to fell (7 ± 2.5 % ). The lunch break 

accounted for 11 ± 3.1 % of the entire working day. 

5.3.3 Volume per Day 

Figure 18: Average Daily and Hourly Production in Cubic Metres (m\ 
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Time I 7 - 8 I 8 - 9 9 - 10 10 - 11 1 11 • 12 12 - 13 I 13 · 14 14 - I 5 I 15 - I 6 

Sub ject 1 ~ I 12 14 18 12 I 5 I 10 15 13 I 6 

Subiect 201 10 16 II 12 
I 5 7 8 13 I 10 

Sub ject 301 8 14 12 14 I 5 5 I 9 I 3 I 6 

Subiect 4 . 1 II 10 13 10 5 7 9 9 I 4 

Subject 5~ 13 I 13 14 13 ' 0 16 14 14 I 7 

Sub ject 6.1 8 I 19 14 I II : 0 13 17 15 I 5 

3 
Table 9: Mean Hourly Production (m 1hr ± S.D.); Morning (AM) vs Afternoon (PM). 

Time Sub·ects 
1 2 3 4 5 6 

AM 14.0 ± 2.8 12.3 ± 2.8 12 .0 ± 2.8 11.0 ± I .4 13.3 ± 0.5 13.0 ±4 .7 
PM I 1.0 ± 3.9 9 .5 ± 2.6 10.8 ± 6.5 7 .3 ±2.4 12.8 ± 3.9 12.5 ± 5. 3 

Significant No No No Yes No No 
Difference* (p = 0 .26) (p=0.19) (p=0.74) (p = 0 .03) (p=0.81 ) (p = 0. 89) 

* One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

A two sample t-Test comparing morning production against afternoon production (Table 

7) revealed that while all six subjects experienced a reduced hourly production rate in 

the afternoon, only that of subject four was statistically significant (p = 0.03). 
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5.4 Terrain 

Crev,1 one had a mean hindrance rating of 1.3 ± 0.5 and a mean slope recording of 1.6 ± 

0.8 °. Crew two had a mean hindrance rating of 1.5 ± 0.7 and a mean slope recording of 

2.0 ± 1.3 °. While crew two did experienced both statistically steeper slope recordings 

and hindrance ratings (p< 0.05) than crew one, both crews overall terrain rating was 

minimal adverse slope with low hindrance. 

5.5 Hazards 

Figure 19: Mean Hazard Type and Percentage Occurrence. 
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Table 10: Mean Weekly Hazard Ratio, Frequency and Location. 

Subject I 2 3 4 

Mean Daily Production (m3
) 105 92 96 78 

Felling Hazards per I 00 stems 7.1 5.5 11.6 0 
Delimbing Hazards per I 00 stems 19.1 I 3.4 12.5 5.5 
Total Hazards per I 00 stems 26.2 18.9 24.1 5.5 
Felling Hazards(%) 27 30 48 0 
Delimbing Hazards(%) 73 70 52 100 

40 

5 6 Mean± S.D 
104 102 96.2 ± 10.2 
4.9 0 .7 4 .9 ± 3.9 
5.3 5.3 JO. I ±5.2 
10.2 6.0 15 .2 ±9.1 
48 12 27 .5± 19.2 
52 88 72.5 ± 19.2 

An average production of 96.2 ± 10.2 m3 generated an average I 5.2 ± 9.1 hazards per 

100 stems with 27.5 ± 19.2% of the hazards occurring in the felling phase and 72.5 ± 
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19.2% occurring in the delimbing phase of the operation. The most frequently occurring 

hazard was kickback, followed by poor technique and slip/fall hazards. 

Table 11: Hazard Ratio (Hazards/100 stems) : Morning (AM) vs Afternoon (PM)* 

Time Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 

AM 33.7 13.3 18.4 5.4 12.4 8.6 

PM 28.4 14.1 24 .1 5.0 7.3 3.1 

Significant No No No No No No 
Difference (p = 0.74) (p = 0.90) (p = 0.64) (p = 0.94) (p = 0.07) (p = 0. 10) 

* One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

A two sample t Test revealed that only subjects five and six experienced any significant 

different between morning (am) and afternoon (pm) hazard frequency. While subjects 

one, five and six experienced lower hazard ratios in the afternoon periods, these 

decreases were not statistically significant (p > 0.05). 

5.6 Psycho-physiological Measures 

5.6.1 Rated Perceived Exertion 

Table 12: Mean Daily Rated Perceived Exertion (RPE) (Pearsons Correlation). 

Time Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 

AM 0.7874 -0.0350 0.5722 0.6655 0.5950 0 .7205 

PM 0.7423 0.2865 0.5887 -0. 1875 0.6148 0 .3323 

Significant Difference no no no yes no yes 
95% Level* 

Complete Day 0.7878 -0.0115 0.7521 0.3533 0.6424 0 .6417 
n = 28 n = 30 n = 23 n = 25 n = 51 n = 40 

* One way ANOY A (Bonferroni Pairwise Comparisons of Means) 

Subjects one, three and five were able to effectively rate their level of perceived exertion 

throughout the working day. Whilst subjects four and six ability decreased as the day 

progressed. Subject two consistently showed an inability to correctly rate his level of 

perceived exertion. 
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5.6.2 Subjective Fatigue Ratings 

The results for the self assessment of fatigue questionnaire shows that the subjects felt 

more weary (83%), tense (66%), weaker (100%) and more exhausted (83%) in the 

afternoon (PM), compared with the morning (AM) . Only two of the six subjects (33 % ), 

felt more sleepy and bored in the afternoon (PM), compared with the morning (AM). 

Table 13: Weekly Average Fatigue Trends, Morning (AM) vs Afternoon (PM). 

Subject Question I 2 3 4 5 6 
I AM 1.5 4.5 1.4 6.0 1.0 5 .3 

PM 2.1 5.6 2.0 5.6 1.0 4.4 

Significant Difference# No No Yes* No No Yes* 
2 AM 2.4 5.6 2.6 5.5 2.1 5 .9 

PM 4.1 6.0 4.3 3.6 3.3 4.9 
Significant Difference# Yes* * No Yes** Yes** Yes** Yes** 

3 AM 2.8 5.7 1.5 5.5 I.I 4.9 
PM 4.3 4.2 3.7 3.7 1.6 4.9 

Significant Difference# Yes** Yes** Yes** Yes ** Yes* No 
4 AM 2.8 5.8 2.6 5.4 1.00 7.00 

PM 4.2 4.0 4.2 4 .2 1.00 7.00 

Siimificant Difference# Yes* Yes** Yes* * Yes** No No -
5 AM L b 6.4 " r, ~ .9 ! n'i 4.0 L.. 7 

PM 4.2 5.3 4.4 2.8 1.0 4.0 
Significant Difference# Yes** Yes** Yes** Yes** No No 

6 AM 4.6 4.0 4.4 3.9 4 .5 4.4 
PM 5.2 3.4 4.9 3.2 4 .7 4.2 

Significant Difference# Yes** Yes** Yes* Yes** No No 
# One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

* 95 % Confidence Interval ** 99% Confidence Interval 

Key: 

Question 1: 
FRESH 2 3 4 5 6 7 WEARY 

Question 2: 
TENSE 2 3 4 5 6 7 RELAXED 

Question 3: 
STRONG 2 3 4 5 6 7 WEAK 

Question 4: 
EXHAUSTED 2 3 4 5 6 7 VIGOROUS 

Question 5: 
WIDE AWAKE 2 3 4 5 6 7 SLEEPY 

Question 6: 
BORED 2 3 4 5 6 7 INTERESTED 



5.6.3 Body Part Discomfort 

Figure 20: Subject 1 Mean Weekly Discomfort and Severity Rating. 
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Figure 21: Subject 2 Mean Weekly Discomfort and Severity Rating. 
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Figure 22: Subject 3 Mean Weekly Discomfort and Severity Rating. 
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Figure 23: Subject 4 Mean Weekly Discomfort and Severity Rating. 
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Figure 24: Subject 5 Mean Weekly Discomfort and Severity Rating. 
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Figure 25: Subject 6 Mean Weekly Discomfort and Severity Rating .. 
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The lower back (segment 8), was the most frequently recorded body part experiencing 

discomfort (26 %), followed by the hips (segment 9), (14 %), upper back (segment 7) 

(9%) and the ankle (segments 26 and 27) (9 %). Severity ratings were predominantly 

slight (49%) to moderate (43%), with only eight percent being ranked as severe. 

5.6.4 Thermal Comfort 

Figure 26: Mean Weekly Thermal Comfort Ratings 
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Table 14: Mean Weekly Thermal Comfort Ratings, Morning (AM) versus Afternoon 

(PM) (mean± S.D.) 

Subject AM PM Significant Difference# 

I 3.8 ± 0.8 3.8 ±0.4 No 

2 3.8 ± 0.6 3.8 ± 0.4 No 

3 3.8 ± 0.6 2.7 ± 0.9 Yes** 

4 3. 1 ± 0.5 2.4 ± 0.9 Yes** 

5 4.0 ± 0.2 3.8 ± 0.4 No 

6 2.3 ± 0.9 1.5 ± 0.6 Yes** 

# One way ANOV A (Bonferroni Pairwise Comparisons of Means 

** 99% Confidence Interval 
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Table 14 shows that three of the six subjects (50%) experienced a significant (p < 0.05) 

decrease in their thermal comfort level as the day progressed. 

5.6.5 Thermal Sensation 

Figure 27: Mean Weekly Thermal Sensation Ratings 
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Table 15: Mean Weekly Thermal Sensation Ratings, Morning (AM) versus Afternoon 

(PM) (mean± S.D.). 

Subject AM PM Significant Difference # 

I 2.1 ± 0.3 1.9 ± 0.5 No 

2 3.4 ± 0.8 2.3 ± 0.6 Yes ** 

3 3.4 ± 1.3 2.2 ± 0.6 Yes ** 

4 2.8 ± 0.5 2.4 ± 0.5 No 

5 4.7 ± 1.2 3.5 ± 1.5 Yes** 

6 1.9 ± 0.8 1.2 ± 0.4 Yes** 

# * One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

** 99% Confidence Interval 
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Table 15 shows that four of the six subjects (66%) experienced a significant (p < 0.05) 

increase in their thermal regulation as the day progressed, as a result of the suhjects 

becoming hotter. 

5.6.6 Skin Wettedness 

Figure 28: Mean Weekly Skin Wettedness Ratings 
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Table 16: Mean Weekly Skin Wettedness, Ratings Morning (AM) versus Afternoon 

(PM) (mean ± S.D.) 

Subject AM PM Significant Difference# 

1 7.0 ± 0.4 7.2± 0 .8 No 

2 4 .1±1.3 4.5± 0.7 No 

3 4 .9 ± I. I 6.6 ± 1.3 Yes ** 

4 4.4 ± 0.5 5.9 ± 1.5 Yes ** 

5 4.1 ± 1.7 5.7 ± 1.7 Yes ** 

6 6.1 ± 1.5 7.7 ± 0.7 Yes ** 

# One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

** 99% Confidence Interval 
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Table 16 shows that four of the six subjects (66%) experienced a significant increase (p 

< 0.05) in their skin wettedness rating as the day progressed as a result of increased 

sweating. 

5.5.7 Thermal Regulation 

Figure 29: Mean Weekly Thermal Regulation Ratings 
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Table 17: Morning (AM) versus Afternoon (PM) Mean Weekly Thermal Regulation 

Ratings (mean ± S.D.) 

Subject AM PM Significant Difference # 

I 5.9 ± 0.7 6.4 ± 0.9 No 

2 5.3 ± 0.8 6.6 ± 0.5 Yes** 

3 5.4 ± 0.8 6.9 ± 0.3 Yes** 

4 5.6 ± 0.7 5.9 ± 0.9 No 

5 4.7 ± 0.7 5.8 ±0.8 Yes** 

6 5.5 ± 0.8 6.5 ±0.8 Yes** 

# One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

** 99% Confidence Interval 
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Table 17 shows that four of the six subjects (66%) experienced a significant change (p < 

0 .05) in their thermal regulation in the afternoon period (PM), through an increase in 

their sweat rating. The remaining two subjects experienced no such change. 

5.6.8 Digit Symbol Substitution (DSS). 

Figure 30: Subject l Mean Daily DSS Score 
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Table 18: Subject I Mean Daily DSS Score; Morning (AM) versus Afternoon (Fivi). 

Subject 1 AM PM Significant Difference * 

# Attempted 85 ± 3.0 88 ± 3.4 No (p = 0 .3) 

# Correct 85 ± 2.6 88 ± 3.5 No (p = 0.3) 

% Correct 99.6 ± 0.6 99.7 ± 0.5 No (p = 0. 85) 

* One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

Figure 3 1: Subject 2 Mean Daily DSS Score 
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Table 19: Subject 2 Mean Daily DSS Score; Morning (AM) versus Afternoon (PM). 

Subject 2 AM PM Significant Difference* 

# Attempted 84.7 ± 2. 1 86.5 ± 2.9 No (p = 0.4) 

# Correct 84.7 ± 2.0 86.3 ± 2.6 No (p = 0.43) 

% Correct 100.0 ± 0.0 99.8 ± 0 .5 No (p = 0.44) 

* One way ANOV A (B0nfe1Toni Pa irwise Comparisons of Means) 

Figure 32: Subject 3 Mean Daily DSS Score 
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Table 20: Subject 3 Mean Daily DSS Score; Morning (AM) versus Afternoon (PM). 

Subject 3 AM PM Significant Difference * 

# Attempted 69.7 ± 1.5 67.3 ±4.1 No (p = 0.41) 

# Correct 69.0 ± 1.7 66.7 ± 3.1 No (p = 0.31) 

% Correct 98.7 ± 0.6 99.0 ± 1.7 No (p = 0.78) 

* One way ANOVA (Bonferroni Pairwise Comparisons of Means) 



Figure 33: Subject 4 Mean Daily DSS Score 
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Table 21: Subject 4 Mean Daily DSS Score; Morning (AM) versus Afternoon (PM). 

Subject 4 AM PM Significant Difference* 

# Attempted 

# Correct 68.3 ± 2.0 btU ±0.6 '- T ,_ {"\ {)f \ 
1"'(U \l.l - U.VI/ 

% Correct 99.3 ± 0.6 99.3 ± 0.6 No (p = 0.50) 

* One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

Figure 34: Subject 5 Mean Daily DSS Score 
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Table 22: Subject 5 Mean Daily DSS Score; Morning (AM) versus Afternoon (PM). 

Subject 5 AM PM Significant Difference * 

# Attempted 60.3 ± 3.6 62.0 ± 2.0 No (p = 0.49) 

# Correct 60.3 ± 3.6 62.0 ± 2.0 No (p = 0.49) 

% Correct 100.0 ± 0.0 100.0 ± 0.0 No (p = 1.00) 

* One way ANOV A (Bonferroni Pairwise Comparisons of Means) 

Figure 35 : Subject 6 Mean Daily DSS Score 
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Table 23: Subject 6 Mean Daily DSS Score; Morning (AM) versus Afternoon (PM). 

Subject 6 AM PM Significant Difference * 

# Attempted 68.7 ± 2.3 70.3 ± 1.3 No (p = 0 .30) 

# Correct 68.0 ± 1.7 69.5 ± 1.3 No (p = 0.24) 

% Correct 99.3 ± 0.6 99.2 ± 0.5 No (p = 0.84) 

* One way ANOV A (Bonferroni Pairwise Comparisons of Means) 
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None of the six subjects experienced any significant change (p > 0.05) in either the 

number of digit symbol substitutions attempted, the number of correct answers gained or 

the percentage of correct answers as the day progressed. 
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5. 7 Ambient Thermal Environment 

The average wet bulb globe temperature (wbgt) for crew one was 18.2 ± 1.2°c (range 

14.8 to 24.1), and 15.7 ± 1.4°C, (range 8.7 to 18.7°C) for crew two. The average 

relative humidity for crew one was 78 ± 11.2% (range 62 to 91 % ), and 77 ± 12.4%, 

(range 61 to 91 % ) for crew two. 

Figure 36: Mean Hourly % Relative Humidity and Wet Bulb Globe Temperature (wbgt) 
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The mean wbgt's for this study were 18.2 ± 1.2°c (range 14.8 to 24.1) for crew one, and 

15.6 ± 1.5 °c (range 8.7 to 18.7 °C) for crew two. Mean relative humidity was 78.4 ± 

11.2 % for crew one, and 77 .1 ± 12.7 for crew two. 



Table 24: Mean Hourly WBGT and Relative Humidity Morning (AM) versus 

Afternoon (PM). 

Measure Time Crew 1 Crew 2 
AM 17.6±1.4 14.8 ± 1.5 

WBGT PM 19.0 ±0.0 16.8 ± 0.5 
Significant Difference* No Yes 

AM 88. 1 ± 3. 1 88.7 ± 5.2 
Relative Humidity PM 67.7±5.l 65.4 ± 3.4 

Significant Difference* Yes Yes 
* 95 % Confidence Level 
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Crew one experienced no significant (p > 0.05) increase in mean hourly WBGT, but did 

experience a significant (p < 0.05) decrease in mean hourly relative humidity as the day 

progressed. Crew two experienced a significant (p < 0.05) increase in WBGT and 

decrease in relative humidity as the day progressed (Table 22) . 

5.8 Summary 

This chapter has presented the results of data collection and analysis. The following 

chapter will interpret these findings and discuss their significance in relation to both the 

current study and previous research findings. 
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CHAPTER 6: DISCUSSION 

6.0 Introduction 

This chapter will interpret the results and discuss their significance in relation to both 

the current study and previous research findings. Chapter 7 will present the conclusions 

of the research findings pertinent to each specific area examined, including suggested 

areas of future research identified during the course of this study. 

6.1 Subjects 

6.1.1 Height and Body Mass (BMI) 

For comparative analysis the subjects were separated into two age class categories, 20 -

30 and 40 - 50. The 50th percentile New Zealand male in the 20 - 30 year old age group 

has a BMI of 24.3 (Wilson et al., 1993). The subjects in the 20 - 30 age category in the 

present study had a mean BMI of 25, mct1cating that Lhey iiau l1c;altliy height to ·::eight 

ratios. Both the body mass index (BMI) and pondural index has appeared to place 

subject 3 in the overweight category. However, this subject was of a solid muscular 

build, and relatively short in stature. These features would therefore tend to bias these 

particular indices. This phenomenon has been noted before when using BMI 

measurements. Wilson et al., (1993) noted that BMI measurements require careful 

interpretation to ensure that subjects with a high proportion of muscle and/or bones of 

greater density were not assigned erroneous BMI values. 

The 50th percentile New Zealand male in the 20 - 30 year old age category has a mean 

height of 176.6 cm and mean weight of 75.9 kg (Wilson et al., 1993). The subjects 

within the 20 - 30 year category had a mean height of 178 cm and weight of 79.4 kg. 

This indicates that the subjects tended to be slightly taller and heavier than the average 

population. 
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The subject within the 40 - 50 year category had a BMI of 34, weighed 100 kg and was 

171 cm tall. This placed him within the 95 percentile of the BMI range, 95th percentile 

of the weight and 20th percentile of the height classes for the 40 - 50 age class. Taking 

the podural index, height, weight and BMI measures into consideration, subject four was 

taller than, but slightly overweight for, his age class. 

6.1.2 Summary 

Based on the physical characteristics presented here, the subjects could be characterised 

as having, on average, a healthy weight for their height. 

6.2 Physiological Measures 

6.2.1 Heart Rate Indices 

6.2.1.1 Working Heart Rate. 

The overall mean daily working heart rate of 107.3 ± 5.5 beats per minute (bt.min-1
) 

(range 98.4 to 113.9) appears to be somewhat lower than working heart rates generally 

associated with such work. For example, Wencl (1971) 116 bt.min- 1
, Kukkonen-Harjula 

(1984) 123 ± 4 bt.min-1
, Hagen et al., (1993) 138 ± 10 bt.min- 1

, Fibiger and Henderson 

(1982) 138 bt.min-1 and Henderson (1984) 133 .8 ± 9 bt.min- 1
• Only Nwuba and Kaul 

(1987) and Cristofolini et al., (1990) recorded a working hea1t rate that was lower than 

the current study, that being 98 ± 10 bt.min-1 and 85.2 ± 18.5 bt.min-1 respectively. 

Several other forestry related studies did not state a single working heart rate figure, 

rather they partitioned working heart rate data into separate task related working heart 

rates such as chainsaw felling. Here again, there appears to be a degree of variation 

between studies. For example Apud et al., (1990) recorded a felling heart rate of 118 

bt.min-1
, Bombosch (1994) 114 bt.min- 1

, Kirk and Parker (1994a) 117 bt.min-1
, Maleta 

and Sood (1984) 124 bt.min- 1
, Parker and Kirk (1994) 127 bt.min-1

, and Seixas et al., 

(1995) 117 .6 bt.min- 1
• When the same criteria was applied to the present study, a mean 
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felling heart rate of 114.6 ± 6.5 bt.min- 1 was obtained. As previously shown, this figure 

was very similar to those recorded by other researchers. 

This raises the question of how can the working heart rates be relatively lower, but task 

related working heart rates very simular, to those of previous studies?. The answer could 

be related back to what previous researchers have defined as "working heart rate". For 

example Wencl (1971) appears to have only measured working heart rate in four, rather 

than eight hour periods. Hagen et al., (1993) appear to have excluded meal and or rest 

breaks from their definition of working heart rate, as have Kirk and Parker (1994a). The 

exclusion of lower heart rates commonly associated with rest and meal breaks 

undoubtedly resulted in the generation of a higher working heart rate than would be the 

case if such data had been included. Kukkonen-Harjula ( 1984) included the task of snow 

shovelling in the subjects working heart rate. As stated by Smolander et al., (1995), 

snow shovelling is a strenuous physical work activity with an average heart rate of 141 ± 

20 bt.min- 1
• The inclusion of such a strenuous activity into the definition of working 

heart rate inevitably result in the calculation of a higher working heart rate figure than 

would be commonly recorded in studies where snow shovelling was not mciuded. 

This present study defined working heart rate as all of those activities which took place 

from the moment the worker started to walk into the forest to begin felling, up to and 

including, walking out to the roadside at the end of the working day. All activities which 

occurred in between these two events, including rest and meal breaks, were combined to 

calculate the subjects' working heart rates for the entire working period. 

As can be seen in Table 3, there was a significant (p < 0.01) increase in working heart 

rates when the morning (am) and afternoon (pm) work periods were compared. 

However, there was only a minimal rise in ambient thermal environment in the 

afternoon, no significant change in productivity or cycle times and a significant increase 

in subjective fatigue ratings. The increased working heart rates have therefore been 

attributed to the subjects finding the work physically harder in the afternoon period as 

they worked to maintain their level of productivity in order to achieve their daily targets. 



74 

Compared to other occupations, tree felling and delimbing in the present study recorded 

working heart rates which were higher than those recorded for nurses 93 ± 10 bt.min- 1 

(Fordham et al., 1978), truck drivers 96 ± 13 bt.min-1 (Van Der Beek and Frings-Dresen 

et al., 1995), bricklayers 97 ± 15 bt.min- 1 (Astrand, 1967), steel workers 97 ± 13 bt.min-1 

(Vitalis et al., 1994), carpenters 99 ± 11 bt.min-1 (Astrand, 1967), and building labourers 

102 ± 12.2 bt.min- 1 (Astrand, 1967), whilst being similar to coal miners 106 ± 18 

bt.min-1 (Montoliu et al., 1995) but not as high as foundry workers 140 ± 11 bt.min- 1 

(Keawplang et al., 1993) or snow clearers 141 ± 20 bt.min-1 (Smolander et al., 1995). 

Therefore, utilising the heart rate based workload categories formulated by Astrand and 

Rodahl ( 1986), Grandjean ( 1988) and Rodahl ( 1989) place the current subjects mean 

working heart rate of 107.3 ± 5.5 bt.min- 1 in the moderate to heavy workload category. 

6.2.1.2 Relative Heart Rate at Work. 

The relative heart rate at work index has, with increasing frequency , been used as an 

effective alternative to oxygen consumption to estimate the severity of a task and is 

taken to represent 'an analogous (to Vo2) heart rate index of the cost of work' (Vitalis et 

al., 1994). The recommended index level for continuous physical work over an eight 

hour period ranges from 33% (NIOSH, 1981), to 45 % (Evans et al., 1980; Levine et al., 

1982), with the most frequently used being 40% (Apud et al., 1989). In this present 

study the mean relative heart rate was 31.7 ± 4.4%, (range 24.4 to 35.1 ). This figure falls 

within the recommended limits previously outlined and shows that the subjects were 

working at a sustainable pace. This compares to the occupations of nursing 26 ± 9% 

(Fordham et al., 1978), car assembly workers 21 ± 7% (Goldsmith et al., 1978), 

steelworkers 25 ± 14% (Vitalis et al., 1994), cane cutters 33 ± 5% (Vitalis, 1981) and 

foundry workers 37% (Aunola et al, 1979). 

An explanation for the ability of the subjects to remain within the recommended limits 

for sustained physical work, is the fact that the task of tree felling and delimbing is 

largely a self paced task as the faller has a large degree of control over their own work 

pace. Montoliu et al., (1995) identified this effect when they investigated the cardiac 
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strain of coal mmers. They stated that due to the self-paced tasks associated with 

mining, the subjects were able to set for themselves the rates of work that they felt able 

to sustain day after day. The same can be said for the fallers in the current study. 

Evans et al., (I 980) however, found that when male and female soldiers were requested 

to work hard at self paced rates, they both chose a level equivalent to 45 % of their 

Vo2max· Other studies utilising male soldiers operating under the same criteria (Hughes 

and Goldmen, 1970; Soule and Levy, 1972), found that the level chosen represented 40 

to 50% of the subjects Vo2max· It should be noted however, that the self paced work rates 

chosen in these studies only had to be maintained for a period of two hours. 

Levine et al., (1982) noted the short comings evident in the work undertaken by Evans 

et al., 1980), Hughes and Goldmen (1970) and Soule and Levy (1972), in terms of the 

short one to two hour test period, and extended the test period to three and a half hours. 

Their results involved the addition of a training factor into the analysis. Levine et al., 

(1982) recorded a significant difference between the trained and untrained subjects, with 

trained subjects selecting a work pace equivalent to 35%, and untrained 44%, of their 

Vo2max· This finding was attributed to the fact that fit individuals may be limited by an 

inability to walk fast enough to maintain the same relative energy expenditure as unfit 

individuals. 

Work undertaken by Myles et al., (1979) however, suggested that well trained subjects 

exercising at self paced intensities for prolonged periods of up to eight hours duration, 

such as the subjects in the current study, may reduce their energy expenditure to below 

40% of their Vo2max · This assumption is backed up by the findings of researchers 

investigating other forest industry activities in New Zealands exotic plantation forest 

industry. Other tasks studies, and percent relative heart rate recorded are; breaking-out 

(37%) (Kirk and Parker, 1994b; Kirk and Sullman, 1995), skid work (31 % ) (Parker et 

al., 1993), first lift pruning (29%), (Kirk and Parker, 1996), second lift manual pruning 

(39%) (Ford, 1995) and second lift chainsaw pruning (39%) (Ford, 1995). As can be 

seen, all of these tasks recorded percentage relative heart rate at work figures which lie 

between the recommended 30 to 40% limit. The fact that the majority of these tasks 
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were undertaken for a period of at least eight hours, underscores the assumption made 

by Myles et al., ( 1979). Since these task were predominantly self paced with the 

incentive of high production rates equalling high financial reward, one could safely 

assume that the individuals studied were working at their highest sustainable pace . 

A further effect on the percent relative heart rate adopted by the fallers was the impact 

of the frequent short rest breaks taken by the fallers during their working day, whilst 

they refuelled their chainsaws. As previously stated, the positive impact of both rest 

pauses and micro-pauses on worker fatigue and productivity have been well document 

(Alluisi and Morgan, 1982; Brzezinska, 1968; Krueger, 1991; Parker et al. , 1993 ; Rosa 

and Colligan, 1988). This aspect will be discussed in greater detail in section 6.3. 

6.2.1.3 Work Pulse 

The average work pulse has been used as a guide in determining the limit of continuous 

performance. Karrasch and Muller (1951) stated that such a limit is reached when the 

average working pulse is 30 bt.min-1 above the subjects resting heart rate. Grandjean 

(1988) on the other hand set this limit at 35 bt.min- 1 above the resting heart rate. The 

current study recorded a mean work pulse of 39.4 ± 5.8 bt.min- 1 (range 30.5 to 45.3). 

This figure exceeds both upper limjts set by Karrasch and Muller (1951) and Granjean 

(1988). Therefore it can be said that according to the work pulse criteria, the subjects 

were working at the upper limit of continuous performance and the work could therefore 

be classified as heavy. Cristofolini et al., (1990) recorded a work pulse of 42.9 bt.min· 1 

for Italian forestry workers. However, since this figure applied to subjects undertaking a 

range of forest harvesting tasks, it cannot be directly compared to the present study. 

The accuracy and value of the index is questionable in that whilst other indices may 

classify the workload of a task as acceptable, the working pulse index will classify that 

same task as exceeding the acceptable limits. This was found with the subjects of this 

study as well as those of others. Whilst the percent relative heart rate figures of the 

following tasks fell within the acceptable limits, their associated work pulse figures 

exceeded the acceptable limits as defined by both Karrasch and Muller ( 1951) and 
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Grandjean (1988). For example, breaking-out (50) (Kirk and Parker, 1994b; Kirk and 

Sullman, 1995), skid work (45) (Parker et al., 1993), first lift pruning (44) (Hartsough 

and Parker, 1993), second lift manual pruning (42) (Ford, 1995) and second lift 

chainsaw pruning (41) (Ford, 1995). Therefore the researcher feels that the sensitivity, 

accuracy and therefore, value of this physiological strain index is questionable, and 

requires further evaluation. 

6.2.1.4 Working Heart Rate/50% Level 

As detailed by Vitalis et al., (1994 ), the 50% level is defined as being equal to the 

resting heart rate plus "heart rate"/2, where "heart rate" is the maximal heart rate minus 

the heart rate at rest. If a subject works at the 50% level , that is heart rate at work/50% 

level is equal to 1, their work is comparable to hard continuous work (Lammert, 1972). 

The current study's mean working heart rate to 50% level was 0.83 ± 0.04, placing it in 

the moderate to heavy work category. This finding is again comparable to other tasks of 

a self paced nature requiring continuous high performance for a period of at least eight 

hours. The result of the current study of 0.83 ± 0.04 compares favourably with the 

forestry tasks of breaking out 0.86 (Kirk and Parker, 1994b; Kirk and Sullman, 1995), 

skid work 0.83 (Parker et al., 1993) and first lift pruning 0.84 (Hartsough and Parker, 

1993). 

As with the work pulse index, the 50% level appears to lack a degree of sensitivity in 

that it appears to classify tasks of varying intensity as being the same, whilst other 

indices (Hrw, Ratio, %HRR) clearly identify them as being different in terms of 

physiological strain. 

Therefore, the researcher questions the sensitivity with which the 50% Level heart rate 

index can accurate identify a difference between two physiologically demanding tasks, 

and suggests the use of more sensitive indices for the measurement of a task's 

physiological cost. 
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6.2.1.5 Ratio of Working Heart Rate to Resting Heart Rate 

The overall mean for the ratio of working heart rate to resting heart rate in the current 

study was 1.58 ± 0.1, (range 1.51 to 1.69). This places the current tasks of felling and 

delimbing higher than steel workers 1.37 ± 0.23 (Vitalis et al., 1994), cane cutters 1.38 

± 0.12 (Vitalis, 1987), nurses 1.45 (Fordham et al., 1978) and car assembly workers 1 .45 

(Goldsmith et al., 1978), but lower than that recorded for open hearth workers 1.64 

(Minard et al., 1971). 

With regard to other forestry related tasks, the findings of the current study 1.58 ± 0 .1, 

places the task of felling and delimbing higher than skid work (1.4 7) (Parker et al. , 

1993), but lower than breaking out 1.77 (Kirk and Parker, 1994b; Kirk and Sullman, 

1995), and first lift pruning 1.62 (Hartsough and Parker, 1993; Kirk and Parker, 1996). 

It should be noted that with the exceptions of Kirk and Parker ( 1996), Vital is ( 1987) and 

Vitalis et al., (1994 ), all of the previous studies used sleeping heart rate to calculate the 

ratio figure. This was not possible in the current study due to the objections of the 

subjects. However, as pointed out by Vitalis et al., (1994), if sleeping heart rates were 

used, it would be expected that a slightly higher ratio figure would be produced. 

6.2.1.6 Estimated Oxygen Consumption (Vo2). 

The estimation of Vo2 from subjects heart rates, has been widely adopted for use where 

the nature of either the work environment, or the work itself, restricts or even prevents 

direct measurement of Vo2 (Aunola et al. 1979; Vitalis 1987; Imbeau et al., 1995; 

Montoliu et al, 1995; Van Der Beek and Frings-Dresen et al., 1995). As previously 

mentioned, whilst not being as accurate as direct measurement, this method provided an 

effective estimation of oxygen consumption with an accuracy of± 15% (Rodahl et al, 

1974; Rodahl, 1989). This finding was further supported by Maas et al., (1989) who 

found that with combined static-dynamic work, such as felling and delimbing, a simple 

dynamic task such as the cycle ergometer test could be accurately used to predict V o2 

from measured heart rate. Keawplang et al., (1993) also found that accurate estimations 
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of Vo2 could be made from heart rate if each subject was "calibrated", a finding 

supported by Nielsen and Meyer (1987). 

The overall mean estimated Vo2 ,based on working heart rate for the present study, was 

1.50 ± 0.2 litres per minute (l.min- 1
), with a range of 1.30 to 1.70 l.min· '. As with the 

working heart rate figure, this V o2 figure appears to be lower than those recorded by 

other forestry researchers for the task of tree felling and delimbing. For example Fibiger 

and Henderson (1982) recorded a Vo2 of 1.77 ± 0.1 l.min· ', Hagen et al., (1993) 1.81 ± 

0.1 I.min·', Maleta and Sood (1984) 1.87 ± 0.2 l.min· ' and Kukkonen-Haijula (1984) 

1.91 ± 0.31 l.min _,. Only one other study recorded a similar Vo2 to that of the present 

study, that being Henderson (1984), who recorded a Vo2 of 1.33 ± 0.3 l.min·'. However, 

the mean estimated V o2 for the tasks of felling and delimbing for the present study was 

1.85 ± 0.2 l.min·', which is very similar to the figures obtained by Fibiger and 

Henderson (1982), Hagen et al., (1993), Maleta and Sood (1984) and Kukkonen-Harjula 

(1984 ). This suggests that these previous researchers may have reported "forestry work" 

as being solely the act of felling and delimbing, rather than all of the work elements 

which made up the subjects working heart rate as is the case with the present study. As 

previously discussed, the actual definition of the work task greatly impacts on the 

subsequent workload rating. 

6.2.1.7 Estimated Energy Expenditure 

An accurate assessment of oxygen consumption (V o
2

) provides important information 

for determining the energy expenditure requirements of work and thus, has been used 

extensively (Astrand and Rodahl, 1986). The basis for this is that the calorific value of 

oxygen is 4.8 kcal or 20 kJ. That is, when one litre of oxygen is consumed by the human 

body, there is, on average, a turnover of 4.8 kcal or 20 kJ of energy (Astrand and 

Rodahl, 1986; Grandjean, 1988). With this knowledge, one can determine an 

individual's energy consumption by simply multiplying their oxygen consumption by 

4.8 or 20 in order to obtain their rate of energy expenditure. 
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Because of the complicated and time-consuming procedures involved in estimating 

oxygen consumption, attempts have been made to use heart rate which is very simple to 

measure, and can, at the same time be calibrated to give reliable information about 

physiological workload (Varghese et al., 1994 ). It has been well established that heart 

rate and energy expenditure bear a linear relationship, which can be used in the 

estimation of workload from heart rate (Ganguli and Datta, 1975; Lundgren, 1946; 

Malhotra et al., 1963; Payne et al., 1971; Saha, 1976). 

The method used in the current study was based upon the subjects' heart rate recordings, 

as reliable workload/oxygen uptake relationships were obtained through cycle ergometry 

testing, with a mean correlation coefficient of 0.90 ± 0.07. Accordingly, estimated mean 

Vo
2 

figures were multiplied by 4.8 and 20 in order to obtain the mean kcal min-1 and kJ. 

min-1 values. These min-1 values were then multiplied by the time spent at work in 

minutes to obtain an estimation of energy expenditure for the working period. 

Consequently, a mean ± standard deviation per minute estimated energy expenditure 

rate of 7.4 ± 0.8 kcal min-1 and 30.8 ± 3.3 kJ. mi/ was obtained. Total estimated work 

expenditure for the working day was 3699.3 ± 439 kcal and 15488.2 ± 1837 kJ, with the 

average working day consisting of 502 ± 12.6 minutes or alternatively, 8.4 hours. 

The per minute rating of 7.4 ± 0.8 kcal min-1 places the current subjects' at the upper 

end of the heavy workload category as defined by Table 25. On an 8 hour working day, 

basis Grandjean (1988) would grade the current study's mean working expenditure 

(3699.3 ± 439 kcal) as being within the severe range of work expenditures (Table 24). 

Table 25: Rating of Work Energy Expenditures 

Work calories per 8-hour day 
(kcal) 

< 1000 
1000 - 1600 
1600 - 2000 

> 2000 

Source: Grandjean (1988). 

Rating 

Light 
Moderately heavy 

Heavy 
Severe 
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In terms of 24 hour energy expenditure rates, the current figures were again at the upper 

limits of extreme effort. When the work expenditure rate was added to the basal 

metabolic expenditure rate of 1700 kcal and the leisure energy expenditure rate of 600 

kcal for a 24 hour period (Grandjean, I 988), a total estimated mean energy expenditure 

rate per 24 hours of 5999.3 kcal was achieved. Applying this figure to Hettingers 

(1960) diagram (Figure 36) gave a work expenditure rating of severe and a overall 

energy consumption/24 hour rating of "extreme bodily effort". 

Figure 37: Summary of Overall Energy Consumption Compared With Working 

Consumption. 
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An understanding of how physically demanding such work can be, is shown by 

Grandjean (1988) who states that "most work physiologists today consider an energy 

consumption of 4800 kcal per working day (averaged over a year) to be a reasonable 

maximum for heavy work". The current findings of 5999.3 kcal per 24 hours, shows that 

these subjects were working close to their upper limit in terms of energy expenditure. 

Fibiger and Henderson (1982), Hagen et al., (1993), Kukkonen-Harjula (1984), Matela 

and Sood (1984) and Van Loon (1971) confirm this finding as they were all classified 

felling and delimbing as very to extremely heavy physical work, where in the majority 

of cases the subject was working at the upper limit of internationally recognised levels 

for long term heavy physical work. Considering all of these factors, the current subjects 



82 

workload, in terms of energy expenditure, would have to be rated as being within the 

"very heavy" to "severe" range . 

6.2.1.8. Summary 

A working heart rate of 107 ± 5.5 bt.min- 1 
, an estimated working oxygen consumption 

of 1.5 ± 0.2 l.min- 1 and an estimated energy expenditure of 7.4 kcal.min- 1 placed the 

current subjects' working activities in the moderate to heavy workload category (Table 

25). Heart rate indices applied to the subjects' recorded heart rate data confirmed these 

findings, and rated the workload associated with the task of motor-manual tree felling 

and delimbing as moderate to heavy. 

Table 26: Physiological Classification of Working Activities 

Oxygen Energy Heart Rate 
Consumption Expenditure (bt.min- 1

) 

(l.min-1) (kcal.min-1
) 

Light < 0.5 < 2.5 < 90 
Moderate 0.5 - 1.0 2.5 - 5.0 90 - 110 
Heavy 1.0- 1.5 5.0-7.5 110 - 130 
Very Heavy 1.5 - 2.0 7.5 - 10.0 130 - 150 
Extremely Heavy > 2.0 > 10.0 150 - 170 

Source: Astrand and Rodahl ( 1986) 

In general terms, heart rate indices are an effective means for determining physiological 

strain of subjects in applied field situations. The use of heart rate indices gives the 

ability to cross-reference results to obtain an overall assessment of the workload of a 

task. The ability to collect real time data from a working subject with minimal personal 

discomfort or disruption of their normal work routine, ensures the collection of accurate 

and relevant data. The ease and speed of data interpretation ensures that results can be 

quickly and effectively used to aid decision making in terms of task modification or 

implementation of interventions aimed at mitigating any adverse physiological effects 

identified. 
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6.3 Production 

With the exception of subject four, no significant decrease in average daily production 

was recorded between the morning (am) and afternoon (pm) work periods. Subject four 

was the foreman of crew two and therefore tended to undertake additional organisational 

tasks after completing the mid day meal break. Consequently he spent less time in the 

afternoon actually concentrating on the task of tree felling. This was demonstrated by 

the fact that the cycle time per stem for subject four showed no statistical differences ( p 

> 0.05) between the (am) and (pm) work periods. 

Subject six showed a significant reduction in cycle time for the pm work period. Further 

investigation of specific elements within the cycle time category revealed that both 

productive time (ie. delay free) and delay time remained unchanged. However the time 

spent walking out of the block at the end of the day, a component of total cycle time, 

was significantly shorter in the pm than the am. It appears that this subjects working 

pattern was such that he finished felling at the end of the day close to the crew pick-up 

points. Therefore while actual average hourly production did not significantly change, 

total cycle times per stem decreased. None of the remaining subjects experienced any 

significant change (p > 0.05) in either cycle time per stem or average hourly production 

rate. 

It appears that subjects one to four had difficulty returning to full production after the 

midday break during the period 12 pm to 1 pm, whereas subjects five and six returned 

to full production immediately. This has been attributed to the fact that subjects one to 

four only took 30 minutes for their midday break whereas subjects five and six took 60 

minutes. This meant that subjects five and six had an additional 30 minutes in which to 

rest and recover from the morning run. 

The impact of rest breaks on worker productivity has been previously investigated by 

other forestry based researchers investigating timber harvesting operations (Alluisi and 

Morgan, 1982; Fibiger and Henderson, 1982; Golsse and Rickards, 1990; Henderson, 

1984; Johnson and Tabor, 1987; Krueger, 1991; McCormick and Tiffin, 1974; Paulo de 



84 

Souza et al., 1995). Rest pauses have been shown to provide periods in which workers 

were able to gain some respite from the physiological and psycho-physiological 

stressors effecting the worker (Brzezinska, 1968; Krueger, 1991; Rosa and Colligan, 

1988). 

Astrand and Rodahl (1986) introduced the concept that the level of activity in many 

industrial tasks was self regulatory in that the rate of work and spacing of rest pauses 

were set by the individuals level of physical fitness. Fibiger and Henderson (1984) in 

their study of Australian hardwood tree fallers found very similar work-rest schedules 

being utilised as those found in the current study, with fallers frequently having what 

they termed "spontaneous rest pauses". 

As stated by Alluisi and Morgan, (1982) and cited by Parker et al., (1993), short rest 

breaks in machine paced jobs do not reduce output even though less time is worked. 

Since a faller's work pace is largely influenced by the mechanical ability of the 

extraction machine to extract a drag, and then return for the next one, such findings are 

applicable. The reasons for maintaining productivity with shorter work time can be 

largely explained by the fact that, as stated by McCormick and Tiffin 1974, rest breaks 

serve to provide a relief from boredom, physiological stress, muscle fatigue and cardiac 

strain. The application of this rationale into the production forestry milieu has been 

suggested by researchers as a way to reduce physiological stress and muscle fatigue in 

fallers (Johnson and Tabor, 1987), and boredom in logmakers (Parker et al. , 1993). 

A further influence could be attributed to the fact that the wet bulb globe temperature 

(wbgt) index peaked for crew two at the 12:30 pm recording. Whilst the heat load may 

not have reached the critical 26°C WBGT level identified by Smith and Rummer ( 1988), 

it could possibly have impacted on the physical performance of subjects one to four due 

to the physiological and psychological responses of their bodies due to the increased 

heat load being experienced. 

The physiological impact of heat on the body's performance has been well documented 

(Andersson, 1986; Armstrong et al., 1991; Benor and Shvartz, 1971; Chad and Brown, 
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l 995; Faff and Tutak, 1989; Fuller and Smith, 1981; Kahkonen et al., 1992; Mac worth, 

1961; Ohnaka et al., 1993; Shvartz et al., 1976; Sirios and Smith, 1985; Smith and 

Sirois, 1982; Smith et al., 1986). The general finding from such research was that 

exposure to work and heat generated localised or general fatigue which will in turn 

normally had a negative effect on muscular based perceptual motor performance 

(Ramsey, 1995). Kroemer (1991) stated that short term maximal muscle strength 

exertion was not affected by heat or water loss. However, the ability to perform high­

intensity endurance type physical work, as is commonly found in forestry work, was 

severely reduced during, and after, acclimatisation to heat. This assumption was backed 

up to a degree by the fact that subjects one to four recorded that they felt hotter in the 

afternoon than the morning. However, only subjects two and three recorded a significant 

increase (p < 0.05). 

6.3. l Summary 

Production did not appear to be negatively affected by the progression of the working 

day. Principal factors contributing to this appear to be the effective use of rest breaks by 

the subjects, and the subjects' natural self pacing mechanism. These two factors, 

combined with favourable terrain, combined to ensure that the work rate chosen was 

one that could be sustained for prolonged hard continuous work. 

6.4 Terrain 

The terrain encountered by the subjects during the study proved to be very favourable in 

terms of both minimal ground slopes and low hindrance undergrowth. The expectation 

during the initial formation of the study, was that the selected crews involved in the 

study would be working in more adverse terrain conditions in order to ascertain the 

impact of these features on worker fatigue. However, both crews unexpectedly moved 

into forest compartments containing favourable terrain features immediately prior to the 

commencement of the study. Time constraints and operational practicalities prevented 

either delaying the study until alternative sites could be found, or moving the crews to 

alternative sites . 
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6.4. l. Summary 

For this study, no inference could be drawn regarding the impact of terrain on worker 

fatigue apart from stating that any such effect was minimal. 

6.5 Hazards 

Forestry, and logging in particular, is a high risk occupation and consequently has a poor 

occupational accident and health record both internationally (Poschen, 1993) and 

domestically (Gaskin and Parker, 1993; Gibson, 1994). Forestry work has generally 

been characterised by a combination of natural and material risks to the health and 

safety of forest workers. The natural risks were associated with steep and broken terrain, 

dense crops and adverse working conditions, including extremes of climate - both hot 

and cold (Poschen, 1993). Tree felling and delimbing in particular, were areas of 

extreme risk for forest workers undertaking manual chainsaw operations. Poschen 

( 1993) in his review of world forestry related accident data stated that of the three broad 

categories associated with industrial forestry, namely silviculture, harvesting and 

processing, harvesting accounts for up to 70% of total accidents. Of this 70%, felling 

and crosscutting were the jobs most prone to serious and fatal accidents. 

The hazard ratios obtained in the current study showed little notable temporal variation 

with no significant (p > 0.05) increase between the morning (am) and afternoon (pm) 

work periods being identified. Whilst the hazard ratios were considerably lower than 

those reported by Parker and Kirk ( 1993b ), they showed the same trend, that was, felling 

generated considerably fewer hazardous situations per 100 stems than trimming. Parker 

and Kirk ( 1993b) recorded a felling hazard ratio of 31.1 ± 3. 9 hazards per 100 stems and 

a trimming hazard ratio of 85 .7 ± 10.3 hazards per 100 stems. The current study 

recorded a felling hazard ratio of 4.9 ± 3.9 hazards per 100 stems and a trimming hazard 

ratio of 10.1 ± 5.2 hazards per 100 stems. The discrepancy between the two studies can 

be attributed to the fact that Parker and Kirk (1993b) combined very inexperienced 

fallers (less than one years experience) with experienced fallers (more than five years 

experience) to arrive at the felling and trimming ratios of 31.1 ± 3.9 and 85.7 ± 10.3 
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hazards per LOO stems respectively. The subjects in the current study were all very 

experienced fallers with on average 10.3 ± 6.0 years felling experience. Hence the lower 

hazard ratios. Since Parker and Kirk ( 1993b) did not differentiate felling and trimming 

hazard ratios for the experienced and inexperienced fallers, it was difficult to make 

direct comparisons with the current studies findings apart from stating that they are 

significantly lower. The percentage of hazards generated by felling (27 .5 % ) and 

trimming (72.5 %) in the current study also follows national trends in that analysis of 

lost time accidents within the New Zealand forest industry shows felling and trimming 

accidents to be the most common (Gaskin and Parker, 1993; Parker, 1995). 

Several studies have been undertaken within the New Zealand forest industry relating to 

risk assessment and hazard occurrence for the tasks of felling and delimbing (Tapp et 

al., 1990; Parker 1991; Parker and Kirk, 1993b). Tapp et. al., (1990) found that loggers 

were well aware of which parts of the operation were dangerous, what types of injuries 

occurred and the parts of the body that were most vulnerable. This raised the question 

that if loggers were aware of the risks and dangers inherent in their occupation, why 

were those risks not avoided on more occasions? Parker (1991) tried to address this 

question by asking loggers to rank the severity of nine hazardous felling and trimming 

situations. The results showed that while loggers were accurate in correctly ranking 

hazardous felling situations, they tended to seriously under-rate the risk of injury due to 

certain less obvious hazardous trimming situations. 

Identifying the actual nature of the hazards associated with felling and trimming 

operations was the objective of the work undertaken by Parker and Kirk (1993b ). This 

study addressed the issue of a workers level of experience in relation to tree fallers 

hazard exposure. Results showed that inexperienced fallers were exposed to 

significantly more hazards than experienced loggers. It was also shown that many of 

these hazards were due to poor work technique. 

However, this link between greater work experience and a reduced hazard exposure was 

not found in the work undertaken by Kirk and Sullman ( 1995) which investigated 

fatigue in cable hauler breakerouts. In fact a completely opposite correlation was found, 
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m that the most experienced workers exposed themselves to significantly greater 

hazards than their less experienced co-workers. Kirk and Sullman ( 1995) attributed the 

negative safety behaviour of the experienced breakerouts to "optimistic bias" as outlined 

by Lark ( 1991) as being that when discussing personal risks, people claimed that they 

were less likely to be affected than their colleagues. 

Such a phenomenon has been widely identified in other research (Lark, 1991; Ostberg, 

1979; Parker, 1991; Zimolong, 1985). There are numerous explanations as to why 

people take risks, including boredom, sensationalism, genetics, poor risk perception and 

familiarity with the risk. Zimolong ( 1985) stated that a person's accepted risk level was 

established as a result of previous experiences and exposures to risk. In the breakerouts 

particular situation, the constant exposure to risk has led to familiarity with certain 

hazards and the development of poor risk perception. Such findings tie in with those of 

Parker ( 1991) who found that common everyday trimming hazards were not seen as 

being hazardous. 

The role played by personal protective equipment (PPE) in the reduction of both 

frequency and severity of injury within the forestry sector is well documented (Bradford 

et al., 1992; Gaskin , 1989; Gaskin and Parker, 1993; Viiyryen and Ojanen, 1983 ; Kirk, 

1992; Kirk, 1993; Kirk and Parker, 1993b; Kirk and Parker 1994a; Klen and Viiyryen, 

1984; Sullman, 1994). However, while the use of such protective equipment is vital for 

the continued safe operation of many harvesting tasks, it is not the ideal solution to 

overcoming the problem of worker exposure to work related hazards. 

An optimum solution to the hazards associated with the felling and trimming phases of 

the harvesting operation appears to be the mechanisation of these two procedures. There 

has been extensive research into the development of machines (Evanson and Riddle, 

1994; Evanson et al., 1994; Gadd and Sowerby, 1995) and systems (Evanson, 1995; Hill 

and Everson, 1995) which are able to be effectively implemented into the felling and 

delimbing phases of the harvesting operation in New Zealand. Whilst possible to a 

degree, full mechanisation of New Zealand's harvesting operations is currently limited 

by unfavourable terrain, steep ground slope, large tree size and poor tree form as well as 
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the cost effectiveness of such operations rn smaller forest resource areas. Not 

surprisingly, a machinery survey undertaken by Lyon and Raymond (l 993) found that 

motor-manual harvesting systems accounted for 95% of the total volume of timber 

harvested in New Zealand at that time. A further 3% was harvested by 

manual/mechanical combinations, and fully mechanised systems accounted for the 

remaining 2%. 

In areas suitable for full or partial mechanisation, it was seen that the workers were 

taken away from the hazards associated with felling and trimming, and were placed in 

the relative comfort and safety of a machine cab. The results in terms of improved safety 

can be dramatic. Poschen (1993) stated that machine operators had less than 15% of the 

accidents suffered by chainsaw operators in harvesting the same amount of timber. The 

impact on physical workload can also be equally dramatic, as shown by Parker and Kirk 

( 1994) in their review of physiological workloads associated with differing types of 

forest work. 

Unfortunately, mechanisation is not the panacea it was first thought to be. More recently 

neck and shoulder strain injuries among machine operators have started to emerge. Such 

injuries are the result of long, repetitive and monotonous hours of manipulating machine 

controls. While difficult to diagnose objectively, occupational health specialists agree 

that such injuries may be as incapacitating as serious accidents and may force many 

operators to give up their jobs (Poschen, 1993). 

6.5. l Summary. 

Results suggested that while hazards in the current study occurred less often than in 

previously documented research, the hazards encountered by the subjects followed 

national trends for felling and trimming. The fact that the subjects were, on average very 

experienced fallers, combined with favourable terrain and a low hindrance undergrowth, 

contributed to produce lower than expected hazard ratios. One pleasing aspect was that 

the phenomenon of ·'optimistic bias" noted by Kirk and Sullman ( 1995) was not evident 

in this study. Mechanisation of the felling and delimbing phases of the harvesting 
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operation would significantly reduce the fallers exposure to hazards. Any such 

mechanisation must be implemented correctly 1n order to avoid the generation of 

alternative forms of debilitating injuries. 

6.6 Psycho-physiological Measures 

6.6. l Rate of Perceived Exertion 

The physical demands of a task affect psychological motivation , fatigue and satisfaction; 

conversely, the performer uses psychological cues to regulate physiological work pace 

(Capodaglio et al., 1995). As stated by Gamberale (1990), motivational factors and 

perception of effort play an important role in determining individual capacity for 

physical work. It is presumed that if an individual has an ability to accurately gauge the 

degree of physical effort required to undertake a task, then they will be better able to 

effectively regulate their work pace in order to avoid undue physical stress and strain. 

The findings of this study showed a wide range in ability to accurately gauge the degree 

of physical effort required to undertake the task of felling and delimbing. Subjects one, 

three and five achieved good correlations (0.57 - 0.78), between heart rate (HR) and 

rated perceived exertion (RPE). Subject six began the day achieving good correlations 

(0.72), which gradually decreased to (0.33) as the day progressed. Subjects two and four 

achieved very poor correlations (-0.03 - 0.6), and appeared to have a limited ability to 

accurately gauge the degree of physical effort they experienced during the working day, 

no matter what the time of day. 

An explanation for this wide variation in abilities is difficult to detect as there were no 

singular trends evident in either the physiological, production, hazard or subjective 

features recorded. For example subject six recorded a significant increase in subjective 

fatigue and a significant decrease in subjective comfort levels as the day progressed. 

This could be attributed as being the principal impetus for the lower correlations 

recorded for the afternoon period. However, subject three also recorded the same trend 
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in subjective fatigue and comfort but did not experience any decrease in HR versus RPE 

correlations as the day progressed. 

6.6.1. l Summary. 

The researcher could not find any clear distinctions between subjects with high HR 

versus RPE correlations and those with low correlations in terms of identifiable trends 

relating to either physiological, production, hazard, fatigue or subjective comfort 

measures. 

6.6.2 Subjective Fatigue 

Fatigue is a concept which defies precise definition. Cameron (1974), stated that fatigue 

was a generalised response to stress over a period of time, with effects which may be 

either acute or chronic, or both, confined to the subjective state of the individual or 

extending into measurable aspects of their performance. 

A common assumption made by researchers has been that increased feelings of fatigue 

are inextricably tied to a decrease in physical performance. Cameron (1974) referred to 

earlier research undertaken in early 1900' s by the Industrial Research Fatigue Board. 

The Board's studies dealt primarily with work environment, working hours and 

workplace design in the belief that workers' output was retarded by fatigue, and that 

alleviation of fatigue could maintain high productivity. 

However, further review of the fatigue concept by Bartley and Chute in 1947 transposed 

the theory of fatigue away from its traditional operationist approach, to that of a more 

broader and humane approach. They emphasised the complex nature of fatigue and 

distinguished three distinct facets of the problem (Cameron, 1974). Bartley and Chute 

( 1947) considered that the term fatigue should only be applied to the subjective feelings 

of lassitude and disinclination towards activity, features which typified an individual as 

suffering from fatigue. They offered the term impairment as being a way to identify the 

true reduction of physical capacity resulting from an accumulation of oxygen debt in 
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muscle tissues. Deterioration in quality of performance for reasons other than sheer 

physical incapacity was termed work decrement. The key finding of this analysis was the 

conclusion that these three aspects of the fatigued state were complexly related. 

Therefore the presence of one aspect could not be reliably inferred from the presence of 

one or both of the others. Therefore workers could conceivably feel fatigued but show 

no deterioration in performance. 

Such a scenario was attributed to the findings in the current study where although the 

subjects subjective fatigue ratings stated that they felt more weary (83%), tense (66%), 

weaker (100%) and more exhausted (83 % ) as the day progressed, a significant 

deterioration in performance was not recorded. 

Bartley and Chute (1947) delineated the effects of fatigue into two distinct categories, 

acute and chronic. Chronic fatigue they defined as that which was not dispelled by 

normal processes of rest and recuperation. Acute fatigue was that in which impairment 

or work decrement responded to rest. The former was identified as being a common and 

serious problem whilst the latter was seen as being unlikely to present a serious practical 

problem. 

6.6.2.1 Summary 

The subjects in the current study appear to have been suffering from acute fatigue, 

which dispersed during the period of rest attained during the night. Whilst their level of 

fatigue may have steadily increased as the day progressed, no discernible deterioration 

in performance, either in the form of impairment or work decrement was noted. 

6.6.3 Body Part Discomfort 

All subjects experienced a degree of body part discomfort over a range of body parts. 

The lower back (segment 8), was the most frequently recorded body part experiencing 

discomfort (26 %), followed by the hips (segment 9), (14 %), mid back (segment 7) 

(9%) and the ankle (segments 26 and 27) (9 %). Severity ratings were predominantly 



93 

slight (49%) to moderate (43%), with only eight percent being ranked as severe. Such a 

finding was not unexpected, as there has been an historic trend in back injuries amongst 

loggers worldwide. Poschen ( 1993) stated that back pain resulting from physically heavy 

work and unfavourable working postures, was very common among chainsaw operators. 

An extensive survey in Germany found that, after ten years of work, one third to one 

half of forest workers complained of back pain. Among older workers, up to two-thirds 

may be affected (Sabel, 1986). 

There has also been extensive research undertaken in the area of lower back injuries 

within the logging sector of the New Zealand forest industry (Gaskin et al., 1988; 

Gaskin, 1990; O'Leary 1988; Sweetman, 1984). The work undertaken by Gaskin et al., 

( 1988), O'Leary ( 1988) and Gaskin ( 1990) clearly documented the bio-mechanical 

loadings that were experienced by fallers who chose to delimb stems by standing on top, 

rather than beside, the stem. Since all of the subjects in the current study favoured the 

"on top" method of delimbing, the recording of such discomfort was not unexpected . 

Overseas research has clearly identified the link between poor working posture of tree 

fallers and high rates of both energy expenditure and musculoskeletal damage (Hagen 

and Harms-Ringdahl, 1994; Harstela, 1990; Tatsukawa, 1994). Both Harstela (1990) 

and Tatsukawa ( 1994) have recorded fallers adopting harmful work postures for 50 to 

62% of work time during felling and 46 to 50% for delimbing. Additionally, Tatsukawa 

(1994) identified the frequent occurrence of both localised muscle fatigue and 

musculoskeletal disorders (predominantly lower back pains), in motor-manual tree 

fallers. 

The severity of the discomfort did not change during the progression of either the 

working day or week. It was thought that the discomfort might increase in severity as 

the day and week progressed. However this was not the case, as all subjects rated the 

same level of discomfort consistently throughout the working day and week with little 

variation. This was attributed to the nature of the discomfort, in that it was described by 

the subjects as a dull background form of pain, rather than a sharp localised pain. This 
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being the case, the pain tended to stay with the subjects throughout the work period 

without any noticeable increase in severity. 

Subjects three and four experienced hip pain, subject three as a result of aggravating an 

earlier injury where both hips had been severely damaged, and subject four due to hip 

joint wear and tear attributed to his age. Subject six experienced additional thigh, elbow 

and shoulder injuries as a result of his recreational activities which were then aggravated 

by the task of tree felling. 

Unfortunately the subjects in this study did not modify their work method according to 

their body part discomfort. As stated, all six subjects recorded moderate to severe 

discomfort in the lower back region. However, they all continued to delimb by 

predominantly walking along the top of the stem. It appears that the alternative method 

of delimbing beside the stem (LIRA and Swedfor, 1980), with its associated lower 

spinal loading (Gaskin et al., 1988; O'Leary, 1988; Gaskin 1990), was too slow and 

required more physical effort to undertake than the more traditional "on top" delimbing 

method. Gaskin (1990) found the same level of resistance to the alternative method with 

the rationale commonly offered by loggers for not using this method being " it is easier 

to walk along the top of the log as it gives a relatively clear working platform". 

For many of the subjects it was considered too late to change to the alternative method 

since they considered that the damage to their backs had already been done so they may 

as well continue to use the easier method in order to maintain production as easily as 

possible. In some cases, frequent visits to chiropractors and physiotherapists enabled the 

subjects to continue working as fallers. Another attitude which was prevalent during the 

study was that the fallers saw their current job of felling and delimbing as being a 

relative temporary situation. Most had ambitions of moving on to either the position of 

skidder or loader driver, or in fact leaving the industry altogether for some other 

occupation. 

The perception that the alternative delimbing method was both more physically 

demanding and less productive, combined with a sense that the current situation was 
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only one phase of their intended career path, meant that in most cases the physical 

warnings being generated in the form of body part di scomfort, were largely ignored. As 

a consequence, severe musculo-skeletal damage was being incurred . In subject two's 

case, this damage resulted in back pain so severe that the subject subsequently left the 

forest industry. 

6.6.3. l Summary 

The lower back (segment 8), was the most frequently recorded body part experiencing 

discomfort (26 %), followed by the hips (segment 9), ( 14 %), mid back (segment 7) 

(9%) and the ankle (segments 26 and 27) (9 % ). Severity ratings were predominantly 

slight (49%) to moderate (43%), with only eight percent being ranked as severe. The 

severity of the discomfort did not change during the progression of either the working 

day or week. The primary cause of the discomfort was the use of poor work postures, 

particularly when delimbing. 

6.6.4 Thermal Comfort, Sensation, Skin Wettedness and Regulation. 

The subjects stated that they felt significantly (p < 0.01) more uncomfortable (50% ), 

hotter (66%) and more sweaty (66%) in the afternoon (pm), than in the morning (am), 

time periods . The primary reason stated for these increased levels was an increase in 

ambient thermal temperature as the day progressed, which resulted in an increased sweat 

rate which in turn made working conditions more unpleasant. Bakkevig and Neilsen 

( 1995), demonstrated that high heat and sweat production during work periods, leading 

to increased sweat accumulation, gave higher thermal discomfort ratings for rest periods 

as well as for work periods compared to intermittent work with lower work intensities. 

Combined with the temperature effect were the impacts of high levels of metabolic heat 

generation associated with high workload tasks such as felling and delimbing. 

The wearing of personal protective equipment (PPE), in particular chainsaw operator 

protective legwear, safety helmet and ear protectors, further exacerbated the situation as 

PPE has been shown to prevent effective heat dissipation from the body (Laird et al., 
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1992; Martin and Goldman, 1972; Ohnaka et al., 1993; Staal Wasterlund and 

Kufakwandi, 1993). The impact of PPE on wearer comfort has received previous 

attention by researchers, both within the forest industry (Klen and Vayrynen, 1984; 

Vayrynen and Ojanen, L 983), as well as other industries (Laird et al., 1992; Martin and 

Goldman, 1972; Ohnaka et al., 1993; Staal Wasterlund and Kufakwandi, 1993). 

Smith and Rummer ( 1988) noted that ambient thermal heat played an important factor 

in the wearing of PPE by forest workers. They noted that forest workers exposed to the 

most direct solar load tended to neglect their PPE under the hotter conditions perhaps in 

an effort to make their job more comfortable. Laird et al., (1992) found that the most 

common reason given by workers for the removal of PPE was that they felt that it was 

too hot to wear. Staal Wasterlund and Kufakwandi ( 1993), noted that the use of 

inappropriately designed PPE in hot climates can in fact worsen the situation by 

increasing the workers thermal load. 

Whilst the subjects actual sweat rates were not determined, heavy sweat rates were 

recorded by the subjects themselves via the skin wettedness questionnaire. One notable 

feature absent from all subjects within the study, was the concept of fluid replacement 

during the working day. In general, the subjects only drank approximately 1 litre of fluid 

over a period of four hours. Consequently all subjects appeared to suffer from varying 

degrees of dehydration. The detrimental effect of dehydration on worker performance 

has been well documented (Below et al., 1995; El-Sayed et al., 1995 ; Kirk, 1995 ; 

Millard-Stafford et al., 1995; Thompson and Hellemans, 1994). 

6.6.4.1 Summary 

As the day progressed, significant decreases in thermal comfort and sensation ratings 

occurred, accompanied by an increase in the skin wettedness rating and hotter thermal 

regulation ratings for the majority of the fallers . The primary reason stated for these 

increased levels was an increase in both metabolic heat and ambient thermal 

temperature as the day progressed, resulting in increased sweating, thereby making 

working conditions more unpleasant. 
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6.7 Digit Symbol Substitution 

Fibiger ( 1980) offers an "operational solution" to the measurement of mental workload 

in workplace situations. This "operational solution" entails the measurement of the 

workplace's physical factors (ie. climate, noise, vibration ... ), the subject's physiological 

parameters during a whole shift (ie. heart rate, blood pressure, catecholamine 

excretion ... ), the subject's working activities, a self estimation of mental and physical 

effort by the subject and finally, an evaluation of entropy of information (limited 

channel capacity). Such an "operational solution", whilst meeting the requirements of an 

ergonomic analysis in that it considers the worker as a part of the system, in respect of 

various factors which can influence their mental workload, mental stress and fatigue, 

would in many cases prove to be too complicated, time consuming and expensive to be 

applied in many field settings (Cameron, 1974; Fibiger, 1980; Okogbaa et al., 1994). 

Hartley et al., (1994) again stated the need for an "operational" type solution for the 

measurement in the workplace of mental workload and fatigue. Hartley et al., (1994) 

required measures which were sensitive to fatigue or workload, portable and durable , 

able to collect data for an extended period of time, non-intrusive and acceptable to the 

subjects in order to encourage their use. Consequently the use of cardiac sinus 

arrhythmia was chosen since it met all of these criteria and had been previously proven 

to be highly correlated to mental workload. 

The current study could not utilise the cardiac sinus arrhythmia measurement method 

since the heart rate monitors available could not provide the required level of sensitivity. 

Accordingly, an information processing measure based upon those used by Legg et al., 

(1991) was chosen. It was considered that such an information processing measure 

(DSS), when combined with measurement of the workplaces' physical factors (ie. 

climate, slope, hindrance), the subjects' physiological parameters during a whole shift 

(ie. heart rate, estimated work Vo2), the subjects' working activities (production study), 

a self estimation of mental and physical effort (RPE and subjective fatigue 
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questionnaire), provided a close approximation of Fibiger's ( 1980) "operational 

solution". 

However, the use of the DSS information processmg measure did not identify any 

significant decline in any of the six subjects over the period of the study. None of the 

subjects recorded any significant change in either the number of tests attempted, or the 

percentage of the tests they correctly completed. Subjects three through six all attempted 

between 60 and 70 digit symbol substitutions per test, achieving 98 to l 00% accuracy. 

Subjects one and two achieved a slightly higher number of digit symbol substitutions, 

averaging between 85 to 90 per test, with an accuracy of 99 to 100%. 

The task of tree felling requires constant mental agility in terms of simultaneously 

determining a plethora of factors relating to hazards, their solutions, the most 

appropriate manner in which to fell the tree, the best placement of the tree in order to 

expedite its subsequent extraction, location of fellow workers as well as possible 

obstacles which may damage the tree as it hits the ground. Consequently, one would 

expect that some degree of mental fatigue would manifest itself during the progression 

of either the day or week. 

Initially it was considered that the lack of any change during the study could be 

attributed to one of two factors. Firstly, no actual temporal reduction in the subjects 

ability to undertake information processing tasks, (ie . mental fatigue), occurred. 

Secondly, the DSS information processmg measure used was either too insensitive 

and/or inappropriate in this case. 

However, one further explanation could be found in the notion of recovery time as 

described by Cameron (1974). Cameron delineates mental fatigue into two distinct 

types: acute and chronic. Acute mental fatigue was defined as being an aspect from 

which total recovery can occur under normal resting processes. Chronic mental fatigue 

represents the condition from which total recovery fails to transpire through normal 

resting (Okogbaa et al., 1994 ). This being the case then it was quite feasible that the 

fallers in the current study only experienced levels of acute mental fatigue from which 
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they were able to quickly recover during periods of rest, both during the day and each 

night. Consequently no definable increase in mental fatigue could be identified during 

the study. 

6.7. l Summary 

None of the six subjects recorded any significant change in either the number of tests 

attempted, or the percentage of the tests they correctly completed. Possible explanations 

for this finding could be; (1) no actual temporal reduction in the subjects ability to 

undertake information processing tasks, (ie. mental fatigue), occurred, (2) the DSS 

information processing measure used was either too insensitive and/or inappropriate in 

this case, or (3) that subjects only developed acute mental fatigue, and were able to 

totally recovery under normal resting processes. Consequently no definable increase in 

mental fatigue could be identified and/or measured during the study . 

6.8 Ambient Thermal Environment 

Work undertaken by Smith et al. ( 1986) investigating the effect of heat on forest worker 

performance, efficiency and safety identified a wbgt of 26.1 °c as being the point at 

which temperatures impacted upon the worker. Temperatures above 26.1 °c decreased 

productivity in manual workers by 5% and mechanised operators by 3%, and resulted in 

a slight but non-significant increase in unsafe behaviour. Kroemer ( 1991) found that 

mental performance in acclimatised people deteriorated once a wbgt of 30°C was 

reached. Ramsey ( 1995) also identified a wbgt temperature of 30°C as being the point 

where onset of performance decrements occurred. 

Duchon and Hudock (1989) identified the wbgt range of 17.2°C to 22.7°C as being the 

temperature range within which safe work behaviour occurs. A significant increase in 

unsafe behaviour was recorded for temperatures above 22.7°C. Previous research has 

identified that the point at which temperature begins to significantly effect a workers 

mental and physical performance lies somewhere between 25°C to 30°c. The mean 
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wbgt's for this study fall well below this level. In fact the highest points of the observed 

temperature ranges (24. l 0 C), also fall short of the 25°c to 30°C level. 

6.8. l Summary. 

Results from the current study tend to suggest that mean wbgts of 15.6 ± 1.5 °c (range 

8.7 to 18.7 °C) and 18.2 ± 1.2°c (range 14.8 to 24.1) had minimal effect on the 

subjects' performance levels. 

6.9 Summary 

This chapter has presented the discussion pertaining to each of the specific areas 

examined and their findings. The following chapter will present the conclusions of the 

research findings pertinent to each specific area examined, including suggested areas of 

future research identified during the course of this study. 
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CHAPTER 7: CONCLUSIONS 

7.0 Introduction 

This chapter presents the conclusions of the research in a brief and concise manner so as 

to present the crux of the research findings pertinent to each specific area of concern . 

7.1 Physiological Indices 

A mean working heart rate of 107 ± 5.5 bt.min- 1
, an estimated mean working oxygen 

consumption of 1.5 ± 0.2 l.min-1 and an estimated mean energy expenditure of 7.4 ± 0.8 

kcal.min- 1 placed the current subjects working activities in the moderate to heavy 

workload category. Heart rate indices applied to the subjects recorded heart rate data, 

confirmed these findings, and subsequently rated rating the workload associated with 

the task of motor-manual tree felling and delimbing as moderate to heavy. 

There was a significant (p < 0.01) increase in working heart rates when companng 

morning (am) versus afternoon (pm) work periods. There was only a modest 

accompanying rise in ambient thermal environment in the afternoon, no significant 

change in productivity or cycle times and a significant increase in subjective fatigue 

ratings. The increased working heart rates have therefore been attributed to the subjects 

finding the work physically harder in the afternoon period as they strived to maintain 

their level of productivity in order to achieve their daily targets. 

7 .2 Production 

Production did not appear to be negatively affected by the progression of the working 

day. This has been attributed to the effective use of structured and spontaneous rest 

breaks by the subjects, and the subjects natural self pacing mechanism. These two 

factors, combined with favourable terrain, combined to ensure that the work rate chosen 

was one that could be sustained for prolonged hard continuous work. 
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7.3 Terrain 

The terrain encountered by the subjects during the study proved to be very favourable in 

terms of both minimal ground slopes and low hindrance undergrowth. Therefore it has 

been deduced that the impact of terrain on worker fatigue was minimal. 

7 .4 Hazard Analysis 

Whilst the hazards in the current study occurred less often than in previously 

documented research, they followed national trends for felling and trimming. The fact 

that the subjects were on average very experienced fallers, combined with favourable 

terrain and a low hindrance undergrowth, contributed to produce lower than expected 

hazard ratios. 

7.5 Rate of Perceived Exertion 

No clear distinctions were found between subjects with high HR versus RPE 

correlations and those with low correlations in terms of identifiable trends related to 

either physiological, production, hazard, fatigue or subjective comfort measures. 

7.6 Subjective Fatigue 

Chronic fatigue appears to have been avoided, and acute fatigue mitigated to a large 

degree, by the use of the self-pacing mechanism combined with both structured and 

spontaneous rest breaks analogous with the work method adopted by motor-manual 

fallers. The subjects acute fatigue appeared to disperse during the period of rest attained 

during the night. Whilst their level of fatigue may have steadily increased as the day 

progressed, no discernible deterioration in performance, either in the form of 

impairment or work decrement was noted. 
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7.7 Body Part Discomfort 

The lower back, hips and mid back were the most frequently recorded body parts 

experiencing discomfort. Severity ratings were predominantly slight ( 49%) to moderate 

(43%), with only eight percent being ranked as severe. The severity of the discomfort 

did not change during the progression of either the working day or week. The primary 

cause of the discomfort was the use of poor work postures, particularly when delimbing. 

7.8 Thermal Comfort, Sensation, Skin Wettedness and Thermal Regulation. 

Significant decreases in thermal comfort and sensation ratings occurred as the day 

progressed, accompanied by an increase in the skin wettedness rating and higher thermal 

regulation ratings for the majority of the fallers. The primary reason stated for these 

increased levels was an increase in both metabolic heat and ambient thermal 

temperature as the day progressed, which resulted in increased sweating, thereby making 

working conditions more unpleasant. 

7.9 Digit Symbols Substitution 

No significant change occurred in either the number of tests attempted, or the percentage 

of the tests correctly completed. Possible explanations for this finding could be; (1) no 

actual temporal reduction in the subjects ability to undertake information processing 

tasks, (ie. mental fatigue), occurred; (2) the DSS information processing measure used 

was either too insensitive and/or inappropriate in this case, or (3) that subjects only 

developed acute mental fatigue, and were able to totally recovery under normal resting 

processes. Consequently no definable increase in mental fatigue was identified during 

the study. 
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7.10 Ambient Thermal Environment 

Results from the current study have suggested that mean wet bulb globe temperatures of 

15.6 ± l.5 °c (range 8.7 to 18.7 °q and 18.2 ± 1.2°c (range 14.8 to 24.1) had a 

minimal effect on the subjects' performance levels. 

7.11 Summary 

The research findings have been presented in their entirety. The following chapter 

outlines overall recommendations drawn from the research which apply to the New 

Zealand forest industry in its entirety. 
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CHAPTERS: RECOMMENDATIONS 

8.0 Introduction 

This chapter outlines overall recommendations drawn from the research which apply to 

the New Zealand forest industry in its entirety. These recommendations are relevant to 

both the current, and future development of motor-manual felling and delimbing 

practices within the forest industry. 

8.1 Heart Rate Indices 

Heart rate indices should continue to be used as an effective means of determining the 

physiological strain of subjects in applied field situations. The use of heart rate indices 

gives the ability to cross-reference results to obtain an overall assessment of the 

workload of a task. The ability to collect real time data from a working subject with 

minimal personal discomfort or disruption of their normal work routine, ensures the 

collection of accurate and relevant data. The ease and speed of data interpretation 

ensures that results can be quickly and effectively used to aid decision making in terms 

of task modification or implementation of interventions aimed at mitigating any adverse 

physiological effects identified. 

8.2 Rest Breaks 

The use of both structured and spontaneous rest breaks should be encouraged and 

developed further by workers, contractors and forest companies. Rest breaks should not 

be seen by workers, contractors and forest companies as a hindrance to higher 

productivity due to increased down time. Rather, such breaks are recognised worldwide 

throughout many different industries, as a means of significantly reducing the physical 

and psychological impacts of undertaking hard physical work. The long term benefits 

resulting in the development of a sustainable workforce. This "worker sustainability", is 

vital if the future workforce is to evolve into highly skilled, safe and productive one. 
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8.3 Personal Protective Equipment 

The continued development of effective forms of personal protective equipment (PPE) 

specifically tailored for the New Zealand forest industry is essential. Such development 

should specifically concentrate on the creation of PPE which offers both a high level of 

protection and user comfort, particularly in terms of heat dissipation. Only by doing so 

will user acceptance levels be increased and the true gains, in terms of reduced accident 

frequency and severity, be achieved within the forest industry. 

8.4 Mechanisation 

Mechanisation of the felling and delimbing phases of the harvesting operation should be 

the prime directive of the New Zealand forest industry. The attainment of such a goal 

would significantly reduce the forest worker exposure to hazards currently occurring in 

harvesting operations. Any such mechanisation must be implemented correctly, in order 

to avoid the creation of alternative forms of debilitating injuries. 

8.5 Summary 

This chapter has emphasised recommendations relevant to both the current, and future 

development motor-manual felling and delimbing practices within the forest industry. 

The following chapter will now discuss areas requiring future research. 
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CHAPTER 9: FUTURE RESEARCH 

9.0 Introduction. 

This chapter reviews principal research areas within the forest industry which, as a result 

of this current study, have been found somewhat lacking and therefore warrant further 

research. 

9.1 Musculo-skeletal Disorders 

Current commonly used motor-manual felling and delimbing methods are engendering 

severe rates of muscular-skeletal damage to the lower and mid back regions of forest 

workers. Poor work technique, muscle development, environmental factors and mental 

attitude all contribute to the creation of muscular-skeletal damage to the lower and mid 

back regions of forest workers. Future research should be directed towards objectively 

identifying these factors, and the role that each plays in the creation of muscular-skeletal 

damage to forest workers backs. Only by obtaining such objective and specific data, can 

effective interventions be developed which specifically target each component of this 

harmful scenario. 

9.2 Fluids and Nutrition 

Further research needs to undertaken to objectively determine the impact of correct fluid 

replacement and nutrition on forest worker fatigue, safety and productivity. These two 

factors have long been advocated as cheap and effective means of significantly reducing 

the physical and psychological impacts of undertaking hard physical work. Sadly 

however, their current use and comprehension within the New Zealand forest industry, 

is somewhat lacking to say the least. 
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9.3 Mental Workload. 

Further research needs to be undertaken in order to develop an effective "operational 

solution" to the measurement of mental fatigue in applied field settings, such as those 

found within the forest industry. Currently available techniques appear to be heavily 

biased towards sedate occupations such as pilots, air traffic controllers and other white 

collar workers. Accordingly, measures currently perceived as being portable tend to be 

based around cardiac sinus arrhythmia or the mental undertaking of complex 

mathematical calculations. 

Such measures are unsuitable for use within the forest industry due to two key factors . 

Firstly the harsh working environments encountered in many forest locations frequently 

damage the often delicate measuring instruments, resulting in either lost data, or the 

collection of atypical data since data can only be collected when conditions are optimal. 

Secondly, the educational composition of the New Zealand forest worker has 

historically been at the lower end of the scale. Consequently measures containing 

mathematical equations or complex forms of text are not well received. Therefore, if 

further advances are to be made in the determination of forest worker mental workload, 

considerable effort is required to develop a convenient and accessible "operational 

solution". 

9.4 Summary 

This chapter has identified key areas within the New Zealand forest industry which 

require further research. The area of concern has been detailed along with a focus for 

any such future research should it eventuate. 
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Appendix A 

Study Consent Form 

I have read the information which explains the study and have had the details of 
the study explained to me. My questions about the study have been answered to 
my full satisfaction and I am aware that I can ask other questions at any time. 

I understand that it is my right to withdraw from the study at any time, in full or 
in part, and do not have to give any reason for doing so to any person. I am under 
no pressure from any person to participate in this study against my will. 

I agree to participate in the study on the following conditions; 

1. that if any data is to be published I will remain completely anonymous 

2. that there will be no disclosure of any personal information to any person 

3. only LIRO researchers will be able to access the information I provide 

I hereby give my free and informed consent to participate in the study 

Signed _________________ _ 

Name 

Date 

Researcher 
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Appendix B 

Information Sheet 

Researchers: Patrick Kirk and Mark Sullman 

Contact Information: Cl- NZ Logging Industry Research Organisation 
P.O. Box 147 
ROTORUA. 

Phone:  
 

  

Study Details: 
This study aims to investigated how tree faller fatigue levels change during the 
working day and how this impacts on worker safety, productivity and physical 
strain. 

Participant Involvement: 
The participants will have to wear a portable heart rate monitor, answer questions 
relating to questionnaires and have a researcher observing them from close 
quarters (0 - 3 metres). Participants will also undertake an estimated oxygen 
consumption test. This is a test which calculates how efficiently your body can 
convert oxygen into energy. 

How much time will be involved?. 
Five days field data will be collected per participant. 

What can the participants expect from the researchers ? 

If you take part in this study, you have the right to: 

• 

• 

• 

• 

refuse to answer any particular question, and to withdraw from the study at 
any time . 

ask any further questions about the study that occur to you during your 
participation . 

provide information on the understanding that it is completely confidential 
to the researchers. All information is collected anonymously, and it will not 
be possible to identify you in any reports that are prepared from the study . 

be given access to a summary of the findings from the study when it is 
concluded. 
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NO EXERTION AT ALL 

EXTREMELY LIGHT 

VERY LIGHT 

LIGHT 

SOMEWHAT HARD 
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MAXI1VIAL EXERTION 

Appendix C 

Borg's RPE Scale 
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(Ql) Fresh 

(Q2) Tense 

(Q3) Strong 

(Q4)Exhausted 

(QS)Wide Awake 

(Q6) Bored 

Appendix D 

Self Assessment of Fatigue Questionnaire 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

How do you feel now? 
(Please circle a number) 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

6 

6 

6 

6 

6 

6 
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7 Weary 

7 Relaxed 

7 Weak 

7 Vigorous 

7 Sleepy 

7 Interested 
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Appendix E 

Body Part Discomfort Survey 

Neck 
Lower Neck 
Left Shoulder 
Right Shoulder 
Left Upper Arm 
Upper Back 
Upper right Arm 
Mid Back 
Lower Back 
Buttocks 
Left Elbow 
Right Elbow 
Lower Left Arm 
Lower Right Arm 

1 2 

None Light 

4 

10 ------
7 _________ .. 

8 --------
9 

18 19 

20 21 ·--- ----
22 23 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

3 

6 

ii 

13 

Moderate 

Left Wrist 
Right Wrist 
Left Hand 
Right Hand 
Left Thigh 
Right Thigh 
Left Knee 
Right Knee 
Left Lower Leg 
Right Lower Leg 
Left Ankle 
Right Ankle 
Left Foot 
Right Foot 

4 5 

Severe Unbearable 
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Appendix F 
Thermal Comfort, Sensation, Skin Wettedness and Regulation. 

Thermal Comfort Rating Questionnaire 

(l)Very Uncomfortable 
(2) Uncomfortable 
(3)S1ight1y Uncomfortable 
(4)Not Uncomfortable 

Overall 

Thermal Sensation Rating Questionnaire 

(l)Very Hot 
(2)Hot 
(3)Warm 
(4)Slightly Warm 
(S)Neutral 
(6)Slightly Cool 
(7)Cool 
(8)Cold 
(9)Very Cold 

Overall 

Skin Wettedness Questionnaire. 

How does your skin feel ? . 

More dry than normal 
Normal dryness 
Some parts of body moist 
Main part of body moist 
Some part of body wet 
Main part of body wet 
Sweat running off in some places 
Sweat running off in many places 

Thermal Regulation Questionnaire. 

Are you? ... 

Vigorously shivering 
Moderately shivering 
Slightly shivering 
Neutral 
Slightly sweating 
Moderately sweating 
Heavily sweating 
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Appendix G 

Digit Symbol Substitution Test 

I c 1-i/~jc lr/>j-· /'/< />!~/ < />/< ,--1 

/
1 />j< ,-- j-i/>/rl-1 

/< 1-1>/~jrjrj> I 
/rl-i/+I J j ( I r/+ /1 / J 1~1--1-· jrjrj+/ 

1-· /'l-i/< />/'/< /~/>/+/-· 12 jr/>jr/ 
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(Spiers, J.J .K. 1985) 

Backcut 

Breaker-out 

Breaking- out 
Butt 

Clearfell 
Clearfell Age 
Crew 

Cutover 
Cycle Time 
Daily Target 

Delimb 
Delimbing 

Directional Felling 

Drag 

Exotic Forestry 

Extraction 

Faller 
Felling 
Felling Face 
Ground Based 

Harvesting 

Hauler 

Hinge Wood 

Landing 

Logging 
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Appendix H 

Glossary of Terms 

The final saw cut in felling a tree, opposite the scarf and 
the intended direction of fall. 
Worker at the felling site responsible for connecting 
trees or logs to a hauler rope for transportation to a 
landing. 
Operation of a breaker-out 
Base of a standing tree; Bottom (stump) end of a felled 
tree; The larger end of a log. 
To fell and extract an entire stand or setting. 
Age at which the stand is clearfelled. 
A complete team of men needed to work one logging 
operation. 
Clearfelled area of forest. 
The time taken to complete a cycle. 
Quota of trees that a faller must fell and delimb each 
working day . 
To remove limbs or branches from a tree or log 
The action of removing limbs or branches from a tree or 
log. 
Felling trees according to a predetermined pattern to 
reduce breakage or to facilitate breaking out. 
A log, or a number of logs, hauled from stump to 
landing. 
Forestry involving trees introduced from another 
country. 
General term for removing trees and logs from a felling 
area to a landing or road. 
One who fells trees. 
The act of cutting down a tree. 
The edge of a stand of trees where felling is taking place . 
Extracting trees using machinery that travels along the 
ground. 
General term for removing products from a forest for 
utilisation. 
A machine equipped with winches which operates from 
a set position to haul drags from stump to landing. 
A hinge cut so that more wood is left on one side of the 
hinge, and intended to pull the tree towards that side as it 
falls. 
A selected or prepared area to which logs are extracted 
and where they may be sorted, processes, loaded or 
stockpiled.(Also called a skid). 
Harvesting timber from a forest. 



Mechanised Operations 

Motor-Manual 

Scarf 

Setting 

Silviculture 
Skid 

Skid Worker 

Skidder 

Slash 

Stem 
Stocking 
Trim 
Woodlot 
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Logging system relying entirely on machines, in which 
people are employed solely as operators. 
Refers to work carried out by hand held power tools, (i.e. 
chainsaw). 
Notch cut in a tree stem above the stump to control its 
direction of fall. 
Portion of a stand ( or compartment) logged ( or to be 
logged) to one landing. 
Term used for growing and tending forest crops. 
A selected or prepared area to which logs are extracted 
and where they may be sorted, processes, loaded or 
stockpiled. (Also called a landing). 
Person who works on landings unhooking drags and 
cutting logs. 
A self-propelled extraction machine with wheels or 
tracks specifically designed for the extraction of logs 
from the cutover. 
Branches, bark, chunks, uprooted stumps and broken 
trees left on the ground after logging. 
Main trunk of a tree from stump to tip 
Number of standing green (live) trees per hectare. 
To remove limbs or branches from a tree or log 
Area of privately owned plantation forestry located 
outside the large forest company forests. 




