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ABSTRACT 

 

It is becoming widely recognised that shiftwork has significant implications for the 

health, safety and quality of life of shiftworkers.  To date, little research has been 

carried out on how individuals cope with the problems caused by shiftwork and how 

effective coping strategies maintain their health and well-being.  It has been proposed, 

by Monk (1994), that there are a number of aspects of a shiftworker’s life which are 

important in determining the ability of an individual to cope with shiftwork.  These 

factors are an individual’s circadian rhythms, sleep patterns, and social and domestic 

situation.  Further literature also suggests that workplace factors and coping style are 

an important part of tolerating shiftwork.  The primary aim of the present study was to 

determine which factors are important in predicting the physical and mental well-

being of Air Traffic Services staff working on shifts.  It was hypothesised that 

individuals who are evening types, have few social, domestic, sleep, and work place 

difficulties will be physically and mentally healthy.  In addition, it was hypothesised 

that the use of engagement strategies in dealing with shiftwork related problems will 

relate to better physical and mental health.  To test the hypotheses, 183 Air Traffic 

Services staff from Melbourne centre, Australia were surveyed by questionnaire.  The 

results of the regressions showed that physical health was predicted by variables from 

each of the five areas considered; circadian typology, the social and domestic 

situation, work place factors, sleep patterns and coping style.  Mental well-being was 

best predicted by a single domestic variable, which is the extent to which shiftwork 

caused domestic problems and the two coping variables of engagement and 

disengagement.  The results support the suggestion that in order for an individual to 

be able to tolerate shiftwork they must have strategies in place to help them deal with 

the effect of shiftwork variables on a range of factors in their lives.  An additional aim 

of the present study was to determine the reliability of a questionnaire for use with Air 

Traffic Services staff.  This was due to a lack of suitable questionnaires for use in this 

occupational context.  Overall the items in the questionnaire were found to have 

acceptable reliability, although the collection of sleep data by subjective reporting is 

not recommended. 
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1. INTRODUCTION 

 

The term shiftwork refers to the allocation of work schedules to allow job duties to 

“shift” between groups of workers over various times of the day (Landy, 1989).  

Shiftwork has arisen because many industries or workplaces require round the clock 

operations, either for economic reasons or, like air traffic controlling, because of the 

continuous services they provide.  These operations result in the need for personnel to 

be available during the day and night and to meet this demand work schedules are 

devised that cover a large portion of the 24 hour cycle. 

 

Shiftworkers are often considered as people “who work while others are sleep” but 

shiftwork does not only refer to night work.  Any work that occurs outside the normal 

work day window of 8.00 am to 6.00 pm can be included as shiftwork (Monk & 

Folkard, 1992).  For example, working hours that mean a midday start and a 9.00 pm 

finish time can be considered shift work.  The reason we should include such hours as 

shiftwork is because the problems associated with shiftwork can occur just as readily 

for those with changing or unusual work hours as for those who work through the 

night (Monk & Folkard, 1992). 

 

Shiftwork is not a modern phenomenon and is believed to have been practiced, in 

some form, for centuries (Kogi, 1985; Scherrer, 1981).  The most marked increase in 

the prevalence of this form of work system was during the industrial revolution, 

where organisations such as steel companies worked 24 hours a day because of 

operating costs and the impracticality of shutting industrial processes down. 

 

The number of shiftworkers in European countries increased by 100% between 1950 

and 1974 (International Labour Office, 1978) and in 1985 it was estimated that 15-

30% of all workers in industrialised countries worked on some form of shift cycle 

(Kogi, 1985).  The percentage of individuals working abnormal hours is often seen as 

a symptom of industrialised societies but is reported to be increasing in developing 

countries where legislation is less restrictive (Kogi, 1985).  The growth in the number 

of shiftworkers has decreased since 1975 but will continue with new technology 
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requiring equipment to operate in a continuous or near continuous manner (Tepas, 

Duchon & Gersten, 1993). 

 

 

1.1 Well-being of Shiftworkers 

In the last decade the topic of shiftwork has received a great deal of research 

attention.  This is in part due to the rapid rise in the number of people working on a 

shift system, and also a raised awareness of the difficulties shiftworkers experience.  

Probably the main reason for the large volume of research in recent years is the 

concern regarding changes in an individual’s well-being and performance due to the 

number and arrangement of the hours they work.  The accident reports of several 

devastating incidents, such as the nuclear power plant incidents at Three Mile Island 

and Chernobyl, the gas leak at Bhopal and the worlds worst air disaster at Tenerife, 

mention the time of day and fatigue of the individuals involved as contributing factors 

(Ehert, 1981; Folkard, 1990). 

 

One of the earliest studies concerning the effect of shiftwork on workers was carried 

out by researchers at the University of Michigan (Mott, Mann, McLoughlin & 

Warwick, 1965).  Their main findings indicated that shiftwork resulted in sleep 

related difficulties, that in turn led to a disruption in physical and social patterns.  

These findings first highlighted shiftwork as a potential work related stressor. 

 

Rutenfranz, Haider and Koller (1985) and Monk (1988) argue that shiftwork can 

constitute an important source of stress for an individual, with stress meaning an 

imbalance between perceived demands and perceived resources (Haw, 1982).  

Environmental and physiological stressors are thought to be exacerbated by working 

odd hours (Sauter, Murphy & Hurrell, 1990).  Such stressors arise from a continual 

sleep debt (Rutenfranz et al, 1985) and environmental risks, such as reduced lighting 

(Schmieder & Smith, 1996).  In addition, the constant adjustment of normal body 

cycles is thought to affect many aspects of healthy biological functioning (Folkard, 

Minors & Waterhouse, 1985).  All of these factors tend to make shiftwork a high 

stress activity. 
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Colquhoun & Rutenfraz (1980) proposed a model (Figure 1) of how the detrimental 

effects of shiftwork might arise.  Shiftwork, with the constant phase shifting of work 

schedules, is known to cause disruption to an individual’s physiological rhythms.  

This disruption is in turn thought to result in stress.  Colquhoun and Rutenfraz (1980) 

believe that the effects do not stem directly from the actual stress of shiftwork but 

from the build up of strain within the individual as they try to cope (successfully or 

not) with an unnatural and changing daily pattern.  The degree of strain experienced 

depends on certain intervening variables, including sleeping conditions, family factors 

and physiological adaptability. 

 

Stress Strain

phase shifting of
working and

sleeping hours

potential:
- inefficiency
- impaired health
- lowered well-being
- disturbed relationships

Intervening
variables

- individual characteristics
- job related factors
- environmental conditions
- domestic circumstances

 

Figure 1: “Stress and Strain” model (Colquhoun & Rutenfraz, 1980). 

 

The distinction between stress and strain is an important one.  In many work contexts 

it is difficult to change the shift system and thus the level of stress imposed upon an 

individual.  However, the subsequent strain can be minimised through learning and 

using coping strategies (Monk & Folkard, 1992).  Coping, as a construct, has its 

beginnings in stress research and refers to all cognitive and behavioural efforts to 

manage, (reduce, minimise, or tolerate) experienced levels of stress (Folkman, 1984).  

Therefore, coping strategies may in turn significantly reduce the potential ill effects of 

shiftwork. 
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How an individual copes with shiftwork and how effective their coping strategies are 

at maintaining their health and well-being is receiving greater research attention but 

there are still no definitive findings.  There are obvious differences in an individual’s 

ability to tolerate shiftwork.  Some shiftworkers report few problems and yet others 

working the same or similar schedules are barely able to cope (Monk & Folkard, 

1985).  With such a large proportion of the population working on a shift system it is 

necessary to discover more about how individuals vary in their ability to cope with 

the detrimental effects of shiftwork.  Research on the influence of individual 

differences in determining tolerance to shiftwork has tended to focus only on 

personality type measures such as morningness/eveningness, sleep rigidity, 

neuroticism and introversion/extroversion (Monk, 1988; Monk & Folkard, 1985; 

Spelten et al, 1993). 

 

It must be noted that approaching shiftwork from a coping perspective does not 

remove the need to restructure shift schedules, but if schedules can not be modified 

then education and other counter measures may make a difference.  Monk & Folkard 

(1992) state that the incidence of poor physical health, such as gastric ulcers and heart 

disease, may be as much a function of the lack of social support and educational 

networks, as it is a function of the particular schedule an individual works.  This 

implies that it is the intervening variable of coping ability that will largely determine 

the degree of harm experienced by an individual (Monk & Folkard, 1992). 

 

 

1.1.1 Mental and Physical Well-being 

There is evidence to indicate that shiftwork has a detrimental effect on the health and 

well-being of shiftworkers (Waterhouse, Folkard & Minors, 1992).  Haider, Kundi & 

Koller (1981) have suggested that the inability to cope with shiftwork is manifested in 

health problems and individuals giving up shiftwork.  In addition, Barton, Spelten, 

Totterdell, Smith, Folkard and Costa (1995) propose two long term consequences of 

shiftwork are decrements in mental and physical health.  The finding that many health 

problems are found in shiftworkers who are failing to cope with shiftwork is 

significant since it means that if the strain produced by shiftwork can be minimised, 
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by educating the shiftworker about ways to best cope with this work schedule, then it 

is possible that the health consequences can be minimised even if the work schedule 

remains the same (Monk & Folkard, 1992). 

 

Haider et al (1981) have suggested that with time and increasing exposure to 

shiftwork an individual passes through four phases; adaptation, sensitisation, 

accumulation and manifestation.  If at any point a shiftworker reaches their tolerance 

limit and a further disturbance occurs, coping becomes impossible and giving up 

shiftwork is likely.  After about 40 years of shiftwork, a phase occurs when coping 

with shiftwork rapidly deteriorates and health problems are then most likely to occur. 

 

In each phase it is thought that different variables become important in sustaining 

tolerance to shiftwork.  In the early adaptation phase, which is within the first five 

years of shiftwork, an individual becomes use to unusual work hours, changes in 

family life and social life.  It is believed that the quality of sleep, family life and social 

activities have a strong influence on health and well-being during the adaptation 

phase (Koller, Kundi & Cervinka, 1979).  The next five to twenty years of shiftwork 

is the sensitisation phase.  Job satisfaction, career development, financial stability and 

family growth appear to be important.  Attitudes to shiftwork and satisfaction with 

both shiftwork, family and social life play an important role in the incidence of health 

and well-being problems.  Later in the accumulation phase, which is from about the 

twentieth year of shiftwork onwards, biological ageing plays a role and the effects of 

poor coping strategies accumulate.  In the final manifestation stage, after 40 years of 

shiftwork, it is clear that adaptation to shiftwork has not occurred and disorders and 

disease are of the highest frequency in shiftworkers at this point.  The difference 

between day workers and shiftworkers becomes more evident with increasing age.  

These differences may be deferred by some individuals but the continuation of these 

differences into retirement suggests the impact of shiftwork is inescapable. 

Research findings on the physical effects of shiftwork has been inconsistent.  There 

have been some reports of increased rates of cardiovascular and gastrointestinal 

disease among rotating and night workers compared to day workers (Costa, Apostoli, 

D’Andrea & Gaffuri, 1987; Waterhouse et al, 1992) but other studies have failed to 

show such differences (Aanonsen, 1964; Hakkinen, 1969).  One of the main reasons 
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for the apparent lack of significant differences between shiftworkers and day workers 

may be the continuous process of ‘natural selection’ among shiftworkers.  That is, 

most shiftworkers who do experience difficulties tend to transfer to day work.  As 

already mentioned, many studies indicate that people often leave shiftwork if they 

find it difficult to tolerate or it has a direct effect on their health (Frese & Okenek, 

1984; Koller, Kundi & Cervinka, 1978).  Because many former shiftworkers appear to 

have poorer health than current shiftworkers, these experienced shiftworkers are often 

referred to as a ‘survivor population’.  However, this self selection process does not 

suggest that there is no longer a need to be concerned with shiftwork related issues. 

 

One very reliable and detrimental effect of shiftwork on health is the increase in 

gastrointestinal symptoms and diseases.  Waterhouse et al (1992) estimate that 

digestive and gastrointestinal complaints are between two and five times more 

common in shiftworkers than in day workers.  Another study found that after sleep 

problems, gastrointestinal dysfunction comprises a major area in which shiftworkers 

and former shiftworkers have more trouble than day workers (Rutenfraz, Colquhoun, 

Knauth & Ghata, 1977).  The nature of these gastrointestinal disorders includes loss 

of appetite, heartburn, constipation, stomach pain, flatulence and ulcers.  

Approximately 30-50% of shiftworkers are affected by such disorders, highlighting a 

major health problem for this occupational group. 

 

Costa, Lievore, Ferrari and Gaffuri (1987) report that 67% of three-shift workers 

(shift cycle that rotates through three shifts eg: morning, day, night shifts) and 23% of 

permanent night workers were reported to have given up night work because of 

digestive problems.  The length of time a person has been working in a shiftwork 

environment is important in the development of these disorders.  Peptic ulcers tend to 

be diagnosed after 5-6 years of shiftwork compared to 12-14 years in day workers 

(Costa et al, 1987).  In addition, other difficulties such as sleep related disorders tend 

to be transient and disappear after ceasing shiftwork but gastrointestinal complaints 

have been found to continue after shiftwork is ceased (Thierry & Meijman, 1994). 

 

The reason for the prevalence of gastrointestinal complaints is unclear but several 

theories have been proposed.  One theory focuses on the presence of a number of risk 
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factors including the timing and composition of meals, smoking and drinking.  These 

factors are thought to lead to short term digestive disorders such as indigestion, 

heartburn and flatulence and may ultimately lead to ulcers (Barton et al, 1995).  

Another explanation focuses on the 24 hour cycle of the stomach and its associated 

enzymes.  It is possible that the normal rhythm in gastric functioning does not adapt 

to night work and consequently eating during the night exacerbates gastric problems.  

Harrington (1978) suggests such problems are due to impoverished catering facilities 

and that poor food service or bad eating habits are a major cause of gastrointestinal 

disturbances.  However, although there is presently a lack of clear evidence to support 

any of these mechanisms it is likely that a combination of these factors are 

responsible. 

 

Another health complaint possibly linked to shiftwork is cardiovascular disease 

although the findings are not clear.  Harrington (1978) reports little, if any, 

association between cardiovascular disease and shiftwork but recent studies have 

found a more conclusive relationship (Waterhouse et al, 1992).  It is suggested that 

with increased exposure to shiftwork there is a greater the risk of heart disease.  A 15 

year study of workers in a paper mill found that the incidence of cardiac disease 

doubled depending on the exposure to shiftwork and that a steady rise in 

cardiovascular disease was found for shiftworkers with up to 20 years experience 

(Monk & Folkard, 1992).  After this point in time there was no difference in the 

incidence of cardiac disease between shiftworkers and day workers, possibly because 

the shiftworkers had either died or shifted to day work.   

 

Corroborating evidence shows that a change in the direction of rotation of a shift 

schedule, to a delaying rather than advancing rotation, directly lowered coronary risk 

factors such as serum triglycerides (Orth-Gomer, 1983).  Ely and Mastardi (1986) 

found, in a less well controlled study, that shiftwork was associated with higher 

norepinephrine levels, which is also a risk factor in heart disease.  When other risk 

factors, such as smoking, are taken into account the incidence of heart disease is 

believed to be about 40% higher in shiftworkers compared to day workers (Knutsson, 

Akerstedt, Jonsson & Orth-Gomer, 1986).  In addition, Akerstedt, Alfredsson and 

Theorell (1986) report significantly increased morbidity ratios for cardiovascular 
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disease with increased exposure to shiftwork and work at irregular hours.  The reason 

for the relationship between shiftwork and cardiovascular disease is not known, but 

akin to gastrointestinal disorders, it is likely a number of factors are responsible. 

 

Other non-specific disorders resulting from shiftwork have also been noted, such as 

increased irritability and frequency of headaches (Minors, Healy & Waterhouse, 

1994).  The mortality rates of shiftworkers compared to day workers have been found 

to be similar.  Taylor & Pocock (1972) compared the mortality rates of more than 

8000 shiftworkers and day workers over a 13 year period and found no significant 

differences.  However, shiftworkers who had given up shiftwork prematurely did 

show a higher mortality rate.  The reduction in sleep length is another widely realised 

effect of shiftwork (Wedderburn, 1995).  The reason for reduced sleep is discussed in 

more detail later.  Some of the effects of reduced sleep are fatigue and lowered 

feelings of well-being.  Ottoman, Karvonen, Schmidt, Knauth and Rutenfraz (1989) 

reported that complaints of sleep disturbances were associated with tiredness and 

nervousness and were nearly twice as frequent in shiftworkers than day workers. 

 

Centres of psychiatric research have undertaken a great deal of research on circadian 

rhythms because depression has been linked to dysfunctions of the circadian system.  

A pattern has been found in the sleep length, waking times and diurnal variations in 

mood of depressed patients.  The relationship between depression and variations in 

the circadian system are not well understood, although it is agreed they are 

inextricably linked (Krieger, 1988). 

 

Jahar and Weller (1982) investigated the nature of psychiatric admissions to the 

medical centre at Heathrow airport.  Their findings indicate that depression is 

associated with previous long westbound flights and hypomania with long eastbound 

flights.  This indicates that with vulnerable individuals, manipulation of circadian 

rhythms can induce a recurrence or appearance of psychiatric symptoms. 

 

Individuals who work or have worked on night shift report psychosomatic complaints 

or impaired well-being more frequently than day workers (Frese & Semmer, 1986). 

Costa et al (1981) report that 72% of male textile workers who gave up shiftwork did 
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so because of neurotic problems and Bohle and Tilley (1989) found that night work 

had a significant negative impact on psychological well-being.  Findings from the 

latter study provide evidence that both organisational and behavioural variables 

moderate the impact of night work on psychological well-being. 

 

Verhaegan, Dirkx, Maasen and Meers (1986) found increased levels of neuroticism 

over a 12 year period in a group of industrial shiftworkers.  In addition, Vidacek, 

Kaliterna & Radosenc-Vidacek (1987) found that neuroticism scores of individuals 

who had done three years of shiftwork were associated with poorer health.  The 

incidence of alcohol abuse, tranquilliser use and nervousness was also found to be 

higher in rotating shiftworkers than other shiftworkers (Gordon, Clearly, Parker & 

Czeisler, 1986).  The concern about the incidence of drug or alcohol abuse of 

shiftworking drivers or pilots in public transport accidents indicates the potential 

prevalence of this problem (Lauber & Kayten, 1988). 

 

Despite the inconsistencies in previous research findings there is sufficient evidence 

to indicate that both physical and mental health may be impaired by shiftwork.  

Gastrointestinal complaints, cardiovascular disease and sleep disturbances are the 

most widely recognised potential physical health consequences.  Research evidence 

also indicates the incidence of neuroticism is greater for shiftworking individuals. 
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1.2 Well-being of Air Traffic Controllers 

The following section focuses specifically on research that has investigated the 

relationship between shiftwork and health complaints in Air Traffic Service staff. 

 

Many air accident reports cite Flight Crew or Air Traffic Controller fatigue as a 

contributing cause.  The reduced ability of the individual to perform at the required 

level can most often be attributed to the effects of sleep loss, displacement of 

circadian rhythms and physiological symptoms caused through the arrangement of an 

individual’s work hours, or the shift cycle they follow (Gander, Myhre, Graeber, 

Anderson & Lauber, 1985).  It is therefore imperative that the shiftworker, as an 

integral part of a system particularly in high risk professions such as aviation, 

maintains optimum mental and physical well-being (Smith & Folkard, 1993). 

 

If shiftworkers in general have been found to experience mental and physical 

problems, then it would be expected that Air Traffic Service staff working on a shift 

system will to some extent also experience these problems.  The risk to public safety, 

as well as the large financial cost involved, implies that it is essential to examine more 

closely the factors that may influence the well-being of Air Traffic Service staff.  

Coupled with this is that very few studies to date have investigated the factors 

influencing Air Traffic Service staff working on a shift system. 

 

A lot of interest in pilot fatigue and working hours in evident with the amount of 

research and literature available on the subject.  However, the findings of these 

studies are not directly transferable to the controlling environment.  This is mainly 

because the tasks of pilots are very different from those of Air Traffic Service staff.  

The peak period of activity for a pilot is during take off and landing, with relative 

inactivity in between while an Air Traffic Controller must be highly focussed at all 

times. 

 

A recently published report by the Committee on the Regulation of Air Traffic 

Controllers hours (1990) in the United Kingdom, indicates the raised awareness of the 

impact of shiftwork on Air Traffic Controllers.  This report was commissioned for 

several reasons.  Firstly the public perception of lessening Air Traffic Controller 



Introduction 

 
11 

safety in the United Kingdom, secondly growing discontent among Air Traffic 

Controllers and thirdly an overburdened system.  Other reasons included an 

acceleration in air traffic in 1988 that had not been anticipated.  This led to airspace 

congestion and increased Air Traffic Controller workload.  Smaller aerodromes in the 

United Kingdom were found to be experiencing an increasing number of problems 

and a failure to rectify them.  These problems were attributed to a shortage of Air 

Traffic Controllers and an increase in traffic.  Both these conditions are now 

occurring in Australasian controlling environment. 

 

The aim of the report was to determine what measures should be taken to regulate the 

hours of Air Traffic Controllers.  The findings of the report do not indicate evidence 

of fatigue contributing to a lack of safety.  They did find that the hours of work of Air 

Traffic Controllers in the United Kingdom could not remain unregulated.  The 

guidelines proposed were in no way supposed to guarantee the elimination of fatigue 

but to introduce safety levels.  The report also recognises that the reduction of fatigue 

does not alone address other factors which may affect safety on shift systems.  These 

factors can give rise to health problems, sleep difficulties and disruption to social life. 

 

Other previous research on the implications of shiftwork for Air Traffic Controllers 

has mainly been carried out in the North American Air Traffic Control system.  The 

North American studies that have been conducted have focussed on the effect of 

rotating schedules on the sleep patterns and mood of Air Traffic Controllers.  Rotating 

schedules are common within the Air Traffic Controlling environment.  Prior studies 

have shown that rapid rotation maintains individuals’ circadian rhythms in a diurnal 

orientation (Dahlgren, 1981; Daniel & Potasova, 1989).  However on night shift, 

individuals must operate in the nadir (or trough) of their diurnally orientated circadian 

rhythms.  Slower shift rotations and permanent shifts are another option.  The 

disadvantages of these schedules include the low workload at many Air Traffic 

Centres on night shifts which would adversely affect an Air Traffic Controller’s 

proficiency (Luna, French, Mitcha & Neville, 1992).  An additional disadvantage is 

the requirement for a group of individuals to constantly work night shifts. 
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Smith, Melton and McKenzie (1971) in a study of North American Air Traffic 

Controllers found individuals reported increased levels of fatigue and tiredness after 

night shifts compared to day shifts.  They also found that low intensity operations can 

give rise to tiredness and lack of attention because of boredom.  In addition, Air 

Traffic Controllers at towers with moderate density traffic reported greater sleepiness 

on night shifts than the Air Traffic Controllers operating in conditions of high density 

traffic. 

 

Saldivar, Hoffman and Melton (1977) compared North American Air Traffic 

Controllers working on a 2-2-1 shift schedule (2 evening shifts, 2 day shifts, 1 

midnight shift, followed by 2 days off) with Air Traffic Controllers on a 5 day 

rotation pattern (5 evening shifts, followed by 2 days off, 5 day shifts, followed by 2 

days off, 5 midnight shifts, followed by 2 days off).  Their findings showed that the 

average amount of sleep over a seven day period did not differ between the two shift 

schedules but when comparing sleep length over the five day working period, Air 

Traffic Controllers working the five day schedule got significantly more sleep during 

a 24 hour period.  On both type of schedules the greatest amount of sleep was 

obtained on the evening shift and the least amount of sleep on the midnight shift.  In 

an earlier study, Melton, Smith, McKenzie, Saldivar, Hoffman and Fowler (1975) 

looked at the physiological stress experienced by Air Traffic Controllers working on 

the 2-2-1 and 5 day schedules and they found the 2-2-1 schedule to be less stressful. 

 

Cruz and Della-Rocco (1995) compared American Air Traffic Controllers working 2-

2-1 shift schedules, 2-1-2 shift schedules (2 afternoon shifts, a day shift, 2 morning 

shifts) and straight day shifts and investigated the amount and quality of sleep in 

relation to turn around times (time between subsequent shifts).  The 2-1-2 schedule 

allows for longer turn around times.  It was found this resulted in longer sleep 

duration but no difference in reported sleep quality or in sleepiness ratings during 

work compared to the 2-2-1 schedule.  Cruz and Della-Rocco (1995) suggest that 

problems associated with forward, rapidly rotating work schedules may have more to 

do with working the night shift and early morning start times than with a rapid turn 

around. 
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Folkard and Condon (1987) investigated the frequency with which Air Traffic 

Controllers experienced night shift paralysis.  This is described as “a sustained 

immobility involving the entire voluntary musculature, although full consciousness 

prevails and the subject can see and hear.  Attacks last from a few seconds to as many 

as minutes” (Rudolf, 1946 pp. 132).  Folkard and Condon (1987) reported that 6% of 

Air Traffic Controllers experienced night shift paralysis.  Most individuals who 

reported such an event experienced it only one or two times, although some claimed 

five occurrences, and generally all experiences lasted for less than two minutes.  

Individuals were sure they were awake, their vision was unaffected and they remained 

aware of their surroundings.  However, many Air Traffic Controllers became aware of 

their immobility when they tried to make gross motor movements, often in response 

to an external event.  Findings indicate that the occurrence of this paralysis depended 

on four factors.  These were the time of night, the number of previous consecutive 

night shifts, the occurrence of both a morning and night shift on the same day and 

individual differences in sleep flexibility.  A cumulative sleep debt is thought to 

account for the increased incidence of this paralysis (Folkard & Condon, 1987). 

 

An Air Traffic Controllers continued employment is dependent on their good health 

which may mean many health symptoms are under-reported.  This may explain why 

research on the incidence of general health problems in this occupational group has 

been equivocal.  A study by Smith (1980) failed to find any clear evidence of health 

problems associated with Air Traffic Controlling.  Booze (1978) examined the 

medical records of 25,000 individuals working in air traffic services and found a 

lower than average rate of hypertension and no unusual rate of gastrointestinal 

complaints.  A small study at O’Hare International airport also found no exceptional 

incidence of ulcers (Singal et al, 1977). 

 

In contrast, Cobb and Rose (1973) found that hypertension, diabetes and ulcers were 

significantly higher in a sample of more than 400 Air Traffic Controllers compared to 

a group of 8000 individuals working in other areas within the aviation industry.  They 

also found Air Traffic Controllers suffered from a higher incidence of hypertension 

and peptic ulcers when working in high density traffic areas.  Studies comparing 

pilots and Air Traffic Controllers showed that one fifth of Air Traffic Controllers 
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suffered from borderline hypertension, which is twice the rate of that observed in 

pilots (Booze, 1982; Dougherty, 1967).  Although these findings may be explained by 

the slightly more stringent medical requirements for pilots.   

 

Rose, Jenkins and Hurst (1978) report that hypertension is the most prevalent chronic 

illness amongst Air Traffic Controllers with the incidence found to be three times 

higher than the American national average.  Headaches were the most common health 

complaint with 69% of Air Traffic Controllers experiencing headaches each month 

and 45% of individuals having headaches of greater than 1 hour duration.  Other 

earlier studies (Dougherty, Trites & Dille, 1965; Hauty, Trites & Berkley, 1965) 

associated air traffic work with gastrointestinal problems. 

 

Costa, Schallenberg, Ferracin and Gaffuri (1995) found that Italian Air Traffic 

Controllers reported mainly gastrointestinal, musculoskeletal, cardiovascular and 

neuropsychic complaints.   Compared with a group of male nurses of a similar age 

and length of shiftwork experience, the Air Traffic Controllers showed a higher 

prevalence of gastrointestinal and cardiovascular disorders and chronic anxiety but a 

lower prevalence of drug consumption. 

 

MacLennan and Peebles (1996) investigated whether personality traits or other risk 

factors, such as diet, weight and family history, were more useful predictors of the 

incidence of health problems in Air Traffic Controllers.  Surprisingly, they found 

personality traits to be better predictors of health problems than recognised health 

influences. 

 

Smith (1978) reviewed the medical disqualifications of Air Traffic Controllers over 

five years and found that out of 79 individuals, 61 were removed from their position 

because of psychological problems.  Rose et al (1978) surveyed Air Traffic 

Controllers over a three year period and found that 20% developed significant mental 

problems and 13% experienced depression and anxiety over the course of the study.  

Eight percent were reported as alcohol abusers and over 50% were heavy drinkers.  

Booze (1978) found a high incidence of psychological problems in Air Traffic 

Controllers and another study reported that in a group of 650 Air Traffic Controllers, 
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40% experienced severe distress within a six month period (McBride, Lance & 

Freeman, 1979).  Such findings seem to indicate a high rate of psychopathology but 

without comparable norms this is difficult to verify. 

 

Other studies that have investigated the health of Air Traffic Controllers have 

focussed on work related stress. The main factor that has been investigated as the 

cause of this stress is workload.  Several studies have identified Air Traffic 

Controlling as a highly stressful occupation (MacLennan & Peebles, 1996; 

Shouksmith & Burrough, 1988) other studies have suggested conversely (Melton, 

1982). 

 

Melton (1982) reported that Air Traffic Controller’s health was not unduly affected 

by job stress but other studies have shown short term changes in heart rate, hormonal 

secretion and vigilance due to increased workload (Costa, 1993; Tattersall & Farmer, 

1995; Zeier, 1994).  Costa (1993) concluded the physiological changes found 

indicated that Air Traffic Controller’s stress was no greater than would be expected in 

the normal working population.  In contrast, Zeier (1994) also measured 

psychological symptoms of stress and reported that 10-15% of Air Traffic Controllers 

could have serious stress problems at work or in their private life.  Tattersall and 

Farmer (1995) also suggest that the patterns of hormone excretion, if sustained over 

long periods, may have long term health consequences for Air Traffic Controllers. 

 

In summary, decreased sleep length and reports of subjective fatigue are associated 

with the work schedules of Air Traffic Controllers.  The incidence of night shift 

paralysis in Air Traffic Controllers is a significant change in the well-being of 

individuals and its occurrence is thought to be due to cumulative sleep debt.  Other 

studies on the general health of Air Traffic Controllers have produced ambiguous 

findings but it is suggested that hypertension and gastrointestinal complaints may be 

more prevalent in this occupational group. 

 

1.2.1 Air Traffic Controlling 
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In order to better understand the issues faced by Air Traffic Service staff it is first 

necessary to understand the nature of their job.  The following section briefly 

discusses the requirements of various positions within an Air Traffic Service centre. 

 

In very simplistic terms, the task of an Air Traffic Controller is to provide safe aircraft 

separation.  This is provided to differing degrees in different classes of airspace and is 

most often achieved by requiring aircraft to fly at different heights and/or along 

specific routes to provide horizontal separation.  Along with safe aircraft separation, 

aircraft are controlled to allow traffic to flow in an orderly and expeditious manner. 

 

Air Traffic Controllers are often also responsible for providing additional information 

to pilots, in particular the presence of other aircraft, navigational and meteorological 

information and emergency assistance.  Some Air Traffic Controllers may also be 

required to inspect airfields and lighting facilities, conduct meteorological 

observations and carry out administrative duties. 

 

Each country may have slightly different classes of airspace but generally there are 

controlled and uncontrolled areas.  Aircraft flying in uncontrolled areas must follow 

rules of the air but can basically fly where they like.  Flight Service staff may provide 

some information to aircraft in uncontrolled airspace and aircraft may be required to 

advise of their presence and intentions.  Flight Service also provide advice to pilots on 

other traffic and weather information. 

 

Controlled or regulated airspace requires aircraft to have a clearance in order to enter 

these areas and within this airspace aircraft must follow an Air Traffic Controllers 

instructions.  Certain standards are followed by Air Traffic Controllers in separating 

aircraft and depending on the type of control, that is whether radar is available or not, 

separation values vary.  Radar provides visual information on an aircraft's position, 

course and speed.  Two forms of radar exist and include primary radar, which gives 

limited information of the position of the aircraft as a ‘blip’ on the radar screen, and 

secondary radar, which supplies additional information such as aircraft identification, 

height and speed.  Radar controlled aircraft are separated by smaller distances because 

of the greater accuracy the radar provides. 
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Before a pilot flies into controlled airspace, they must submit a flight plan with details 

of the aircraft's route.  This information is processed by Flight Data Officers who pass 

this information to Air Traffic Controllers who then coordinate the aircraft. 

Information regarding a single aircraft is passed by the Flight Data Officers to all Air 

Traffic Controllers having contact with the aircraft along its intended route. 

 

Most Air Traffic Controllers work in one of three main areas.  These are known as 

area control, approach control and aerodrome control.  Area control is responsible for 

en-route flights in a sector of airspace and possibly also for flights inbound and 

outbound from a terminal control area (airspace in the vicinity of a major aerodrome).  

An Approach Controller is responsible for coordinating aircraft between area control 

and aerodrome control.  Once the Approach Controller has established an aircraft on 

an approach to a runway it is passed to the Tower Controller.  The Tower Controller 

is responsible for aircraft taking off, landing and moving on the ground at the 

aerodrome.  In the opposite order to their arrival aircraft departing from an aerodrome 

are passed from the Tower to the Approach to the Area Controller.  There may also be 

Flow Controllers, who coordinate and plan the traffic across the airspace of busy 

sectors.  The existence of this position depends on the size of the airspace and the 

volume of traffic an Air Traffic Service centre is responsible for.  Such Air Traffic 

Controllers do not control aircraft directly. 

 

In different countries the control of air services differs.  In Australia Air Traffic 

Controllers are employed by AirServices Australia and in New Zealand by the 

Airways Corporation.  Air Traffic Controllers are all licensed in their respective 

countries by a single body and this organisation also carries out their initial training.  

Most training systems comprise firstly of classroom based work followed by 

operational experience.  When finally assigned to the centre at which they are to work 

further training is given on the specific equipment, procedures and environment of the 

unit.  Operational training is carried out under the supervision of an authorised Air 

Traffic Controller and once a minimum time has lapsed or certain conditions are met 

Air Traffic Controllers may then operate alone.  Air Traffic Controllers are required 

to undertake a medical examination yearly to maintain their licence.  Competency is 
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also checked annually and their licence remains current under these conditions unless 

they have a period of absence longer than 90 days. 

 

Ab-initio Air Traffic Controllers should be well aware of the requirement to work a 

shift system, as the majority of centres provide services that extend beyond the normal 

work day.  Most Air Traffic Controllers will spend their careers providing controlling 

services as there are few hierarchical or lateral opportunities in their own profession 

or for a similar service in other industries.  Estimates indicate no more than 10% of 

Air Traffic Controllers move into senior, supervisory or management positions. 

 

No two centres, even in one country, are the same.  The disparity is due to the type 

and purpose of the centre.  For example, whether a centre is required to control en-

route traffic as well as provide approach facilities.  The location of the aerodrome and 

the intensity of the workload also contribute largely to creating differences between 

centres.  Some centres experience seasonal differences with holiday traffic, others 

may have to contend with mixtures of civil and military operations.  The time of day 

will also predict the intensity of the traffic.  In centres that control international 

arrivals and departures, day-light hours do not necessarily reflect the busiest periods.  

Traffic type is also an important determinant of the controlling environment, with 

some centres having to coordinate  larger, faster aircraft with light training aircraft. 

 

The number of aircraft movements has increased rapidly in the last five years but the 

number of Air Traffic Controllers has remained relatively stable.  This growth in air 

traffic has resulted in less troughs in traffic activity and the lengthening of peak traffic 

times. 

 

Depending on a countries specific air traffic system, the restriction of working hours 

is regulated differently.  In Australia the Civil Aviation Authority and the Civil Air 

Operations Officers’ Association of Australia has agreed to a set of guidelines on 

rostering in Air Traffic Control.  Rosters are generally devised at each local centre in 

agreement with these working guidelines.  Most schedules are currently devised on 

experience and industrial bargaining rather than specific scientific evidence.  This 

results in little uniformity among rosters in different centres.  Although guidelines are 



Introduction 

 
19 

in place to try and prevent Air Traffic Controller fatigue, it does not mean that this 

form of workplace stress is eliminated with the current rostering system.  Problems 

can also arise when staff are absent and the remaining staffing levels are inadequate to 

cover shifts. 

 

It is obviously the duty of the Air Traffic Controller to ensure they are fit and 

adequately rested before their controlling duty, but the lack of research on the 

implications of shiftwork for Air Traffic Service staff means individuals are not 

necessarily aware of the factors and the way in which they interact to affect their well-

being. 

 

 

1.3 The Conceptual Model 

This next section introduces the factors that are believed to be important in coping 

with the effects of shiftwork.  These include circadian characteristics, sleep, social 

and domestic factors, work place factors and the use of coping strategies. 

 

Monk (1994) argues that the ability to cope with the strain of shiftwork depends on 

the interaction of three factors, these are circadian rhythms, sleep, and social and 

family life (see Figure 2).  Each factor interacts with, and influences the others.  

Coping ability is dependant upon all three areas being addressed and problems, 

difficulties or disregard for one area can negate the successful contribution of other 

areas.  For example, the ability to sleep is determined to a large extent by social, 

domestic and circadian factors so that a noisy household, children’s needs and 

domestic commitments will all result in sleep loss and disruption. 
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Figure 2: Relationship of Circadian Factors, Sleep Factors and Domestic Factors 
to an Individuals Coping Ability (Monk, 1994) 

 
 

Normally, the human body functions on the basis that sleep will be at certain times.  

Therefore, attempts to sleep against our bodies intrinsic pattern is often difficult or 

impossible for many individuals.  It may be that a shiftworker does manage to 

successfully balance their body’s rhythms and get sufficient sleep but if these 

successes are at the expense of domestic disharmony then strain is still present.  On 

the whole an individual will have to continually balance all three areas and 

consequently some sleep may be lost in order to spend time with the family or carry 

out domestic tasks.  The aim is to achieve a compromise so that there is no great 

impairment of any one area. 

 

Since each of these factors is important in the shiftwork equation, they will now be 

discussed in more depth. 

 

 

1.3.1 Circadian Factors 
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Most animals show behavioural, biochemical and physiological variability over 

definitive time periods (Rosenzweig & Leiman, 1982).  Many of these changes are far 

from random and can be linked to internal body cycles.  The fluctuations that occur 

over a 24 hour period are known as circadian rhythms (from the Latin terms “circa” 

meaning about, and “dies” meaning day) (Bloom & Lazerson, 1988). 

 

Recent developments in measurement instruments have allowed the detection of a 

large number of physiological rhythms.  This research has indicated that humans have 

over a hundred circadian rhythms, including those of body temperature, blood 

pressure, heart rate, secretion of certain hormones, urine volume, drug sensitivity, 

frequency of yawning, frequency of eating, levels of cognitive and motor 

performance, and sleep/wake cycles (Kalat, 1992; Bloom & Lazerson, 1988).  An 

example of the type of changes that occur in one of these rhythms, is that of body 

temperature.  The body temperature of day workers is found to be at its lowest about 

5.00 am.  It then steadily rises to a high point at around 9.00 pm, with a difference of 

nearly one degree between the two times, as shown in Figure 3. 
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Figure 3: Circadian Rhythm of a Day Worker’s Body Temperature (Minors & 
Waterhouse, 1990) 
 
The knowledge of the existence of circadian rhythms can be attributed to Jean Jacques 

d’Ortous de Marian, who in 1729, observed that the opening and closing of the leaves 
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of the heliotrope plant still occurred when the plant was kept in constant darkness.  

Before this discovery it was presumed that these circadian rhythms might result from 

rhythmic changes in the environment (Kronauer, 1994). 

 

In humans, these rhythmic changes in the body could be explained by changes in 

lifestyle and activity level.  For example, during the day when an individual is awake 

and active it could reasonably be expected that their heart rate, blood pressure and 

temperature would be higher than during the night when they are asleep and inactive.  

However, subjective and objective evidence suggests the issue is more complex than 

this.  Findings indicate that there are both internal physiological mechanisms, also 

known as endogenous components, and external factors, known as exogenous 

components, that control circadian rhythms (Minors & Waterhouse, 1990).  Under 

normal conditions the endogenous and exogenous components are in phase with each 

other.  For example, lowered body temperature in the early hours of the morning is 

reinforced by inactivity and fasting during sleep. 

 

In studying the endogenous component of the body clock researchers have tried to 

eliminate all exogenous influences.  Most information about the body clock has been 

gained from free running experiments, where individuals were isolated from all time 

cues and allowed to sleep and eat as they wished.  From these experiments the 

rhythmicity of body functions was found to continue but these rhythms differed 

slightly from 24 hours.  The average value of a cycle under free running conditions is 

25 hours and the range is between 24-26 hours.  Free running periods of 24 hours are 

unusual and less than this are uncommon. 

 

It is unclear whether there are two or more body clocks in the brain.  It is thought that 

the areas that do show some time keeping tendencies are normally synchronised and 

together produce the endogenous component of circadian rhythms (Minors & 

Waterhouse, 1990).  It is possible that under certain conditions, such as 

desynchronisation due to changing sleep wake cycles, that the controlling areas 

become separated functionally. 
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One physical structure that is thought to be involved in producing these rhythms is the 

suprachiasmatic nucleus (SCN).  This is a small area of the hypothalamus that lies just 

above the optic chiasm.  The SCN generates its own rhythm which is demonstrated by 

neurons isolated from this area producing a pattern of impulses that follow a circadian 

rhythm.  Although able to generate its own rhythm, the SCN receives input from the 

optic nerve and information from this source entrains the SCN’s rhythms to a 24 hour 

cycle (Minors & Waterhouse, 1990). 

 

In humans the SCN sends axons to other nuclei in the hypothalamus, to the pituitary 

and pineal gland, and parts of the brain stem responsible for sleep.  The pineal gland 

is another area that is thought to be important in the generation of certain rhythms.  In 

many animals the pineal gland receives light input, indicating entrainment to the 

light/dark cycle.  Within the pineal gland the neurotransmitter serotonin is converted 

into the hormone melatonin which is then secreted into the bloodstream.  Levels of 

melatonin vary over a 24 hour period and seem to be linked to the cycle of daily 

activity and night time rest and the cycle of body temperature changes. 

 

As already mentioned, when there are no time cues present our body clocks run at 

about 25 hours, but in normal daily living they run at exactly 24 hours.  This constant 

readjustment to the 24 hour cycle is known as entrainment and is achieved by 

rhythmic cues in the external environment.  These cues are known as zeitgebers.  In 

humans it is unclear exactly what effects individual zeitgebers have but it is thought 

that normally zeitgebers such as behavioural responses, feeding, social activity and 

light/dark all act together to entrain the body’s rhythms to a 24 hour cycle. 

 

The circadian control of our sleep/wake cycle causes one of the prime difficulties 

associated with shiftwork.  Changing an individual’s working hours also often means 

changing their sleep times.  Trying to instantaneously adjust sleep patterns to a new 

schedule often causes sleep difficulties.  This is because our circadian rhythms are 

stable and circadian realignment takes some period of time.  This stability of the 

circadian system is normally an advantage, in that a brief period of darkness or a short 

sleep does not cause an unnecessary change in the body’s rhythms. 
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Research indicates that complete circadian realignment can take at least a week to 

occur (Monk, 1994).  Circadian realignment is also normally experienced when 

travelling across time zones and is referred to as ‘jet lag’ although, with ‘jet lag’ the 

physical and social zeitgebers encourage realignment of the circadian system.  For 

shiftworkers, the physical and often the social zeitgebers work in opposition to the 

body realigning to a new schedule. 

 

Monk (1994) likens the process of circadian realignment for the night worker to that 

of a salmon leaping up a waterfall.  That is, it is difficult to achieve a nocturnal 

orientation (ie: reach the top of the waterfall) but easy to return to a diurnal 

orientation (ie: fall back down the waterfall).  Although an organisation may perceive 

they have permanent night workers, in reality an individual may be alternating 

between nocturnal and diurnal orientations on their days at work and days off. 

 

As an individual tries to adjust to a new work/rest cycle their many circadian rhythms 

are all resynchronising at different rates.  This disruption not only leads to sleep 

disruption but also feelings of fatigue, performance decrements, irritability and other 

health problems; the most common being gastrointestinal complaints (Monk, 1994). 

 

Shift schedules can be arranged in a wide variety of ways and these different 

arrangements influence the adaptation of an individual’s circadian rhythms.  

Individuals face different concerns and difficulties with each type of shift but it has 

been shown that most fixed shift workers can eventually adapt to their new work 

cycle.  Agervold (1976, cited in Landy, 1989) argues that if night shifts are absolutely 

necessary, then workers should be allowed to completely adapt.  Such adaptation may 

mean greater on the job efficiency and also greater satisfaction from the worker, but it 

also means they are now out of phase for performing non-work activities.  This 

adaptation may take weeks, even months and for a few it is almost impossible to 

adapt.  More recent research (Tepas & Carvalhais, 1990) suggests that, because 

permanent night workers always revert to a diurnal orientation on their days off, the 

effects of rotating and permanent shifts may be more similar than previously thought. 
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Rotating shifts are more popular with workers but this arrangement does not allow the 

body time to adapt, hence subjecting the individual to constant stress.  The direction 

of rotation is also important.  Evidence from ‘jet lag’ studies indicates that backward 

rotations may be more problematic than forward rotations.  A backward rotating shift 

cycle has start times that are earlier for each subsequent day.  For example, a 

backward rotating cycle is one in which the first shift in a cycle starts at 1.00 pm, then 

the following day’s shift starts at 10.00 am, and the next day’s shift at 7.00 am.  A 

forward rotating cycle has later start times for each subsequent shift in a cycle.  

Wolinsky (1982, cited in Landy, 1989) looked at shift rotations at the Great Lake 

Minerals and Chemicals Corporation in the United States.  Both the direction and 

length of shift cycle were manipulated, producing positive outcomes for both forward 

rotation and lengthening of the shift cycle. 

 

Adjustment to shiftwork is also believed to be greatly influenced by certain individual 

circadian characteristics.  The preference for activities in the morning or evening, 

known as morningness/eveningness orientation, has been shown to be one of the 

strongest predictors of adjustment (Kerkhof, 1985a). 

 

It has been found that on average, morning type individuals go to bed earlier and rise 

earlier than evening type individuals (Horne & Ostberg, 1977; Kerkhof, 1984).  This 

is thought to be due to the relative phase advancement of the sleep/wake rhythm in 

morning individuals.  As discussed in the next section, the shiftworker tends to follow 

a pattern of work, sleep, recreation as compared to a day workers work, recreation, 

sleep cycle.  Therefore, on an evening or night shift a shiftworker is trying to sleep in 

the morning, and if they are a morning type individual they are naturally feeling most 

alert and wide awake.  When working evening and night shifts it is more likely for the 

morning type individual to wake earlier when sleeping and therefore incur a greater 

sleep debt (Monk & Folkard, 1985).  Evening type individuals are also thought to be 

able to stay awake late and sleep late because they are less susceptible than morning 

types to the physical and social zeitgebers that keep the circadian systems entrained to 

a 24 hour period (Monk & Folkard, 1992). 
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There is also believed to be a link between morningness and the natural free running 

endogenous rhythm.  If isolated from all time cues it is believed that morning type 

individuals would show a shorter free running period than evening types (who tend to 

have a relatively delayed sleep/wake rhythm) (Kerkhof, 1985b).  For example, 

morning type individuals may have a free running period of approximately 24.3 hours 

as opposed to evening type individuals who may be closer to 25.5 hours (Monk & 

Folkard, 1992).  If this finding were more robust, there would be a more clearly seen 

advantage in forward rotating shift systems where phase delays of the circadian 

rhythm are required. 

 

The result of these differences is that an evening type person tends to find shiftwork 

easier to cope with than morning individuals.  This is supported in the research by 

Akerstedt and Torsvall (1981) who state that morning types are more likely to want to 

transfer to day work. 

 

In summary, difficulty coping with shiftwork may be due to several reasons: firstly 

the zeitgeber influences are less potent for evening individuals, secondly evening 

individuals may have a longer free running period which allows them to cope more 

easily with forward rotations, and finally evening types also seem to find it easier to 

sleep during the morning resulting in less sleep deprivation. 

 

 

1.3.2 Social and Domestic Factors 

It may be that an individual’s body is able to adjust to shiftwork, but their ability to 

cope still depends greatly on social and domestic factors.  Walker (1985) argues that 

the social implications of shiftwork are just as important as the physiological aspects 

and normally, poor social and domestic adjustment will have the greatest impact 

through their effects on the circadian and sleep factors in the coping equation (Monk, 

1994). 

 

There have been many deficiencies in previous research on the effects of shiftwork on 

family and social life (Colligan & Rosa, 1990).  This makes it difficult to make 

definitive statements about the impact of shiftwork on this aspect of an individual’s 
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life.  It is agreed however, that certain shifts pose particular problems for fulfilling 

family roles and participating in social activities. 

 

Mott et al (1965) compared shiftworkers on fixed afternoon, fixed night, and rotating 

shifts to day workers.  Their results showed that day workers have the highest marital 

satisfaction, greatest family integration and coordination, and the least domestic 

friction.  Day workers also had the highest membership rates to community and 

sporting organisations, and spent more time participating in these organisations (Mott 

et al, 1965; Frost & Jamal, 1979).  Khaleque and Rahman (1984) reported permanent 

day schedules to be the least disruptive to family life and leisure pursuits.  

Shiftworkers in general, report fewer friends (Herbert, 1983) and find it easier to 

engage in solitary activities such as gardening, fishing and home maintenance 

(Colligan & Rosa, 1990; Walker, 1985). 

 

As mentioned, certain shifts pose particular domestic and social problems.  The 

following discussion focuses on the social and domestic difficulties encountered for 

individuals working fixed afternoon shifts, fixed night shifts and rotating shifts. 

 

Afternoon shifts: 

Although fixed afternoon shifts do not cause circadian or sleep disruption they are 

highly disruptive to family and recreational activities.  Mott et al (1965) found 

workers on fixed afternoon shifts reported fewer sleep and health complaints than 

individuals on fixed night or rotating shifts but they did report the most dissatisfaction 

with the amount of time available to spend with their spouse and relaxing.  In addition 

to this, Wedderburn (1978), found that 79% of afternoon shiftworkers felt that their 

shift restricted their social and family life, while only 17% of day workers made 

similar complaints. 

 

In addition, male workers on this shift schedule expressed concern about being 

unavailable to provide protection and security for their wives (De la Mare & Walker, 

1968).  Parenting also seemed to suffer greatly with fixed afternoon shifts and for 

these individuals during week days, school age children may be only seen while they 

are asleep.  Mott et al (1965) reported that individuals on fixed afternoon shifts have 
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the greatest difficulty communicating with their children, compared to those on other 

shift schedules. 

 

Night shifts: 

This form of shift schedule causes the greatest disruption to sleep and circadian 

patterns, therefore very few work schedules now use fixed night shifts.  It does have 

certain advantages, particularly the opportunities to spend time with family.  Gadbois 

(1981) reported that 85% of nurses requested night shifts to allow them to spend time 

with their young children.  Although, those nurses with children got less sleep than 

their fellow workers who do not have children.  Night workers also complain of 

sexual dissatisfaction.  Due to their work schedule and other obligations they find 

coordinating time for privacy with their partner much more difficult.  Khaleque and 

Rahman (1984) reported that 85% of fixed afternoon workers and 61% of rotating 

shiftworkers felt their work schedules disrupted their social life.  In comparison only 

33% of night shift workers expressed this view. 

 

Rotating shifts: 

Workers on rotating schedules experience some of the extreme advantages and 

disadvantages of the different fixed shifts.  The major advantage of this form of shift 

schedule is that the physiological effects of night work are shared across the entire 

pool of workers and hence they are only experienced periodically. 

 

However, unique problems are created by this form of shiftwork.  Partners of rotating 

shiftworkers report difficulty scheduling events because of the variability of schedules 

(Mott et al, 1965).  Both workers and their partners report fewer friends than those on 

day shift and more family friction and interference between work schedules and 

family activities are noted (Walker, 1985).  Men working this type of schedule report 

problems with sexual relations, finding time for companionship and communicating 

with children (Mott et al, 1965).  Child care availability is a problem for rotating 

shiftworkers and Gadbois (1981) states that nurses agree to work fixed night shifts 

rather than rotating shifts because of the concern with this issue. 
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Rotating schedules often mean weekend work, further limiting family and social time.  

Weekend work, more than actual hours worked, has been frequently noted as one of 

the most dissatisfying aspects of this form of shiftwork (Banks, 1959; Chadwick-

Jones, 1969; Shamir, 1983).  Staines and Pleck (1984) reported that working non-

standard schedules (weekends and irregular patterns) was associated with poorer 

quality of life and fewer hours per week spent with children. 

 

Activities associated with the home are facilitated by a rotating schedule but activities 

that are time inflexible, such as visiting friends and social outings, are hindered by 

such a schedule (Herbert, 1983).  Kurumatani et al (1994) found that nurses working 

on such a schedule spent more time on housekeeping but slept less and had less time 

for leisure activities.  Therefore on the whole, time flexible activities are aided by 

rotating schedules and time inflexible activities are impaired. 

 

Despite the advantages and disadvantages posed by this form of schedule it is thought 

that the effective use of free time may be hindered because of the strain produced by 

the variable schedule (Colligan & Rosa, 1990).  It is suggested that rotating 

shiftworkers get less sleep than workers on fixed shifts (Tepas, Walsh & Armstrong, 

1981) and report higher incidences of depression, confusion, tension and fatigue 

(Jamal & Jamal, 1982).  The extra time available to perform activities may then be 

reduced by malaise and lethargy from the work schedule (Colligan & Rosa, 1990). 

 

Monk and Folkard (1992) claim that three spousal roles can be affected by shiftwork; 

that of a care giver, social companion and sexual partner.  Not suprisingly there are 

different problems which face females and males, depending on the roles they assume 

in the home.  Female shiftworkers seem to encounter more of a problem than their 

male counterparts, probably because they are often still expected to carry out normal 

household tasks to the detriment of good sleep patterns. 

 

Social isolation is another concern.  With the high percentage of complaints from 

shiftworkers about the interference of shiftwork with social pastimes, Cohen (1988) 

proposes that shiftworkers may be at a greater risk from stress related complaints 

because of the lack of social support networks to ‘buffer’ individuals from 
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environmental stressors.  Schmieder & Smith (1996) suggest that social support may 

be particularly significant in moderating the effects of shiftwork as a stressor.  They 

also report findings that indicate social support from an individual’s supervisor is 

important in reducing work related stress.  Such a relationship was not found for day 

workers, possibly because of the greater access to outside sources of social support 

(Schmieder & Smith, 1996). 

 

In some domestic situations family issues dictate the need for one of the parents to 

work shifts.  Financial pressure may dictate the need for both parents to work, if so 

one of them may be forced to seek shiftwork so that child care can be provided 

(Presser, 1988).  In some situations the financial situation may also result in one 

parent seeking two jobs and in order to combine them, one job must generally work 

on some sort of shift schedule.  Many urban workers also elect to work shifts in order 

to avoid the rush hour traffic of the normal working day (Tepas, Duchon & Gersten 

1993). 

 

 

1.3.3 Sleep Factors 

Some people seem to be more readily able to ignore their body clock, allowing them 

to sleep at unusual times.  These people suffer less from the social and medical 

difficulties that other shiftworkers encounter, which may suggest that these are in 

some way linked to sleep disturbances (Tepas & Carvalhais, 1990). 

 

It is reported that shiftworkers get five to seven hours less sleep per week than those 

who only work during the day and that sleep often becomes a major preoccupation for 

these individuals.  Any sleep deficit is important in the effect it has on a workers 

mood and performance.  Some shiftworkers state that if they could only solve the 

difficulties associated with sleeping then shiftwork would be quite tolerable (Tepas, 

1982a).  A night workers reduced sleep length is not only associated with decrements 

in performance but is also believed to be the forerunner to health problems (Lavie, 

Chillag, Epstein, Tzischinsky, Givon, Fuchs & Shahal, 1989). 
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Disrupted sleep is more a symptom than a cause of poor coping, since circadian 

adjustment is important in sleep onset and cessation.  Social and domestic factors also 

influence sleep periods and quality and sleep interruptions are more likely for 

shiftworkers. 

 

A survey by the Royal Air Force Institute of Aviation Medicine (RAF IAM) (1988) 

found that 30% of Air Traffic Controllers had interests or hobbies that affected the 

times at which they slept.  Four percent had jobs other than that of controlling that 

also affected sleep times.  The average sleep requirement of an individual Air Traffic 

Controller was reported to be 7.41 hours.  The actual total sleep time on duty days 

was 6.61 hours and 7.15 hours on non-duty days. 

 

Unlike day workers, night and evening/afternoon workers tend to sleep after work 

rather than before.  On non-work days they then reverse this and adopt the sleep 

strategies of the day worker (Tepas & Carvalhais, 1990).  This is illustrated in Figure 

4. 

 

A multitude of studies have found repeated night work leads to decreased sleep length 

and an increase in sleep complaints (Armstrong, 1982; Gersten, 1987; Tepas, 1982a, 

1982b).  Permanent night workers sleep longer on their days off but less total hours 

per week, on average, than day workers (Tepas & Carvalhais, 1990).  These findings 

are clear evidence that the effects of shiftwork are very likely to be chronic. 
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Figure 4: Model of Typical Work/Sleep/Off Time Strategies Used by 90% of 
Workers on the Day, Afternoon/Evening, and Night Shifts (Tepas, Walsh & 
Armstrong, 1981) 
 
 

The shorter sleep length of night workers has been blamed on circadian factors 

(Akerstedt & Gillberg, 1981), environmental conditions (Kolgi, 1982) and day time 

social obligations (Tepas, 1982b).  Female shiftworkers have been shown to get less 

sleep on average than their male counterparts, particularly those women who work 

night shifts.  Their shortened sleep is thought to be due to added social commitments 

and domestic responsibilities (Gadbois, 1981). 

 

There is also evidence to suggest that age has a pronounced effect on the normal 

decline in daily sleep length and the finding of age related changes with shiftwork 

have been fairly consistent.  A number of studies have found that both age and 

prolonged exposure to shiftwork determine a workers ability to tolerate shiftwork 

(Akerstedt & Torsvall, 1981; Haider et al, 1981).  The critical age is seen to be 40 

years and at some point after this, shiftwork becomes very difficult.  The reason for 

this change is not clear.  The literature suggests it may be due to altering circadian 

characteristics and studies suggest that with age we become increasingly ‘morning’ 

oriented and hence go to bed earlier and rise earlier.  Another factor that results in 

older people finding it more difficult to tolerate shiftwork is slightly poorer health as a 

result of biological aging. 

 

In summary, sleep demands influence other factors in determining tolerance to 

shiftwork, as much as being a product of them.  The need for sleep is thought to 

attribute to domestic disharmony, mainly because sleep loss leads to irritability.  

Adjustment of an individual’s circadian rhythms may be further disrupted by an 

individual sleeping at inappropriate times due to fatigue, or sleeping for shorter more 

frequent periods. 

 

 

1.3.4 Shift and Work Factors 
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Monk (1994) states that difficulties in coping with shiftwork arise from factors within 

an individual and from work place factors.  Some of the specific factors that cause 

problems have been identified and are listed in Table 1.  The majority of these factors 

are important because of the impact they have on an individual’s circadian rhythms, 

sleep patterns and/or social and domestic life. 

 

Many of the factors listed previously apply to Air Traffic Service (ATS) staff.  

Obviously shifts involving heavy physical work and exposure to harmful agents or 

substances are not relevant to this occupational group and the problems associated 

with working night shifts, of rotating hours, a backwards rotating schedule, weekend 

work and complicated schedules have previously been discussed. 

 

Increasing working hours beyond the normal eight hours per day has both advantages 

and disadvantages (Tepas, 1985c).  Extended hours result in a compressed working 

week which in turn allows greater flexibility for leisure time but it seems that the 

negative features may outweigh the positive ones.  This is particularly so if night 

work is involved.  Potential disadvantages include excessively fatigued workers, 

difficulty with child care and family life, scheduling problems with weekend work 

and an increase in worker error rate (Tepas, 1985c).  Kelly and Schneider (1982) 

predict an increase in worker error rate of 80-100% when changing from an eight hour 

shift to a twelve hour shift. 

 

Table 1: Factors Associated with Work Systems and Work that are likely to 
cause Shiftwork Coping Problems. 

•More than five night shifts in a row without days off 

•More than four, 12 hour night shifts in a row 

•Morning shift starting times earlier than 0700 

•Rotating hours that change once per week 

•Less than 48 hours off after a run of night shift work 

•Excessive regular overtime 

•Backward rotating hours 

•Shifts involving critical monitoring tasks 
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•Shifts involving a heavy physical workload 

•Excessive weekend working 

•Long commuting times 

•Split shifts with inappropriate break period lengths 

•Shifts lacking appropriate shift breaks 

•Shifts with exposure to harmful agents or substances 

•Overly complicated schedules making it difficult to plan ahead 

 

The type of task being performed is also an important consideration in determining 

the effect of extended working hours.  For example, performance on vigilance tasks 

such as those performed by Air Traffic Controllers, has been shown to be very 

sensitive to fatigue and sleep deprivation (Froberg, 1985; Johnson, 1982). 

 

Knauth (1993) states that the distribution of leisure time is very important for sleep, 

fatigue, well-being, social and family life as well as for the overall satisfaction of the 

shiftworker with the shift system.  Too many working days in succession result in 

accumulated fatigue.  The German chemical industry has a shift system which has 20 

working days in a 21 day period followed by a week off.  After some time on this shift 

schedule, workers found that it took them three to four days of their time off to 

recover, leaving only three to four days for leisure activities.  A shift system must 

therefore allow enough time for recovery.  Knauth (1993) recommends that every 

shift system should include at least two consecutive days off and some free weekends. 

Although there is no optimal solution for the timing of shifts there is much evidence 

to indicate that an early start for a morning shift should be avoided.  One reason 

against early starts is the reduced sleep obtained prior to this shift, since the majority 

of individuals do not go to bed earlier than normal (Folkard & Barton, 1992).  Other 

concerns are increased fatigue and the increased risk of errors during morning shift 

(Folkard & Totterdell, 1992; Knauth, 1993). 

 

Long commuting times have the effect of extending the working day and if this time 

is excessive it can impinge on the length of sleep obtained.  Tepas and Monk (1987) 

state that commuting time particularly affects female shiftworkers who generally have 

responsibility for household management and child care. 



Introduction 

 
35 

 

Split shifts and shift breaks are two means of breaking up the working day in order to 

overcome the effects of fatigue.  However, if the breaks in split shifts are 

inappropriate or insufficient they can result in significant worker hardship (Tepas & 

Monk, 1987).  Commuting time is again an important factor since in conjunction with 

shift breaks and split shifts the total time dedicated to work can be extended beyond 8 

hours. 

 

The report by the Committee on the Regulation of Air Traffic Controllers hours 

(1990) investigated the influence of work place and shift factors on fatigue and 

subsequently made a number of recommendations.  These are listed in Table 2.  The 

aim of these recommendations was to alter shift systems in order to delay the onset of 

fatigue rather than allowing recovery from it. 

 

A survey by the RAF IAM (1988) of Air Traffic Controllers found that the duration of 

a shift and the interval between breaks were viewed as considerable stressors.  Shift 

patterns were also noted as stressful, although less than the factors mentioned above.  

Fatigue scores were found to be higher on shifts starting between 2000 and 2400, 

indicating that time of day is an important determinant of Air Traffic Controller 

fatigue. 

Table 2: Recommendations made by the Committee on the Regulation of Air 
Traffic Controllers Hours, United Kingdom (1990). 

• Duty periods should not exceed 10 hours. 

• There should be no less than 12 hours between duties. 

• Delaying shift systems should be encouraged (morning to afternoon 

to evening) rather than advancing (night to afternoon to morning) in 

rapidly rotating systems. 

• The number of consecutive days worked should be limited, 

particularly successive night and early morning shifts, and no more 

than 2 night shifts should be worked in succession (to reduce the 

accumulation of fatigue). 

• No more than 2 hours should be worked without a 30 minute break. 
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1.3.5 Job Satisfaction 

In an early study on the satisfaction with shiftwork, Wedderburnn (1978) compared 

three different shift schedules of British steelworkers.  He found sleeping difficulties 

and social relations to be reported as dissatisfying aspects of shiftwork.  Despite this, 

18% of the workers said they liked shiftwork and certain shifts were reported to offer 

different advantages.  Afternoon shifts were thought to be best for providing sleep 

opportunities, while night shifts were seen to provide more spare time and allow 

greater freedom from supervision.  Days off, hours worked per shift, overtime and 

compensation are other factors that were found to influence satisfaction with 

shiftwork. 

 

Despite the unique nature of an Air Traffic Controllers job, the main influences on 

their job satisfaction accord well with theories of job satisfaction (Arvey, Carter & 

Buerkly, 1991).  Hopkin (1995) states that Air Traffic Controllers like controlling 

aircraft but they do not always like the conditions under which they have to operate.  

Smith, Cobb and Collins (1970, cited in Smith, Melton & McKenzie, 1971) report 

that Air Traffic Controllers find one of the most positive aspects of their profession to 

be the fast paced, challenging, constantly changing nature of their task while job 

dissatisfaction stems from scheduling, management and the quality of equipment.  

Similarly, Smith (1973) found job dissatisfaction in Air Traffic Controllers was 

focussed on management factors and working conditions but despite this 92% of 

individuals expressed satisfaction with their work.  In comparison, 80% of workers in 

other occupations report being satisfied with their work. 

 

In 1981, 11,500 North American Air Traffic Controllers walked out of work (although 

not a scientific study) and the source of their dissatisfaction appears to have been with 

their work environment rather than their actual work.  This reflects a theme shown in 

the literature mentioned above.  The North American Air Traffic Controllers 

consistently stated that they found the quality of management and administration to be 

dissatisfying.  Jones (1982) criticised the management of North American Air Traffic 

Controllers as being insensitive, inflexible and overly authoritarian. 
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Saldivar et al (1977) compared Air Traffic Controllers on a 2-2-1 cycle to those on a 5 

day rotation.  They reported that approximately half the Air Traffic Controllers on 

each schedule were satisfied with their work schedules and those who indicated a 

preference for a schedule other than the one they were on, tended to prefer a schedule 

with few or no midnight shifts. 

 

Existing literature suggests that there is a relationship between how an individual 

feels about their job and mental health (Warr, 1987).  Rice (1984) has demonstrated a 

strong correlation between job satisfaction, life satisfaction and the relative absence of 

psychiatric symptoms. 

 

Kavangh, Hurst and Rose (1981) state that there is a positive relationship between job 

satisfaction and psychological health in Air Traffic Controlling.  In addition, 

MacLennan and Peebles (1996) found that job satisfaction was a leading predictor of 

symptoms of gastrointestinal disorders and of headache and vision problems in Air 

Traffic Controllers.  Rose et al (1978) also reported that poor morale and job 

satisfaction predicted a higher incidence of non-cardiac illness in Air Traffic 

Controllers and Tattersall, Farmer and Belyavin (1990) found a relationship between 

Air Traffic Controllers dissatisfaction with management and the development of 

adverse health effects. 

 

 

1.3.6 Coping Strategies 

Some shiftworkers seem to be able to develop strategies that effectively help them 

deal with each area that influences their ability to cope with shiftwork.  Barton et al 

(1995) proposed that the use of coping strategies improves an individual’s ability to 

tolerate shiftwork.  The use of these strategies is thought to show a greater 

commitment to shiftwork and a more disciplined use of time.  Minors et al (1994) also 

suggest that individuals differ in their ability, or willingness, to develop coping 

mechanisms for shiftwork. 
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The importance of developing coping strategies to deal with shiftwork is reflected  in 

the number of booklets and guidelines for shiftworkers that deal with this issue (eg: 

Koen, 1984; Monk & Folkard, 1992; Wedderburn, 1991).  Despite this, very little 

research has been undertaken that examines how effective an individual’s coping 

strategies are at maintaining their health and well-being. 

 

Previous research on coping with shiftwork has been based on general models of 

occupational stress and coping (Olsson, Klandolin and Kauppinen-Toropainen, 1990) 

or based on interview data (Adams, Folkard & Young, 1986).  Spelten et al (1993) 

believes that there is a need for a more systematic approach to investigating why some 

individuals cope better with shiftwork than others. 

 

Coping as a psychological construct and its role in moderating the effects of shiftwork 

as already been briefly discussed.  Earlier research on coping has distinguished 

between emotion focussed coping, which is aimed at controlling emotions, and 

problem focussed coping, which is aimed at dealing with the problem (Lazarus, 

1966).  Another approach is based on the approach/avoidance dichotomy and 

distinguishes between engagement and disengagement processes (Scheier, Weintraub 

& Carver, 1986; Tobin, Holroy & Reynolds, 1984).  Engagement refers to attempts to 

engage in active efforts to manage or change the source of stress, while 

disengagement refers to attempts to avoid or ignore the sources of stress.  Both 

engagement and disengagement strategies may involve the earlier recognised forms of 

emotion focused and/or problem focussed coping (Scheier et al, 1986) 

 

Much of the previous research on coping strategies has focussed on the development 

of sleep strategies (Kogi, 1985) but, as it has already been argued, coping strategies 

need to be developed in all areas that affect tolerance to shiftwork.  It is suggested that 

some coping strategies are more successful than others and as such Folkard, Monk 

and Lobban (1978) found that the circadian rhythms of full-time night nurses were 

more adjusted to their work/sleep schedule than those of part-time nurses.  This 

finding was related to the greater lifestyle commitment to night work by the full-time 

nurses.  Another study focussed on night working nurses who adapted to night work 
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despite other factors predicting they would find it difficult.  These nurses were found 

to be very disciplined in their use of time (Adams et al, 1986). 

 

Spelten et al (1993) also investigated the coping strategies used by shiftworking 

nurses.  They found that the use of disengagement strategies related to poorer 

psychological health and that individuals who used engagement strategies in 

conjunction with disengagement strategies showed improved psychological health.  

Although there is a relationship between disengagement and psychological health no 

causal inferences can be drawn.  Spelten et al (1993) suggest that individual’s with 

poorer psychological health disengaged as a result of their inability to cope 

successfully with the situation, rather than their poor psychological health resulting in 

the use of disengagement strategies.  Their argument was supported by the finding 

that individuals who used both disengagement and engagement strategies showed 

better psychological health than individuals who only used disengagement strategies.  

Their findings also suggest that coping with shiftwork is an ongoing iterative process 

and individuals adjust the use of engagement strategies according to the level of 

problems they experience.  The use and effect of disengagement strategies appears to 

be more dichotomous, in that they were either used or not, and this indicates that 

individuals only disengage when their problems are severe. 

 

In investigating the ability of Air Traffic Controllers to cope with shiftwork the RAF 

IAM (1988) reported that 71% of Air Traffic Controllers stated shiftwork was easy to 

cope with but 46.4% also stated that shiftwork was more difficult to cope with over 

time.  Those over 39.7 years of age reported more adversely in these matters.  

Heslegrave, Rhodes, Szlapetis, Ujimoto, Hahn and Moldofsky (1995) report that 30% 

of Air Traffic Controllers in the 25-29 age group found shiftwork slightly more 

difficult to cope with as they got older.  In the 35-39 year old age group 52% found 

shiftwork slightly more difficult to cope with and 28% found it much more difficult to 

cope with.  By 40-44 years of age 43% and 42% found shiftwork slightly and much 

more difficult to cope with respectively.  

 

In summary, there is very little literature that addresses the relationship between 

coping with shiftwork and well-being of shiftworkers.  The findings of one study 
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suggests that the use of different types of strategies is related to psychological well-

being.  Despite the limited research it is recognised that coping is an important part of 

tolerating the effects of shiftwork. 

 

 

1.4 Research Goals 

Although a relatively small research area, shiftwork in general has received a 

disproportionate amount of attention from researchers.  This is possibly due to the far 

reaching consequences of incidents related to shift systems.  Despite being a well 

researched topic, there is still much disagreement over the exact effects of many 

factors on the well-being of shiftworkers. 

 

There are three significant reasons for this present research.  Firstly, to investigate the 

reliability of a questionnaire for use with Air Traffic Service staff.  Barton et al (1995) 

state that currently there is a lack of standardised questionnaires appropriate for use in 

a range of work places and countries.  The questionnaire used in the present study 

included a questionnaire developed by Rhodes, Szlaptis, Hahn, Heslegrave & Ujimoto 

(1994) specifically to assess the impact of shiftwork on Air Traffic Controllers and 

two scales from the Standard Shiftwork Index (Barton et al, 1995).  In order to be sure 

of the questionnaire’s usefulness in this work context it was first considered necessary 

to determine its reliability. 

 

The second reason for the present study is to add to the pool of research findings.  

Colquhoun and Rutenfraz (1980) believe that the detrimental effects of shiftwork are 

due to unsuccessful coping with a constantly changing daily pattern, but the health 

effects of unsuccessful coping are still unclear.  Gastrointestinal problems are 

believed to be more prevalent in shiftworkers but there is ambiguity regarding the 

prevalence of other physical and psychological problems.  From the previous 

discussion it is suggested that there are a number of factors that will influence the 

ability of an individual to tolerate shiftwork.  These are the circadian typology of an 

individual, the amount of sleep they get, aspects of the work system, coping strategies 

and a range of social and domestic factors.  At present little is known about which of 

these factors are important in predicting the health of shiftworkers. 
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The third reason for the present study is to be able to make a more accurate statement 

about tolerance to shiftwork in a particular work context.  There are few studies that 

have investigated the effects of shiftwork on Air Traffic Controllers and those studies 

that do exist have tended to focus on the incidence of sleep related changes.  Air 

Traffic Controllers are well aware that their work schedules are fatiguing but the 

consequences of this fatigue has not been well investigated.  Air Traffic Controlling is 

also a unique occupation and individuals who work in this area must meet certain 

health requirements.  In addition, Air Traffic Controllers are to some extent a 

“survivor population”, in that individuals who do not adjust well to shiftwork would 

probably not choose such an occupation or would transfer to another job at the 

beginning of their careers.  Because of such peculiarities it is not always possible to 

generalise findings from other shiftwork studies. 
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1.4.1 Aims of the Present Study 

The first aim of this research is to investigate the usefulness of a questionnaire for 

measuring shiftwork related problems in Air Traffic Services. 

 

The second aim is to determine which factors including the circadian typology of an 

individual, the amount of sleep, aspects of the work system, coping strategies and 

social and domestic factors, are important in predicting the physical and mental well-

being of Air Traffic Service staff. 

 

 

1.5 Hypotheses 

The literature strongly suggests that the inability to cope with shiftwork is manifested 

in health problems (Barton et al, 1995; Haider et al, 1981; Monk & Folkard, 1992).  

Therefore, the following variables were selected as dependent variables in the present 

research; physical well-being, self rated health and mental health. 

 

It is also clear from the literature that there are a number of factors important in 

determining an individual’s tolerance to shiftwork, hence the following hypotheses 

are proposed: 

 

Hypothesis 1:  Individuals who are evening oriented will have better physical well-

being, higher self rated health, and better mental well-being than individuals who are 

morning oriented in their circadian typology. 

 

Hypothesis 2:  The less shiftwork is perceived to have an effect on, and cause 

difficulties with, social life and domestic life the better an individual’s physical well-

being and better mental well-being, and the higher their self rated health. 

 

Hypothesis 3:  Individuals with fewer domestic commitments and greater spousal 

support will have better physical well-being, higher self rated health, and better 

mental well-being than individuals with greater domestic commitments and less 

spousal support. 
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Hypothesis 4:  Individuals who have spent less time as shiftworkers will have better 

physical well-being, higher self rated health, and better mental well-being than 

individuals who have had a longer exposure to shiftwork. 

 

Hypothesis 5:  Individuals who have stable work schedules and work on shift cycles 

that conform to a normal work week will have better physical well-being, higher self 

rated health, and better mental well-being than individuals who have more irregular 

work schedules. 

 

Hypothesis 6:  Individuals who experience fewer difficulties with their performance 

due to shiftwork, have fewer problems with the organisation, and report greater 

satisfaction with their work will have better physical well-being, higher self rated 

health, and better mental well-being than individuals who find shiftwork causes 

performance problems, believes the organisation has difficulties, and reports less 

satisfaction with their work. 

 

Hypothesis 7:  Individuals who experience few sleep related difficulties will have 

better physical well-being, higher self rated health, and better mental well-being than 

individuals who experience problems with sleep. 

 

Hypothesis 8:  Individuals who find it easier to cope with shiftwork and use 

engagement strategies in coping will have better physical well-being, higher self rated 

health, and better mental well-being than individuals who find it difficult to cope with 

shiftwork and use disengagement strategies in coping. 
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2. METHOD 

 

2.1 Overview 

Shiftwork studies generally utilise three experimental methods; field studies, 

laboratory simulations and surveys (Monk & Folkard, 1992).  Field studies are rare 

because of their high cost  and the political difficulty of collecting objective data over 

extended periods of time.  Laboratory simulations have resulted in detailed sleep and 

circadian information but have ignored the social and domestic aspects of shiftwork.  

Survey studies have been the most common approach in studying shiftwork as they 

allow measurement of a wide range of variables.  Because of the lower cost of this 

approach, the practical limitations with gathering data in an overseas setting, and the 

success of previous research on which this study is based, a cross-sectional survey 

format was chosen for collecting data in the present study. 

 

It is widely recognised that one of the main problems with existing shiftwork research 

is the lack of standardised measures (Nachreiner, 1990; Wilkinson, 1992; Barton et al, 

1995).  As a result, efforts have been made to develop questionnaires that could be 

used in a range of work places and countries, for example, the Standard Shiftwork 

Index (SSI) developed by Barton et al (1995).  The SSI is a lengthy questionnaire and 

not all questions are suitable for ATS staff.  So there is still a need for a well 

validated, self report questionnaire that is appropriate for use with ATS personnel. 

 

The measures used in this study were chosen because they had either been used 

previously with Air Traffic Controllers or were considered appropriate for use with 

this population.  It was also important that the questionnaire was easy to administer in 

an overseas setting and an acceptable length. 

 

For some of the measures used in this study little psychometric information was 

available.  It was therefore considered a necessary first step to determine the 

questionnaire’s reliability.  Sixteen Air Traffic Controllers from Ohakea Air Force 

Base, New Zealand completed the questionnaire on two separate occasions, with a 4 

week test-retest period.  Results indicated that the majority of variables had good 
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reliability while other variables were excluded from use in the main study because of 

their poor reliability.  Further details of participants, procedures and results of this 

study can be found in Appendix A. 

 

 

2.2 Participants 

One hundred and eighty three Air Traffic Controllers, Flight Service staff and Flight 

Data Officers employed by AirServices Australia were involved in the present study.  

Individuals were all based at Melbourne International airport which provides air 

traffic services in the following areas; tower control, terminal and en-route radar 

control, flow control, procedural control, flight service information and flight data 

assistance. 

 

A total of 263 questionnaires were distributed over a period of three days.  In the 

following four weeks a total of 183 completed questionnaires were returned.  This 

yielded a response rate of 70%.  The high return rate is thought to be due to the 

widespread concern about the detrimental affects of shiftwork, although several 

individuals also voiced distrust about the managements use of the results. 

 

 

2.3 Measures 

A study by Rhodes et al (1994) developed a questionnaire to specifically assess the 

impact of shiftwork on Air Traffic Controllers. This questionnaire contained 114 

items relating to a variety of areas which included demographics, job and shift 

characteristics, social and family factors, subjective health, sleep duration, job 

satisfaction, and strategies used in coping with shiftwork.  The questionnaire was 

constructed from portions of the SSI (Barton et al, 1995).  In addition, professional 

input on the construction of this questionnaire was received from the Air Traffic 

Controller Occupational Health programme (Canada), The Canadian Air Traffic 

Controllers Association and operational Canadian Air Traffic Controllers. 

The questionnaire by Rhodes et al (1994) did not include a measure of mental health 

or coping style.  Therefore scales from the SSI (Barton et al, 1995) were also included 

in the present study. 
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In order to reduce the number of variables in subsequent analyses, certain variables 

were examined to see if they were suitable to be combined (Tabachnick & Fidell, 

1989).  Single variables were calculated for items relating to the effects of aspects of 

shiftwork on family life, the effects of shiftwork on off-work activities and personal 

relationships and the adequacy of breaks during work. 

 

The questionnaire used in the present research is reproduced in Appendix D and 

comprises of the following measures: 

 

 

2.3.1 Demographic Items 

A number of general items were used to record age, gender, marital status, ethnic 

group and educational level.  Job related questions such as length of time in ATS, 

length of time in current position, type of work, primary duties and periods working 

overseas or absence from ATS were also included. 

 

 

2.3.2 Shift and Hours of Work Information 

Shift information was recorded by participants selecting their current shift cycle from 

several listed.  They were also asked the number of months they had worked on this 

cycle.  A further question asked about the shift schedule.  Again respondents selected 

a schedule from those listed.  Two items ascertained the shift cycle and shift schedule 

individuals would prefer to work. 

 

Additional questions regarding shift factors dealt with the frequency of short change 

shifts (shifts with less than 12 hours between the end of one shift and the start of the 

next), the maximum number of days worked consecutively in the last six months, and 

the number of consecutive midnight shifts worked in the last six months.  A single 

item recorded how frequently individuals changed their regular shifts in order to 

accommodate other activities. 
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Two questions referred to hours of work.  The first pertained to the typical number of 

hours of overtime an individual would work under normal circumstances and under 

‘peak traffic’ or ‘under staffed’ periods. 

 

A second question required individuals to rate, on a six point Likert scale, whether 

they felt they were able to get sufficient breaks on each type of shift to maintain their 

level of alertness and performance.  A single variable, which was the average rating 

for each shift, was calculated.  Higher scores on this item relate to individuals 

perceiving they have insufficient breaks.  Inter-item correlations were moderate to 

high and ranged between .33 and .81. 

 

As included in the Standard Shiftwork Index (Barton et al, 1995) a question asked 

how long it took to travel to and from work on each different shift.  An additional 

item questioned if individuals had ever fallen asleep when driving to or from work. 

 

 

2.3.3 Circadian Factors 

Composite Scale of Morningness (CSM) 

The CSM was developed by Smith, Reilly & Midkiff (1989) in response to the poor, 

or lacking, psychometric properties of previous morningness questionnaires.  Items in 

the scale originate from two earlier morningness questionnaires, those of Horne and 

Ostberg (1976) and Torsval and Akerstedt (1980).  Factor analyses of these scales 

resulted in 13 items being selected for the CSM.  Each item is scored in Likert-like 

format, with three items having a 5 point range and the remaining 10 items a 4 point 

range.  A higher overall score indicates morning preferences and a low score indicates 

evening preferences.  A moderate score is categorised as being of an intermediate 

type. 

 

Two items from the CSM were included in the questionnaire by Rhodes et al (1994) 

as a measure of morningness.  Rhodes et al (1994) found the responses from just two 

questions difficult to interpret.  Because morning/eveningness has been shown to be a 

good indicator of circadian and sleep adaptability the entire CSM was included in the 
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present questionnaire.  This entire scale is also found in the Standard Shiftwork Index 

(Barton et al, 1995). 

 

The CSM has been correlated with many external criterion, including mental and 

physical performance, timing of sleep, and sleep difficulties (Smith et al, 1989).  

Inter-item correlations in a previous study were all found to be acceptable.  They 

ranged from 0.13 to 0.79, with a mean of 0.36 (Smith et al, 1989).  The coefficient 

alpha of the entire scale in previous studies has been found to range between 0.87 and 

0.88 (Smith et al, 1989; Greenwood, 1994), and indicates good internal consistency.  

Inter-item correlations in the present study ranged from .05 to .80 and the alpha 

coefficient for the present sample is 0.88 (M = 35.6, SD = 6.89, N = 182).  This 

confirms the reliability reported in previous studies. 

 

 

2.3.4 Sleep Factors 

Average sleep length on different shifts was recorded.  The question asked for an 

estimate of the total hours of sleep when working each different shift and the total 

hours of sleep obtained on days off.  It was also asked whether the sleep obtained was 

continuous or split up into different periods. 

 

 

2.3.5 Social and Domestic Factors 

A number of items gathered information on domestic issues, domestic support and the 

impact of shiftwork on an individual’s social and family life.  Three questions referred 

to the shiftworker’s partner and asked about their current work schedule, work hours 

and the level of support the shiftworker felt they received from them.  Higher scores 

on the support item indicated a lower level of perceived support. 

 

Other items that dealt with the domestic situation asked about the number of children 

living in the home and the presence of any other dependents.  Three items were used 

to determine the perceived effect of shiftwork on family life.  These items were 

scored on a six point Likert scale and asked about the effect of the shift cycle, shift 

schedule, and overtime on family life.  Inter-item correlations for these 3 items range 
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between .34 and 0.80, with a mean of .50.  An alpha coefficient for these items was 

not calculated as Joyce and Slocum (1984) suggest that for scales with a small number 

of items, mean inter-item correlations are a better estimate of internal consistency.  

This is because alpha is a function of both the average correlation among items and 

the number of items. 

 

Subjective ratings regarding the effect of shiftwork on social life were scored on a six 

point Likert scale.  Six items dealt with the impact of shift cycle, hours of work and 

overtime on leisure activities and personal relationships.  These six variables were 

summed to produce a single score.  Inter-item correlation coefficients were moderate 

and ranged between .11 and .71.  An alpha coefficient of .80 was calculated for the six 

items. 

 

Higher scores on both the social and domestic subjective rating items indicated a 

greater perceived impact of shiftwork on these factors. 

 

 

2.3.6 Coping Style 

Coping with Shiftwork Questionnaire (CSQ) 

The CSQ was included as a measure of coping.  The CSQ was developed because 

existing measures of coping were considered too long and not specific to shiftwork.  

The CSQ is a modified version of the Coping Strategies Inventory (Tobin et al, 1984).  

It was developed for use in the shiftwork context and has been included in the SSI 

(Barton et al, 1995). 

 

The CSQ was not part of the questionnaire constructed by Rhodes et al (1994) but 

was included in the present study because of the availability of psychometric data and 

its subsequent use in several shiftwork contexts (Barton & Folkard, 1993; Barton, 

Smith, Totterdell, Spelten & Folkard, 1993; Spelten et al, 1993). 

 

Items in the CSQ cover the use of engagement and disengagement strategies within 

four problem areas for shiftworkers which include disruption to sleep, social life, 

domestic life and work.  Individuals are asked to rate the use of eight different coping 
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strategies for each problem area, giving a total of 32 items.  Each item is scored on a 

five point Likert scale.  Scores were calculated on the two sub-scales of engagement 

and disengagement by combining relevant questions from each of the four problem 

areas.  Higher scores on the sub-scales indicate greater use engagement or 

disengagement strategies. 

 

Inter-item correlations have been found to be moderate to high, ranging from 0.30 to 

0.63 (Spelten et al, 1993).  The sub-scales of the CSQ have moderate to high internal 

consistency, with alpha coefficients ranging from 0.56 to 0.89 (Spelten et al, 1993). In 

the present study alpha coefficients for the two sub-scales of engagement and 

disengagement were .80 and .91 respectively. 

 

Age and Coping 

A single item asked if individuals had found it more difficult to cope with shiftwork 

as they had grown older.  Ratings were made on a six point Likert scale, with higher 

scores indicating less difficulty in coping with shiftwork with increasing age. 

 

Global Questions 

Four global items questioned the extent to which shiftwork caused problems with 

sleep, social life, domestic life, and work performance.  Individuals were also asked if 

they felt there were organisational problems at their work and whether they found it 

difficult to cope with these problems.  All these items are included in the Standard 

Shiftwork Index (Barton et al, 1993). 

 

Each item was rated on a five point Likert scale, with higher scores indicating a 

greater level of perceived problem or greater difficulty coping with the problem. 

2.3.7 Job Satisfaction 

Individuals were asked how much they agreed with four statements relating to 

satisfaction with the kind of tasks they do, the job as a whole, the shift cycle they 

work, and the daily hours of work.  Each item was rated on a six point Likert scale, 

with higher scores indicating greater disagreement with the statement. 
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2.3.8 Well-being 

Physical Health Scale 

This scale comprised twenty questions relating to health and illness.  Questions 

related to three areas of physical health and asked the frequency with which events, 

feelings or symptoms occurred.  The first area covered by the scale was health and 

sleep and included questions regarding health, exercise, diet, quality of sleep and ease 

of sleeping.  The second area included questions relating to the presence of symptoms 

of ill health.  The final area referred to fatigue and mood related problems.  Each item 

was scored on a six point Likert scale, with higher scores indicating greater frequency 

of events, feelings or symptoms.  Some items were reverse coded so that when 

responses on all items are summed, higher scores indicate poorer physical well-being. 

 

Inter-item correlations, for the present sample, were found to range between .01 and 

.64 and alpha coefficient was calculated as .86, indicating moderate internal 

consistency. 

 

Self Rated Health 

Physical well-being was also assessed with a single item.  This question was not 

present in the questionnaire developed by Rhodes et al (1994) but was included 

because of lack of psychometric data on the existing physical health scale. 

 

The question asks individuals to rate their current health compared with a person in 

excellent health on a seven-point Likert scale.  Scores range from 1 (terrible) to 7 

(excellent).  Such ratings have been shown to be better predictors of mortality than 

other indicators of physical health (Idler & Angel, 1990).  Self rated health has also 

shown reasonable correlations with physician’s ratings of an individual’s health (Idler 

& Kasl, 1991). 

 

General Health Questionnaire (GHQ) 

The questionnaire by Rhodes et al (1994) contained no scale for mental health, yet 

there is a great deal of evidence to indicate that an outcome of intolerance to 

shiftwork is poor mental health (Bohle & Tilley, 1989; Costa et al, 1981; Monk & 

Folkard, 1992). 
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In order to correct for this the GHQ was chosen as a measure of mental health.  

Developed by Goldberg (1972), it is a widely used, well standardised measure, 

designed to detect minor psychiatric problems in the general population.  The items 

cover recent levels of self-confidence, depression, sleep loss and problem solving, 

resulting in a single measure of mental health over the previous few weeks.  The 12 

item version was chosen for use in the present study. 

 

A recent study, using the 12 item GHQ, found that night work has a significant impact 

on psychological well-being (Bohle & Tilley, 1989).  Another study (Spelten et al, 

1993), again using the 12 item GHQ, found a relationship between coping and GHQ 

scores for shiftworkers.  The GHQ has been found to correlate well with other mental 

health measures, including the Hopkins Symptom checklist (Goldberg, Rickels, 

Downing & Hesbacher, 1976).  Split-half reliability has been reported to be .83 

(Goldberg, 1987).  Internal consistency of the GHQ in the present study was 

investigated by calculating alpha coefficient.  This was .90 and indicates good internal 

consistency. 

 

Each item has four response options, which were scored as a Likert scale.  A total 

score is calculated, with higher scores indicating poorer psychological health. 
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2.4 Procedure 

The methodology for this study including the questionnaire and participant 

information sheet were approved by the Massey University Ethics Committee. 

 

Air Traffic Service staff were approached through their workplace and asked to 

participate in the study.  Most of the questionnaires and information sheets (see 

Appendix D) were distributed by the researcher, who was present for the first three 

days after initial distribution.  In all other cases questionnaires were distributed by the 

individual’s direct supervisor.  Additional questionnaires were also available from the 

Centre Coordinator if one was not received through the normal channels.  Once 

questionnaires were completed they were placed in an envelope and returned to a 

postal box in one of several locations within the work place.
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3. RESULTS 

 

3.1 Analyses 

The statistical package, SPSS/PC (Norusis, 1988) was used to analyse the data and 

investigate the relationships between variables.  Analysis of data involved calculating 

descriptive statistics for variables, and Pearson’s correlation coefficients were 

calculated between continuous independent variables.  The hypotheses were then 

investigated using regression analyses. 

 

 

3.2 Data Screening 

Data was screened prior to statistical analysis in order to determine accuracy of data 

entry, check for missing values, and ensure that the assumptions of the analyses could 

be met. 

 

Several transformations were conducted to reduce skewed univariate distributions.  

The frequency of changing shifts was positively skewed although square root 

transformation significantly reduced this.  The frequency of short change shifts and 

the extent of organisational problems were both negatively skewed.  Logarithmic 

transformations reduced skewness for both these variables.  Logarithmic 

transformations also reduced skewness for the number of years in current position, the 

level of spouse support, number of months on current cycle, average time to get to 

work, level of satisfaction with the kind of work and disengagement.  All these 

variables were initially positively skewed. 

 

All subsequent analyses were undertaken on transformed variables, except in the case 

of descriptive statistics, untransformed means and standard deviations were reported 

to assist in interpretation. 

 

For the univariate analyses missing cases were left as missing since they were 

randomly distributed across variables.  Because cases with missing variables were 
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deleted the number of cases vary for each analysis.  Therefore, N is reported for each 

analysis. 

 

In the regression analyses, the cases with missing values were replaced with the mean 

for that variable.  This conservative approach was taken in order to retain cases and 

maintain statistical power while not changing the mean for the distribution as a whole 

(Tabachnick & Fidell, 1989). 

 

A single case, with a high z score on the General Health Questionnaire was identified 

as a univariate outlier and was subsequently excluded from further analyses.  

Multivariate outliers were detected by the calculation of Mahalanbois distance.   

Three cases were identified as outliers according to a conventional and conservative 

probability level (p < .001) as suggested by Tabachnick and Fidell (1989).   

Regressions were run with and without the outlying cases and the results were found 

not to differ.  Therefore, it was decided to retain the outliers in order to increase 

statistical power.  All other multivariate assumptions were met (Tabachnick & Fidell, 

1989) 

 

 

3.3 Questionnaire Reliability 

The first aim of the present study was to determine the reliability of the questionnaire, 

since little psychometric data was available for many of the scales.  Test-retest 

reliability was determined through two subsequent administrations of the 

questionnaire to 16 Air Traffic Controllers at Ohakea Centre, New Zealand. 

 

The detailed results of the reliability study can be found in Appendix A.  The 

questionnaire was deemed to be reliable with the large majority of questions having 

acceptable reliability coefficients.  Some sleep length variables, sleep continuity 

variables and overtime variables did not have acceptable reliability and were excluded 

from the remainder of the study. 

 

 

3.4 Sample Description 
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Table 3 outlines the demographic data for participants in the main study.  All 

participants were Australian Air Traffic Service personnel working at Melbourne 

Centre, Australia.  Each demographic item was not completed by all participants, so 

the number of respondents for each item is given. 

 

A total of 183 individuals participated in this study, with 88.5% being males and 

11.5% females.  The average age of participants was 38 years, ranging from 22 years 

to 55 years (SD = 8.5). 

 

As outlined in Table 3, the majority of participants identified themselves as being of 

Australian (27.9%) or European (55.2%) ethnicity.  A total of 6.7% of the participants 

identified themselves as British and the remaining 10.3% from a range of other 

cultures.  These included New Zealand, Pacific Island, Irish, North American and 

Asian cultures. 

 

Only 1.6% of participants had no formal school qualifications and 65% had a formal 

school qualification as their highest level of education other than their Air Traffic 

Service training.  Nine percent had a trade certificate, professional certificate or 

diploma and 23.5% of the present sample had a University degree, diploma or 

certificate 

 

Seventeen percent of participants had never been married, with the largest proportion 

(64.8%) being married, and 10.4% were currently living with a partner.  Only 3.3% of 

the sample was separated and 9.8% reported being divorced.  Exactly 50% of 

respondents had children and only 2.7% had other dependents, such as parents living 

with them, while the large majority, 97.2% did not.  Tabachnick and Fidell (1989) 

recommend a split of 10%/90% for dichotomous variables in multivariate analysis 

since an uneven split on a dichotomous variable deflates its relationship with other 

variables in subsequent analyses.  This variable was therefore not included in further 

analyses. 
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Table 3: Demographic Data of Australian Air Traffic Service Staff 
 
Variable Frequency Percentage 
 
Gender 

 
183 

 

Male 162 88.5 
Female 21 11.5 
 
Ethnicity 

 
165 

 

Australian 46 27.9 
European 91 55.2 
British 11 6.7 
Other 17 10.3 
 
Education 

 
183 

 

No formal school qualification 5 1.6 
Formal school qualification 119 65.0 
Trade certificate or professional certificate 
or diploma 

16 8.7 

University degree, diploma or certificate 43 23.5 
 
Marital status 

 
182 

 

Never married 31 17.0 
Married 118 64.8 
Living with partner 19 10.4 
Separated 6 3.3 
Divorced 8 9.8 
 
Have children 

 
182 

 

Yes 91 50.0 
No 91 50.0 
 
Have other dependents 

 
179 

 

Yes 5 2.7 
No 174 97.2 
 
As shown in Table 5, individuals had worked in ATS for an average of 14.6 years 

(ranging from 1 year or less to 32 years of service, SD = 9.3) and averaged 8.5 years 

in their current position (ranging from 1 year or less to 32 years, SD = 7.5). 
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Table 4: Summary of Air Service Data 
 
Variable Frequency Percentage 
Type of work 179  
En-route radar (includes procedural radar) 80 44.7 
Terminal radar (includes flow control) 24 13.4 
Tower 36 20.1 
Flight Service and Flight data 39 21.8 
 
Primary duties 

  

Operational Controller 118 64.8 
Other duties (includes Supervisor, Stream 
Specialist, Team Leader and Instructor) 

38 20.9 

Flight Service and Flight data 26 14.3 
 
Current shift cycle 

 
182 

 

4 on / 2 off 120 65.9 
5 on / 2 off, 5 on / 3 off 21 11.5 
other 41 22.5 
 
Current shift schedule 

 
181 

 

ADMG 18 9.9 
EADM 9 5.0 
AADM 6 3.3 
EAMG 49 27.1 
no fixed schedule 31 17.1 
other 68 37.6 
 
Worked in another country 

 
179 

 

Yes 9 5.3 
No 170 95.0 
 
Absent from AirServices Australia 

 
177 

 

Yes 26 14.7 
No 151 85.3 
 
Preferred shift cycle 

 
182 

 

4 on / 2 off 104 57.1 
5 on / 2 off, 5 on / 3 off 48 26.5 
other 30 16.6 
 
Preferred shift schedule 

 
181 

 

permanent morning shift 28 15.5 
permanent day shift 16 8.8 
permanent afternoon shift 29 16.0 
permanent evening shift 6 3.3 
permanent night shift 2 1.1 
rotating shifts 100 55.2 
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Participants were asked about the type of work they did and selected one of six 

options.  It can be seen in Table 4 that in the present sample 44.7% of individuals 

worked on en-route radar (including procedural controllers) and 13.4% worked on 

terminal radar (including flow controllers).  In the radar centre, controllers were 

allocated to teams, which control fixed geographic areas.  Because of this 

arrangement of work stations, flow controllers also train as terminal controllers and 

were therefore grouped with them for analyses.  Similarly, procedural controllers also 

work on en-route radar and were grouped with them for analyses.  Tower Controllers 

comprised 20.1% of the sample and 21.8 % of participants had positions in Flight 

Service and Flight Data. 

 

When questioned about their primary duties, the majority of respondents were 

Operational Controllers (64.8%) while 14.3% undertook the responsibilities of Flight 

Service or Flight Data.  The remaining 20.9% of individuals had additional 

responsibilities, these include the positions of Supervisor, Stream Specialist, Team 

Leader and Instructor. 

 

Two main shift cycles were worked by Air Traffic staff, with 65.9% of respondents 

working on a 4 on / 2 off cycle and 11.5% of individuals working on a 5 on / 2 off, 5 

on / 3 off cycle.  The remaining 22.5% of individuals worked on a wide variety of 

shift cycles. 

 

Four main shift schedules were commonly worked, these included evening, afternoon, 

morning night rotations (EAMG) (27.1%), afternoon, day, morning, night rotations 

(ADMG) (9.9%), evening, afternoon, day, morning rotations (EADM) (5%), and 

afternoon, afternoon, day, morning rotations (AADM) (3.3%).  Some individuals 

(17.1%) had no fixed shift schedule and 37.6% worked on a variety of other rotating 

schedules.  All shift schedules recorded were backward rotating.  That is, each 

subsequent shift in a cycle had a start time that was earlier than the previous shift.  

Because of the similarity of all shift schedules and the fact that they were all 

backward rotating this variable was not included in further analyses. 
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Individuals were also asked if they had ever worked in another country’s Air Service 

organisation.  A small percentage of individuals (5.3%) had, but the majority (95%) 

had only worked for AirServices Australia.  When individuals were asked if they had 

ever been absent from their position at AirServices Australia for reasons other than 

normal annual leave or sick leave, 14.7% replied that they had. 
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Table 5: Means and Standard Deviations for Continuous Variables. 
 
Variable N Mean SD Range 
 
Age 

 
182 

 
38.45 

 
8.54 

 
22-55 

 
Workplace variables 

    

Number of years in Air Services 178 14.61 9.28 1-32 
Number of years in work position 174 8.49 7.48 1-32 
Months on current cycle 176 60.68 82.58 1-371 
Number of short change shifts 180 4.13 1.04 1-5 
Frequency of changing shifts 176 2.24 1.28 1-5 
Consecutive days at work 176 8.46 2.85 4-21 
Performance problems 181 2.45 .95 1-5 
Organisational problems 182 4.06 .96 1-5 
Satisfaction with work tasks 181 1.97 1.08 1-6 
Satisfaction with job 181 3.22 1.31 1-6 
Satisfaction with shift cycle 181 3.12 1.33 1-6 
Satisfaction with hours of work 181 2.67 1.17 1-6 
Average travel time 154 30.78 14.27 8.4-100.8 
 
Coping variables 

    

Coping with organisational 
problems 

182 3.04 1.16 1-5 

Ability to cope with increasing age 182 3.48 1.45 1-6 
Engagement 175 43.90 8.69 16-67 
Disengagement 169 31.76 11.42 16-71 
 
Social and domestic variables 

    

Social problems 182 3.40 .99 1-5 
Domestic problems 182 2.90 1.06 1-5 
Effect of shiftwork on family life 159 11.30 3.17 3-18 
Effect of shiftwork on social life 176 22.04 5.01 10-36 
Spouse support 141 2.14 1.17 1-6 
 
Sleep variables 

    

Day shift sleep 153 7.37 1.00 5-11 
Afternoon shift sleep 177 7.84 .91 5-10 
Evening shift sleep 159 7.81 1.09 5-10 
Sleep problems 182 3.17 1.06 1-5 
 
Circadian factors 

    

Morningness 182 35.60 6.89 18-50 
 
Dependent variables 

    

Physical Well-being 122 57.89 14.34 28-100 
GHQ 181 12.36 5.48 0-32 
Self Rated Health 181 4.83 1.21 1-7 
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3.5 Descriptive Statistics 

3.5.1 Workplace Variables 

The descriptive statistics for both the number of years in AirServices and the number 

of years in the current work position have been previously mentioned in the sample 

description and can be found in Table 5.  Frequency distributions for both the number 

of years in AirServices and the number of years in the current work position can be 

seen in Figure 5.  The graph highlights the fact that a large portion of the sample had 

spent between 1 and 8 years in both AirServices and in their current work position. 

There was a very noticeable decrease in the number of individuals who have spent 9 

to 12 years in AirServices and in their current position.  Subsequent to this, the 

number of individuals who had spent greater than 12 years in AirServices and in their 

current work position rose again until dropping off after 29 years and 24 years 

respectively. 
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Figure 5: Number of Years in AirServices and Number of Years in Current 
Work Position 
 
 

As shown in Table 5, the mean number of months on the current shift cycle is 60.68 

(SD = 82.58, range = 1-371, N = 176).  The frequency distribution for the number of 

months on the current shift cycle can be seen in Appendix B, Figure B1.  The large 

majority of individuals had worked on their current shift cycle for less than 96 months 

and, like the distributions for the number of years in Air Services and number of years 
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in the current work position, there was a low point at 9 to 12 years (108 - 144 

months). 

 

Inter-correlations between these continuous variables were calculated in order to 

investigate possible relationships and can be found in Table 6.  Not surprisingly, the 

number of years in Air Services correlates moderately with the number of years in the 

current work position, r = .626, p < .001.  In addition, the number of years in the 

current work position has a small but significant correlation with the number of 

months on the current shift cycle, r = .275, p < .05.  However, there was an absence of 

any significant correlation between the number of years in Air Services and the 

number of months on the current shift cycle. 

 

The correlation between an individual’s age and the length of time they have worked 

in Air Services is high, r = .843, p < .001.  Tabachnick and Fidell (1989) recommend 

that for regression analyses, bivariate correlations between two independent variables 

should not be greater than .7.  This is because highly correlated variables reduce 

degrees of freedom for error and weaken an analysis.  The literature suggests that both 

age and length of exposure to shiftwork are important in coping with shiftwork.  It 

was decided to retain the length of service variable since a greater length of time in 

Air Services would also indicate greater age, yet greater age would not necessarily be 

indicative of a longer employment period in Air Services. 

 

Inspection of other inter-correlations in Table 6 shows that the number of years in the 

current work position had a small negative correlation with the extent to which 

shiftwork causes domestic problems (r = -.341, p < .05).  This means that a greater 

number of years spent in the current work position relates to an individual perceiving 

shiftwork as less likely to cause problems with domestic life.  In addition, a greater 

number of months on the current shift cycle had small correlations with greater 

reported satisfaction with the job as a whole (r = .239, p < .05) and a greater level of 

perceived support for working shifts from an individual’s spouse or partner (r = -.243, 

p < .05). 

Participants reported that the mean frequency with which they did short change shifts 

(less than 12 hours between the end of one shift and the start of the next) was once per 
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shift cycle.  The largest proportion, 45%, did short change shifts once per shift cycle 

and 41.1% did a short change shift twice per shift cycle.  The bar graph in Appendix 

B, Figure B2 details this distribution. 

 

A small positive correlation is shown between the number of short change shifts and 

the frequency with which an individual changes their shift in order to accommodate 

other activities (r = .277, p < .01).  Working a greater number of short change shifts 

also correlates with shiftwork having less of an effect on social life (r = -.262,  

p < .05). 

 

The frequency with which individuals changed their regular shifts in order to 

accommodate other activities is shown in Appendix B, Figure B3.  Most individuals 

(36.6%) almost never changed their regular shift, while 25.7% changed their shift 

once per month and only 14.8% of individuals changed their shift twice per month.  

Twelve percent of individuals changed their shift three times per month and the 

smallest proportion, 7.1% changed their shift once per week in order to accommodate 

other activities. 

 

Interestingly, there was a moderate positive correlation between the frequency with 

which an individual changed their shifts and the effect of shiftwork on family life  

(r = .50, p < .01).  This correlation implies that individuals who changed their shifts 

frequently also found that shiftwork interferes more with family life. 
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Table 6: Inter-correlations between Continuous Independent Variables 
 
 Age Years in 

AirServices 
Years in 
current 
position 

Months on 
current cycle 

Number of 
short change 

shifts 

Maximum 
number of 

days on 

Frequency of 
changing 

shifts 

Performance 
problems 

Organisational 
problems 

Satisfaction 
with tasks 

Satisfaction 
with job 

Age 
 

1.000           

Years in 
AirServices 
 

.843*** 1.000          

Years in current 
area 
 

.608*** .626*** 1.000         

Months on 
current cycle 
 

-.065 -.011 .275* 1.000        

Number of short 
change shifts 
 

.080 -.067 -.220 -.062 1.00       

Maximum 
number of days 
on 
 

-.081 -.073 .055 .133 .115 1.00      

Frequency of 
changing shifts 
 

.045 -.029 .067 .296 .277** .403*** 1.00     

Performance 
problems 
 

.088 .083 .135 .142 .057 .112 .096 1.00    

Organisational 
problems 
 

.049 -.039 .126 .126 -.197 .043 .019 .287* 1.00   

Satisfaction 
with tasks 
 

.180 .135 .107 .151 -.023 .304** .017 .124 .013 1.00  

Satisfaction 
with job 
 

.207 .226 .226 .239* .043 .143 .155 .147 .458*** .270* 1.00 

* p < 0.05,  ** p < 0.01,  *** p < 0.001 
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Table 6 continued... 
 
 Age Years in 

AirServices 
Years in 
current 
position 

Months on 
current cycle 

Number of 
short change 

shifts 

Maximum 
number of 

days on 

Frequency of 
changing 

shifts 

Performance 
problems 

Organisational 
problems 

Satisfaction 
with tasks 

Satisfaction 
with job 

Satisfaction 
with shift 
 

.031 -.147 .059 .219 -.230 .017 -.048 .409*** .287* .233 .231 

Satisfaction 
with hours of 
work 
 

.092 -.323 -.147 .199 -.009 .395* .284 .365 .240 .298 .444* 

Time to get to 
work 
 

.172 .076 .065 .066 -.099 .093 .062 .234 .073 .339** .075 

Morningness 
 

.093 .120 .015 -.005 .025 -.063 .127 -.033 -.070 -.132 -.066 

Sleep problems 
 

-.038 -.108 .025 .201 -.172 .220 .054 .626*** .415*** .169 .195 

Sleep length on 
day shift 
 

.097 .141 .207 .110 -.098 -.063 -.124 .038 -.064 -.156 .083 

Sleep length on 
afternoon shift 
 

-.221 -.041 .031 .072 -.086 .019 -.100 -.095 -.052 -.180 -.077 

Sleep length on 
evening shift 
 

-.449** -.275 -.209 -.025 -.088 .080 -.109 -.030 .050 -.159 -.056 

Spouse support 
 

.072 -.021 -.070 -.243* -.150 -.004 -.020 .174 .094 .107 -.092 

Social problems 
 

-.140 -.149 -.153 .089 -.222 .146 .147 .385** .239 -.035 -.102 

Domestic 
problems 
 

-.142 -.172 -.341** -.102 -.106 .379** .136 .256* .165 .064 -.069 

Effect of 
shiftwork on 
family 
 

-.145 .105 .232 .154 .018 .184 .500** .055 .354* .110 .185 

* p < 0.05,  ** p < 0.01,  *** p < 0.001 
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Table 6 continued... 
 
 Age Years in 

AirServices 
Years in 
current 
position 

Months on 
current cycle 

Number of 
short change 

shifts 

Maximum 
number of 

days on 

Frequency of 
changing 

shifts 

Performance 
problems 

Organisational 
problems 

Satisfaction 
with tasks 

Satisfaction 
with job 

Effect of shift 
work on social 
life 
 

.060 .005 -.123 .028 -.262* .285* .145 .032* .177 .185 .083 

Coping with 
increasing age 
 

-.078 -.154 -.147 -.084 .080 -.040 .131 -.473*** -.153 -.046 .008 

Coping with 
organisational 
problems 
 

.012 .041 -.030 .064 -.125 .073 -.097 .375** .660*** .127 .473*** 

Engagement 
 

.098 .071 .134 -.134 -.122 -.050 -.060 .166 -.021 -.134 -.071 

Disengagement 
 

-.091 -.003 -.068 .032 -.164 .024 -.061 .389** .221 .147 .100 

* p < 0.05,  ** p < 0.01,  *** p < 0.001 



 

 
68 

Table 6 continued... 
 

 Satisfaction 
with shift 

 

Satisfaction 
with hours 

of work 

Time to get 
to work 

Morningness Sleep 
problems 

Sleep length 
on day shift 

Sleep length 
on afternoon 

shift 

Sleep length 
on evening 

shift 

Spouse 
support 

Social 
problems 

Domestic 
problems 

Satisfaction 
with shift 
 

1.00           

Satisfaction 
with hours of 
work 
 

.615*** 1.00          

Time to get to 
work 
 

.049 .172 1.00         

Morningness 
 

.066 -.282 -.035 1.00        

Sleep problems 
 

.479*** .560** .271* -.082 1.00       

Sleep length on 
day shift 
 

.013 -.154 -.127 .226 .003 1.00      

Sleep Length 
on afternoon 
shift 
 

-.248* .190 -.191 -.164 -.044 .568*** 1.00     

Sleep length on 
evening shift 
 

-.105 .084 -.007 -.292 -.076 .187 .649*** 1.00    

Spouse support 
 

.181 .103 .213* -.269* .132 -.351** -.343** -.162 1.00   

Social 
problems 
 

.271 .190 .248 -.123 .472*** -.183 -.035 .037 .288* 1.00  

Domestic 
problems 
 

.159 .330 .137 -.095 .325*** -.270* -.191 .076 .488*** .483*** 1.00 

Effect of 
shiftwork on 
family 
 

.195 .208 .122 -.124 .301 -.287 -.296 -.244 .592*** .151 .320 

* p < 0.05,  ** p < 0.01,  *** p < 0.001 
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Table 6 continued... 
 
 Satisfaction 

with shift 
 

Satisfaction 
with hours 

of work 

Time to get 
to work 

Morningness Sleep 
problems 

Sleep length 
on day shift 

Sleep length 
on afternoon 

shift 

Sleep length 
on evening 

shift 

Spouse 
support 

Social 
problems 

Domestic 
problems 

Effect of shift 
work on social 
life 
 

.468*** .134 .191 -.228 .474*** -.138 -.122 -.035 .358** .552*** .624*** 

Coping with 
increasing age 
 

-.224 -.047 -.162 -.181 -.271* -.114 -.092 -.053 -.012 -.188 -.132 

Coping with 
organisational 
problems 
 

.360** .433* .086 .023 .511*** .027 -.053 -.065 .118 .407*** .338** 

Engagement 
 

.051 -.124 .203 .191 .056 .253* .082 .006 -.033 .068 -.058 

Disengagement 
 

.344** .027 .213 .055 .304* .159 -.014 .133 .218 .309* .289* 

* p < 0.05,  ** p < 0.01,  *** p < 0.001
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Table 6 continued... 
 
 Effect of 

shiftwork on 
family 

Effect of shift 
work on 

social life 

Coping with 
increasing 

age 

Coping with 
organisational 

problems 

Engagement  Disengagement 

Effect of shift 
work on social 
life 
 

.348 1.00     

Coping with 
increasing age 
 

.015 -.094 1.00    

Coping with 
organisational 
problems 
 

-.041 .316* -.434*** 1.00   

Engagement 
 

.218 .026 -.094 -.148 1.00  

Disengagement 
 

.060 .267* -.296* .439*** .089 1.00 

* p < 0.05,  ** p < 0.01,  *** p < 0.001 
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The mean number of days worked consecutively in the last six months was 8.46  

(SD = 2.85, range = 4-21, N = 176).  As shown in Appendix B, Figure B4, 45.7% of 

individuals worked a maximum of 9-10 days consecutively in the last 6 months, with 

the next largest proportion of individuals working 5-6 days consecutively.  One 

individual stated that they had worked 21 days consecutively in the last 6 months. 

 

The number of days worked consecutively in the past six months showed small 

significant correlations with several variables.  These included the frequency of 

changing shifts, satisfaction with work tasks, satisfaction with the hours of work, the 

extent to which shiftwork caused domestic problems and the effect of shiftwork on 

social life.  The highest correlation of these (r = .403, p < .001), suggested that the 

greater the number of days worked consecutively the more frequently an individual 

changed their shifts.  Not surprisingly, the greater the number of days worked 

consecutively the more shiftwork was perceived to cause domestic problems, and to 

have a greater effect on social life.  It was also related to lower satisfaction with work 

tasks and lower satisfaction with the daily hours of work. 

 

Air Traffic Service staff rated the extent to which they thought working shifts caused 

problems with their work performance.  As seen in Table 5, the mean rating was 2.45 

(SD = .95, range = 1-5, N= 181). 

 

The inter-correlations in Table 6 show that if shiftwork is perceived to cause problems 

with work performance individuals are more likely to perceive it causes problems 

with their social life, domestic life and sleep.  Problems with work performance was 

also correlated with a perception of greater organisational problems and a lower level 

of satisfaction with the shift cycle worked.  If shiftwork was perceived to cause 

problems with work performance then individuals were also more likely to report 

greater difficulty in coping with shiftwork with increasing age, greater difficulty in 

coping with organisational problems and report a greater use of disengagement 

strategies. 

 

Individuals were asked to rate the extent of organisational problems at their work and 

the mean rating was 4.06 (SD = .96, range = 1-6, N = 182).  The large majority of 
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individuals perceive that there were organisational problems at their work.  A large 

proportion of individuals ( 38.3%) replied “very much so”, when asked if there were 

organisational problems at their work, while only 2 individuals (1.1%) replied “not at 

all” when asked this question. 

 

Inter-correlations from Table 6 show that a greater level of perceived organisational 

problems correlates with lower job satisfaction (r = .458, p < .001) and lower 

satisfaction with the shift cycle worked (r = .287, p < .05).  A greater perception of 

organisational problems was also found to relate to shiftwork causing problems with 

sleep (r = .415, p < .001) and shiftwork having a greater effect on family life (r = .354, 

p < .05).  Not surprisingly, there was a reasonable correlation between the level of 

organisational problems and the difficulty an individual had in coping with these 

problems (r = .660, p < .001). 

 

Air Services staff were asked to indicate how much they agreed with statements 

regarding satisfaction with the kind of work they did, their job as a whole, their shift 

cycle and their daily hours of work.  Figure 11 shows the frequency of ratings for 

each of these variables.  The highest mean rating was for the satisfaction with the kind 

of work done (eg.: controlling aircraft), and was 1.97 (SD = 1.08, range = 1-6, N = 

181).  While the mean rating for the job as a whole ( eg.: work environment) was 3.22  

(SD = 1.31, range = 1-6, N = 181) and the mean rating for satisfaction with the shift 

cycle (eg.: days on, days off) was 3.12 (SD = 1.33, range = 1-6, N = 181).  The mean 

rating for satisfaction with the daily hours of work was 2.67 (SD = 1.17, range = 1-6, 

N = 181). 

 

As would be expected, satisfaction with the kind of work was positively correlated 

with satisfaction with the job as a whole (r = .270, p < .05), although this correlation 

was smaller than would have been expected.  Less satisfaction with work tasks was 

found to relate to longer travel times to and from work (r = .339, p < .01) and with a 

greater difficulty in coping with organisational problems (r = .473, p < .001). 
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Figure 6: Ratings of Agreement with Satisfaction with Work Tasks, the Job as a 
Whole, Shift Cycle, and Daily Hours of Work 
 
 

Satisfaction with the job as a whole was moderately correlated with the satisfaction 

with daily hours of work (r = .444, p < .05) and not surprisingly, satisfaction with the 

daily hours of work also had a reasonable positive correlation with satisfaction with 

the shift cycle worked (r = .615, p < .001).  Higher levels of satisfaction with the 

hours of work related to less reported problems with sleep caused by shiftwork  

(r = .560, p < .01) and less difficulty in coping with organisational problems (r = .433, 

p < .05). 

 

Lower levels of satisfaction with the shift cycle correlated with shiftwork causing 

more problems with sleep (r = .479, p < .001) and with shorter sleep length on 

afternoon shifts (r = -.248, p < .05).  Less satisfaction with the shift cycle worked also 

correlated with a greater reported effect of shiftwork on social life (r = .468, p < .001) 

and with increased difficulty in coping with organisational problems (r = .360,  

p < .01).  There was also a correlation between satisfaction with the shift cycle and a 

greater use of disengagement strategies (r = .344, p < .01). 
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For each of the five shifts; morning, day, afternoon, evening and night, individuals 

recorded the average amount of time it took to travel to and from work.  The average 

travel times over all the five shifts was calculated to produce a single variable.  Table 

5 lists the mean for this variable as 30.78 minutes (SD = 14.27, range 8.4-100.8, N = 

154).  Table B1, Appendix B details the distribution of this variable. 

 

The time to get to and from work had a small positive correlation with the extent to 

which shiftwork caused sleep problems (r = .271, p < .05).  Individuals who took 

longer to get to and from work reported that shiftwork caused greater sleep problems.  

Longer travel times were also correlated with spouses being less supportive of an 

individual working shifts. 

 

Descriptive statistics regarding the type of work, primary duties, current shift cycle 

and current shift schedule have been discussed in the sample description, details of 

which can be seen in Table 4.  It was decided not to include the variable, type of 

work, in subsequent analyses since there was a category for Flight Service and Flight 

Data in both this variable and the primary duties variable.  Including both variables in 

regression analyses would result in ambiguity.  The variable, primary duties, was used 

in regression analyses because it differentiated between Air Traffic Controllers, Flight 

Service and Flight Data personnel, and individuals with additional responsibilities. 

 

Individuals reported on what shift cycle they would prefer to work.  The majority of 

individuals (57.1%) selected a 4 on / 2 off cycle.  However, this proportion is slightly 

lower than the proportion currently working on this cycle (65.9%).  Over a quarter of 

the sample (26.5%) would prefer to work on a 5 on / 2 off, 5 on / 3 off shift cycle 

which is a much greater proportion of the sample than is currently working on this 

shift cycle.  The remaining 16.6% of individuals preferred to work on a range of other 

shift cycles. 

 

Individuals were asked to select a shift schedule that they would prefer to work.  

Relatively small proportions of the sample preferred to work on permanent morning 

shifts (15.5%), permanent day shifts (8.8%) and permanent afternoon shifts (16%). 



Discussion 

 
75 

Only 6 individuals (3.3%) preferred to work on permanent evening shifts and 2 

individuals (1.1%) on permanent night shifts.  The largest proportion of individuals 

(55.2%) preferred to work on a rotating shift schedule.  Because three of the 

categories each have less than 10% of the sample and these categories could not be 

meaningfully combined this variable was not used in further analyses (Tabachnick & 

Fidell, 1989). 

 

 

3.5.2 Coping Variables 

Individuals were questioned regarding coping with organisational problems.  The 

mean rating for this variable was 3.04 (SD = 1.16, range = 1-5, N = 182).  It is 

interesting to note that a very large number of individuals (125 or 69%) rated their 

difficulty in coping with organisational problems as “sometimes” a problem or 

greater. 

 

Correlation coefficients, from Table 6, show that individuals who reported greater 

difficulty in coping with organisational problems also reported that shiftwork caused 

problems with social life, domestic life and sleep.  In addition, those who had 

difficultly coping with organisational problems, showed greater use of disengagement 

strategies (r = .439, p < .001) and greater difficulty in coping with shiftwork with 

increasing age (r = -.434, p < .001). 

 

Individuals were also asked whether they found shiftwork more difficult to cope with 

as they increased in age.  The mean rating for this variable was 3.48 (SD = 1.45, range 

1-6, N= 182). 

 

Unexpectedly, there was no correlation between the age of an individual and whether 

shiftwork was reported to be more difficult to cope with as they increased in age.  

There was a small correlation between difficulty in coping with shiftwork with 

increasing age and the extent to which shiftwork caused sleep problems (r = -.271,  

p < .05).  There was also a correlation between difficulty in coping with shiftwork 

with increasing age and a greater use of disengagement strategies (r = -.296, p < .05). 
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Figure 7: Frequency of Use of Engagement and Disengagement Strategies 

 

The CSQ assessed the extent to which individuals used engagement and 

disengagement strategies in coping with shiftwork in their social life, domestic life, 

sleep and work performance.  Figure 7 provides an overview of the distribution of 

scores on both the sub-scales of engagement and disengagement.  The mean score on 

the sub-scale of engagement was 43.90 (SD = 8.69, range = 16-67, N = 175).  The 

mean score on the sub-scale of disengagement was, as expected, considerably lower at 

31.76 (SD = 11.42, range 16-71, N = 169), indicating much less use of these types of 

coping strategies. 

A small positive correlation existed between the use of engagement strategies and 

sleep length on day shifts (r = .253, p < .05).  The use of disengagement strategies 

correlated with the perception that shiftwork caused problems with social life, 
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domestic life and sleep.  Greater use of disengagement strategies was also found to 

correlate with shiftwork having more of an effect on social life. 

 

 

3.5.3 Social and Domestic Variables 

Individuals were asked to rate the extent to which shiftwork caused problems with 

their social and domestic life.  The mean rating for shiftwork causing problems with 

social life was 3.40 (SD = .99, range = 1-5, N = 182) while the mean rating for 

shiftwork causing problems with domestic life was slightly lower at 2.90 (SD = 1.06, 

range = 1-5, N = 182).  Figure 8 displays the distributions for both these variables.  

The distributions show that a greater number of individuals perceived shiftwork to 

more frequently cause problems with their social life than with their domestic life. 
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Figure 8: Frequency of Scores for the Extent to which Shiftwork Causes 
Problems with Social Life and Domestic Life 
 
The extent to which shiftwork caused problems with social life correlated moderately 

with shiftwork causing problems with domestic life (r = .483, p < .001).  A moderate 

positive correlation existed between shiftwork causing problems with social life and 

the effect of shiftwork on off work activities and personal relationships (r = .552, p < 
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,001).  The extent to which shiftwork caused problems with domestic life had a 

slightly higher correlation with the effect of shiftwork on off work activities and 

personal relationships (r = .624, p < .001). 

 

Three variables were summed to produce a single score for the effect of shiftwork on 

family life.  The mean for this variable, as seen in Table 5, is 11.30 (SD = 3.17, range 

= 3-18, N = 159).  The effects of shiftwork on social life had a mean score of 22.04 

(SD = 5.01, range, 10-36, N = 176).  The distributions for both the effect of shiftwork 

on family life and the effect of shiftwork on social life can be seen in Appendix B, 

Figure B5 and Figure B6 respectively. 

 

Both the effect of shiftwork on family life and the effect of shiftwork on social life 

correlated with the level of spouse support for working shifts.  The more supportive 

an individual perceived their spouse or partner to be of them working shifts the less 

shiftwork affected family life (r = .592, p < .001) and social life (r = .358, p < .01). 

 

Individuals with spouses recorded the average number of hours per week that their 

spouse was committed to activities outside the home and how supportive their spouse 

or partner was of them doing shiftwork.  The largest proportion of the sample (27.5%) 

had a spouse that was committed between 36 and 45 hours per week outside the 

home.  The next largest group had a spouse that was committed for less than 10 hours 

per week outside the home.  The frequency distribution of this variable is shown in 

Appendix B, Figure B7.  The mean rating for the level of spouse support is 2.14  

(SD = 1.17, range = 1-6, N = 141). 

 

Interestingly, the level of spouse support for working shifts was found to have a small 

correlation with morningness (r = -.296, p < .05).  This correlation suggests that those 

who are evening types are more likely to report greater supportiveness for working 

shifts from their spouse or partner. 

 

Other domestic variables already reported on in the sample description are marital 

status and whether individuals had children or not.  The frequencies for these 

variables can be found in Table 3. 
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3.5.4 Sleep Variables 

The questionnaire asked individuals to record the length of sleep obtained on each 

shift.  Unfortunately, some of the sleep questions were found to be unreliable, 

including the questions regarding the length of sleep obtained on morning shifts, night 

shifts and days off.  Data was considered reliable for the length of sleep obtained on 

day shifts, afternoon shifts and evening shifts.  The distributions of these variables is 

shown in Figure 9.  The mean length of sleep obtained on day shifts was the shortest 

at 7.37 hours (SD = 1.00, range = 5-11, N = 153) and the mean length of sleep 

obtained on afternoon shifts was the longest at 7.84 hours (SD = .91, range 5-10,  

N = 177), while the mean length of sleep on evening shifts was slightly shorter than 

that for afternoon shifts, and was 7.81 hours (SD = 1.09, range = 5-10, N = 159). 

 

As would be expected, sleep length on afternoon shift correlated moderately with 

sleep length on day shift (r = .568, p < .001) and sleep length on evening shift  

(r = .649, p < .001) but there was no correlation between sleep length on day shift and 

sleep length on evening shift. 

 

Figure B8, Appendix B depicts the groupings for the dichotomous variables of sleep 

continuity on day shift and night shift.  Only a small percentage of individuals (4.9%) 

stated that their sleep on day shifts was split into more than one period while 95.1% 

obtained their sleep in a continuous block.  Because this variable had less than the 

desired 10%/90% split suggested for dichotomous variables it was excluded from 

further analyses (Tabachnick & Fidell, 1989).  Sleep continuity on night shift was not 

so unevenly divided, with 76.6% of individuals splitting their sleep when on night 

shifts and less than one quarter (23.4%) obtaining their sleep in a continuous block. 
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Figure 9: Mean Sleep Length on Day Shift, Afternoon Shift, and Evening Shift 

 

Like the questions regarding the extent to which individuals felt shiftwork caused 

problems with their social and domestic life and work performance, there was also a 

question asking the extent to which shiftwork caused problems with sleep.  The mean 

rating for this variable was 3.17 (SD = 1.06, range 1-5, N = 182). 

 

A single question asked individuals whether they had ever fallen asleep on the way to 

or from work and a surprisingly high number (76 or 39%) said that they had. 

 

 

3.5.5 Circadian Variable 

Circadian typology was measured by the CSM and as seen in Table 4, the mean score 

was 35.60 (SD = 6.89, range = 18-50, N = 182).  Smith et al (1989) determined raw 

scores on the CSM to differentiate morning, intermediate and evening type 

individuals.  According to their criteria 13.1% of individuals in the present study are 

morning types, 83.1% are intermediate types and 3.3% are evening types, as shown in 

Figure 10. 
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Figure 10: Frequency of Circadian Types 

 

 

3.5.6 Physical Well-being 

The physical well-being scale comprised 21 items and as shown in Table 4 the mean 

score was 57.89 (SD = 14.34, range = 28-100, N = 122).  The sleep variables are 

plotted in Appendix B, Figure B9 and show clearly that a greater number of 

individuals have trouble sleeping well during the day than with falling asleep, waking 

up, or sleeping well through the night. 

 

Four questions were included in the physical well-being scale regarding fatigue 

related issues.  Figure B10, Appendix B shows the distributions for these variables.  

Although no individuals stated that they frequently had periods where they froze on 

the job, only 93 individuals stated that this had never occurred to them.  For the 

question “how often do you experience lapses in attention?” a reasonably large 

number of individuals (28) rated themselves as frequently having this problem. 

 

The physical well-being scale included questions that asked about the frequency of 

certain health symptoms.  The distribution of ratings on these items can be seen in 

Appendix B, Figure B11.  Because of the strict medical requirements for Air Traffic 

Controllers, few individuals suffered frequently from these symptoms.  However, the 

fact that 3 individuals frequently felt short of breath, 6 individuals frequently felt their 
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heart racing or skipping and 7 individuals frequently had headaches is possibly cause 

for concern.  These ratings were from 14 separate individuals of which 11 were Air 

Traffic Controllers and 3 were Flight Service or Flight Data (who don’t have to 

conform to such strict medical requirements). 

 

Despite having to meet yearly medical requirements very few individuals (22) stated 

that they frequently felt fit and healthy, as shown in Appendix B, Figure B12, yet a 

larger number (38) stated that they frequently engaged in regular physical exercise. 

 

The frequency with which individuals suffer from certain gastrointestinal complaints 

can be seen in Appendix B, Figure B13.  There were a reasonable number of 

individuals who suffered from constipation or diarrhoea, heart burn, stomach ache, 

and found their appetite disturbed.  Feelings of nausea were the least common 

gastrointestinal complaint, while appetite disturbances were the most common.  It was 

also interesting to note that while a large portion of the present sample frequently ate 

3 nutritious meals a day, an equally large portion did not. 

 

 

3.5.7 Mental Well-being 

The GHQ (12 item version) was used to measure the mental well-being of the present 

sample.  Scores ranged from 0 to 32, with the mean being 12.36 (SD = 5.48, N = 181).  

Table B2 in Appendix B details the frequencies of the scores on the GHQ. 

 

 

3.5.8 Self Rated Health 

Table 7 details the frequency of individual’s health ratings.  The largest proportion of 

the sample (31.7%) rated their health as ‘good’, while the next largest group rated 

their health as ‘fair’.  Only 7.1% of the present sample rated their health as ‘excellent’ 

and a very small percentage of individuals rated their health as ‘very poor’ (2.2%) or 

‘terrible’ (1.1%). 

 

Table 7: Frequency of Self Rated Health Ratings 
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Self Rated Health 

 

Frequency Percentage 

Terrible 2 1.1 

Very poor 4 2.2 

Poor 15 8.2 

Fair 48 26.2 

Good 58 31.7 

Very good 41 22.4 

Excellent 13 7.1 

 

 

3.6 Regression Analyses 

To examine the contribution of workplace variables, social and domestic variables, 

coping variables, sleep variables, and circadian typology on physical well-being, self 

rated health and mental well-being standard regression analyses were run.  The results 

of these three regression analyses are presented below. 

 

For the purposes of the regression analyses, marital status, primary duties, current 

shift cycle worked, and preferred shift cycle worked were dummy coded.  This form 

of coding re-categorises variables into a set of dichotomous variables.  For example, 

for the variable preferred shift cycle worked the categories are recorded as: 4 on / 2 

off vs 5 on / 2 off, 5 on / 3 off and other shift cycles, 5 on / 2 off, 5 on / 3 off vs 4 on / 

2 off and other shift cycles and other shift cycles vs 5 on / 2 off, 5 on / 3 off and 4 on / 

2 off.  When the set of 2 level variables are entered into the regression the variance 

due to the original categorical variable is analysed and the effects of the new 

dichotomous components can be examined. 

As has been discussed, the dichotomous variables; having other dependents, working 

in an other country’s Air Service organisation, and sleep continuity on day shift were 

excluded from the regression analyses because the split of responses was less than 

10%/90% as recommended by Tabachnick and Fidell (1989). 

 

 

3.6.1 Physical Well-being 
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A standard multiple regression analysis was used to estimate the contribution of work 

factors, social and domestic factors, sleep factors, coping factors and circadian factors 

to an individual’s physical well-being.  In total 42 variables were entered in the 

regression equation.  This is slightly less than the ratio of cases to independent 

variables suggested by Tabachnick and Fidell (1989).  The effect of having fewer 

cases than recommended is a reduction in statistical power.  To remedy this problem 

Tabachnick and Fidell (1989) suggest combining independent variables.  This was not 

considered a suitable option since independent variables that were suitable to be 

combined as a single variable had been.  Instead, the loss of statistical power is noted 

and accepted. 

 

Results, including standardised beta coefficients for each variable and the total 

variance explained by the equation (R2 and adjusted R2) are presented in Table 12.   

R was found to be significantly different from zero, F (42, 140) = 5.68, p < .0001.  

Work factors, social and domestic factors, sleep factors, coping factors and circadian 

factors accounted for 52% of the variance in physical well-being. 

 

Table 12 details the beta coefficients for each variable.  These explain the influence of 

each variable in the regression equation.  From inspecting Table 8, it can be seen that 

there are a number significant variables. 

 

Circadian typology was one of the significant contributors to the total explained 

variance.  Surprisingly, this suggested that improved physical well-being was 

predicted by being an morning type individual (p < .001).  Of all the social and 

domestic variables, only the extent to which shiftwork was reported to cause domestic 

problems was found to contribute to better physical well-being (p < .05). 

 

Several work place factors were significant in predicting physical well-being.  Both 

the dichotomous variables for primary duties were significant which together infers 

that the primary duties of an individual are important contributors to physical well-

being.  All three categories of primary duties, Air Traffic Controllers, having 

additional responsibilities and working in Flight Service or Flight Data, were different 

from each other on the dependent variable of physical well-being.  Examination of the 
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means shows that individuals who worked in Flight Service or Flight Data had the 

best physical well-being with a mean of 57.73 (SD = 18.15, range = 31-99, N = 22) 

and Air Traffic Controllers had a slightly higher mean of 58.60 (SD = 13.69, range = 

31-91, N = 113).  Individuals who had additional duties such as being a supervisor, 

stream specialist, team leader or instructor, had the poorest physical well-being with a 

mean of 63.86 (SD = 14.64, range = 41-85, N = 14).  The other workplace factors that 

were significant in the regression equation were the number of months on the current 

shift cycle and the satisfaction with the shift cycle.  Both, longer periods spent on the 

current shift cycle (p < .05) and less satisfaction with the shift cycle (p < .05) were 

predictive of poorer physical well-being. 

 

An individual’s perception that shiftwork caused sleep problems also contributed to 

poorer physical well-being (p < .05).  In addition, using both engagement and 

disengagement strategies in coping with shiftwork were important in determining 

physical well-being.  Greater use of engagement strategies predicted better physical 

well-being (p < .05), while the use of disengagement strategies contributed to poorer 

physical well-being (p < .001). 
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Table 8: Standard Multiple Regression of Workplace Factors, Coping Factors, 
Social and Domestic Factors, Circadian Factors, and Sleep Factors on Physical 
Well-being, Showing Standardised Regression Coefficients, R, R2 and Adjusted 
R2 for all Participants (N = 182). 
 
Predictors 
 

 

Circadian factor  
Morningness -.243*** 
 
Social and domestic factors 

 

Sex .017 
Children .079 
Marital status 1 -.084 
Marital status 2 .022 
Marital status 3 -.003 
Number of hours worked by spouse .041 
Level of spouse support .074 
Social problems -.051 
Domestic problems .175* 
Effect of shiftwork on social life .085 
Effect of shiftwork on family life -.059 
 
Workplace factors 

 

Number of years in AirServices -.010 
Number of years in present position .008 
Primary duties 1 .307* 
Primary duties 2 -.237* 
Current shift cycle 1 -.064 
Current shift cycle 2 .093 
Preferred shift cycle 1 -.060 
Preferred shift cycle 2 -.030 
Absent from AirServices -.083 
Months on current shift cycle .167* 
Number of short change shifts .104 
Number of consecutive days worked -.032 
Frequency of changing shifts -.080 
Performance problems .130 
Organisational problems .048 
Satisfaction with work tasks -.051 
Satisfaction with job .055 
Satisfaction with hours of work -.120 
Satisfaction with shift cycle .176* 
Average time to travel to and from work .120 

* p < .05, ** p < .01, *** p < .001 
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Table 8 continued... 
 
Predictors 
 

 

 
Sleep factors 

 

Sleep length on day shifts .031 
Sleep length on afternoon shifts -.057 
Sleep length on evening shifts .098 
Sleep continuity on night shift .017 
Fallen asleep on way to or from work .000 
Sleep problems .178* 
 
Coping factors 

 

Engagement -.130* 
Disengagement .309*** 
Coping with increasing age -.077 
Coping with organisational problems .079 
 
R 

 
.794*** 

Total R2 .630 
Adjusted R2 .519 

* p < .05, ** p < .01, *** p < .001 
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3.6.2 Mental Well-being 

A standard multiple regression analysis was also used to assess the influence of work 

factors, social and domestic factors, sleep factors, coping factors and circadian factors 

on an individual’s mental well-being.  The same 42 variables were entered in the 

regression equation.  R was found to be significantly different from zero, F (42, 140) 

= 3.15, p < .0001 and the total variance explained was 33%.  Beta coefficients for 

these variables as well as total variance explained by the equation are presented in 

Table 9. 

 

Examination of the beta coefficients indicated that only three variables were 

significant in the equation.  The first of these was the extent to which shiftwork was 

perceived to cause problems with domestic life.  A greater level of perceived 

problems with domestic life contributed to poorer mental well-being.  Again both the 

use of engagement and disengagement strategies in coping with shiftwork predicted 

mental well-being.  Greater use of engagement strategies related to better mental well-

being and greater use of disengagement strategies contributed to poorer mental well-

being.  This meant that individuals who actively tried to cope with shiftwork had 

improved mental well-being, while those who avoided dealing with difficulties caused 

by shiftwork had poorer mental well-being. 
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Table 9: Standard Multiple Regression of Workplace Factors, Coping Factors, 
Social and Domestic Factors, Circadian Factors, and Sleep Factors on Mental 
Well-being, Showing Standardised Regression Coefficients, R, R2 and Adjusted 
R2 for all Participants (N = 182). 
 
Predictors 
 

 

Circadian factor  
Morningness -.121 
 
Social and domestic factors 

 

Sex .053 
Children -.035 
Marital status 1 .065 
Marital status 2 -.092 
Marital status 3 .084 
Number of hours worked by spouse -.071 
Level of spouse support -.102 
Social problems -.030 
Domestic problems .219* 
Effect of shiftwork on social life .088 
Effect of shiftwork on family life -.055 
 
Workplace factors 

 

Number of years in AirServices .036 
Number of years in present position .059 
Primary duties 1 .057 
Primary duties 2 .056 
Current shift cycle 1 -.023 
Current shift cycle 2 -.080 
Preferred shift cycle 1 .129 
Preferred shift cycle 2 -.078 
Absent from AirServices -.062 
Months on current shift cycle .014 
Number of short change shifts -.060 
Number of consecutive days worked .029 
Frequency of changing shifts .058 
Performance problems .113 
Organisational problems -.080 
Satisfaction with work tasks .098 
Satisfaction with job .118 
Satisfaction with hours of work -.046 
Satisfaction with shift cycle .049 
Average time to travel to and from work -.025 

* p < .05, ** p < .01, *** p < .001 
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Table 9 continued... 
 
Predictors 
 

 

 
Sleep factors 

 

Sleep length on day shifts .000 
Sleep length on afternoon shifts -.039 
Sleep length on evening shifts .033 
Sleep continuity on night shift -.120 
Fallen asleep on way to or from work .006 
Sleep problems -.144 
 
Coping factors 

 

Engagement -.191** 
Disengagement .254*** 
Coping with increasing age -.168 
Coping with organisational problems .177 
 
R 

 
.697*** 

Total R2 .486 
Adjusted R2 .332 

* p < .05, ** p < .01, *** p < .001 



Discussion 

 
91 

3.6.3 Self Rated Health 

The third standard multiple regression analysis was used to assess the contribution of 

work factors, social and domestic factors, sleep factors, coping factors and circadian 

factors to self rated health.  As for the previous two analyses the same 42 variables 

were entered in the regression equation.  Standardised beta coefficients and the total 

variance explained by the equation can be seen in Table 10.  With self rated health as 

the dependent variable, R was found to be significantly different from zero, F (42, 

140) = 2.06, p < .001.  The total variance explained in self rated health was 20%. 

 

Circadian typology was a significant predictor of self rated health, in that being an 

morning type individual contributed to higher health ratings (p < .05).  Not having 

children was also found to contribute to improved self rated health (p < .05). 

 

Three work place variables were significant in the regression equation.  The first of 

these was one of the dichotomous variables for primary duties.  The beta coefficient 

infers that there was a difference in health ratings between those who are Air Traffic 

Controllers and those who had additional responsibilities or worked in Flight Service 

or Flight Data (p < .05).  The mean health rating for Air Traffic Controllers was 4.85 

(SD = 1.13, range = 1-7, N = 117) and the mean health rating for Flight Service and 

Flight Data personnel was slightly higher at 5.0 (SD = 1.54, range 1-7, N = 25), while 

the mean health ratings for those individuals with additional responsibilities was 

lower at 4.57 (SD = 1.16, range = 2-6, N = 14)  Another dichotomous variable, that 

for preferred shift cycle, was found to significantly contribute to self rated health  

(p < .05).  Individuals preferring to work on a 4 on / 2 off shift cycle had significantly 

different health ratings than those who would rather work on a 5 on / 2 off, 5 on / 3 

off shift cycle or another shift arrangement.  The mean health rating for individuals 

preferring to work on a 4 on / 2 off shift cycle was the lowest at 4.76 (SD = 1.24, 

range = 1-7, N = 103).  Both, preferring to work on a 5 on / 2 off, 5 on / 3 off shift 

cycle and preferring another shift arrangement had higher means for self rated health.  

They were 4.98 (SD = 1.26, range = 2-7, N = 47) for the 5 on / 2 off, 5 on / 3 off shift 

cycle and 4.80 (SD = 1.03, range = 3-7, N = 30) for preferring to work on another 

shift arrangement. 
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Thirdly an absence from Air Services, other than for normal annual leave or sick 

leave, predicted higher health ratings (p < .05).  Again the use of engagement 

strategies to cope with shiftwork predicted higher health ratings (p < .001), while 

greater use of disengagement strategies in coping with shiftwork predicted poorer self 

rated health (p < .05). 
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Table 10: Standard Multiple Regression of Workplace Factors, Coping Factors, 
Social and Domestic Factors, Circadian Factors, and Sleep Factors on Self Rated 
Health, Showing Standardised Regression Coefficients, R, R2 and Adjusted R2 
for all Participants (N = 182). 
 
Predictors 
 

 

Circadian factor  
Morningness .217* 
 
Social and domestic factors 

 

Sex -.077 
Children -.247* 
Marital status 1 .032 
Marital status 2 -.149 
Marital status 3 .045 
Number of hours worked by spouse -.017 
Level of spouse support .062 
Social problems .070 
Domestic problems -.047 
Effect of shiftwork on social life -.105 
Effect of shiftwork on family life .008 
 
Workplace factors 

 

Number of years in AirServices .170 
Number of years in present position -.008 
Primary duties 1 -.377* 
Primary duties 2 .191 
Current shift cycle 1 -.098 
Current shift cycle 2 .139 
Preferred shift cycle 1 .215* 
Preferred shift cycle 2 -.086 
Absent from AirServices .161* 
Months on current shift cycle -.001 
Number of short change shifts .074 
Number of consecutive days worked -.051 
Frequency of changing shifts .106 
Performance problems .043 
Organisational problems -.067 
Satisfaction with work tasks .132 
Satisfaction with job -.095 
Satisfaction with hours of work .069 
Satisfaction with shift cycle -.119 
Average time to travel to and from work -.113 

* p < .05, ** p < .01, *** p < .001 
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Table 10 continued... 
 
Predictors 
 

 

 
Sleep factors 

 

Sleep length on day shifts -.045 
Sleep length on afternoon shifts .007 
Sleep length on evening shifts -.067 
Sleep continuity on night shift .079 
Fallen asleep on way to or from work .031 
Sleep problems -.070 
 
Coping factors 

 

Engagement .303*** 
Disengagement -.173* 
Coping with increasing age .116 
Coping with organisational problems -.026 
 
R 

 
.618*** 

Total R2 .382 
Adjusted R2 .196 

* p < .05, ** p < .01, *** p < .001 
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3.7 Summary of the Results of the Regression Analyses 

A summary the significant predictors of physical well-being, mental well-being and 

self rated health can be found in Table 11.  By looking at the significant variables for 

each of the three regression analyses certain variables can be seen to be consistently 

involved in predicting each of the three dependent variables. 

 

Table 11: Summary of the Significant Variables for Physical Well-being, Mental 
Well-being and Self Rated Health in each Multiple Regression Analysis. 
 
Significant 
Variable 
 

Physical 
Well-being 

Mental 
Well-being 

Self Rated Health 

Morningness 
 

Significant  Significant 

Children 
 

  Significant 

Domestic problems
 

Significant Significant  

Primary duties 1 
 

Significant  Significant 

Primary duties 2 
 

Significant   

Preferred shift 
cycle 
 

  Significant 

Absent from 
AirServices 
 

  Significant 

Months on current 
shift cycle 
 

Significant   

Satisfaction with 
shift cycle 
 

Significant   

Sleep problems 
 

Significant   

Engagement 
 

Significant Significant Significant 

Disengagement 
 

Significant Significant Significant 

 

Both physical well-being and self rated health were predicted by circadian typology, 

and the primary duties of an individual.  Whereas the extent to which shiftwork 

caused problems with domestic life contributed to both physical well-being and 
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mental well-being.  Both the use of engagement strategies and disengagement 

strategies in coping with shiftwork were significant predictors for physical well-being, 

mental well-being and self rated health.  In summary, variables that had been 

highlighted include; circadian typology, the extent to which shiftwork causes 

domestic problems, primary duties and the use of engagement strategies and 

disengagement strategies in coping with shiftwork. 



 

4. DISCUSSION 

 

4.1 Reliability Study 

Determining the test-retest reliability of the questionnaire for use in an Air Traffic 

Service environment is the first aim of the present study.  On the whole the 

questionnaire is deemed reliable for use with Air Traffic Service staff, although the 

measurement of several variables requires further investigation. 

 

The large majority of variables have moderate to high reliability.  The independent 

variables of sleep length on evening shift, satisfaction with the hours of work, and the 

extent to which shiftwork caused sleep problems and organisational problems have 

only moderate reliability.  Despite this the reliability coefficients were considered 

sufficient for these variables to remain in the study.  Variables with low reliability are 

excluded from the remainder of the study. 

 

The scales taken from the SSI (Barton et al, 1995) have acceptable reliability, 

although the GHQ is slightly low.  All coping variables, social and domestic 

variables, and most work variables from the questionnaire constructed by Rhodes et al 

(1994) are found to be reliable. 

 

Concern is noted regarding the lack of reliability for the self reported sleep length and 

sleep continuity variables.  Although, self reporting of sleep length has been widely 

used in studies of sleep and shiftwork (Lavie et al , 1989; Knauth & Kieswetter, 1987; 

Rosa, Colligan & Lewis, 1989, Folkard & Barton, 1992).  However, it is widely 

accepted that other methods of collecting sleep data, such as sleep diaries/logs, EEG 

monitoring, and actigraph devices provide more detailed and more objective data.  

Sleep logs have been widely used in shiftwork studies (Suvanto, Partinen, Harma & 

Ilmarinen, 1994; Dekker, Paley, Popkin & Tepas, 1993) but they too have specific 

problems.  This method requires daily recording of sleep times and subsequently 

places a burden on participants to maintain accurate and complete records.  The 

number of incomplete records tends to be high, yet the information gained from this 

method can be much more detailed than that obtained from simple sleep length 



Discussion 

 
98 

periods (Kurumanti et al, 1994).  Other more objective methods include EEG 

monitoring and the use of actigraphs.  These methods are much more accurate but 

there is a financial cost as well as a much more extreme commitment required by 

participants.  In summary, it is realised that subjective reports of sleep length have 

problems but so do the other objective measures.  Overall, it is necessary to weigh up 

the advantages and disadvantages of each.  It is suggested from the findings of this 

reliability study that more objective methods, other than self reporting, should be used 

in gathering sleep data. 

 

Other variables with unacceptable reliability include self reports of the number of 

hours of overtime worked and the adequacy of breaks during shifts.  The questions 

regarding overtime ask for an estimate of the number of hours typically worked in the 

last month under (a) ‘normal’ and (b) ‘peak’ or ‘under staffed’ periods.  Self reported 

data such as this may not be very accurate due to difficulties in recalling this 

information.  Individuals possibly only consider the amount of overtime worked in the 

previous few days and inaccurately extrapolate this value over the last month.  In 

addition, there is possibly a tendency to over estimate the amount of overtime worked 

in order to portray the situation as being worse than it actually is.  Another concern 

with these questions is the possible ambiguity between what is considered ‘normal’ 

conditions and what is considered ‘peak’ or ‘under staffed’.  A number of participants 

commented on their questionnaires that ‘peak’ or ‘under staffed’ was the norm in their 

workplace, hence the number of hours recorded is the same for each question.  There 

is also the consideration that the question on the amount of overtime worked in ‘peak’ 

or ‘under staffed’ periods immediately followed the question on overtime in ‘normal’ 

conditions.  This could easily bias individuals to inflate the number of hours of 

overtime worked under ‘peak’ conditions because they believe this value should 

probably be greater whether in reality it may not be. 

 

Information such as the number of hours of overtime worked should be relatively easy 

to obtain from more objective sources, such as work records.  Obviously the full 

cooperation of management would be required, but this source of information would 

overcome the inaccuracies in participant recall and bias.  With additional information 
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on the number of staff working and air traffic levels the distinction could be made 

between ‘normal’ conditions and ‘peak’ or ‘under staffed’ conditions. 

 

A further variable that is unreliable is the reference to adequacy of breaks on each 

shift worked.  It is likely that in answering this question an individual considers how 

they felt about the adequacy of their breaks only in the previous few shifts.  Such 

feelings may not remain constant over time, hence the lack of reliability for this 

variable.  There may also be a range of other factors which constantly change how an 

individual feels about their breaks.  Such factors could include the number of staff 

working, the workload on a shift, the particular shift cycle being worked and the 

actual tasks an individual is performing.  Therefore, like sleep data, this data may be 

better collected by some other means.  For example, a daily log in which an individual 

records how they felt about their breaks at the end of each shift over a number of shift 

cycles.  Additional comments could also be made by the individual so other trends 

could be identified and a fuller picture of the situation developed. 

 

The demographic characteristics of the New Zealand Air Services staff who 

participated in the reliability study were very similar to the sample of Australian ATS 

staff who participated in the main study.  The only notable differences were that a 

much greater proportion of Australian ATS staff had tertiary qualifications and that 

New Zealand ATS staff were much more likely to have worked in another country.  

With these differences taken into account the questionnaire is expected to be reliable 

when used in another country. 

 

 

4.2 Overview 

The findings of the present study support the position that a range of factors are 

important in determining an individual’s tolerance to shiftwork.  Many previous 

studies have focussed on the effects of a single variable or combinations of only a few 

variables in investigating the ability of an individual to tolerate shiftwork.  It is clear 

from the findings of the present study that the issue of tolerance to shiftwork is a 

complex one and that predicting this requires looking at many aspects of a 

shiftworker’s life.  In the present research, self rated health and physical well-being 
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are predicted by a range of variables that are from each of the five areas considered; 

circadian typology, work place factors, social and domestic factors, sleep factors, and 

coping factors.  Mental well-being is found to be best predicted by a single domestic 

variable, which is the extent to which shiftwork caused domestic problems and the 

two coping variables of engagement and disengagement.  Therefore for an individual 

to be able to tolerate shiftwork they must have strategies in place to help them deal 

with the effect of shiftwork on a range of factors in their lives. 

 

Certain variables from each of the areas deemed important in contributing to tolerance 

to shiftwork are found to significantly predict physical well-being.  The important 

contributors are circadian typology, the extent to which shiftwork is perceived to 

cause domestic problems and sleep problems, the primary duties of an individual, the 

number of months spent on the current shift cycle, the level of satisfaction with the 

shift cycle and the use of engagement and disengagement strategies.  The total 

variance explained by all the variables in the regression equation is 52%. 

 

Work place factors, social and domestic factors, sleep factors, coping factors and 

circadian typology account for 33% of the variance in mental well-being, with the 

extent to which shiftwork is perceived to cause domestic problems, and the use of 

engagement and disengagement strategies identified as significant predictors.  No 

workplace or sleep factors are found to significantly predict mental well-being. 

 

Circadian typology, having children, the primary duties of an individual, preferred 

shift cycle, absences from Air Services, and the use of engagement and 

disengagement strategies significantly contributed to the regression equation for self 

rated health.  In all, 20% of the variance in self rated health is explained by the 

variables in the regression equation. 

 

The sample of Air Traffic Service staff in the main study are largely European, 

middle aged males.  This is expected because the occupation is known to be male 

dominated, with few individuals from ethnic minorities, and individuals tend to 

remain in the occupation for their entire working lives (Hopkin, 1995).  The large 

proportion of individuals with only a formal school qualification as their highest 
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educational qualification, other than their Air Traffic Controlling qualification, 

supports the position that people enter this occupation at an early age and remain in it 

for some time.  As would be expected the majority of individuals are married and the 

percentage of individuals separated or divorced does not seem excessive.  Although 

the sample is probably very unlike the general Australian population it is expected to 

be representative of Australian ATS staff.  However, due to demographic information 

on this population being unavailable, this can not be confirmed. 

 

The discussion that follows deals with each of the variables found to be significant 

predictors of physical and mental well-being and self rated health and whether the 

proposed hypotheses have been supported. 

 

 

4.3 Significant Findings 

4.3.1 Hypothesis 1: Circadian Typology 

The first hypothesis, that evening type individuals will have better physical well-

being, higher self rated health, and better mental well-being than individuals who are 

morning oriented is not supported.  Instead, findings in the present research suggest 

that morning type individuals have better physical well-being and higher self rated 

health than evening type individuals.  In addition, circadian typology is not found to 

significantly predict mental well-being.  The finding that morning type individuals 

have better physical health and higher self rated health than evening type individuals 

is contrary to the findings of many previous researchers, who suggest that evening 

type individuals find it easier to tolerate shiftwork than morning type individuals 

(Akerstedt & Torsvall, 1981; Kerkhof, 1985a; Monk & Folkard, 1985; Monk, 1988).  

However, none of these previous studies have been undertaken in an ATS 

environment. 

 

As outlined previously, morningness is thought to be a powerful inter-individual 

difference in circadian rhythms, that appears to be related to biological, behavioural 

and attitudinal differences among people (Kerkhof, 1985a).  Morningness has been 

considered a potential tool for selecting and placing workers into shiftwork since 

evening individuals are believed to find shiftwork easier to tolerate.  This is thought to 
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be because evening individuals find zeitgeber influences less potent, they find it easier 

to sleep during the morning resulting in less sleep deprivation, and they are believed 

to have longer free running periods than morning individuals which is an advantage in 

forward rotating shift cycles. 

 

Several weaknesses have been identified in the previous research that has identified 

evening individuals as more tolerant to shiftwork.  Firstly, there has been a tendency 

to consider the effects of individual factors on shiftworker health and well-being as if 

they act independently of each other.  Secondly, few of the studies which have related 

circadian typology to physiological differences have sound methodology.  These 

studies investigated the relationship between morningness and the cycle of body 

temperature, yet few researchers took measurements over an entire 24 hour period 

(Vidacek, Kaliterna, Radosevic-Vidacek, & Folkard, 1988).  Most studies took 

measurements only within the normal waking period.  Taking this into account, only 

one study from a group of twelve (Breithaupt et al, 1980) is able state that there was a 

phase difference of 1.5 hours between morning and evening type individuals on a 

normal diurnal routine.  Finally, studies of morningness have seldom included 

performance measures and have instead relied on subjective ratings of alertness, times 

of sleep onset and offset, or body temperature differences to differentiate between 

morning and evening types. 

 

Bohle and Tilley (1993) noted a surprising finding in their study concerned with the 

mood of night working nurses.  They found evening typology strongly predicted high 

fatigue-inertia scores (a sub-scale of the Profile of Mood States).  In addition, Iskra-

Golec, Marek and Noworol (1995) investigated the interactive effects of a number of 

individual factors on nurses health and sleep.  Morningness was not found to be 

predictive of health, fatigue or sleep disturbances and it was also found that when 

morningness was added to the interactions of neuroticism with languidity and 

extroversion with flexibility of sleep, it did not significantly improve the predictions 

of the above mentioned dependent variables.  Akerstedt (1980) found morningness 

accounted for very little variance in psycho-somatic complaints, sleep complaints and 

sleep length and Vidacek et al (1988) found morningness to be predictive of oral 

temperature and subjective ratings of alertness but not of heart rate or reaction time.  
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The findings of these studies suggest that morningness may not necessarily be a good 

predictor of mood, health, sleep disturbances and possibly performance. 

 

It is important to note that only a very small proportion of the present sample can be 

considered true evening type individuals according to criteria set by Smith et al 

(1989).  Smith et al (1989) based their cut off scores on the 10th and 90th percentiles 

in their sample.  In the present study, less than 5% of Air Traffic staff are true evening 

individuals, while over 13% are true morning type individuals. It would be expected 

from the findings of previous research that in a group of long term shiftworkers there 

would be a greater proportion of evening individuals and few morning type 

individuals, since it is believed that morning individuals are more likely to transfer to 

day work (Akerstedt & Torsvall, 1981). 

 

One of the reasons evening type individuals are believed to be more tolerant to 

shiftwork than morning individuals is because their longer free running rhythms make 

it easier for them to adapt to phase advances, such as is required for forward rotating 

shift cycles.  In the present study, all the Air Traffic staff worked on backward 

rotating cycles.  Such backward rotating cycles are the norm in New Zealand and 

Australia and are liked by staff because of the compacted work week and the longer 

time off between shift cycles than in a forward rotating cycle.  It is possible, that just 

as longer free running periods are advantageous in forward rotating cycles they serve 

as a disadvantage in backward rotating cycles where the shorter free running periods 

of morning individuals may be more suited.  Indeed, if morning types do find this 

shift cycle easier to tolerate than evening types then it would be expected for there to 

be a greater proportion of them in the working population than evening types and as 

previously noted this is the case in the present research. 

One interesting finding with regard to circadian typology is the relationship between 

morningness and the level of perceived support from an individual’s spouse or 

partner.  Although difficult to explain, morning individuals rate their spouse or 

partner as being more supportive of them working shifts than evening type 

individuals.  It may be that individuals who prefer to rise early have time in the 

morning to help with household tasks and child care which could in turn lead to 

greater domestic harmony and hence greater support for working shifts.  To determine 
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if the level of spouse support influences the effect of circadian typology on physical 

well-being or self rated health further research would be necessary.  However, even if 

there is an interaction between the level of spouse support and morningness, it must 

be remembered that morningness is found to be a significant predictor of physical 

well-being and self rated health while controlling for other variables in the regression 

equation.  This is because standard regression analysis determines the standardised 

beta coefficients for each independent variable while statistically keeping all other 

independent variables constant, so although variables found to significantly predict 

the dependent variable may interact with other independent variables they are also 

proven to significantly contribute to the regression equation on their own. 

 

In summary, the present finding that morning type individuals have better physical 

well-being and higher self rated health than evening individuals is in contrast to the 

proposed hypothesis.   This may be for several reasons.  Firstly, there are weaknesses 

in the research on which this hypothesis is based.  Secondly, several studies have 

found morningness not to contribute to predictions of physical health and sleep 

disturbances, and for evening typology to predict fatigue scores.  Thirdly, being an 

evening type person is believed to be an advantage in forward rotating shift systems, 

yet Air Traffic staff work on backward rotating systems where being more morning 

oriented may be an advantage.  The relatively large number of morning individuals in 

this population also shows the advantage of this circadian type. 
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4.3.2 Hypothesis 2 and 3: Social and Domestic Variables 

The second hypothesis that, the less shiftwork is perceived to have an effect on, and 

cause difficulties with, social life and domestic life the better an individual’s physical 

well-being and better mental well-being, and the higher their self rated health, is 

partially supported.  A single domestic variable, the extent to which an individual 

perceives shiftwork to cause domestic problems, significantly predicts physical and 

mental well-being but it does not contribute to self rated health.  Walker (1985) 

suggests an individual’s body may be able to adjust to shiftwork but their ability to 

cope still depends greatly on domestic factors.  Previous studies have overwhelmingly 

found shiftwork to cause domestic difficulties (Mott et al, 1965; Khalaque & Rahman, 

1984; Shamir, 1983).  This is particularly so for rotating shiftworkers, such as those in 

the present sample.  Rotating shiftworkers experience both the disadvantages and 

advantages of all shifts but one of the most common and unique problems faced by 

rotating shiftworkers is that of working at weekends.  This means greater difficulty in 

spending time with a working spouse and school aged children.  Individuals working 

non-standard schedules have a similar problem and Staines and Pleck (1984) found 

that such individuals spent significantly less time with their children. 

 

The third hypothesis that, individuals with fewer domestic commitments and greater 

spousal support will have better physical well-being, higher self rated health, and 

better mental well-being than individuals with greater domestic commitments and less 

spousal support is also only partially supported.  Spousal support does not 

significantly contribute to predicting any of the dependent variables and only self 

rated health was significantly predicted by having children.  Air Traffic staff with 

children rated their health as poorer than individuals without children.  With an 

understanding of the role of domestic life in coping with shiftwork this finding is not 

unanticipated.  It is well known that shiftwork makes it considerably more difficult for 

an individual to fulfil family roles and to find child care.  However, there is another 

possible explanation for this finding and that is that having children contributes to 

lower ratings of health regardless of whether an individual works shifts or not.  The 

comparison of Air Traffic staff with a group of day workers would be necessary to 

clarify this point. 
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What is interesting is that although a domestic variable in each regression analysis 

significantly predicts the dependent variable, none of the social variables do.  It is 

widely realised that shiftworkers find it more difficult to socialise than day workers 

and in general report less involvement in community and sporting organisations and 

have fewer friends (Colligan & Rosa, 1990; Herbert, 1983; Walker, 1985).  Despite 

an individual’s social life being disrupted by shiftwork it is possible that it is an issue 

that is more easily dealt with and subsequently has less consequence on physical and 

mental well-being than disruption to domestic life.  Sufficient social support may be 

gained from shift working friends and family members.  A number of Air Traffic staff 

commented that they only socialised with fellow workers because of the difficulties of 

staying in contact with people on day shift.  The fact that shiftworkers realise this is 

an inherent problem of shiftwork may lead them to develop closer social relations 

with other shiftworkers and hence still gain the social support necessary.  

Consequently, the difficulties associated with social life are not excessive and 

therefore do not manifest themselves in health related problems. 

 

 

4.3.3 Hypothesis 4 and 5: Exposure to Shiftwork and Work Schedules 

The fourth and fifth hypothesis are both partially supported and are discussed 

together.  The number of months on the current shift cycle significantly contributes to 

the prediction of physical well-being.  The reason for the number of months on the 

current shift cycle being significant is unclear.  If this variable was purely a reflection 

of the length of exposure to shiftwork or the actual shift cycle worked then it would 

have been expected that the number of years in Air Services, the number of years 

spent in the present work position and the current shift cycle variable would also be 

significant.  It may therefore be that the combination of these factors is important and 

it is neither the length of exposure to shift work or the actual shift cycle worked but 

the interaction of these factors that is the key.  Other factors contributing to the effects 

of the number of months on the current shift cycle can be suggested by investigating 

bivariate analyses.  Longer periods of time on the current shift cycle is related to less 

support for working shifts from an individual’s spouse or partner and with greater 

satisfaction with the job as a whole. 
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The fourth hypothesis is also partially supported by the finding that an absence from 

Air Services significantly predicts self rated health.  This absence from Air Services 

was for other than normal sick leave, annual leave or training courses.  Only a 

relatively small proportion of the sample had been absent from Air Services and 

reasons ranged widely including maternity leave, family issues due to shiftwork, long 

service leave, running a business, needing a change and travel. 

 

This is an interesting finding and possibly suggests that having a break from shiftwork 

results in better health.  It is also possible that individuals who take such a break do so 

because they realise the benefits, or that after having such a break people feel better 

and attempt to maintain their improved health.  This finding has practical implications 

in that individuals who have leave which is owing should be encouraged to take it. 

 

The significance of preferred shift rather than actual shift worked in contributing to 

self rated health is, to say the least unusual, and difficult to explain.  It was found that 

individuals who would prefer to work on a 4 on / 2 off shift cycle have poorer self 

rated health than individuals who would prefer to work on a 5 on / 2 off, 5 on / 3 off 

shift cycle or on some other shift cycle.  Presently, the majority of individuals work 

on a 4 on / 2 off shift cycle and interestingly twice as many individuals would prefer 

to work on a 5 on / 2 off, 5 on / 3 off shift cycle than the number who currently do. 

 

It is possible that individuals who currently rate their health more highly, and hence 

have greater tolerance to shiftwork, are more aware of the factors that influence their 

ability to cope with shiftwork.  One of the factors that is important in coping with 

shiftwork is time off in order to be with family and socialise.  The 4 on / 2 off shift 

cycle is a seven week cycle (repeating every seven weeks) and results in a normal 

weekend off once every seven weeks.  The 5 on / 2 off, 5 on / 3 off shift cycle is a 17 

week cycle, with three normal weekends off every 17 weeks.  This equates to one 

weekend off every 5.5 weeks.  Importantly though, it allows three weekends off in a 

row every 17 weeks and these weekends off may be an important attraction of this 

shift cycle.  In addition, the 5 on / 2 off, 5 on / 3 off shift cycle may be perceived by 

individuals as a more predictable and stable cycle since it reflects a more normal work 
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week than the 4 on / 2 off cycle.  In explaining this finding it is of course also likely 

that there is another reason, unrelated to shiftwork, that has not been considered here. 

 

This finding is interesting in that it implies some shiftworkers are very aware of 

factors that influence their ability to tolerate shiftwork, while other workers are not.  

Because of its relationship to an individuals perception of their health, it is well worth 

investigating further in order to try and gain an understanding of why it has such an 

influence on self rated health. 

 

 

4.3.4 Hypothesis 6: Satisfaction with Shift Cycle 

The sixth hypothesis that, individuals who experience fewer difficulties with their 

performance due to shiftwork, have fewer problems with the organisation, and report 

greater satisfaction with their work will have better physical well-being, higher self 

rated health, and better mental well-being than individuals who find shiftwork causes 

performance problems, believes the organisation has difficulties, and reports less 

satisfaction with their work, is partially supported.  Only an individual’s satisfaction 

with their shift cycle is found to relate to physical well-being.  Greater satisfaction 

with the shift cycle worked predicts better physical well-being.  Neither self rated 

health or mental well-being are predicted by satisfaction with work or the shift cycle. 

 

Satisfaction with a shift cycle may reflect an individuals ability to cope with the effect 

of their shift cycle on their sleep patterns and circadian rhythms.  Therefore, if an 

individual finds their sleep and body rhythms are disrupted due to their work patterns 

they may also experience poorer physical health.  It should be noted that items in the 

physical well-being scale deal with sleep complaints and gastrointestinal problems, 

two areas which would be expected to be adversely affected if an individual was not 

tolerating the shift cycle they were working on. 

 

Bivariate analyses may also help to explain the significance of satisfaction with shift 

cycle in predicting physical well-being.  Greater satisfaction with the shift cycle 

worked relates to fewer reported sleep, performance and organisational problems.  

There is also a positive correlation between satisfaction with shift cycle and 
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satisfaction with the hours worked.  Such relationships may indicate that satisfaction 

with shift cycle also reflects a general ability to tolerate the effects of the shift cycle 

worked on other aspects of an individuals life.  But like the other relationships found 

in the present study further investigation is required in order to determine causality. 

 

The primary duties of an individual were found to significantly predict both physical 

well-being and self rated health and this finding partially supports the sixth 

hypothesis.  In the regression equation for physical well-being it is found that Flight 

Service and Flight Data workers are in the best physical health, followed by Air 

Traffic Controllers.  Those individuals who have additional responsibilities, such as 

supervisors, instructors, team leaders and stream specialists, have the poorest health.  

In the regression for self rated health, Air Traffic Controllers are found to have 

significantly higher ratings of health than both Flight Service/Flight Data and 

individuals with additional responsibilities.  No significant difference is found 

between Flight Service/Flight Data and individuals with additional responsibilities. 

 

There are a number of possible explanations for individuals who have additional 

responsibilities having poorer health.  Firstly, being in a position of responsibility 

may mean that an individual feels obliged to work longer hours, fill shifts for absent 

workers, and experience greater difficulty in swapping shifts since the positions of 

responsibility are shared between a relatively small group of individuals (21% of the 

present sample).  In addition, Air Traffic staff who have additional responsibilities are 

likely to have worked their way through the Air Traffic system and would therefore 

be older and have been exposed to shiftwork for a longer period of time. 

 

An alternative explanation is that such positions are more stressful than other jobs in 

Air Services and the effect of having greater responsibility is not directly related to 

working shifts but instead lower levels of well-being are caused by other workplace 

stressors.  For example, the findings of the present study suggest that a large majority 

of staff perceive that there are organisational problems in the work place (eg: the way 

work is organised, staffing is arranged or management decision are implemented) and 

although individuals with additional responsibilities may not make management 



Discussion 

 
110 

decisions they may be perceived as management by other staff and are therefore 

exposed to complaints and comments regarding management practices. 

 

 

4.3.5 Hypothesis 7: Sleep Problems 

The seventh hypothesis that, individuals who experience few sleep related difficulties 

will have better physical well-being, higher self rated health, and better mental well-

being than individuals who experience problems with sleep is partially supported.  

The extent to which shiftwork caused sleep problems is a significant predictor of 

physical well-being.  This is a slightly surprising finding because it was expected that 

sleep problems would be important in predicting all dependent variables.  One of the 

most recognised problems encountered by shiftworkers is the disturbance of the sleep-

wake cycle and as such, Knauth (1983) found that complaints of disturbed sleep were 

the most frequent made by shiftworkers. 

 

One possible explanation is that for Air Traffic staff, other factors are more important 

in determining tolerance to shiftwork and sleep problems are less of an issue for them.  

Another, more likely, explanation is that the measures of sleep problems used in the 

present study did not adequately capture the extent of the problem.  As has been 

discussed in some detail, many of the sleep variables were found to be unreliable and 

subsequently could not be used in the remainder of the study.  This means that 

important data could have been missed.  In addition, sleep items dealt with sleep 

length and continuity but not sleep quality.  Future studies need to include more 

reliable measure of sleep length and possibly measures concerned with the quality of 

sleep. 

 

 

4.3.6 Hypothesis 8: The Use of Engagement and Disengagement Strategies 

The most consistent finding in the present study is that the use of engagement and 

disengagement strategies in coping with shiftwork is important in predicting physical 

and mental well-being and self rated health.  This supports the eighth hypothesis.  

Previous research has shown this relationship, but only for mental well-being (Spelten 

et al, 1993). 
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The use of engagement strategies in coping with shiftwork involves actively 

managing or changing factors that cause an individual stress.  The more frequent use 

of these types of strategies is found, in the present study, to be related to better 

physical and mental well-being and higher self rated health.  As previously 

mentioned, individuals were asked the frequency with which they used these 

strategies in dealing with sleep, social, domestic and work problems caused by 

working shifts. 

 

Monk (1994) argues that the ability to tolerate shiftwork depends on the interaction of 

three areas; circadian rhythms, sleep, and social and family life.  Tolerance to 

shiftwork is dependant on problems or difficulties in all these areas being addressed.  

The findings of the present study also suggest that these three areas are consequential 

in determining the health and well-being of shiftworkers but in addition the use of 

engagement strategies in dealing with work place problems is identified as important. 

 

The use of engagement strategies possibly shows a greater commitment to shiftwork 

through the willingness to make lifestyle changes and the more disciplined 

management of time.  Previous literature has suggested that because several aspects of 

an individual’s life are important in coping with shiftwork, it is necessary for the 

shiftworker to continually attempt to balance all these facets, so the result is no great 

impairment of any one area (Monk, 1994, Kogi, 1985).  What is important about 

engagement strategies is that their use reflects efforts to actively deal with difficulties 

encountered through working shifts and this possibly identifies individuals who are 

prepared to continually attempt to balance each area that is affected by shiftwork. 

 

The effect of using engagement strategies on the physical well-being of shiftworkers 

may be explained by the findings of Folkard et al (1978) who reported that nurses 

with a greater lifestyle commitment to night work had circadian rhythms that were 

more adjusted to their work/sleep schedules than nurses who had less of a 

commitment to night work.  Therefore it may be, that Air Services staff who are 

active and willing in their efforts to adjust their lives to their work patterns may suffer 

less physiological disruption and hence experience fewer health problems. 
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The use of disengagement strategies in coping with shiftwork is related to poor 

physical and mental well-being and lower self rated health.  Disengagement strategies 

are at the opposite end of the continuum from engagement strategies, in that they 

reflect a desire to avoid or ignore dealing with difficulties created by shiftwork. 

Therefore, their relationship to poorer health and well-being may be because an 

individual eventually experiences greater stress through ignoring problems caused by 

shiftwork.  In addition, an individual’s disregard for the physiological effects of 

shiftwork may result in a greater incidence of health problems. 

 

Spelten et al (1993) suggest that individuals disengage as a result of their inability to 

cope with shiftwork.  They believe that this is supported by the finding that 

individuals who used both engagement and disengagement strategies showed better 

psychological health than individuals who only used disengagement strategies.  The 

present study did not investigate the interaction of these two forms of coping so 

results can not confirm or refute these previous findings.  Despite the use of 

disengagement strategies being related to poorer health and well-being, causality can 

not be determined.  Therefore, it must also be considered that poor physical and 

mental well-being results in individuals using disengagement strategies. 

 

Spelten et al (1993) also noted that the use of disengagement strategies is 

dichotomous, in that these strategies were either used frequently or not at all. In the 

present study, the initially skewed distribution of scores on the disengagement sub-

scale suggests that they are generally not used by many individuals, although a few 

individuals use them frequently reflecting a similar dichotomous split.  This finding 

may indicate that individuals only switch to using this type of strategy when their 

problems become severe. 

 

On the whole the finding that the use of engagement and disengagement strategies are 

related to physical and mental well-being and self rated health confirms that coping is 

an important part of tolerating the effects of shiftwork.  The definitive nature of these 

relationships is unclear and further investigation in a longitudinal study would be of 

benefit.  This would allow any change in the use of these strategies to be detected and 
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compared with changes in tolerance to shiftwork.  The interaction of the two styles of 

coping also requires further study since it is possible the effects of disengaging may 

be moderated by the use of engagement strategies. 

 

 

4.4 Limitations of the Present Study and Suggestions for Future Research 

4.4.1 Ratio of Cases to Independent Variables 

Because of the large number of independent variables (42) used in the present study, 

the ratio of cases to independent variables is slightly below that recommended by 

Tabachnick and Fidell (1989) for multiple regression analyses.  The result of this 

lower than preferred ratio is a large degrees of freedom in relation to the number of 

cases considered and hence reduced statistical power of the regression analyses.  

There is also a slight increase in the possibility of making a type II error.  The strategy 

of further combining independent variables was not considered a feasible option.  

Variables that could be combined had been and additional composite independent 

variables would be meaningless.  Previous research on coping with shiftwork has 

tended to consider only one or two of the variables thought to be important in 

predicting shiftworker well-being.  It is therefore important that future research 

considers a broad range of variables in order to better understand tolerance to 

shiftwork, such as the present study has attempted to do.  However, in order to 

overcome the limitation of the ratio of cases to independent variables, future studies 

must have a large number of cases. 

 

 

4.4.2 Limitations of Regression Analysis 

A regression analysis allows the assessment of the relationship between a set of 

independent variables and one dependent variable.  The degree of association between 

the independent variables and the dependent variable can be determined but the 

identification of a relationship does not imply cause and effect.  The findings of the 

present study suggest that there are a number of relationships that require further 

investigation.  Because of the progressive nature of health outcomes a longitudinal 

study is warranted in order to investigate causal relationships. 
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4.4.3 Self Reported Data 

Caution must be noted in interpreting some results, given that all data presented are 

self reported and hence there is the potential bias in responding that may be associated 

with this methodology.  For example, it could be argued that the associations between 

domestic problems, sleep problems, satisfaction with the shift cycle and the dependent 

variables may in fact indicate an artefact ie: a tendency to complain. 

 

 

4.5 Practical Implications 

In conclusion, the findings of the present research indicate that an individuals ability 

to tolerate shiftwork is dependent on a range of factors including circadian typology, 

work place factors, social and domestic factors, sleep factors, and coping factors.  

Further longitudinal research is required for causality to be determined but the current 

findings do have some practical implications.  The first of these is that shiftworkers 

must be educated about the effects of shiftwork on their health and well-being.  

Without being informed there is no way they can be expected to begin the develop 

effective coping strategies.  The second implication is that an organisation must 

support the coping strategies of their shiftworkers.  Shiftworkers need to be supported 

in sleep, safety, free time, health, social life and their careers.  By doing this, it is 

more likely that an individual can continually balance their life so that they can 

continue for some time on a rapidly rotating shift system. 
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Appendix A 

 

 

RELIABILITY STUDY 

 

Aim 

A small survey was carried out to determine the reliability of the questionnaire to be 

used in the main study.  This also permitted the acceptability of the questions to be 

tested and for any anomalies in questions to be detected. 

 

Method 

Participants: 

Data from Air Traffic Controllers employed by Airways Corporation of New Zealand 

at Ohakea Air Force Base, New Zealand was included in this portion of the study.  Air 

traffic services at this centre include tower control for military aerodrome traffic, and 

area and terminal radar services for the surrounding airspace (approximately one third 

of the North Island).  Radar services control a combination of military traffic, 

commercial civilian aircraft and training traffic. 

 

Initially 33 Air Traffic Controllers were approached at this centre and asked to 

participate in the study.  Sixteen responses were eligible to be used, giving a response 

rate of 48%. 

 

Measures: 

A description of the measures used in the reliability study can be found on page 64.  

Because of differences in the terms used to describe job responsibilities by New 

Zealand and Australian Air Traffic Service organisations, questions regarding the type 

of job, and primary duties were worded slightly differently.  The New Zealand centre 

also ran one additional shift schedule that was not used in Australia and this was 

included in the questionnaire for the reliability study. 

Procedure: 
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Air Traffic Controllers received the questionnaire through their internal mailing 

system.  The manager of ATS at Ohakea Centre held a list of all Air Traffic 

Controllers’ names along with the corresponding identification numbers from the 

questionnaires; this allowed the second questionnaire to be distributed to the correct 

individual.  The Centre manger was not involved in collecting the questionnaires.  

Return was via a postal box located in the Air Traffic Controllers’ workplace.  The 

second issue of the questionnaire followed exactly the same format as the first with a 

time interval of 4 weeks between the first and second administrations. 

 

Information to participants outlined the method of distribution and collection since 

there was concern over anonymity being maintained.  This concern was heightened 

because of current industrial relations which were strained due to ongoing contract 

negotiations.  Many Air Traffic Controllers were reluctant to participate because they 

felt ‘management’ might use the results to their disadvantage. 

 

The information sheet handed out to Air Traffic Controllers with the questionnaire 

can be found in Appendix C.  Twenty two of the first questionnaires were returned but 

only 10 of the second questionnaire were initially returned.  In order to encourage 

further returns a reminder letter was sent to all Air Traffic Controllers (see Appendix 

C) this resulted in a further six responses. 

 

 

Results 

An overview of demographic data for participants involved in the reliability study can 

be found in Table A1.  Work related data is summarised in Table A2.  The means and 

standard deviations for all continuous variables are shown in Table A3.  Good 

variability was found on most variables. 
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Table A1: Demographic Variables for the Reliability Study 
 
Variable Frequency Percentage 
 
Gender 

 
16 

 

Male 14 87.5 
Female 2 12.5 
 
Ethnicity 

 
16 

 

European 11 68.8 
New Zealander 3 18.8 
Other 2 12.5 
 
Education 

 
16 

 

No formal school qualification 1 6.3 
Formal school qualification 9 56.3 
Trade certificate, professional certificate or 
diploma 

4 25 

University degree, diploma or certificate 2 12.5 
 
Marital status 

 
16 

 

Never married 3 18.8 
Married 12 75 
Living with partner 1 6.3 
 
Have children 

 
16 

 

Yes 9 56.3 
No 7 43.8 
 
Have other dependents 

 
16 

 

Yes 1 6.3 
No 15 93.8 
 
Number of hours worked by spouse 

 
13 

 

less than 10 5 31.3 
11-15 1 6.3 
16-25 1 6.3 
26-35 2 12.5 
36-45 1 6.3 
over 45 3 18.8 
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Table A2: Work Related Variables in the Reliability Study 
 
Variable Frequency Percentage 
 
Type of work 

 
16 

 

Area radar 1 6.3 
Terminal radar 9 56.3 
Tower 6 37.5 
 
Primary duties 

 
16 

 

Operational Controller 11 68.8 
Other 5 31.3 
 
Current shift cycle 

 
15 

 

4 on / 2 off 6 37.5 
5 on / 2 off, 5 on / 3 off 4 25.0 
other cycle 5 31.3 
 
Current shift schedule 

 
16 

 

AADM 2 12.5 
EADM 3 18.8 
no fixed schedule 7 43.8 
other schedule 4 25.0 
 
Preferred shift cycle 

 
16 

 

4 on / 2 off 14 87.5 
5 on / 2 off, 5 on / 3 off 1 6.3 
other shift cycle 1 6.3 
 
Preferred shift schedule 

 
15 

 

Permanent fixed shifts 6 37.5 
Rotating shifts 9 56.3 
 
Worked in another country 

 
16 

 

Yes  8 50 
No 8 50 
   
 
Absent from Airways 

 
16 

 

Yes 3 18.8 
No 13 81.3 
 
Fallen asleep on the way to or from work 

 
16 

 

Yes 2 12.5 
No 14 87.5 
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Table A2 continued... 
 
Variable Frequency Percentage 
Sleep continuity on morning shift 14  
Split 3 18.8 
Continuous 11 68.8 
   
Sleep continuity on day shift 15  
Split 1 6.3 
Continuous 14 87.5 
   
Sleep continuity on afternoon shift 15  
Split 0 0 
Continuous 15 93.8 
   
Sleep continuity on evening shift 14  
Split 1 6.3 
Continuous 13 81.3 
   
Sleep continuity on night shift 6  
Split 2 12.5 
Continuous 4 25.0 
   
Sleep continuity on days off 15  
Split 1 6.3 
Continuous 14 87.5 
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Table A3: Means and Standard Deviations for Continuous Variables in the 
Reliability Study 
 
Variable N Mean SD Range 
Age 16 40.62 7.60 28-57 
     
Circadian variable     
Morningness 14 38.36 6.07 28-47 
     
Sleep variables     
Sleep problems 16 3.06 1.00 2-5 
Sleep length on morning shift 15 6.87 1.06 5-9 
Sleep length on day shift 16 7.69 .87 6-9 
Sleep length afternoon shift 16 8.00 .97 6-9 
Sleep length on evening shift 15 7.47 1.25 6-9 
Sleep length on night shift 6 6.67 1.21 5-8 
Sleep length on days off 16 8.06 1.00 6-10 
     
Social and domestic variables     
Spouse support 13 2.54 1.61 1-6 
The affect of shiftwork on social 
life 

16 20.88 4.59 13-33 

Social problems 16 3.00 .97 2-5 
Domestic problems 16 2.75 1.24 1-5 
Shift cycle and family 14 3.79 1.53 1-6 
Shift schedule and family 14 3.86 1.46 2-6 
Overtime and family 14 3.93 1.54 1-6 
     
Work place variables     
Number of years in Airways 16 16.63 8.34 1-32 
Number of years in current work 
area 

16 10.5 7.64 1-28 

Number of months on current 
cycle 

16 13.75 11.49 0-36 

Number of short changes 15 1.93 1.1 1-4 
Maximum number of days 16 6.19 .75 5-7 
Maximum number of nights 15 0 0 0 
Frequency of changing shifts 16 2.13 .89 1-3 
Overtime in normal conditions 16 7.25 5.63 0-20 
Overtime in peak conditions 16 10.69 7.15 0-20 
Sufficient breaks 6 16.5 2.51 14-21 
Average travel time 5 93.2 32.45 63-147 
Performance problems 16 2.25 .78 1-4 
Organisational problems 16 3.13 1.25 1-5 
Satisfaction with work tasks 16 1.63 .72 1-3 
Satisfaction with job 16 2.63 1.36 1-6 
Satisfaction with shift 16 2.50 .89 2-5 
Satisfaction with hours 16 2.45 .89 2-5 
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Table A3 continued... 
 
Variable N Mean SD Range 
Coping variables     
Coping with organisational 
problems 

16 2.63 1.15 1-5 

Coping with increasing age 16 3.25 .93 2-5 
Engagement 16 43.50 7.77 30-56 
Disengagement 16 29.63 9.01 16-52 
     
Dependent variables     
General Health Questionnaire 16 12.19 4.55 6-19 
Self Rated Health 16 5.06 .77 4-6 
Physical Well-being 7 56.29 12.85 43-78 
 

Test-retest reliability was determined by computing Pearson correlation coefficients 

for each variable.  These are reported in Table A4.  Anastasi (1988) suggests that 

ideally reliability coefficients should be above .80.  In this reliability study there was 

a very low number of participants, therefore depending on the construct being 

measured, acceptable reliability varies slightly. Variables with poor or unproven 

reliability were excluded from further use. 

 

Morningness was found to have good reliability (r = .86).  Several sleep variables had 

reliability coefficients of 1.0, these included falling asleep on the way to or from 

work, sleep continuity on day shift, and sleep continuity on night shift.  Sleep length 

on day shift and sleep length on afternoon shift had moderate reliability with r = .74 

and r = .78 respectively.  Pearson’s r for sleep problems was relatively low, but 

acceptable at .65. 

 

The remaining sleep variables showed poor reliability with sleep length on morning 

shift, sleep length on days off, sleep continuity on morning shift, sleep continuity on 

evening shift and sleep continuity on days off all having reliability coefficients of less 

than .60.  Pearson’s r for sleep length on night shift was .65, but was not found to be 

significant.  A correlation coefficient could not be calculated for sleep continuity on 

afternoon shifts because there were an insufficient number of cases.  All these 

variables were excluded from the remainder of the study due to unproven or poor 

reliability.  This indicates that subjective estimates of sleep length and continuity are 

probably not a good means of measuring this variable. 



Discussion 

 
135 

 

The exsistence of social problems also had a reasonably low reliability coefficient, r = 

.66, but this was considered sufficient to retain the variable.  All other social and 

domestic variables had moderate to high reliability coefficients, ranging between .74 

and .96. 

 

Preferred shift cycle and preferred shift schedule had moderate reliability with r = .77 

and r = .73 respectively.  The frequency of short change shifts had acceptable 

reliability of .87, as did the maximum number of days worked in the last six months  

(r = .84).  There were insufficient cases to compute the maximum number of night 

shifts worked in the last six months.  This variable was therefore not used in the 

remainder of the study due to its unproven reliability.  Pearson’s r for the frequency 

with which shifts were changed was .74.  The reliability coefficient for the sufficiency 

of breaks was also .74 but was not significant.  This variable was therefore not used in 

the remainder of the study. 

 

Both reliability coefficients for overtime under normal conditions and overtime under 

peak conditions were very low.  Pearson’s r was .14 and .24 respectively, hence these 

variables were not considered in the remainder of the study.  From this result it is 

suggested that subjective estimates of overtime are too variable and that in the future 

more objective data should be gathered from work records.  In addition to this a 

number of participants made comments regarding overtime.  The majority of these 

comments stated that there was no difference between overtime under normal and 

peak conditions, since understaffing was considered normal. 

 

The average time to get to work had a high reliability of r = .99.  The extent to which 

shiftwork caused performance problems had a reasonably low, but still acceptable, 

reliability of .63, while for organisational problems reliability was acceptable at .75. 

 

Satisfaction with the kind of work, the job as a whole and shift cycle all had moderate 

to high reliability coefficients, ranging between .70 and .81.  The reliability 

coefficient for satisfaction with work hours was low at .58, but significant.  It was 
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therefore decided to include this variable in the remainder of the study, since this 

rating could vary depending on the shift an individual was currently working. 

 

Coping with organisational problems had a high reliability (r = .83), and the difficulty 

of coping with shiftwork with increasing age had acceptable reliability at .73.  

Pearson’s r for both engagement and disengagement were acceptable, with r = .79 and 

r = .89 respectively. 

 

Scores on the General Health Questionnaire had low reliability with r = .50.  This was 

to be expected since the scale refers to the previous few weeks.  Self rated health also 

had low reliability, r = .44, while Pearson’s r for well being was high at .81. 
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Table A4: Pearson’s Correlation Coefficients for all Variables in the Reliability 
Study. 
 
Variable Pearson’s r 
Circadian variable  
Morningness .86*** 
  
Sleep variables  
Sleep problems .65*** 
Fallen asleep on the way to or from work 1.0*** 
Sleep length on morning shift .51 
Sleep length on day shift .74*** 
Sleep length afternoon shift .78*** 
Sleep length on evening shift .65* 
Sleep length on night shift .65 
Sleep length on days off .53* 
Sleep continuity on morning shift -.16 
Sleep continuity on day shift 1.0*** 
Sleep continuity on afternoon shift insufficient cases to compute 
Sleep continuity on evening shift .52 
Sleep continuity on night shift 1.0*** 
Sleep continuity on days off .43 
  
Social and domestic variables  
Spouse support .74*** 
Number of hours worked by spouse .96*** 
The effect of shiftwork on social life .81*** 
Social problems .66*** 
Domestic problems .83*** 
The effect of shiftwork on family life .92*** 
  
Work variables  
Preferred shift cycle .77*** 
Preferred shift schedule .73*** 
Number of short changes .87*** 
Maximum number of days .84*** 
Maximum number of nights insufficient cases to compute 
Frequency of changing shifts .74*** 
Overtime in normal conditions -.14 
Overtime in peak conditions .24 
Adequacy of breaks .74 
Average time to get to work .99* 
Performance problems .63*** 
Organisational problems .75*** 

* p < 0.05,  ** p < 0.01,  *** P < 0.001 
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Table A4 continued... 
 
Variable Pearson’s r 
Satisfaction with work tasks .70*** 
Satisfaction with job .73*** 
Satisfaction with shift .81*** 
Satisfaction with hours .58* 
  
Coping variables  
Coping with organisational problems .83*** 
Coping with increasing age .73*** 
Engagement .79*** 
Disengagement .89*** 
  
Dependent variables  
General Health Questionnaire .50* 
Self Rated Health .44 
Physical Well-being .81* 

* p < 0.05,  ** p < 0.01,  *** P < 0.001 



 

Appendix B 

 

 

ADDITIONAL TABLES AND FIGURES 
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Table B1: Frequencies of the Average Time to get to and from Work on all 
Shifts. 
 
Time to get to and from 
work (minutes) 

Frequency Percentage 

less than 10 4 2.2 
11-15 11 6 
16-20 19 10.4 
21-25 18 9.8 
26-30 26 14.2 
31-35 27 14.8 
36-40 21 11.5 
41-45 12 6.6 
46-50 6 3.3 
51-55 2 1.1 
56-60 0 0 
over 60 8 4.4 
 
 
Table B2: Frequencies and Percentages of Scores on the General Health 
Questionnaire 
 
GHQ Score 
 

Frequency Percentage 

less than 2 1 .5 
3-4 3 1.6 
5-6 12 6.6 
7-8 35 18.2 
9-10 24 13.1 
11-12 28 15.3 
13-14 31 17 
15-16 6 3.2 
17-18 17 9.3 
19-20 9 4.9 
21-22 8 4.4 
23-24 1 .5 
25-26 2 1 
27-28 2 1 
29-30 0 0 
31-32 1 .5 
 



 

0

20

40

60

80

100

24 48 72 96 120 144 168 192 216 240 264 288 213 336 360 384

Number of months

N
um

be
r o

f I
nd

iv
id

ua
ls

 

Figure B1: Number of Months on Current Shift Cycle 
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Figure B2: Frequency of Working Short Change Shifts 
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Figure B3: Frequency of Changing Shifts to Accommodate Other Activities 
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Figure B4: Maximum Number of Days Worked Consecutively in the Last Six 
Months 
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Figure B5: Frequency of Scores for the Effect of Shiftwork on Family Life 
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Figure B6: Scores for the Effect of Shiftwork on Off-work Activities and 
Personal Relationships 
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Figure B7: Number of Hours Worked per Week by Spouse 
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Figure B8: Sleep Patterns on Day Shift and Night Shift 
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Figure B9: Ratings on Sleep Variables 
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Figure B10: Ratings on Fatigue Variables 
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Figure B11: Ratings for Health Symptoms 
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Figure B12: Ratings on General Well-being Variables 



 

 

Figure B13: Ratings of Gastrointestinal Complaints and Dietary Habits 
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Appendix C 

 

 

INFORMATION TO PARTICIPANTS IN THE RELIABILITY 

STUDY 
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THE IMPLICATIONS OF SHIFTWORK FOR AIR TRAFFIC 
CONTROLLERS 

 
Information Sheet 

 
The purpose of this research is to determine the extent to which shiftwork influences 
an individual’s physical and mental well being.  Information from the study may 
provide Air Traffic Controllers with ideas and ways of better coping with changing 
shift cycles. 
 
You are being invited to participate in this study and complete a questionnaire.  The 
questionnaire includes questions about yourself, your work and how you feel about 
different aspects of shiftwork.  It should take about thirty minutes to complete. 
 
This study is being carried out by Leigh Signal, as part of the requirements for a 
Masters degree. She is being supervised by Dr Anne Isaac and Professor Nigel Long. 
If you have any questions regarding the study, they can be contacted at the following 
addresses. 
 
Leigh Signal School of Aviation 
  Massey University 
  Private Bag 11222 
  Palmerston North 
  ph: (06) 350 3221 
  fax: (06) 350 3200 
 
Dr Anne Isaac School of Aviation 
  Massey University 
  Private Bag 11222 
  Palmerston North 
  ph: (06) 350 3227 
  fax: (06) 350 3200 
 
Professor Nigel Long Psychology Department 
  Massey University 
  Private Bag 11222 
  Palmerston North 
  ph: (06) 350 5229 
 
The inital phase of this study involves the construction of a questionnaire on a variety 
of shiftwork related factors in Air Traffic Controlling.  In order to determine if the 
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questionnaire will be useful in answering these questions we are asking Air Traffic 
Controllers at Ohakea Centre to complete the questionnaire at TWO DIFFERENT 
points in time.  You will be asked to complete the questionnaire now and then again in 
4 weeks. 
 
To ensure confidentiality your questionnaire will be given a code number, therefore no 
names are required and you can be assured of anonymity.  Dave Rollo will have a list 
of code numbers with the corresponding names.  He will not have access to completed 
questionnaires, as they will be returned direct to the researchers. 
 
Once the study is completed you will have access to a copy of a report outlining the 
findings of the study. 
 
If you choose to take part, you have the right to: 
 
 - Refuse to answer any particular question, and to withdraw from the  
 study at any time 
 
 - Ask further questions about the questionnaire that occur to you during your  
 participation 
 
 - Provide information on the understanding that it is completely confidential to  
 the researchers.  All information will be 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. 
 
Please note that filling out the questionnaire implies consent to participate in the study. 
 
Once you have completed the questionnaire please put in the envelope provided and 
place it in the box provided in the crew room. 
 
If you require any more information please do not hesitate to contact Leigh, Anne or 
Nigel at the above mentioned addresses. 
 
PLEASE ENSURE THIS COMPLETED QUESTIONNAIRE IS PLACED IN 
THE BOX IN THE CREW ROOM BY 14 JULY TO BE INCLUDED IN THE 
STUDY. 
 
Your participation in this study is greatly appreciated. 
 
Leigh Signal 
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SHIFTWORK STUDY 
 
 
As part of the study being conducted on the implications of shiftwork for Air Traffic 
Controllers a second shiftwork questionnaire was handed out recently.   The use of 
two questionnaires was to determine if the questions were useful in asking about 
shiftwork for Air Traffic Controllers.   Since there are only a small number of 
controllers at Ohakea centre the maximum number of responses is important in 
achieving useful results. 
 
If you have forgotten to return your completed questionnaire then it is not to late to do 
so.   If you have misplaced the questionnaire or had not filled it out and are still 
willing to fill in a second questionnaire it would be greatly appreciated.   An 
additional copy of the questionnaire is attached. 
 
Please place the completed questionnaire in the box provided in the radar room by 
31st August. 
 
If you have any queries regarding the questionnaire please do not hesitate to contact 
Leigh Signal or Anne Isaac at the below address. 
 
School of Aviation 
Massey University 
Private Bag 11222 
Palmerston North 
ph: 350 3221 
fax: 350 3200 
e-mail: T.L.Signal@massey.ac.nz 
 
Your participation in this study is greatly appreciated 
 
 
 
Leigh Signal 
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THE IMPLICATIONS OF SHIFTWORK FOR AIR TRAFFIC 

CONTROLLERS 
 

Information Sheet 
 

 
The purpose of this research is to determine the extent to which shiftwork influences 
an individual’s physical and mental well being.   Information from the study may 
provide Air Traffic Controllers with ideas and ways of better coping with changing 
shift cycles. 
 
You are being invited to participate in this study and complete a questionnaire.   The 
questionnaire includes questions about yourself, your work and how you feel about 
different aspects of shiftwork.   It should take about thirty minutes to complete. 
 
This study is being carried out by Leigh Signal, as part of the requirements for a 
Masters degree.   She is being supervised by Dr Anne Isaac and Professor Nigel Long.   
If you have any questions regarding the study, they can be contacted at the following 
addresses. 
 
Leigh Signal School of Aviation 
  Massey University 
  Private Bag 11222 
  Palmerston North 
  ph: (06) 350 3221 
  fax: (06) 350 3200 
 
Dr Anne Isaac School of Aviation 
  Massey University 
  Private Bag 11222 
  Palmerston North 
  ph: (06) 350 3227 
  fax: (06) 350 3200 
 
Professor Nigel Long Psychology Department 
  Massey University 
  Private Bag 11222 
  Palmerston North 
  ph: (06) 350 5229 
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To ensure confidentiality your questionnaire will be given a code number, therefore no 
names are required and you can be assured of anonymity. 
 
Once the study is completed you will have access to a copy of a report outlining the 
findings of the study. 
 
If you choose to take part, you have the right to: 
 
 - Refuse to answer any particular question, and to withdraw from the study at  
 any time 
 
 - Ask further questions about the questionnaire that occur to you during your  
 participation 
 
 - Provide information on the understanding that it is completely confidential to  
 the researchers.   All information will be 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. 
 
Please note that filling out the questionnaire implies consent to participate in the study. 
 
Once you have completed the questionnaire please put in the envelope provided and 
place it in the box provided in the crew room. 
 
If you require any more information please do not hesitate to contact Leigh, Anne or 
Nigel at the above mentioned addresses. 
 
PLEASE ENSURE THIS COMPLETED QUESTIONNAIRE IS PLACED IN 
THE BOX IN THE CREW ROOM BY SUNDAY 22nd SEPTEMBER TO BE 
INCLUDED IN THE STUDY. 
 
 
YOUR PARTICIPATION IN THIS STUDY IS GREATLY APPRECIATED. 
 
 
 
 
Leigh Signal 
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SHIFTWORK QUESTIONNAIRE 
 

Your participation in this research is important in helping us determine the 
implications of shiftwork for Air Traffic Controllers.   The information collected through 
this questionnaire will allow us to understand the relationship between the hours you 
work, and your social, domestic, psychological and physical well-being. 
 
We know that people react differently to shiftwork.   Some experience no difficulties 
at all.   Others, however, do have problems, but develop strategies for coping with 
them.   It would be helpful for us to know what you are experiencing and what you do 
to cope with any difficulties.   Your participation in this study is extremely important in 
providing us with a realistic understanding of the issues. 
 
Please note that filling out this questionnaire implies consent to participate in the 
study.   You also have the right to refuse to answer any question. 
 
The short time you spend filling out this questionnaire is greatly appreciated. 

 
 
 

Once you have completed the questionnaire please place it in the envelope 
provided and then in the box provided before the 22nd September. 

 
 
 
 

Please note that the questionnaire uses the following terminology: 
 
A Morning shift - a shift starting between 0500 and 0759 
A Day shift - a shift starting between 0800 and 1000 
An Afternoon shift - a shift starting between 1200 and 1459 
An Evening shift - a shift starting between 1500 and 1959 
A Night shift - a shift starting between 2000 and 2400 
 
 

Thank you for taking the time to complete this questionnaire 
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	1. INTRODUCTION
	The term shiftwork refers to the allocation of work schedules to allow job duties to “shift” between groups of workers over various times of the day (Landy, 1989).  Shiftwork has arisen because many industries or workplaces require round the clock operations, either for economic reasons or, like air traffic controlling, because of the continuous services they provide.  These operations result in the need for personnel to be available during the day and night and to meet this demand work schedules are devised that cover a large portion of the 24 hour cycle.
	Shiftworkers are often considered as people “who work while others are sleep” but shiftwork does not only refer to night work.  Any work that occurs outside the normal work day window of 8.00 am to 6.00 pm can be included as shiftwork (Monk & Folkard, 1992).  For example, working hours that mean a midday start and a 9.00 pm finish time can be considered shift work.  The reason we should include such hours as shiftwork is because the problems associated with shiftwork can occur just as readily for those with changing or unusual work hours as for those who work through the night (Monk & Folkard, 1992).
	Shiftwork is not a modern phenomenon and is believed to have been practiced, in some form, for centuries (Kogi, 1985; Scherrer, 1981).  The most marked increase in the prevalence of this form of work system was during the industrial revolution, where organisations such as steel companies worked 24 hours a day because of operating costs and the impracticality of shutting industrial processes down.
	The number of shiftworkers in European countries increased by 100% between 1950 and 1974 (International Labour Office, 1978) and in 1985 it was estimated that 15-30% of all workers in industrialised countries worked on some form of shift cycle (Kogi, 1985).  The percentage of individuals working abnormal hours is often seen as a symptom of industrialised societies but is reported to be increasing in developing countries where legislation is less restrictive (Kogi, 1985).  The growth in the number of shiftworkers has decreased since 1975 but will continue with new technology requiring equipment to operate in a continuous or near continuous manner (Tepas, Duchon & Gersten, 1993).
	1.1 Well-being of Shiftworkers
	In the last decade the topic of shiftwork has received a great deal of research attention.  This is in part due to the rapid rise in the number of people working on a shift system, and also a raised awareness of the difficulties shiftworkers experience.  Probably the main reason for the large volume of research in recent years is the concern regarding changes in an individual’s well-being and performance due to the number and arrangement of the hours they work.  The accident reports of several devastating incidents, such as the nuclear power plant incidents at Three Mile Island and Chernobyl, the gas leak at Bhopal and the worlds worst air disaster at Tenerife, mention the time of day and fatigue of the individuals involved as contributing factors (Ehert, 1981; Folkard, 1990).
	One of the earliest studies concerning the effect of shiftwork on workers was carried out by researchers at the University of Michigan (Mott, Mann, McLoughlin & Warwick, 1965).  Their main findings indicated that shiftwork resulted in sleep related difficulties, that in turn led to a disruption in physical and social patterns.  These findings first highlighted shiftwork as a potential work related stressor.
	Rutenfranz, Haider and Koller (1985) and Monk (1988) argue that shiftwork can constitute an important source of stress for an individual, with stress meaning an imbalance between perceived demands and perceived resources (Haw, 1982).  Environmental and physiological stressors are thought to be exacerbated by working odd hours (Sauter, Murphy & Hurrell, 1990).  Such stressors arise from a continual sleep debt (Rutenfranz et al, 1985) and environmental risks, such as reduced lighting (Schmieder & Smith, 1996).  In addition, the constant adjustment of normal body cycles is thought to affect many aspects of healthy biological functioning (Folkard, Minors & Waterhouse, 1985).  All of these factors tend to make shiftwork a high stress activity.
	Colquhoun & Rutenfraz (1980) proposed a model (Figure 1) of how the detrimental effects of shiftwork might arise.  Shiftwork, with the constant phase shifting of work schedules, is known to cause disruption to an individual’s physiological rhythms.  This disruption is in turn thought to result in stress.  Colquhoun and Rutenfraz (1980) believe that the effects do not stem directly from the actual stress of shiftwork but from the build up of strain within the individual as they try to cope (successfully or not) with an unnatural and changing daily pattern.  The degree of strain experienced depends on certain intervening variables, including sleeping conditions, family factors and physiological adaptability.
	 
	Figure 1: “Stress and Strain” model (Colquhoun & Rutenfraz, 1980).
	The distinction between stress and strain is an important one.  In many work contexts it is difficult to change the shift system and thus the level of stress imposed upon an individual.  However, the subsequent strain can be minimised through learning and using coping strategies (Monk & Folkard, 1992).  Coping, as a construct, has its beginnings in stress research and refers to all cognitive and behavioural efforts to manage, (reduce, minimise, or tolerate) experienced levels of stress (Folkman, 1984).  Therefore, coping strategies may in turn significantly reduce the potential ill effects of shiftwork.
	How an individual copes with shiftwork and how effective their coping strategies are at maintaining their health and well-being is receiving greater research attention but there are still no definitive findings.  There are obvious differences in an individual’s ability to tolerate shiftwork.  Some shiftworkers report few problems and yet others working the same or similar schedules are barely able to cope (Monk & Folkard, 1985).  With such a large proportion of the population working on a shift system it is necessary to discover more about how individuals vary in their ability to cope with the detrimental effects of shiftwork.  Research on the influence of individual differences in determining tolerance to shiftwork has tended to focus only on personality type measures such as morningness/eveningness, sleep rigidity, neuroticism and introversion/extroversion (Monk, 1988; Monk & Folkard, 1985; Spelten et al, 1993).
	It must be noted that approaching shiftwork from a coping perspective does not remove the need to restructure shift schedules, but if schedules can not be modified then education and other counter measures may make a difference.  Monk & Folkard (1992) state that the incidence of poor physical health, such as gastric ulcers and heart disease, may be as much a function of the lack of social support and educational networks, as it is a function of the particular schedule an individual works.  This implies that it is the intervening variable of coping ability that will largely determine the degree of harm experienced by an individual (Monk & Folkard, 1992).
	1.1.1 Mental and Physical Well-being
	There is evidence to indicate that shiftwork has a detrimental effect on the health and well-being of shiftworkers (Waterhouse, Folkard & Minors, 1992).  Haider, Kundi & Koller (1981) have suggested that the inability to cope with shiftwork is manifested in health problems and individuals giving up shiftwork.  In addition, Barton, Spelten, Totterdell, Smith, Folkard and Costa (1995) propose two long term consequences of shiftwork are decrements in mental and physical health.  The finding that many health problems are found in shiftworkers who are failing to cope with shiftwork is significant since it means that if the strain produced by shiftwork can be minimised, by educating the shiftworker about ways to best cope with this work schedule, then it is possible that the health consequences can be minimised even if the work schedule remains the same (Monk & Folkard, 1992).
	Haider et al (1981) have suggested that with time and increasing exposure to shiftwork an individual passes through four phases; adaptation, sensitisation, accumulation and manifestation.  If at any point a shiftworker reaches their tolerance limit and a further disturbance occurs, coping becomes impossible and giving up shiftwork is likely.  After about 40 years of shiftwork, a phase occurs when coping with shiftwork rapidly deteriorates and health problems are then most likely to occur.
	In each phase it is thought that different variables become important in sustaining tolerance to shiftwork.  In the early adaptation phase, which is within the first five years of shiftwork, an individual becomes use to unusual work hours, changes in family life and social life.  It is believed that the quality of sleep, family life and social activities have a strong influence on health and well-being during the adaptation phase (Koller, Kundi & Cervinka, 1979).  The next five to twenty years of shiftwork is the sensitisation phase.  Job satisfaction, career development, financial stability and family growth appear to be important.  Attitudes to shiftwork and satisfaction with both shiftwork, family and social life play an important role in the incidence of health and well-being problems.  Later in the accumulation phase, which is from about the twentieth year of shiftwork onwards, biological ageing plays a role and the effects of poor coping strategies accumulate.  In the final manifestation stage, after 40 years of shiftwork, it is clear that adaptation to shiftwork has not occurred and disorders and disease are of the highest frequency in shiftworkers at this point.  The difference between day workers and shiftworkers becomes more evident with increasing age.  These differences may be deferred by some individuals but the continuation of these differences into retirement suggests the impact of shiftwork is inescapable.
	Research findings on the physical effects of shiftwork has been inconsistent.  There have been some reports of increased rates of cardiovascular and gastrointestinal disease among rotating and night workers compared to day workers (Costa, Apostoli, D’Andrea & Gaffuri, 1987; Waterhouse et al, 1992) but other studies have failed to show such differences (Aanonsen, 1964; Hakkinen, 1969).  One of the main reasons for the apparent lack of significant differences between shiftworkers and day workers may be the continuous process of ‘natural selection’ among shiftworkers.  That is, most shiftworkers who do experience difficulties tend to transfer to day work.  As already mentioned, many studies indicate that people often leave shiftwork if they find it difficult to tolerate or it has a direct effect on their health (Frese & Okenek, 1984; Koller, Kundi & Cervinka, 1978).  Because many former shiftworkers appear to have poorer health than current shiftworkers, these experienced shiftworkers are often referred to as a ‘survivor population’.  However, this self selection process does not suggest that there is no longer a need to be concerned with shiftwork related issues.
	One very reliable and detrimental effect of shiftwork on health is the increase in gastrointestinal symptoms and diseases.  Waterhouse et al (1992) estimate that digestive and gastrointestinal complaints are between two and five times more common in shiftworkers than in day workers.  Another study found that after sleep problems, gastrointestinal dysfunction comprises a major area in which shiftworkers and former shiftworkers have more trouble than day workers (Rutenfraz, Colquhoun, Knauth & Ghata, 1977).  The nature of these gastrointestinal disorders includes loss of appetite, heartburn, constipation, stomach pain, flatulence and ulcers.  Approximately 30-50% of shiftworkers are affected by such disorders, highlighting a major health problem for this occupational group.
	Costa, Lievore, Ferrari and Gaffuri (1987) report that 67% of three-shift workers (shift cycle that rotates through three shifts eg: morning, day, night shifts) and 23% of permanent night workers were reported to have given up night work because of digestive problems.  The length of time a person has been working in a shiftwork environment is important in the development of these disorders.  Peptic ulcers tend to be diagnosed after 5-6 years of shiftwork compared to 12-14 years in day workers (Costa et al, 1987).  In addition, other difficulties such as sleep related disorders tend to be transient and disappear after ceasing shiftwork but gastrointestinal complaints have been found to continue after shiftwork is ceased (Thierry & Meijman, 1994).
	The reason for the prevalence of gastrointestinal complaints is unclear but several theories have been proposed.  One theory focuses on the presence of a number of risk factors including the timing and composition of meals, smoking and drinking.  These factors are thought to lead to short term digestive disorders such as indigestion, heartburn and flatulence and may ultimately lead to ulcers (Barton et al, 1995).  Another explanation focuses on the 24 hour cycle of the stomach and its associated enzymes.  It is possible that the normal rhythm in gastric functioning does not adapt to night work and consequently eating during the night exacerbates gastric problems.  Harrington (1978) suggests such problems are due to impoverished catering facilities and that poor food service or bad eating habits are a major cause of gastrointestinal disturbances.  However, although there is presently a lack of clear evidence to support any of these mechanisms it is likely that a combination of these factors are responsible.
	Another health complaint possibly linked to shiftwork is cardiovascular disease although the findings are not clear.  Harrington (1978) reports little, if any, association between cardiovascular disease and shiftwork but recent studies have found a more conclusive relationship (Waterhouse et al, 1992).  It is suggested that with increased exposure to shiftwork there is a greater the risk of heart disease.  A 15 year study of workers in a paper mill found that the incidence of cardiac disease doubled depending on the exposure to shiftwork and that a steady rise in cardiovascular disease was found for shiftworkers with up to 20 years experience (Monk & Folkard, 1992).  After this point in time there was no difference in the incidence of cardiac disease between shiftworkers and day workers, possibly because the shiftworkers had either died or shifted to day work.  
	Corroborating evidence shows that a change in the direction of rotation of a shift schedule, to a delaying rather than advancing rotation, directly lowered coronary risk factors such as serum triglycerides (Orth-Gomer, 1983).  Ely and Mastardi (1986) found, in a less well controlled study, that shiftwork was associated with higher norepinephrine levels, which is also a risk factor in heart disease.  When other risk factors, such as smoking, are taken into account the incidence of heart disease is believed to be about 40% higher in shiftworkers compared to day workers (Knutsson, Akerstedt, Jonsson & Orth-Gomer, 1986).  In addition, Akerstedt, Alfredsson and Theorell (1986) report significantly increased morbidity ratios for cardiovascular disease with increased exposure to shiftwork and work at irregular hours.  The reason for the relationship between shiftwork and cardiovascular disease is not known, but akin to gastrointestinal disorders, it is likely a number of factors are responsible.
	Other non-specific disorders resulting from shiftwork have also been noted, such as increased irritability and frequency of headaches (Minors, Healy & Waterhouse, 1994).  The mortality rates of shiftworkers compared to day workers have been found to be similar.  Taylor & Pocock (1972) compared the mortality rates of more than 8000 shiftworkers and day workers over a 13 year period and found no significant differences.  However, shiftworkers who had given up shiftwork prematurely did show a higher mortality rate.  The reduction in sleep length is another widely realised effect of shiftwork (Wedderburn, 1995).  The reason for reduced sleep is discussed in more detail later.  Some of the effects of reduced sleep are fatigue and lowered feelings of well-being.  Ottoman, Karvonen, Schmidt, Knauth and Rutenfraz (1989) reported that complaints of sleep disturbances were associated with tiredness and nervousness and were nearly twice as frequent in shiftworkers than day workers.
	Centres of psychiatric research have undertaken a great deal of research on circadian rhythms because depression has been linked to dysfunctions of the circadian system.  A pattern has been found in the sleep length, waking times and diurnal variations in mood of depressed patients.  The relationship between depression and variations in the circadian system are not well understood, although it is agreed they are inextricably linked (Krieger, 1988).
	Jahar and Weller (1982) investigated the nature of psychiatric admissions to the medical centre at Heathrow airport.  Their findings indicate that depression is associated with previous long westbound flights and hypomania with long eastbound flights.  This indicates that with vulnerable individuals, manipulation of circadian rhythms can induce a recurrence or appearance of psychiatric symptoms.
	Individuals who work or have worked on night shift report psychosomatic complaints or impaired well-being more frequently than day workers (Frese & Semmer, 1986). Costa et al (1981) report that 72% of male textile workers who gave up shiftwork did so because of neurotic problems and Bohle and Tilley (1989) found that night work had a significant negative impact on psychological well-being.  Findings from the latter study provide evidence that both organisational and behavioural variables moderate the impact of night work on psychological well-being.
	Verhaegan, Dirkx, Maasen and Meers (1986) found increased levels of neuroticism over a 12 year period in a group of industrial shiftworkers.  In addition, Vidacek, Kaliterna & Radosenc-Vidacek (1987) found that neuroticism scores of individuals who had done three years of shiftwork were associated with poorer health.  The incidence of alcohol abuse, tranquilliser use and nervousness was also found to be higher in rotating shiftworkers than other shiftworkers (Gordon, Clearly, Parker & Czeisler, 1986).  The concern about the incidence of drug or alcohol abuse of shiftworking drivers or pilots in public transport accidents indicates the potential prevalence of this problem (Lauber & Kayten, 1988).
	Despite the inconsistencies in previous research findings there is sufficient evidence to indicate that both physical and mental health may be impaired by shiftwork.  Gastrointestinal complaints, cardiovascular disease and sleep disturbances are the most widely recognised potential physical health consequences.  Research evidence also indicates the incidence of neuroticism is greater for shiftworking individuals.
	 1.2 Well-being of Air Traffic Controllers
	The following section focuses specifically on research that has investigated the relationship between shiftwork and health complaints in Air Traffic Service staff.
	Many air accident reports cite Flight Crew or Air Traffic Controller fatigue as a contributing cause.  The reduced ability of the individual to perform at the required level can most often be attributed to the effects of sleep loss, displacement of circadian rhythms and physiological symptoms caused through the arrangement of an individual’s work hours, or the shift cycle they follow (Gander, Myhre, Graeber, Anderson & Lauber, 1985).  It is therefore imperative that the shiftworker, as an integral part of a system particularly in high risk professions such as aviation, maintains optimum mental and physical well-being (Smith & Folkard, 1993).
	If shiftworkers in general have been found to experience mental and physical problems, then it would be expected that Air Traffic Service staff working on a shift system will to some extent also experience these problems.  The risk to public safety, as well as the large financial cost involved, implies that it is essential to examine more closely the factors that may influence the well-being of Air Traffic Service staff.  Coupled with this is that very few studies to date have investigated the factors influencing Air Traffic Service staff working on a shift system.
	A lot of interest in pilot fatigue and working hours in evident with the amount of research and literature available on the subject.  However, the findings of these studies are not directly transferable to the controlling environment.  This is mainly because the tasks of pilots are very different from those of Air Traffic Service staff.  The peak period of activity for a pilot is during take off and landing, with relative inactivity in between while an Air Traffic Controller must be highly focussed at all times.
	A recently published report by the Committee on the Regulation of Air Traffic Controllers hours (1990) in the United Kingdom, indicates the raised awareness of the impact of shiftwork on Air Traffic Controllers.  This report was commissioned for several reasons.  Firstly the public perception of lessening Air Traffic Controller safety in the United Kingdom, secondly growing discontent among Air Traffic Controllers and thirdly an overburdened system.  Other reasons included an acceleration in air traffic in 1988 that had not been anticipated.  This led to airspace congestion and increased Air Traffic Controller workload.  Smaller aerodromes in the United Kingdom were found to be experiencing an increasing number of problems and a failure to rectify them.  These problems were attributed to a shortage of Air Traffic Controllers and an increase in traffic.  Both these conditions are now occurring in Australasian controlling environment.
	The aim of the report was to determine what measures should be taken to regulate the hours of Air Traffic Controllers.  The findings of the report do not indicate evidence of fatigue contributing to a lack of safety.  They did find that the hours of work of Air Traffic Controllers in the United Kingdom could not remain unregulated.  The guidelines proposed were in no way supposed to guarantee the elimination of fatigue but to introduce safety levels.  The report also recognises that the reduction of fatigue does not alone address other factors which may affect safety on shift systems.  These factors can give rise to health problems, sleep difficulties and disruption to social life.
	Other previous research on the implications of shiftwork for Air Traffic Controllers has mainly been carried out in the North American Air Traffic Control system.  The North American studies that have been conducted have focussed on the effect of rotating schedules on the sleep patterns and mood of Air Traffic Controllers.  Rotating schedules are common within the Air Traffic Controlling environment.  Prior studies have shown that rapid rotation maintains individuals’ circadian rhythms in a diurnal orientation (Dahlgren, 1981; Daniel & Potasova, 1989).  However on night shift, individuals must operate in the nadir (or trough) of their diurnally orientated circadian rhythms.  Slower shift rotations and permanent shifts are another option.  The disadvantages of these schedules include the low workload at many Air Traffic Centres on night shifts which would adversely affect an Air Traffic Controller’s proficiency (Luna, French, Mitcha & Neville, 1992).  An additional disadvantage is the requirement for a group of individuals to constantly work night shifts.
	Smith, Melton and McKenzie (1971) in a study of North American Air Traffic Controllers found individuals reported increased levels of fatigue and tiredness after night shifts compared to day shifts.  They also found that low intensity operations can give rise to tiredness and lack of attention because of boredom.  In addition, Air Traffic Controllers at towers with moderate density traffic reported greater sleepiness on night shifts than the Air Traffic Controllers operating in conditions of high density traffic.
	Saldivar, Hoffman and Melton (1977) compared North American Air Traffic Controllers working on a 2-2-1 shift schedule (2 evening shifts, 2 day shifts, 1 midnight shift, followed by 2 days off) with Air Traffic Controllers on a 5 day rotation pattern (5 evening shifts, followed by 2 days off, 5 day shifts, followed by 2 days off, 5 midnight shifts, followed by 2 days off).  Their findings showed that the average amount of sleep over a seven day period did not differ between the two shift schedules but when comparing sleep length over the five day working period, Air Traffic Controllers working the five day schedule got significantly more sleep during a 24 hour period.  On both type of schedules the greatest amount of sleep was obtained on the evening shift and the least amount of sleep on the midnight shift.  In an earlier study, Melton, Smith, McKenzie, Saldivar, Hoffman and Fowler (1975) looked at the physiological stress experienced by Air Traffic Controllers working on the 2-2-1 and 5 day schedules and they found the 2-2-1 schedule to be less stressful.
	Cruz and Della-Rocco (1995) compared American Air Traffic Controllers working 2-2-1 shift schedules, 2-1-2 shift schedules (2 afternoon shifts, a day shift, 2 morning shifts) and straight day shifts and investigated the amount and quality of sleep in relation to turn around times (time between subsequent shifts).  The 2-1-2 schedule allows for longer turn around times.  It was found this resulted in longer sleep duration but no difference in reported sleep quality or in sleepiness ratings during work compared to the 2-2-1 schedule.  Cruz and Della-Rocco (1995) suggest that problems associated with forward, rapidly rotating work schedules may have more to do with working the night shift and early morning start times than with a rapid turn around.
	Folkard and Condon (1987) investigated the frequency with which Air Traffic Controllers experienced night shift paralysis.  This is described as “a sustained immobility involving the entire voluntary musculature, although full consciousness prevails and the subject can see and hear.  Attacks last from a few seconds to as many as minutes” (Rudolf, 1946 pp. 132).  Folkard and Condon (1987) reported that 6% of Air Traffic Controllers experienced night shift paralysis.  Most individuals who reported such an event experienced it only one or two times, although some claimed five occurrences, and generally all experiences lasted for less than two minutes.  Individuals were sure they were awake, their vision was unaffected and they remained aware of their surroundings.  However, many Air Traffic Controllers became aware of their immobility when they tried to make gross motor movements, often in response to an external event.  Findings indicate that the occurrence of this paralysis depended on four factors.  These were the time of night, the number of previous consecutive night shifts, the occurrence of both a morning and night shift on the same day and individual differences in sleep flexibility.  A cumulative sleep debt is thought to account for the increased incidence of this paralysis (Folkard & Condon, 1987).
	An Air Traffic Controllers continued employment is dependent on their good health which may mean many health symptoms are under-reported.  This may explain why research on the incidence of general health problems in this occupational group has been equivocal.  A study by Smith (1980) failed to find any clear evidence of health problems associated with Air Traffic Controlling.  Booze (1978) examined the medical records of 25,000 individuals working in air traffic services and found a lower than average rate of hypertension and no unusual rate of gastrointestinal complaints.  A small study at O’Hare International airport also found no exceptional incidence of ulcers (Singal et al, 1977).
	In contrast, Cobb and Rose (1973) found that hypertension, diabetes and ulcers were significantly higher in a sample of more than 400 Air Traffic Controllers compared to a group of 8000 individuals working in other areas within the aviation industry.  They also found Air Traffic Controllers suffered from a higher incidence of hypertension and peptic ulcers when working in high density traffic areas.  Studies comparing pilots and Air Traffic Controllers showed that one fifth of Air Traffic Controllers suffered from borderline hypertension, which is twice the rate of that observed in pilots (Booze, 1982; Dougherty, 1967).  Although these findings may be explained by the slightly more stringent medical requirements for pilots.  
	Rose, Jenkins and Hurst (1978) report that hypertension is the most prevalent chronic illness amongst Air Traffic Controllers with the incidence found to be three times higher than the American national average.  Headaches were the most common health complaint with 69% of Air Traffic Controllers experiencing headaches each month and 45% of individuals having headaches of greater than 1 hour duration.  Other earlier studies (Dougherty, Trites & Dille, 1965; Hauty, Trites & Berkley, 1965) associated air traffic work with gastrointestinal problems.
	Costa, Schallenberg, Ferracin and Gaffuri (1995) found that Italian Air Traffic Controllers reported mainly gastrointestinal, musculoskeletal, cardiovascular and neuropsychic complaints.   Compared with a group of male nurses of a similar age and length of shiftwork experience, the Air Traffic Controllers showed a higher prevalence of gastrointestinal and cardiovascular disorders and chronic anxiety but a lower prevalence of drug consumption.
	MacLennan and Peebles (1996) investigated whether personality traits or other risk factors, such as diet, weight and family history, were more useful predictors of the incidence of health problems in Air Traffic Controllers.  Surprisingly, they found personality traits to be better predictors of health problems than recognised health influences.
	Smith (1978) reviewed the medical disqualifications of Air Traffic Controllers over five years and found that out of 79 individuals, 61 were removed from their position because of psychological problems.  Rose et al (1978) surveyed Air Traffic Controllers over a three year period and found that 20% developed significant mental problems and 13% experienced depression and anxiety over the course of the study.  Eight percent were reported as alcohol abusers and over 50% were heavy drinkers.  Booze (1978) found a high incidence of psychological problems in Air Traffic Controllers and another study reported that in a group of 650 Air Traffic Controllers, 40% experienced severe distress within a six month period (McBride, Lance & Freeman, 1979).  Such findings seem to indicate a high rate of psychopathology but without comparable norms this is difficult to verify.
	Other studies that have investigated the health of Air Traffic Controllers have focussed on work related stress. The main factor that has been investigated as the cause of this stress is workload.  Several studies have identified Air Traffic Controlling as a highly stressful occupation (MacLennan & Peebles, 1996; Shouksmith & Burrough, 1988) other studies have suggested conversely (Melton, 1982).
	Melton (1982) reported that Air Traffic Controller’s health was not unduly affected by job stress but other studies have shown short term changes in heart rate, hormonal secretion and vigilance due to increased workload (Costa, 1993; Tattersall & Farmer, 1995; Zeier, 1994).  Costa (1993) concluded the physiological changes found indicated that Air Traffic Controller’s stress was no greater than would be expected in the normal working population.  In contrast, Zeier (1994) also measured psychological symptoms of stress and reported that 10-15% of Air Traffic Controllers could have serious stress problems at work or in their private life.  Tattersall and Farmer (1995) also suggest that the patterns of hormone excretion, if sustained over long periods, may have long term health consequences for Air Traffic Controllers.
	In summary, decreased sleep length and reports of subjective fatigue are associated with the work schedules of Air Traffic Controllers.  The incidence of night shift paralysis in Air Traffic Controllers is a significant change in the well-being of individuals and its occurrence is thought to be due to cumulative sleep debt.  Other studies on the general health of Air Traffic Controllers have produced ambiguous findings but it is suggested that hypertension and gastrointestinal complaints may be more prevalent in this occupational group.
	1.2.1 Air Traffic Controlling
	In order to better understand the issues faced by Air Traffic Service staff it is first necessary to understand the nature of their job.  The following section briefly discusses the requirements of various positions within an Air Traffic Service centre.
	In very simplistic terms, the task of an Air Traffic Controller is to provide safe aircraft separation.  This is provided to differing degrees in different classes of airspace and is most often achieved by requiring aircraft to fly at different heights and/or along specific routes to provide horizontal separation.  Along with safe aircraft separation, aircraft are controlled to allow traffic to flow in an orderly and expeditious manner.
	Air Traffic Controllers are often also responsible for providing additional information to pilots, in particular the presence of other aircraft, navigational and meteorological information and emergency assistance.  Some Air Traffic Controllers may also be required to inspect airfields and lighting facilities, conduct meteorological observations and carry out administrative duties.
	Each country may have slightly different classes of airspace but generally there are controlled and uncontrolled areas.  Aircraft flying in uncontrolled areas must follow rules of the air but can basically fly where they like.  Flight Service staff may provide some information to aircraft in uncontrolled airspace and aircraft may be required to advise of their presence and intentions.  Flight Service also provide advice to pilots on other traffic and weather information.
	Controlled or regulated airspace requires aircraft to have a clearance in order to enter these areas and within this airspace aircraft must follow an Air Traffic Controllers instructions.  Certain standards are followed by Air Traffic Controllers in separating aircraft and depending on the type of control, that is whether radar is available or not, separation values vary.  Radar provides visual information on an aircraft's position, course and speed.  Two forms of radar exist and include primary radar, which gives limited information of the position of the aircraft as a ‘blip’ on the radar screen, and secondary radar, which supplies additional information such as aircraft identification, height and speed.  Radar controlled aircraft are separated by smaller distances because of the greater accuracy the radar provides.
	Before a pilot flies into controlled airspace, they must submit a flight plan with details of the aircraft's route.  This information is processed by Flight Data Officers who pass this information to Air Traffic Controllers who then coordinate the aircraft. Information regarding a single aircraft is passed by the Flight Data Officers to all Air Traffic Controllers having contact with the aircraft along its intended route.
	Most Air Traffic Controllers work in one of three main areas.  These are known as area control, approach control and aerodrome control.  Area control is responsible for en-route flights in a sector of airspace and possibly also for flights inbound and outbound from a terminal control area (airspace in the vicinity of a major aerodrome).  An Approach Controller is responsible for coordinating aircraft between area control and aerodrome control.  Once the Approach Controller has established an aircraft on an approach to a runway it is passed to the Tower Controller.  The Tower Controller is responsible for aircraft taking off, landing and moving on the ground at the aerodrome.  In the opposite order to their arrival aircraft departing from an aerodrome are passed from the Tower to the Approach to the Area Controller.  There may also be Flow Controllers, who coordinate and plan the traffic across the airspace of busy sectors.  The existence of this position depends on the size of the airspace and the volume of traffic an Air Traffic Service centre is responsible for.  Such Air Traffic Controllers do not control aircraft directly.
	In different countries the control of air services differs.  In Australia Air Traffic Controllers are employed by AirServices Australia and in New Zealand by the Airways Corporation.  Air Traffic Controllers are all licensed in their respective countries by a single body and this organisation also carries out their initial training.  Most training systems comprise firstly of classroom based work followed by operational experience.  When finally assigned to the centre at which they are to work further training is given on the specific equipment, procedures and environment of the unit.  Operational training is carried out under the supervision of an authorised Air Traffic Controller and once a minimum time has lapsed or certain conditions are met Air Traffic Controllers may then operate alone.  Air Traffic Controllers are required to undertake a medical examination yearly to maintain their licence.  Competency is also checked annually and their licence remains current under these conditions unless they have a period of absence longer than 90 days.
	Ab-initio Air Traffic Controllers should be well aware of the requirement to work a shift system, as the majority of centres provide services that extend beyond the normal work day.  Most Air Traffic Controllers will spend their careers providing controlling services as there are few hierarchical or lateral opportunities in their own profession or for a similar service in other industries.  Estimates indicate no more than 10% of Air Traffic Controllers move into senior, supervisory or management positions.
	No two centres, even in one country, are the same.  The disparity is due to the type and purpose of the centre.  For example, whether a centre is required to control en-route traffic as well as provide approach facilities.  The location of the aerodrome and the intensity of the workload also contribute largely to creating differences between centres.  Some centres experience seasonal differences with holiday traffic, others may have to contend with mixtures of civil and military operations.  The time of day will also predict the intensity of the traffic.  In centres that control international arrivals and departures, day-light hours do not necessarily reflect the busiest periods.  Traffic type is also an important determinant of the controlling environment, with some centres having to coordinate  larger, faster aircraft with light training aircraft.
	The number of aircraft movements has increased rapidly in the last five years but the number of Air Traffic Controllers has remained relatively stable.  This growth in air traffic has resulted in less troughs in traffic activity and the lengthening of peak traffic times.
	Depending on a countries specific air traffic system, the restriction of working hours is regulated differently.  In Australia the Civil Aviation Authority and the Civil Air Operations Officers’ Association of Australia has agreed to a set of guidelines on rostering in Air Traffic Control.  Rosters are generally devised at each local centre in agreement with these working guidelines.  Most schedules are currently devised on experience and industrial bargaining rather than specific scientific evidence.  This results in little uniformity among rosters in different centres.  Although guidelines are in place to try and prevent Air Traffic Controller fatigue, it does not mean that this form of workplace stress is eliminated with the current rostering system.  Problems can also arise when staff are absent and the remaining staffing levels are inadequate to cover shifts.
	It is obviously the duty of the Air Traffic Controller to ensure they are fit and adequately rested before their controlling duty, but the lack of research on the implications of shiftwork for Air Traffic Service staff means individuals are not necessarily aware of the factors and the way in which they interact to affect their well-being.
	1.3 The Conceptual Model
	This next section introduces the factors that are believed to be important in coping with the effects of shiftwork.  These include circadian characteristics, sleep, social and domestic factors, work place factors and the use of coping strategies.
	Monk (1994) argues that the ability to cope with the strain of shiftwork depends on the interaction of three factors, these are circadian rhythms, sleep, and social and family life (see Figure 2).  Each factor interacts with, and influences the others.  Coping ability is dependant upon all three areas being addressed and problems, difficulties or disregard for one area can negate the successful contribution of other areas.  For example, the ability to sleep is determined to a large extent by social, domestic and circadian factors so that a noisy household, children’s needs and domestic commitments will all result in sleep loss and disruption.
	 
	 
	Figure 2: Relationship of Circadian Factors, Sleep Factors and Domestic Factors to an Individuals Coping Ability (Monk, 1994)
	Normally, the human body functions on the basis that sleep will be at certain times.  Therefore, attempts to sleep against our bodies intrinsic pattern is often difficult or impossible for many individuals.  It may be that a shiftworker does manage to successfully balance their body’s rhythms and get sufficient sleep but if these successes are at the expense of domestic disharmony then strain is still present.  On the whole an individual will have to continually balance all three areas and consequently some sleep may be lost in order to spend time with the family or carry out domestic tasks.  The aim is to achieve a compromise so that there is no great impairment of any one area.
	Since each of these factors is important in the shiftwork equation, they will now be discussed in more depth.
	1.3.1 Circadian Factors
	Most animals show behavioural, biochemical and physiological variability over definitive time periods (Rosenzweig & Leiman, 1982).  Many of these changes are far from random and can be linked to internal body cycles.  The fluctuations that occur over a 24 hour period are known as circadian rhythms (from the Latin terms “circa” meaning about, and “dies” meaning day) (Bloom & Lazerson, 1988).
	Recent developments in measurement instruments have allowed the detection of a large number of physiological rhythms.  This research has indicated that humans have over a hundred circadian rhythms, including those of body temperature, blood pressure, heart rate, secretion of certain hormones, urine volume, drug sensitivity, frequency of yawning, frequency of eating, levels of cognitive and motor performance, and sleep/wake cycles (Kalat, 1992; Bloom & Lazerson, 1988).  An example of the type of changes that occur in one of these rhythms, is that of body temperature.  The body temperature of day workers is found to be at its lowest about 5.00 am.  It then steadily rises to a high point at around 9.00 pm, with a difference of nearly one degree between the two times, as shown in Figure 3.
	 
	Figure 3: Circadian Rhythm of a Day Worker’s Body Temperature (Minors & Waterhouse, 1990)
	The knowledge of the existence of circadian rhythms can be attributed to Jean Jacques d’Ortous de Marian, who in 1729, observed that the opening and closing of the leaves of the heliotrope plant still occurred when the plant was kept in constant darkness.  Before this discovery it was presumed that these circadian rhythms might result from rhythmic changes in the environment (Kronauer, 1994).
	In humans, these rhythmic changes in the body could be explained by changes in lifestyle and activity level.  For example, during the day when an individual is awake and active it could reasonably be expected that their heart rate, blood pressure and temperature would be higher than during the night when they are asleep and inactive.  However, subjective and objective evidence suggests the issue is more complex than this.  Findings indicate that there are both internal physiological mechanisms, also known as endogenous components, and external factors, known as exogenous components, that control circadian rhythms (Minors & Waterhouse, 1990).  Under normal conditions the endogenous and exogenous components are in phase with each other.  For example, lowered body temperature in the early hours of the morning is reinforced by inactivity and fasting during sleep.
	In studying the endogenous component of the body clock researchers have tried to eliminate all exogenous influences.  Most information about the body clock has been gained from free running experiments, where individuals were isolated from all time cues and allowed to sleep and eat as they wished.  From these experiments the rhythmicity of body functions was found to continue but these rhythms differed slightly from 24 hours.  The average value of a cycle under free running conditions is 25 hours and the range is between 24-26 hours.  Free running periods of 24 hours are unusual and less than this are uncommon.
	It is unclear whether there are two or more body clocks in the brain.  It is thought that the areas that do show some time keeping tendencies are normally synchronised and together produce the endogenous component of circadian rhythms (Minors & Waterhouse, 1990).  It is possible that under certain conditions, such as desynchronisation due to changing sleep wake cycles, that the controlling areas become separated functionally.
	One physical structure that is thought to be involved in producing these rhythms is the suprachiasmatic nucleus (SCN).  This is a small area of the hypothalamus that lies just above the optic chiasm.  The SCN generates its own rhythm which is demonstrated by neurons isolated from this area producing a pattern of impulses that follow a circadian rhythm.  Although able to generate its own rhythm, the SCN receives input from the optic nerve and information from this source entrains the SCN’s rhythms to a 24 hour cycle (Minors & Waterhouse, 1990).
	In humans the SCN sends axons to other nuclei in the hypothalamus, to the pituitary and pineal gland, and parts of the brain stem responsible for sleep.  The pineal gland is another area that is thought to be important in the generation of certain rhythms.  In many animals the pineal gland receives light input, indicating entrainment to the light/dark cycle.  Within the pineal gland the neurotransmitter serotonin is converted into the hormone melatonin which is then secreted into the bloodstream.  Levels of melatonin vary over a 24 hour period and seem to be linked to the cycle of daily activity and night time rest and the cycle of body temperature changes.
	As already mentioned, when there are no time cues present our body clocks run at about 25 hours, but in normal daily living they run at exactly 24 hours.  This constant readjustment to the 24 hour cycle is known as entrainment and is achieved by rhythmic cues in the external environment.  These cues are known as zeitgebers.  In humans it is unclear exactly what effects individual zeitgebers have but it is thought that normally zeitgebers such as behavioural responses, feeding, social activity and light/dark all act together to entrain the body’s rhythms to a 24 hour cycle.
	The circadian control of our sleep/wake cycle causes one of the prime difficulties associated with shiftwork.  Changing an individual’s working hours also often means changing their sleep times.  Trying to instantaneously adjust sleep patterns to a new schedule often causes sleep difficulties.  This is because our circadian rhythms are stable and circadian realignment takes some period of time.  This stability of the circadian system is normally an advantage, in that a brief period of darkness or a short sleep does not cause an unnecessary change in the body’s rhythms.
	Research indicates that complete circadian realignment can take at least a week to occur (Monk, 1994).  Circadian realignment is also normally experienced when travelling across time zones and is referred to as ‘jet lag’ although, with ‘jet lag’ the physical and social zeitgebers encourage realignment of the circadian system.  For shiftworkers, the physical and often the social zeitgebers work in opposition to the body realigning to a new schedule.
	Monk (1994) likens the process of circadian realignment for the night worker to that of a salmon leaping up a waterfall.  That is, it is difficult to achieve a nocturnal orientation (ie: reach the top of the waterfall) but easy to return to a diurnal orientation (ie: fall back down the waterfall).  Although an organisation may perceive they have permanent night workers, in reality an individual may be alternating between nocturnal and diurnal orientations on their days at work and days off.
	As an individual tries to adjust to a new work/rest cycle their many circadian rhythms are all resynchronising at different rates.  This disruption not only leads to sleep disruption but also feelings of fatigue, performance decrements, irritability and other health problems; the most common being gastrointestinal complaints (Monk, 1994).
	Shift schedules can be arranged in a wide variety of ways and these different arrangements influence the adaptation of an individual’s circadian rhythms.  Individuals face different concerns and difficulties with each type of shift but it has been shown that most fixed shift workers can eventually adapt to their new work cycle.  Agervold (1976, cited in Landy, 1989) argues that if night shifts are absolutely necessary, then workers should be allowed to completely adapt.  Such adaptation may mean greater on the job efficiency and also greater satisfaction from the worker, but it also means they are now out of phase for performing non-work activities.  This adaptation may take weeks, even months and for a few it is almost impossible to adapt.  More recent research (Tepas & Carvalhais, 1990) suggests that, because permanent night workers always revert to a diurnal orientation on their days off, the effects of rotating and permanent shifts may be more similar than previously thought.
	Rotating shifts are more popular with workers but this arrangement does not allow the body time to adapt, hence subjecting the individual to constant stress.  The direction of rotation is also important.  Evidence from ‘jet lag’ studies indicates that backward rotations may be more problematic than forward rotations.  A backward rotating shift cycle has start times that are earlier for each subsequent day.  For example, a backward rotating cycle is one in which the first shift in a cycle starts at 1.00 pm, then the following day’s shift starts at 10.00 am, and the next day’s shift at 7.00 am.  A forward rotating cycle has later start times for each subsequent shift in a cycle.  Wolinsky (1982, cited in Landy, 1989) looked at shift rotations at the Great Lake Minerals and Chemicals Corporation in the United States.  Both the direction and length of shift cycle were manipulated, producing positive outcomes for both forward rotation and lengthening of the shift cycle.
	Adjustment to shiftwork is also believed to be greatly influenced by certain individual circadian characteristics.  The preference for activities in the morning or evening, known as morningness/eveningness orientation, has been shown to be one of the strongest predictors of adjustment (Kerkhof, 1985a).
	It has been found that on average, morning type individuals go to bed earlier and rise earlier than evening type individuals (Horne & Ostberg, 1977; Kerkhof, 1984).  This is thought to be due to the relative phase advancement of the sleep/wake rhythm in morning individuals.  As discussed in the next section, the shiftworker tends to follow a pattern of work, sleep, recreation as compared to a day workers work, recreation, sleep cycle.  Therefore, on an evening or night shift a shiftworker is trying to sleep in the morning, and if they are a morning type individual they are naturally feeling most alert and wide awake.  When working evening and night shifts it is more likely for the morning type individual to wake earlier when sleeping and therefore incur a greater sleep debt (Monk & Folkard, 1985).  Evening type individuals are also thought to be able to stay awake late and sleep late because they are less susceptible than morning types to the physical and social zeitgebers that keep the circadian systems entrained to a 24 hour period (Monk & Folkard, 1992).
	There is also believed to be a link between morningness and the natural free running endogenous rhythm.  If isolated from all time cues it is believed that morning type individuals would show a shorter free running period than evening types (who tend to have a relatively delayed sleep/wake rhythm) (Kerkhof, 1985b).  For example, morning type individuals may have a free running period of approximately 24.3 hours as opposed to evening type individuals who may be closer to 25.5 hours (Monk & Folkard, 1992).  If this finding were more robust, there would be a more clearly seen advantage in forward rotating shift systems where phase delays of the circadian rhythm are required.
	The result of these differences is that an evening type person tends to find shiftwork easier to cope with than morning individuals.  This is supported in the research by Akerstedt and Torsvall (1981) who state that morning types are more likely to want to transfer to day work.
	In summary, difficulty coping with shiftwork may be due to several reasons: firstly the zeitgeber influences are less potent for evening individuals, secondly evening individuals may have a longer free running period which allows them to cope more easily with forward rotations, and finally evening types also seem to find it easier to sleep during the morning resulting in less sleep deprivation.
	1.3.2 Social and Domestic Factors
	It may be that an individual’s body is able to adjust to shiftwork, but their ability to cope still depends greatly on social and domestic factors.  Walker (1985) argues that the social implications of shiftwork are just as important as the physiological aspects and normally, poor social and domestic adjustment will have the greatest impact through their effects on the circadian and sleep factors in the coping equation (Monk, 1994).
	There have been many deficiencies in previous research on the effects of shiftwork on family and social life (Colligan & Rosa, 1990).  This makes it difficult to make definitive statements about the impact of shiftwork on this aspect of an individual’s life.  It is agreed however, that certain shifts pose particular problems for fulfilling family roles and participating in social activities.
	Mott et al (1965) compared shiftworkers on fixed afternoon, fixed night, and rotating shifts to day workers.  Their results showed that day workers have the highest marital satisfaction, greatest family integration and coordination, and the least domestic friction.  Day workers also had the highest membership rates to community and sporting organisations, and spent more time participating in these organisations (Mott et al, 1965; Frost & Jamal, 1979).  Khaleque and Rahman (1984) reported permanent day schedules to be the least disruptive to family life and leisure pursuits.  Shiftworkers in general, report fewer friends (Herbert, 1983) and find it easier to engage in solitary activities such as gardening, fishing and home maintenance (Colligan & Rosa, 1990; Walker, 1985).
	As mentioned, certain shifts pose particular domestic and social problems.  The following discussion focuses on the social and domestic difficulties encountered for individuals working fixed afternoon shifts, fixed night shifts and rotating shifts.
	Afternoon shifts:
	Although fixed afternoon shifts do not cause circadian or sleep disruption they are highly disruptive to family and recreational activities.  Mott et al (1965) found workers on fixed afternoon shifts reported fewer sleep and health complaints than individuals on fixed night or rotating shifts but they did report the most dissatisfaction with the amount of time available to spend with their spouse and relaxing.  In addition to this, Wedderburn (1978), found that 79% of afternoon shiftworkers felt that their shift restricted their social and family life, while only 17% of day workers made similar complaints.
	In addition, male workers on this shift schedule expressed concern about being unavailable to provide protection and security for their wives (De la Mare & Walker, 1968).  Parenting also seemed to suffer greatly with fixed afternoon shifts and for these individuals during week days, school age children may be only seen while they are asleep.  Mott et al (1965) reported that individuals on fixed afternoon shifts have the greatest difficulty communicating with their children, compared to those on other shift schedules.
	Night shifts:
	This form of shift schedule causes the greatest disruption to sleep and circadian patterns, therefore very few work schedules now use fixed night shifts.  It does have certain advantages, particularly the opportunities to spend time with family.  Gadbois (1981) reported that 85% of nurses requested night shifts to allow them to spend time with their young children.  Although, those nurses with children got less sleep than their fellow workers who do not have children.  Night workers also complain of sexual dissatisfaction.  Due to their work schedule and other obligations they find coordinating time for privacy with their partner much more difficult.  Khaleque and Rahman (1984) reported that 85% of fixed afternoon workers and 61% of rotating shiftworkers felt their work schedules disrupted their social life.  In comparison only 33% of night shift workers expressed this view.
	Rotating shifts:
	Workers on rotating schedules experience some of the extreme advantages and disadvantages of the different fixed shifts.  The major advantage of this form of shift schedule is that the physiological effects of night work are shared across the entire pool of workers and hence they are only experienced periodically.
	However, unique problems are created by this form of shiftwork.  Partners of rotating shiftworkers report difficulty scheduling events because of the variability of schedules (Mott et al, 1965).  Both workers and their partners report fewer friends than those on day shift and more family friction and interference between work schedules and family activities are noted (Walker, 1985).  Men working this type of schedule report problems with sexual relations, finding time for companionship and communicating with children (Mott et al, 1965).  Child care availability is a problem for rotating shiftworkers and Gadbois (1981) states that nurses agree to work fixed night shifts rather than rotating shifts because of the concern with this issue.
	Rotating schedules often mean weekend work, further limiting family and social time.  Weekend work, more than actual hours worked, has been frequently noted as one of the most dissatisfying aspects of this form of shiftwork (Banks, 1959; Chadwick-Jones, 1969; Shamir, 1983).  Staines and Pleck (1984) reported that working non-standard schedules (weekends and irregular patterns) was associated with poorer quality of life and fewer hours per week spent with children.
	Activities associated with the home are facilitated by a rotating schedule but activities that are time inflexible, such as visiting friends and social outings, are hindered by such a schedule (Herbert, 1983).  Kurumatani et al (1994) found that nurses working on such a schedule spent more time on housekeeping but slept less and had less time for leisure activities.  Therefore on the whole, time flexible activities are aided by rotating schedules and time inflexible activities are impaired.
	Despite the advantages and disadvantages posed by this form of schedule it is thought that the effective use of free time may be hindered because of the strain produced by the variable schedule (Colligan & Rosa, 1990).  It is suggested that rotating shiftworkers get less sleep than workers on fixed shifts (Tepas, Walsh & Armstrong, 1981) and report higher incidences of depression, confusion, tension and fatigue (Jamal & Jamal, 1982).  The extra time available to perform activities may then be reduced by malaise and lethargy from the work schedule (Colligan & Rosa, 1990).
	Monk and Folkard (1992) claim that three spousal roles can be affected by shiftwork; that of a care giver, social companion and sexual partner.  Not suprisingly there are different problems which face females and males, depending on the roles they assume in the home.  Female shiftworkers seem to encounter more of a problem than their male counterparts, probably because they are often still expected to carry out normal household tasks to the detriment of good sleep patterns.
	Social isolation is another concern.  With the high percentage of complaints from shiftworkers about the interference of shiftwork with social pastimes, Cohen (1988) proposes that shiftworkers may be at a greater risk from stress related complaints because of the lack of social support networks to ‘buffer’ individuals from environmental stressors.  Schmieder & Smith (1996) suggest that social support may be particularly significant in moderating the effects of shiftwork as a stressor.  They also report findings that indicate social support from an individual’s supervisor is important in reducing work related stress.  Such a relationship was not found for day workers, possibly because of the greater access to outside sources of social support (Schmieder & Smith, 1996).
	In some domestic situations family issues dictate the need for one of the parents to work shifts.  Financial pressure may dictate the need for both parents to work, if so one of them may be forced to seek shiftwork so that child care can be provided (Presser, 1988).  In some situations the financial situation may also result in one parent seeking two jobs and in order to combine them, one job must generally work on some sort of shift schedule.  Many urban workers also elect to work shifts in order to avoid the rush hour traffic of the normal working day (Tepas, Duchon & Gersten 1993).
	1.3.3 Sleep Factors
	Some people seem to be more readily able to ignore their body clock, allowing them to sleep at unusual times.  These people suffer less from the social and medical difficulties that other shiftworkers encounter, which may suggest that these are in some way linked to sleep disturbances (Tepas & Carvalhais, 1990).
	It is reported that shiftworkers get five to seven hours less sleep per week than those who only work during the day and that sleep often becomes a major preoccupation for these individuals.  Any sleep deficit is important in the effect it has on a workers mood and performance.  Some shiftworkers state that if they could only solve the difficulties associated with sleeping then shiftwork would be quite tolerable (Tepas, 1982a).  A night workers reduced sleep length is not only associated with decrements in performance but is also believed to be the forerunner to health problems (Lavie, Chillag, Epstein, Tzischinsky, Givon, Fuchs & Shahal, 1989).
	Disrupted sleep is more a symptom than a cause of poor coping, since circadian adjustment is important in sleep onset and cessation.  Social and domestic factors also influence sleep periods and quality and sleep interruptions are more likely for shiftworkers.
	A survey by the Royal Air Force Institute of Aviation Medicine (RAF IAM) (1988) found that 30% of Air Traffic Controllers had interests or hobbies that affected the times at which they slept.  Four percent had jobs other than that of controlling that also affected sleep times.  The average sleep requirement of an individual Air Traffic Controller was reported to be 7.41 hours.  The actual total sleep time on duty days was 6.61 hours and 7.15 hours on non-duty days.
	Unlike day workers, night and evening/afternoon workers tend to sleep after work rather than before.  On non-work days they then reverse this and adopt the sleep strategies of the day worker (Tepas & Carvalhais, 1990).  This is illustrated in Figure 4.
	A multitude of studies have found repeated night work leads to decreased sleep length and an increase in sleep complaints (Armstrong, 1982; Gersten, 1987; Tepas, 1982a, 1982b).  Permanent night workers sleep longer on their days off but less total hours per week, on average, than day workers (Tepas & Carvalhais, 1990).  These findings are clear evidence that the effects of shiftwork are very likely to be chronic.
	 
	Figure 4: Model of Typical Work/Sleep/Off Time Strategies Used by 90% of Workers on the Day, Afternoon/Evening, and Night Shifts (Tepas, Walsh & Armstrong, 1981)
	The shorter sleep length of night workers has been blamed on circadian factors (Akerstedt & Gillberg, 1981), environmental conditions (Kolgi, 1982) and day time social obligations (Tepas, 1982b).  Female shiftworkers have been shown to get less sleep on average than their male counterparts, particularly those women who work night shifts.  Their shortened sleep is thought to be due to added social commitments and domestic responsibilities (Gadbois, 1981).
	There is also evidence to suggest that age has a pronounced effect on the normal decline in daily sleep length and the finding of age related changes with shiftwork have been fairly consistent.  A number of studies have found that both age and prolonged exposure to shiftwork determine a workers ability to tolerate shiftwork (Akerstedt & Torsvall, 1981; Haider et al, 1981).  The critical age is seen to be 40 years and at some point after this, shiftwork becomes very difficult.  The reason for this change is not clear.  The literature suggests it may be due to altering circadian characteristics and studies suggest that with age we become increasingly ‘morning’ oriented and hence go to bed earlier and rise earlier.  Another factor that results in older people finding it more difficult to tolerate shiftwork is slightly poorer health as a result of biological aging.
	In summary, sleep demands influence other factors in determining tolerance to shiftwork, as much as being a product of them.  The need for sleep is thought to attribute to domestic disharmony, mainly because sleep loss leads to irritability.  Adjustment of an individual’s circadian rhythms may be further disrupted by an individual sleeping at inappropriate times due to fatigue, or sleeping for shorter more frequent periods.
	1.3.4 Shift and Work Factors
	Monk (1994) states that difficulties in coping with shiftwork arise from factors within an individual and from work place factors.  Some of the specific factors that cause problems have been identified and are listed in Table 1.  The majority of these factors are important because of the impact they have on an individual’s circadian rhythms, sleep patterns and/or social and domestic life.
	Many of the factors listed previously apply to Air Traffic Service (ATS) staff.  Obviously shifts involving heavy physical work and exposure to harmful agents or substances are not relevant to this occupational group and the problems associated with working night shifts, of rotating hours, a backwards rotating schedule, weekend work and complicated schedules have previously been discussed.
	Increasing working hours beyond the normal eight hours per day has both advantages and disadvantages (Tepas, 1985c).  Extended hours result in a compressed working week which in turn allows greater flexibility for leisure time but it seems that the negative features may outweigh the positive ones.  This is particularly so if night work is involved.  Potential disadvantages include excessively fatigued workers, difficulty with child care and family life, scheduling problems with weekend work and an increase in worker error rate (Tepas, 1985c).  Kelly and Schneider (1982) predict an increase in worker error rate of 80-100% when changing from an eight hour shift to a twelve hour shift.
	Table 1: Factors Associated with Work Systems and Work that are likely to cause Shiftwork Coping Problems.
	 More than five night shifts in a row without days off
	 More than four, 12 hour night shifts in a row
	 Morning shift starting times earlier than 0700
	 Rotating hours that change once per week
	 Less than 48 hours off after a run of night shift work
	 Excessive regular overtime
	 Backward rotating hours
	 Shifts involving critical monitoring tasks
	 Shifts involving a heavy physical workload
	 Excessive weekend working
	 Long commuting times
	 Split shifts with inappropriate break period lengths
	 Shifts lacking appropriate shift breaks
	 Shifts with exposure to harmful agents or substances
	 Overly complicated schedules making it difficult to plan ahead
	The type of task being performed is also an important consideration in determining the effect of extended working hours.  For example, performance on vigilance tasks such as those performed by Air Traffic Controllers, has been shown to be very sensitive to fatigue and sleep deprivation (Froberg, 1985; Johnson, 1982).
	Knauth (1993) states that the distribution of leisure time is very important for sleep, fatigue, well-being, social and family life as well as for the overall satisfaction of the shiftworker with the shift system.  Too many working days in succession result in accumulated fatigue.  The German chemical industry has a shift system which has 20 working days in a 21 day period followed by a week off.  After some time on this shift schedule, workers found that it took them three to four days of their time off to recover, leaving only three to four days for leisure activities.  A shift system must therefore allow enough time for recovery.  Knauth (1993) recommends that every shift system should include at least two consecutive days off and some free weekends.
	Although there is no optimal solution for the timing of shifts there is much evidence to indicate that an early start for a morning shift should be avoided.  One reason against early starts is the reduced sleep obtained prior to this shift, since the majority of individuals do not go to bed earlier than normal (Folkard & Barton, 1992).  Other concerns are increased fatigue and the increased risk of errors during morning shift (Folkard & Totterdell, 1992; Knauth, 1993).
	Long commuting times have the effect of extending the working day and if this time is excessive it can impinge on the length of sleep obtained.  Tepas and Monk (1987) state that commuting time particularly affects female shiftworkers who generally have responsibility for household management and child care.
	Split shifts and shift breaks are two means of breaking up the working day in order to overcome the effects of fatigue.  However, if the breaks in split shifts are inappropriate or insufficient they can result in significant worker hardship (Tepas & Monk, 1987).  Commuting time is again an important factor since in conjunction with shift breaks and split shifts the total time dedicated to work can be extended beyond 8 hours.
	The report by the Committee on the Regulation of Air Traffic Controllers hours (1990) investigated the influence of work place and shift factors on fatigue and subsequently made a number of recommendations.  These are listed in Table 2.  The aim of these recommendations was to alter shift systems in order to delay the onset of fatigue rather than allowing recovery from it.
	A survey by the RAF IAM (1988) of Air Traffic Controllers found that the duration of a shift and the interval between breaks were viewed as considerable stressors.  Shift patterns were also noted as stressful, although less than the factors mentioned above.  Fatigue scores were found to be higher on shifts starting between 2000 and 2400, indicating that time of day is an important determinant of Air Traffic Controller fatigue.
	Table 2: Recommendations made by the Committee on the Regulation of Air Traffic Controllers Hours, United Kingdom (1990).
	 Duty periods should not exceed 10 hours.
	 There should be no less than 12 hours between duties.
	 Delaying shift systems should be encouraged (morning to afternoon to evening) rather than advancing (night to afternoon to morning) in rapidly rotating systems.
	 The number of consecutive days worked should be limited, particularly successive night and early morning shifts, and no more than 2 night shifts should be worked in succession (to reduce the accumulation of fatigue).
	 No more than 2 hours should be worked without a 30 minute break.
	1.3.5 Job Satisfaction
	In an early study on the satisfaction with shiftwork, Wedderburnn (1978) compared three different shift schedules of British steelworkers.  He found sleeping difficulties and social relations to be reported as dissatisfying aspects of shiftwork.  Despite this, 18% of the workers said they liked shiftwork and certain shifts were reported to offer different advantages.  Afternoon shifts were thought to be best for providing sleep opportunities, while night shifts were seen to provide more spare time and allow greater freedom from supervision.  Days off, hours worked per shift, overtime and compensation are other factors that were found to influence satisfaction with shiftwork.
	Despite the unique nature of an Air Traffic Controllers job, the main influences on their job satisfaction accord well with theories of job satisfaction (Arvey, Carter & Buerkly, 1991).  Hopkin (1995) states that Air Traffic Controllers like controlling aircraft but they do not always like the conditions under which they have to operate.  Smith, Cobb and Collins (1970, cited in Smith, Melton & McKenzie, 1971) report that Air Traffic Controllers find one of the most positive aspects of their profession to be the fast paced, challenging, constantly changing nature of their task while job dissatisfaction stems from scheduling, management and the quality of equipment.  Similarly, Smith (1973) found job dissatisfaction in Air Traffic Controllers was focussed on management factors and working conditions but despite this 92% of individuals expressed satisfaction with their work.  In comparison, 80% of workers in other occupations report being satisfied with their work.
	In 1981, 11,500 North American Air Traffic Controllers walked out of work (although not a scientific study) and the source of their dissatisfaction appears to have been with their work environment rather than their actual work.  This reflects a theme shown in the literature mentioned above.  The North American Air Traffic Controllers consistently stated that they found the quality of management and administration to be dissatisfying.  Jones (1982) criticised the management of North American Air Traffic Controllers as being insensitive, inflexible and overly authoritarian.
	Saldivar et al (1977) compared Air Traffic Controllers on a 2-2-1 cycle to those on a 5 day rotation.  They reported that approximately half the Air Traffic Controllers on each schedule were satisfied with their work schedules and those who indicated a preference for a schedule other than the one they were on, tended to prefer a schedule with few or no midnight shifts.
	Existing literature suggests that there is a relationship between how an individual feels about their job and mental health (Warr, 1987).  Rice (1984) has demonstrated a strong correlation between job satisfaction, life satisfaction and the relative absence of psychiatric symptoms.
	Kavangh, Hurst and Rose (1981) state that there is a positive relationship between job satisfaction and psychological health in Air Traffic Controlling.  In addition, MacLennan and Peebles (1996) found that job satisfaction was a leading predictor of symptoms of gastrointestinal disorders and of headache and vision problems in Air Traffic Controllers.  Rose et al (1978) also reported that poor morale and job satisfaction predicted a higher incidence of non-cardiac illness in Air Traffic Controllers and Tattersall, Farmer and Belyavin (1990) found a relationship between Air Traffic Controllers dissatisfaction with management and the development of adverse health effects.
	1.3.6 Coping Strategies
	Some shiftworkers seem to be able to develop strategies that effectively help them deal with each area that influences their ability to cope with shiftwork.  Barton et al (1995) proposed that the use of coping strategies improves an individual’s ability to tolerate shiftwork.  The use of these strategies is thought to show a greater commitment to shiftwork and a more disciplined use of time.  Minors et al (1994) also suggest that individuals differ in their ability, or willingness, to develop coping mechanisms for shiftwork.
	The importance of developing coping strategies to deal with shiftwork is reflected  in the number of booklets and guidelines for shiftworkers that deal with this issue (eg: Koen, 1984; Monk & Folkard, 1992; Wedderburn, 1991).  Despite this, very little research has been undertaken that examines how effective an individual’s coping strategies are at maintaining their health and well-being.
	Previous research on coping with shiftwork has been based on general models of occupational stress and coping (Olsson, Klandolin and Kauppinen-Toropainen, 1990) or based on interview data (Adams, Folkard & Young, 1986).  Spelten et al (1993) believes that there is a need for a more systematic approach to investigating why some individuals cope better with shiftwork than others.
	Coping as a psychological construct and its role in moderating the effects of shiftwork as already been briefly discussed.  Earlier research on coping has distinguished between emotion focussed coping, which is aimed at controlling emotions, and problem focussed coping, which is aimed at dealing with the problem (Lazarus, 1966).  Another approach is based on the approach/avoidance dichotomy and distinguishes between engagement and disengagement processes (Scheier, Weintraub & Carver, 1986; Tobin, Holroy & Reynolds, 1984).  Engagement refers to attempts to engage in active efforts to manage or change the source of stress, while disengagement refers to attempts to avoid or ignore the sources of stress.  Both engagement and disengagement strategies may involve the earlier recognised forms of emotion focused and/or problem focussed coping (Scheier et al, 1986)
	Much of the previous research on coping strategies has focussed on the development of sleep strategies (Kogi, 1985) but, as it has already been argued, coping strategies need to be developed in all areas that affect tolerance to shiftwork.  It is suggested that some coping strategies are more successful than others and as such Folkard, Monk and Lobban (1978) found that the circadian rhythms of full-time night nurses were more adjusted to their work/sleep schedule than those of part-time nurses.  This finding was related to the greater lifestyle commitment to night work by the full-time nurses.  Another study focussed on night working nurses who adapted to night work despite other factors predicting they would find it difficult.  These nurses were found to be very disciplined in their use of time (Adams et al, 1986).
	Spelten et al (1993) also investigated the coping strategies used by shiftworking nurses.  They found that the use of disengagement strategies related to poorer psychological health and that individuals who used engagement strategies in conjunction with disengagement strategies showed improved psychological health.  Although there is a relationship between disengagement and psychological health no causal inferences can be drawn.  Spelten et al (1993) suggest that individual’s with poorer psychological health disengaged as a result of their inability to cope successfully with the situation, rather than their poor psychological health resulting in the use of disengagement strategies.  Their argument was supported by the finding that individuals who used both disengagement and engagement strategies showed better psychological health than individuals who only used disengagement strategies.  Their findings also suggest that coping with shiftwork is an ongoing iterative process and individuals adjust the use of engagement strategies according to the level of problems they experience.  The use and effect of disengagement strategies appears to be more dichotomous, in that they were either used or not, and this indicates that individuals only disengage when their problems are severe.
	In investigating the ability of Air Traffic Controllers to cope with shiftwork the RAF IAM (1988) reported that 71% of Air Traffic Controllers stated shiftwork was easy to cope with but 46.4% also stated that shiftwork was more difficult to cope with over time.  Those over 39.7 years of age reported more adversely in these matters.  Heslegrave, Rhodes, Szlapetis, Ujimoto, Hahn and Moldofsky (1995) report that 30% of Air Traffic Controllers in the 25-29 age group found shiftwork slightly more difficult to cope with as they got older.  In the 35-39 year old age group 52% found shiftwork slightly more difficult to cope with and 28% found it much more difficult to cope with.  By 40-44 years of age 43% and 42% found shiftwork slightly and much more difficult to cope with respectively. 
	In summary, there is very little literature that addresses the relationship between coping with shiftwork and well-being of shiftworkers.  The findings of one study suggests that the use of different types of strategies is related to psychological well-being.  Despite the limited research it is recognised that coping is an important part of tolerating the effects of shiftwork.
	1.4 Research Goals
	Although a relatively small research area, shiftwork in general has received a disproportionate amount of attention from researchers.  This is possibly due to the far reaching consequences of incidents related to shift systems.  Despite being a well researched topic, there is still much disagreement over the exact effects of many factors on the well-being of shiftworkers.
	There are three significant reasons for this present research.  Firstly, to investigate the reliability of a questionnaire for use with Air Traffic Service staff.  Barton et al (1995) state that currently there is a lack of standardised questionnaires appropriate for use in a range of work places and countries.  The questionnaire used in the present study included a questionnaire developed by Rhodes, Szlaptis, Hahn, Heslegrave & Ujimoto (1994) specifically to assess the impact of shiftwork on Air Traffic Controllers and two scales from the Standard Shiftwork Index (Barton et al, 1995).  In order to be sure of the questionnaire’s usefulness in this work context it was first considered necessary to determine its reliability.
	The second reason for the present study is to add to the pool of research findings.  Colquhoun and Rutenfraz (1980) believe that the detrimental effects of shiftwork are due to unsuccessful coping with a constantly changing daily pattern, but the health effects of unsuccessful coping are still unclear.  Gastrointestinal problems are believed to be more prevalent in shiftworkers but there is ambiguity regarding the prevalence of other physical and psychological problems.  From the previous discussion it is suggested that there are a number of factors that will influence the ability of an individual to tolerate shiftwork.  These are the circadian typology of an individual, the amount of sleep they get, aspects of the work system, coping strategies and a range of social and domestic factors.  At present little is known about which of these factors are important in predicting the health of shiftworkers.
	The third reason for the present study is to be able to make a more accurate statement about tolerance to shiftwork in a particular work context.  There are few studies that have investigated the effects of shiftwork on Air Traffic Controllers and those studies that do exist have tended to focus on the incidence of sleep related changes.  Air Traffic Controllers are well aware that their work schedules are fatiguing but the consequences of this fatigue has not been well investigated.  Air Traffic Controlling is also a unique occupation and individuals who work in this area must meet certain health requirements.  In addition, Air Traffic Controllers are to some extent a “survivor population”, in that individuals who do not adjust well to shiftwork would probably not choose such an occupation or would transfer to another job at the beginning of their careers.  Because of such peculiarities it is not always possible to generalise findings from other shiftwork studies.
	 1.4.1 Aims of the Present Study
	The first aim of this research is to investigate the usefulness of a questionnaire for measuring shiftwork related problems in Air Traffic Services.
	The second aim is to determine which factors including the circadian typology of an individual, the amount of sleep, aspects of the work system, coping strategies and social and domestic factors, are important in predicting the physical and mental well-being of Air Traffic Service staff.
	1.5 Hypotheses
	The literature strongly suggests that the inability to cope with shiftwork is manifested in health problems (Barton et al, 1995; Haider et al, 1981; Monk & Folkard, 1992).  Therefore, the following variables were selected as dependent variables in the present research; physical well-being, self rated health and mental health.
	It is also clear from the literature that there are a number of factors important in determining an individual’s tolerance to shiftwork, hence the following hypotheses are proposed:
	Hypothesis 1:  Individuals who are evening oriented will have better physical well-being, higher self rated health, and better mental well-being than individuals who are morning oriented in their circadian typology.
	Hypothesis 2:  The less shiftwork is perceived to have an effect on, and cause difficulties with, social life and domestic life the better an individual’s physical well-being and better mental well-being, and the higher their self rated health.
	Hypothesis 3:  Individuals with fewer domestic commitments and greater spousal support will have better physical well-being, higher self rated health, and better mental well-being than individuals with greater domestic commitments and less spousal support.
	Hypothesis 4:  Individuals who have spent less time as shiftworkers will have better physical well-being, higher self rated health, and better mental well-being than individuals who have had a longer exposure to shiftwork.
	Hypothesis 5:  Individuals who have stable work schedules and work on shift cycles that conform to a normal work week will have better physical well-being, higher self rated health, and better mental well-being than individuals who have more irregular work schedules.
	Hypothesis 6:  Individuals who experience fewer difficulties with their performance due to shiftwork, have fewer problems with the organisation, and report greater satisfaction with their work will have better physical well-being, higher self rated health, and better mental well-being than individuals who find shiftwork causes performance problems, believes the organisation has difficulties, and reports less satisfaction with their work.
	Hypothesis 7:  Individuals who experience few sleep related difficulties will have better physical well-being, higher self rated health, and better mental well-being than individuals who experience problems with sleep.
	Hypothesis 8:  Individuals who find it easier to cope with shiftwork and use engagement strategies in coping will have better physical well-being, higher self rated health, and better mental well-being than individuals who find it difficult to cope with shiftwork and use disengagement strategies in coping.
	 
	2. METHOD
	2.1 Overview
	Shiftwork studies generally utilise three experimental methods; field studies, laboratory simulations and surveys (Monk & Folkard, 1992).  Field studies are rare because of their high cost  and the political difficulty of collecting objective data over extended periods of time.  Laboratory simulations have resulted in detailed sleep and circadian information but have ignored the social and domestic aspects of shiftwork.  Survey studies have been the most common approach in studying shiftwork as they allow measurement of a wide range of variables.  Because of the lower cost of this approach, the practical limitations with gathering data in an overseas setting, and the success of previous research on which this study is based, a cross-sectional survey format was chosen for collecting data in the present study.
	It is widely recognised that one of the main problems with existing shiftwork research is the lack of standardised measures (Nachreiner, 1990; Wilkinson, 1992; Barton et al, 1995).  As a result, efforts have been made to develop questionnaires that could be used in a range of work places and countries, for example, the Standard Shiftwork Index (SSI) developed by Barton et al (1995).  The SSI is a lengthy questionnaire and not all questions are suitable for ATS staff.  So there is still a need for a well validated, self report questionnaire that is appropriate for use with ATS personnel.
	The measures used in this study were chosen because they had either been used previously with Air Traffic Controllers or were considered appropriate for use with this population.  It was also important that the questionnaire was easy to administer in an overseas setting and an acceptable length.
	For some of the measures used in this study little psychometric information was available.  It was therefore considered a necessary first step to determine the questionnaire’s reliability.  Sixteen Air Traffic Controllers from Ohakea Air Force Base, New Zealand completed the questionnaire on two separate occasions, with a 4 week test-retest period.  Results indicated that the majority of variables had good reliability while other variables were excluded from use in the main study because of their poor reliability.  Further details of participants, procedures and results of this study can be found in Appendix A.
	2.2 Participants
	One hundred and eighty three Air Traffic Controllers, Flight Service staff and Flight Data Officers employed by AirServices Australia were involved in the present study.  Individuals were all based at Melbourne International airport which provides air traffic services in the following areas; tower control, terminal and en-route radar control, flow control, procedural control, flight service information and flight data assistance.
	A total of 263 questionnaires were distributed over a period of three days.  In the following four weeks a total of 183 completed questionnaires were returned.  This yielded a response rate of 70%.  The high return rate is thought to be due to the widespread concern about the detrimental affects of shiftwork, although several individuals also voiced distrust about the managements use of the results.
	2.3 Measures
	A study by Rhodes et al (1994) developed a questionnaire to specifically assess the impact of shiftwork on Air Traffic Controllers. This questionnaire contained 114 items relating to a variety of areas which included demographics, job and shift characteristics, social and family factors, subjective health, sleep duration, job satisfaction, and strategies used in coping with shiftwork.  The questionnaire was constructed from portions of the SSI (Barton et al, 1995).  In addition, professional input on the construction of this questionnaire was received from the Air Traffic Controller Occupational Health programme (Canada), The Canadian Air Traffic Controllers Association and operational Canadian Air Traffic Controllers.
	The questionnaire by Rhodes et al (1994) did not include a measure of mental health or coping style.  Therefore scales from the SSI (Barton et al, 1995) were also included in the present study.
	In order to reduce the number of variables in subsequent analyses, certain variables were examined to see if they were suitable to be combined (Tabachnick & Fidell, 1989).  Single variables were calculated for items relating to the effects of aspects of shiftwork on family life, the effects of shiftwork on off-work activities and personal relationships and the adequacy of breaks during work.
	The questionnaire used in the present research is reproduced in Appendix D and comprises of the following measures:
	2.3.1 Demographic Items
	A number of general items were used to record age, gender, marital status, ethnic group and educational level.  Job related questions such as length of time in ATS, length of time in current position, type of work, primary duties and periods working overseas or absence from ATS were also included.
	2.3.2 Shift and Hours of Work Information
	Shift information was recorded by participants selecting their current shift cycle from several listed.  They were also asked the number of months they had worked on this cycle.  A further question asked about the shift schedule.  Again respondents selected a schedule from those listed.  Two items ascertained the shift cycle and shift schedule individuals would prefer to work.
	Additional questions regarding shift factors dealt with the frequency of short change shifts (shifts with less than 12 hours between the end of one shift and the start of the next), the maximum number of days worked consecutively in the last six months, and the number of consecutive midnight shifts worked in the last six months.  A single item recorded how frequently individuals changed their regular shifts in order to accommodate other activities.
	Two questions referred to hours of work.  The first pertained to the typical number of hours of overtime an individual would work under normal circumstances and under ‘peak traffic’ or ‘under staffed’ periods.
	A second question required individuals to rate, on a six point Likert scale, whether they felt they were able to get sufficient breaks on each type of shift to maintain their level of alertness and performance.  A single variable, which was the average rating for each shift, was calculated.  Higher scores on this item relate to individuals perceiving they have insufficient breaks.  Inter-item correlations were moderate to high and ranged between .33 and .81.
	As included in the Standard Shiftwork Index (Barton et al, 1995) a question asked how long it took to travel to and from work on each different shift.  An additional item questioned if individuals had ever fallen asleep when driving to or from work.
	2.3.3 Circadian Factors
	Composite Scale of Morningness (CSM)
	The CSM was developed by Smith, Reilly & Midkiff (1989) in response to the poor, or lacking, psychometric properties of previous morningness questionnaires.  Items in the scale originate from two earlier morningness questionnaires, those of Horne and Ostberg (1976) and Torsval and Akerstedt (1980).  Factor analyses of these scales resulted in 13 items being selected for the CSM.  Each item is scored in Likert-like format, with three items having a 5 point range and the remaining 10 items a 4 point range.  A higher overall score indicates morning preferences and a low score indicates evening preferences.  A moderate score is categorised as being of an intermediate type.
	Two items from the CSM were included in the questionnaire by Rhodes et al (1994) as a measure of morningness.  Rhodes et al (1994) found the responses from just two questions difficult to interpret.  Because morning/eveningness has been shown to be a good indicator of circadian and sleep adaptability the entire CSM was included in the present questionnaire.  This entire scale is also found in the Standard Shiftwork Index (Barton et al, 1995).
	The CSM has been correlated with many external criterion, including mental and physical performance, timing of sleep, and sleep difficulties (Smith et al, 1989).  Inter-item correlations in a previous study were all found to be acceptable.  They ranged from 0.13 to 0.79, with a mean of 0.36 (Smith et al, 1989).  The coefficient alpha of the entire scale in previous studies has been found to range between 0.87 and 0.88 (Smith et al, 1989; Greenwood, 1994), and indicates good internal consistency.  Inter-item correlations in the present study ranged from .05 to .80 and the alpha coefficient for the present sample is 0.88 (M = 35.6, SD = 6.89, N = 182).  This confirms the reliability reported in previous studies.
	2.3.4 Sleep Factors
	Average sleep length on different shifts was recorded.  The question asked for an estimate of the total hours of sleep when working each different shift and the total hours of sleep obtained on days off.  It was also asked whether the sleep obtained was continuous or split up into different periods.
	2.3.5 Social and Domestic Factors
	A number of items gathered information on domestic issues, domestic support and the impact of shiftwork on an individual’s social and family life.  Three questions referred to the shiftworker’s partner and asked about their current work schedule, work hours and the level of support the shiftworker felt they received from them.  Higher scores on the support item indicated a lower level of perceived support.
	Other items that dealt with the domestic situation asked about the number of children living in the home and the presence of any other dependents.  Three items were used to determine the perceived effect of shiftwork on family life.  These items were scored on a six point Likert scale and asked about the effect of the shift cycle, shift schedule, and overtime on family life.  Inter-item correlations for these 3 items range between .34 and 0.80, with a mean of .50.  An alpha coefficient for these items was not calculated as Joyce and Slocum (1984) suggest that for scales with a small number of items, mean inter-item correlations are a better estimate of internal consistency.  This is because alpha is a function of both the average correlation among items and the number of items.
	Subjective ratings regarding the effect of shiftwork on social life were scored on a six point Likert scale.  Six items dealt with the impact of shift cycle, hours of work and overtime on leisure activities and personal relationships.  These six variables were summed to produce a single score.  Inter-item correlation coefficients were moderate and ranged between .11 and .71.  An alpha coefficient of .80 was calculated for the six items.
	Higher scores on both the social and domestic subjective rating items indicated a greater perceived impact of shiftwork on these factors.
	2.3.6 Coping Style
	Coping with Shiftwork Questionnaire (CSQ)
	The CSQ was included as a measure of coping.  The CSQ was developed because existing measures of coping were considered too long and not specific to shiftwork.  The CSQ is a modified version of the Coping Strategies Inventory (Tobin et al, 1984).  It was developed for use in the shiftwork context and has been included in the SSI (Barton et al, 1995).
	The CSQ was not part of the questionnaire constructed by Rhodes et al (1994) but was included in the present study because of the availability of psychometric data and its subsequent use in several shiftwork contexts (Barton & Folkard, 1993; Barton, Smith, Totterdell, Spelten & Folkard, 1993; Spelten et al, 1993).
	Items in the CSQ cover the use of engagement and disengagement strategies within four problem areas for shiftworkers which include disruption to sleep, social life, domestic life and work.  Individuals are asked to rate the use of eight different coping strategies for each problem area, giving a total of 32 items.  Each item is scored on a five point Likert scale.  Scores were calculated on the two sub-scales of engagement and disengagement by combining relevant questions from each of the four problem areas.  Higher scores on the sub-scales indicate greater use engagement or disengagement strategies.
	Inter-item correlations have been found to be moderate to high, ranging from 0.30 to 0.63 (Spelten et al, 1993).  The sub-scales of the CSQ have moderate to high internal consistency, with alpha coefficients ranging from 0.56 to 0.89 (Spelten et al, 1993). In the present study alpha coefficients for the two sub-scales of engagement and disengagement were .80 and .91 respectively.
	Age and Coping
	A single item asked if individuals had found it more difficult to cope with shiftwork as they had grown older.  Ratings were made on a six point Likert scale, with higher scores indicating less difficulty in coping with shiftwork with increasing age.
	Global Questions
	Four global items questioned the extent to which shiftwork caused problems with sleep, social life, domestic life, and work performance.  Individuals were also asked if they felt there were organisational problems at their work and whether they found it difficult to cope with these problems.  All these items are included in the Standard Shiftwork Index (Barton et al, 1993).
	Each item was rated on a five point Likert scale, with higher scores indicating a greater level of perceived problem or greater difficulty coping with the problem.
	2.3.7 Job Satisfaction
	Individuals were asked how much they agreed with four statements relating to satisfaction with the kind of tasks they do, the job as a whole, the shift cycle they work, and the daily hours of work.  Each item was rated on a six point Likert scale, with higher scores indicating greater disagreement with the statement.
	2.3.8 Well-being
	Physical Health Scale
	This scale comprised twenty questions relating to health and illness.  Questions related to three areas of physical health and asked the frequency with which events, feelings or symptoms occurred.  The first area covered by the scale was health and sleep and included questions regarding health, exercise, diet, quality of sleep and ease of sleeping.  The second area included questions relating to the presence of symptoms of ill health.  The final area referred to fatigue and mood related problems.  Each item was scored on a six point Likert scale, with higher scores indicating greater frequency of events, feelings or symptoms.  Some items were reverse coded so that when responses on all items are summed, higher scores indicate poorer physical well-being.
	Inter-item correlations, for the present sample, were found to range between .01 and .64 and alpha coefficient was calculated as .86, indicating moderate internal consistency.
	Self Rated Health
	Physical well-being was also assessed with a single item.  This question was not present in the questionnaire developed by Rhodes et al (1994) but was included because of lack of psychometric data on the existing physical health scale.
	The question asks individuals to rate their current health compared with a person in excellent health on a seven-point Likert scale.  Scores range from 1 (terrible) to 7 (excellent).  Such ratings have been shown to be better predictors of mortality than other indicators of physical health (Idler & Angel, 1990).  Self rated health has also shown reasonable correlations with physician’s ratings of an individual’s health (Idler & Kasl, 1991).
	General Health Questionnaire (GHQ)
	The questionnaire by Rhodes et al (1994) contained no scale for mental health, yet there is a great deal of evidence to indicate that an outcome of intolerance to shiftwork is poor mental health (Bohle & Tilley, 1989; Costa et al, 1981; Monk & Folkard, 1992).
	In order to correct for this the GHQ was chosen as a measure of mental health.  Developed by Goldberg (1972), it is a widely used, well standardised measure, designed to detect minor psychiatric problems in the general population.  The items cover recent levels of self-confidence, depression, sleep loss and problem solving, resulting in a single measure of mental health over the previous few weeks.  The 12 item version was chosen for use in the present study.
	A recent study, using the 12 item GHQ, found that night work has a significant impact on psychological well-being (Bohle & Tilley, 1989).  Another study (Spelten et al, 1993), again using the 12 item GHQ, found a relationship between coping and GHQ scores for shiftworkers.  The GHQ has been found to correlate well with other mental health measures, including the Hopkins Symptom checklist (Goldberg, Rickels, Downing & Hesbacher, 1976).  Split-half reliability has been reported to be .83 (Goldberg, 1987).  Internal consistency of the GHQ in the present study was investigated by calculating alpha coefficient.  This was .90 and indicates good internal consistency.
	Each item has four response options, which were scored as a Likert scale.  A total score is calculated, with higher scores indicating poorer psychological health.
	 2.4 Procedure
	The methodology for this study including the questionnaire and participant information sheet were approved by the Massey University Ethics Committee.
	Air Traffic Service staff were approached through their workplace and asked to participate in the study.  Most of the questionnaires and information sheets (see Appendix D) were distributed by the researcher, who was present for the first three days after initial distribution.  In all other cases questionnaires were distributed by the individual’s direct supervisor.  Additional questionnaires were also available from the Centre Coordinator if one was not received through the normal channels.  Once questionnaires were completed they were placed in an envelope and returned to a postal box in one of several locations within the work place. 
	3. RESULTS
	3.1 Analyses
	The statistical package, SPSS/PC (Norusis, 1988) was used to analyse the data and investigate the relationships between variables.  Analysis of data involved calculating descriptive statistics for variables, and Pearson’s correlation coefficients were calculated between continuous independent variables.  The hypotheses were then investigated using regression analyses.
	3.2 Data Screening
	Data was screened prior to statistical analysis in order to determine accuracy of data entry, check for missing values, and ensure that the assumptions of the analyses could be met.
	Several transformations were conducted to reduce skewed univariate distributions.  The frequency of changing shifts was positively skewed although square root transformation significantly reduced this.  The frequency of short change shifts and the extent of organisational problems were both negatively skewed.  Logarithmic transformations reduced skewness for both these variables.  Logarithmic transformations also reduced skewness for the number of years in current position, the level of spouse support, number of months on current cycle, average time to get to work, level of satisfaction with the kind of work and disengagement.  All these variables were initially positively skewed.
	All subsequent analyses were undertaken on transformed variables, except in the case of descriptive statistics, untransformed means and standard deviations were reported to assist in interpretation.
	For the univariate analyses missing cases were left as missing since they were randomly distributed across variables.  Because cases with missing variables were deleted the number of cases vary for each analysis.  Therefore, N is reported for each analysis.
	In the regression analyses, the cases with missing values were replaced with the mean for that variable.  This conservative approach was taken in order to retain cases and maintain statistical power while not changing the mean for the distribution as a whole (Tabachnick & Fidell, 1989).
	A single case, with a high z score on the General Health Questionnaire was identified as a univariate outlier and was subsequently excluded from further analyses.  Multivariate outliers were detected by the calculation of Mahalanbois distance.   Three cases were identified as outliers according to a conventional and conservative probability level (p < .001) as suggested by Tabachnick and Fidell (1989).   Regressions were run with and without the outlying cases and the results were found not to differ.  Therefore, it was decided to retain the outliers in order to increase statistical power.  All other multivariate assumptions were met (Tabachnick & Fidell, 1989)
	3.3 Questionnaire Reliability
	The first aim of the present study was to determine the reliability of the questionnaire, since little psychometric data was available for many of the scales.  Test-retest reliability was determined through two subsequent administrations of the questionnaire to 16 Air Traffic Controllers at Ohakea Centre, New Zealand.
	The detailed results of the reliability study can be found in Appendix A.  The questionnaire was deemed to be reliable with the large majority of questions having acceptable reliability coefficients.  Some sleep length variables, sleep continuity variables and overtime variables did not have acceptable reliability and were excluded from the remainder of the study.
	3.4 Sample Description
	Table 3 outlines the demographic data for participants in the main study.  All participants were Australian Air Traffic Service personnel working at Melbourne Centre, Australia.  Each demographic item was not completed by all participants, so the number of respondents for each item is given.
	A total of 183 individuals participated in this study, with 88.5% being males and 11.5% females.  The average age of participants was 38 years, ranging from 22 years to 55 years (SD = 8.5).
	As outlined in Table 3, the majority of participants identified themselves as being of Australian (27.9%) or European (55.2%) ethnicity.  A total of 6.7% of the participants identified themselves as British and the remaining 10.3% from a range of other cultures.  These included New Zealand, Pacific Island, Irish, North American and Asian cultures.
	Only 1.6% of participants had no formal school qualifications and 65% had a formal school qualification as their highest level of education other than their Air Traffic Service training.  Nine percent had a trade certificate, professional certificate or diploma and 23.5% of the present sample had a University degree, diploma or certificate
	Seventeen percent of participants had never been married, with the largest proportion (64.8%) being married, and 10.4% were currently living with a partner.  Only 3.3% of the sample was separated and 9.8% reported being divorced.  Exactly 50% of respondents had children and only 2.7% had other dependents, such as parents living with them, while the large majority, 97.2% did not.  Tabachnick and Fidell (1989) recommend a split of 10%/90% for dichotomous variables in multivariate analysis since an uneven split on a dichotomous variable deflates its relationship with other variables in subsequent analyses.  This variable was therefore not included in further analyses.
	 Table 3: Demographic Data of Australian Air Traffic Service Staff
	Variable
	Frequency
	Percentage
	Gender
	183
	Male
	162
	88.5
	Female
	21
	11.5
	Ethnicity
	165
	Australian
	46
	27.9
	European
	91
	55.2
	British
	11
	6.7
	Other
	17
	10.3
	Education
	183
	No formal school qualification
	5
	1.6
	Formal school qualification
	119
	65.0
	Trade certificate or professional certificate or diploma
	16
	8.7
	University degree, diploma or certificate
	43
	23.5
	Marital status
	182
	Never married
	31
	17.0
	Married
	118
	64.8
	Living with partner
	19
	10.4
	Separated
	6
	3.3
	Divorced
	8
	9.8
	Have children
	182
	Yes
	91
	50.0
	No
	91
	50.0
	Have other dependents
	179
	Yes
	5
	2.7
	No
	174
	97.2
	As shown in Table 5, individuals had worked in ATS for an average of 14.6 years (ranging from 1 year or less to 32 years of service, SD = 9.3) and averaged 8.5 years in their current position (ranging from 1 year or less to 32 years, SD = 7.5).
	 Table 4: Summary of Air Service Data
	Variable
	Frequency
	Percentage
	Type of work
	179
	En-route radar (includes procedural radar)
	80
	44.7
	Terminal radar (includes flow control)
	24
	13.4
	Tower
	36
	20.1
	Flight Service and Flight data
	39
	21.8
	Primary duties
	Operational Controller
	118
	64.8
	Other duties (includes Supervisor, Stream Specialist, Team Leader and Instructor)
	38
	20.9
	Flight Service and Flight data
	26
	14.3
	Current shift cycle
	182
	4 on / 2 off
	120
	65.9
	5 on / 2 off, 5 on / 3 off
	21
	11.5
	other
	41
	22.5
	Current shift schedule
	181
	ADMG
	18
	9.9
	EADM
	9
	5.0
	AADM
	6
	3.3
	EAMG
	49
	27.1
	no fixed schedule
	31
	17.1
	other
	68
	37.6
	Worked in another country
	179
	Yes
	9
	5.3
	No
	170
	95.0
	Absent from AirServices Australia
	177
	Yes
	26
	14.7
	No
	151
	85.3
	Preferred shift cycle
	182
	4 on / 2 off
	104
	57.1
	5 on / 2 off, 5 on / 3 off
	48
	26.5
	other
	30
	16.6
	Preferred shift schedule
	181
	permanent morning shift
	28
	15.5
	permanent day shift
	16
	8.8
	permanent afternoon shift
	29
	16.0
	permanent evening shift
	6
	3.3
	permanent night shift
	2
	1.1
	rotating shifts
	100
	55.2
	 Participants were asked about the type of work they did and selected one of six options.  It can be seen in Table 4 that in the present sample 44.7% of individuals worked on en-route radar (including procedural controllers) and 13.4% worked on terminal radar (including flow controllers).  In the radar centre, controllers were allocated to teams, which control fixed geographic areas.  Because of this arrangement of work stations, flow controllers also train as terminal controllers and were therefore grouped with them for analyses.  Similarly, procedural controllers also work on en-route radar and were grouped with them for analyses.  Tower Controllers comprised 20.1% of the sample and 21.8 % of participants had positions in Flight Service and Flight Data.
	When questioned about their primary duties, the majority of respondents were Operational Controllers (64.8%) while 14.3% undertook the responsibilities of Flight Service or Flight Data.  The remaining 20.9% of individuals had additional responsibilities, these include the positions of Supervisor, Stream Specialist, Team Leader and Instructor.
	Two main shift cycles were worked by Air Traffic staff, with 65.9% of respondents working on a 4 on / 2 off cycle and 11.5% of individuals working on a 5 on / 2 off, 5 on / 3 off cycle.  The remaining 22.5% of individuals worked on a wide variety of shift cycles.
	Four main shift schedules were commonly worked, these included evening, afternoon, morning night rotations (EAMG) (27.1%), afternoon, day, morning, night rotations (ADMG) (9.9%), evening, afternoon, day, morning rotations (EADM) (5%), and afternoon, afternoon, day, morning rotations (AADM) (3.3%).  Some individuals (17.1%) had no fixed shift schedule and 37.6% worked on a variety of other rotating schedules.  All shift schedules recorded were backward rotating.  That is, each subsequent shift in a cycle had a start time that was earlier than the previous shift.  Because of the similarity of all shift schedules and the fact that they were all backward rotating this variable was not included in further analyses.
	Individuals were also asked if they had ever worked in another country’s Air Service organisation.  A small percentage of individuals (5.3%) had, but the majority (95%) had only worked for AirServices Australia.  When individuals were asked if they had ever been absent from their position at AirServices Australia for reasons other than normal annual leave or sick leave, 14.7% replied that they had.
	 Table 5: Means and Standard Deviations for Continuous Variables.
	Variable
	N
	Mean
	SD
	Range
	Age
	182
	38.45
	8.54
	22-55
	Workplace variables
	Number of years in Air Services
	178
	14.61
	9.28
	1-32
	Number of years in work position
	174
	8.49
	7.48
	1-32
	Months on current cycle
	176
	60.68
	82.58
	1-371
	Number of short change shifts
	180
	4.13
	1.04
	1-5
	Frequency of changing shifts
	176
	2.24
	1.28
	1-5
	Consecutive days at work
	176
	8.46
	2.85
	4-21
	Performance problems
	181
	2.45
	.95
	1-5
	Organisational problems
	182
	4.06
	.96
	1-5
	Satisfaction with work tasks
	181
	1.97
	1.08
	1-6
	Satisfaction with job
	181
	3.22
	1.31
	1-6
	Satisfaction with shift cycle
	181
	3.12
	1.33
	1-6
	Satisfaction with hours of work
	181
	2.67
	1.17
	1-6
	Average travel time
	154
	30.78
	14.27
	8.4-100.8
	Coping variables
	Coping with organisational problems
	182
	3.04
	1.16
	1-5
	Ability to cope with increasing age
	182
	3.48
	1.45
	1-6
	Engagement
	175
	43.90
	8.69
	16-67
	Disengagement
	169
	31.76
	11.42
	16-71
	Social and domestic variables
	Social problems
	182
	3.40
	.99
	1-5
	Domestic problems
	182
	2.90
	1.06
	1-5
	Effect of shiftwork on family life
	159
	11.30
	3.17
	3-18
	Effect of shiftwork on social life
	176
	22.04
	5.01
	10-36
	Spouse support
	141
	2.14
	1.17
	1-6
	Sleep variables
	Day shift sleep
	153
	7.37
	1.00
	5-11
	Afternoon shift sleep
	177
	7.84
	.91
	5-10
	Evening shift sleep
	159
	7.81
	1.09
	5-10
	Sleep problems
	182
	3.17
	1.06
	1-5
	Circadian factors
	Morningness
	182
	35.60
	6.89
	18-50
	Dependent variables
	Physical Well-being
	122
	57.89
	14.34
	28-100
	GHQ
	181
	12.36
	5.48
	0-32
	Self Rated Health
	181
	4.83
	1.21
	1-7
	 3.5 Descriptive Statistics
	3.5.1 Workplace Variables
	The descriptive statistics for both the number of years in AirServices and the number of years in the current work position have been previously mentioned in the sample description and can be found in Table 5.  Frequency distributions for both the number of years in AirServices and the number of years in the current work position can be seen in Figure 5.  The graph highlights the fact that a large portion of the sample had spent between 1 and 8 years in both AirServices and in their current work position. There was a very noticeable decrease in the number of individuals who have spent 9 to 12 years in AirServices and in their current position.  Subsequent to this, the number of individuals who had spent greater than 12 years in AirServices and in their current work position rose again until dropping off after 29 years and 24 years respectively.
	 
	Figure 5: Number of Years in AirServices and Number of Years in Current Work Position
	As shown in Table 5, the mean number of months on the current shift cycle is 60.68 (SD = 82.58, range = 1-371, N = 176).  The frequency distribution for the number of months on the current shift cycle can be seen in Appendix B, Figure B1.  The large majority of individuals had worked on their current shift cycle for less than 96 months and, like the distributions for the number of years in Air Services and number of years in the current work position, there was a low point at 9 to 12 years (108 - 144 months).
	Inter-correlations between these continuous variables were calculated in order to investigate possible relationships and can be found in Table 6.  Not surprisingly, the number of years in Air Services correlates moderately with the number of years in the current work position, r = .626, p < .001.  In addition, the number of years in the current work position has a small but significant correlation with the number of months on the current shift cycle, r = .275, p < .05.  However, there was an absence of any significant correlation between the number of years in Air Services and the number of months on the current shift cycle.
	The correlation between an individual’s age and the length of time they have worked in Air Services is high, r = .843, p < .001.  Tabachnick and Fidell (1989) recommend that for regression analyses, bivariate correlations between two independent variables should not be greater than .7.  This is because highly correlated variables reduce degrees of freedom for error and weaken an analysis.  The literature suggests that both age and length of exposure to shiftwork are important in coping with shiftwork.  It was decided to retain the length of service variable since a greater length of time in Air Services would also indicate greater age, yet greater age would not necessarily be indicative of a longer employment period in Air Services.
	Inspection of other inter-correlations in Table 6 shows that the number of years in the current work position had a small negative correlation with the extent to which shiftwork causes domestic problems (r = -.341, p < .05).  This means that a greater number of years spent in the current work position relates to an individual perceiving shiftwork as less likely to cause problems with domestic life.  In addition, a greater number of months on the current shift cycle had small correlations with greater reported satisfaction with the job as a whole (r = .239, p < .05) and a greater level of perceived support for working shifts from an individual’s spouse or partner (r = -.243, p < .05).
	Participants reported that the mean frequency with which they did short change shifts (less than 12 hours between the end of one shift and the start of the next) was once per shift cycle.  The largest proportion, 45%, did short change shifts once per shift cycle and 41.1% did a short change shift twice per shift cycle.  The bar graph in Appendix B, Figure B2 details this distribution.
	A small positive correlation is shown between the number of short change shifts and the frequency with which an individual changes their shift in order to accommodate other activities (r = .277, p < .01).  Working a greater number of short change shifts also correlates with shiftwork having less of an effect on social life (r = -.262,  p < .05).
	The frequency with which individuals changed their regular shifts in order to accommodate other activities is shown in Appendix B, Figure B3.  Most individuals (36.6%) almost never changed their regular shift, while 25.7% changed their shift once per month and only 14.8% of individuals changed their shift twice per month.  Twelve percent of individuals changed their shift three times per month and the smallest proportion, 7.1% changed their shift once per week in order to accommodate other activities.
	Interestingly, there was a moderate positive correlation between the frequency with which an individual changed their shifts and the effect of shiftwork on family life  (r = .50, p < .01).  This correlation implies that individuals who changed their shifts frequently also found that shiftwork interferes more with family life.
	 
	Table 6: Inter-correlations between Continuous Independent Variables
	Age
	Years in AirServices
	Years in current position
	Months on current cycle
	Number of short change shifts
	Maximum number of days on
	Frequency of changing shifts
	Performance problems
	Organisational problems
	Satisfaction with tasks
	Satisfaction with job
	Age
	1.000
	Years in AirServices
	.843***
	1.000
	Years in current area
	.608***
	.626***
	1.000
	Months on current cycle
	-.065
	-.011
	.275*
	1.000
	Number of short change shifts
	.080
	-.067
	-.220
	-.062
	1.00
	Maximum number of days on
	-.081
	-.073
	.055
	.133
	.115
	1.00
	Frequency of changing shifts
	.045
	-.029
	.067
	.296
	.277**
	.403***
	1.00
	Performance problems
	.088
	.083
	.135
	.142
	.057
	.112
	.096
	1.00
	Organisational problems
	.049
	-.039
	.126
	.126
	-.197
	.043
	.019
	.287*
	1.00
	Satisfaction with tasks
	.180
	.135
	.107
	.151
	-.023
	.304**
	.017
	.124
	.013
	1.00
	Satisfaction with job
	.207
	.226
	.226
	.239*
	.043
	.143
	.155
	.147
	.458***
	.270*
	1.00
	* p < 0.05,  ** p < 0.01,  *** p < 0.001
	 Table 6 continued...
	Age
	Years in AirServices
	Years in current position
	Months on current cycle
	Number of short change shifts
	Maximum number of days on
	Frequency of changing shifts
	Performance problems
	Organisational problems
	Satisfaction with tasks
	Satisfaction with job
	Satisfaction with shift
	.031
	-.147
	.059
	.219
	-.230
	.017
	-.048
	.409***
	.287*
	.233
	.231
	Satisfaction with hours of work
	.092
	-.323
	-.147
	.199
	-.009
	.395*
	.284
	.365
	.240
	.298
	.444*
	Time to get to work
	.172
	.076
	.065
	.066
	-.099
	.093
	.062
	.234
	.073
	.339**
	.075
	Morningness
	.093
	.120
	.015
	-.005
	.025
	-.063
	.127
	-.033
	-.070
	-.132
	-.066
	Sleep problems
	-.038
	-.108
	.025
	.201
	-.172
	.220
	.054
	.626***
	.415***
	.169
	.195
	Sleep length on day shift
	.097
	.141
	.207
	.110
	-.098
	-.063
	-.124
	.038
	-.064
	-.156
	.083
	Sleep length on afternoon shift
	-.221
	-.041
	.031
	.072
	-.086
	.019
	-.100
	-.095
	-.052
	-.180
	-.077
	Sleep length on evening shift
	-.449**
	-.275
	-.209
	-.025
	-.088
	.080
	-.109
	-.030
	.050
	-.159
	-.056
	Spouse support
	.072
	-.021
	-.070
	-.243*
	-.150
	-.004
	-.020
	.174
	.094
	.107
	-.092
	Social problems
	-.140
	-.149
	-.153
	.089
	-.222
	.146
	.147
	.385**
	.239
	-.035
	-.102
	Domestic problems
	-.142
	-.172
	-.341**
	-.102
	-.106
	.379**
	.136
	.256*
	.165
	.064
	-.069
	Effect of shiftwork on family
	-.145
	.105
	.232
	.154
	.018
	.184
	.500**
	.055
	.354*
	.110
	.185
	* p < 0.05,  ** p < 0.01,  *** p < 0.001
	 Table 6 continued...
	Age
	Years in AirServices
	Years in current position
	Months on current cycle
	Number of short change shifts
	Maximum number of days on
	Frequency of changing shifts
	Performance problems
	Organisational problems
	Satisfaction with tasks
	Satisfaction with job
	Effect of shift work on social life
	.060
	.005
	-.123
	.028
	-.262*
	.285*
	.145
	.032*
	.177
	.185
	.083
	Coping with increasing age
	-.078
	-.154
	-.147
	-.084
	.080
	-.040
	.131
	-.473***
	-.153
	-.046
	.008
	Coping with organisational problems
	.012
	.041
	-.030
	.064
	-.125
	.073
	-.097
	.375**
	.660***
	.127
	.473***
	Engagement
	.098
	.071
	.134
	-.134
	-.122
	-.050
	-.060
	.166
	-.021
	-.134
	-.071
	Disengagement
	-.091
	-.003
	-.068
	.032
	-.164
	.024
	-.061
	.389**
	.221
	.147
	.100
	* p < 0.05,  ** p < 0.01,  *** p < 0.001
	 Table 6 continued...
	Satisfaction with shift
	Satisfaction with hours of work
	Time to get to work
	Morningness
	Sleep problems
	Sleep length on day shift
	Sleep length on afternoon shift
	Sleep length on evening shift
	Spouse support
	Social problems
	Domestic problems
	Satisfaction with shift
	1.00
	Satisfaction with hours of work
	.615***
	1.00
	Time to get to work
	.049
	.172
	1.00
	Morningness
	.066
	-.282
	-.035
	1.00
	Sleep problems
	.479***
	.560**
	.271*
	-.082
	1.00
	Sleep length on day shift
	.013
	-.154
	-.127
	.226
	.003
	1.00
	Sleep Length on afternoon shift
	-.248*
	.190
	-.191
	-.164
	-.044
	.568***
	1.00
	Sleep length on evening shift
	-.105
	.084
	-.007
	-.292
	-.076
	.187
	.649***
	1.00
	Spouse support
	.181
	.103
	.213*
	-.269*
	.132
	-.351**
	-.343**
	-.162
	1.00
	Social problems
	.271
	.190
	.248
	-.123
	.472***
	-.183
	-.035
	.037
	.288*
	1.00
	Domestic problems
	.159
	.330
	.137
	-.095
	.325***
	-.270*
	-.191
	.076
	.488***
	.483***
	1.00
	Effect of shiftwork on family
	.195
	.208
	.122
	-.124
	.301
	-.287
	-.296
	-.244
	.592***
	.151
	.320
	* p < 0.05,  ** p < 0.01,  *** p < 0.001
	 Table 6 continued...
	Satisfaction with shift
	Satisfaction with hours of work
	Time to get to work
	Morningness
	Sleep problems
	Sleep length on day shift
	Sleep length on afternoon shift
	Sleep length on evening shift
	Spouse support
	Social problems
	Domestic problems
	Effect of shift work on social life
	.468***
	.134
	.191
	-.228
	.474***
	-.138
	-.122
	-.035
	.358**
	.552***
	.624***
	Coping with increasing age
	-.224
	-.047
	-.162
	-.181
	-.271*
	-.114
	-.092
	-.053
	-.012
	-.188
	-.132
	Coping with organisational problems
	.360**
	.433*
	.086
	.023
	.511***
	.027
	-.053
	-.065
	.118
	.407***
	.338**
	Engagement
	.051
	-.124
	.203
	.191
	.056
	.253*
	.082
	.006
	-.033
	.068
	-.058
	Disengagement
	.344**
	.027
	.213
	.055
	.304*
	.159
	-.014
	.133
	.218
	.309*
	.289*
	* p < 0.05,  ** p < 0.01,  *** p < 0.001 Table 6 continued...
	Effect of shiftwork on family
	Effect of shift work on social life
	Coping with increasing age
	Coping with organisational problems
	Engagement 
	Disengagement
	Effect of shift work on social life
	.348
	1.00
	Coping with increasing age
	.015
	-.094
	1.00
	Coping with organisational problems
	-.041
	.316*
	-.434***
	1.00
	Engagement
	.218
	.026
	-.094
	-.148
	1.00
	Disengagement
	.060
	.267*
	-.296*
	.439***
	.089
	1.00
	* p < 0.05,  ** p < 0.01,  *** p < 0.001
	 
	The mean number of days worked consecutively in the last six months was 8.46  (SD = 2.85, range = 4-21, N = 176).  As shown in Appendix B, Figure B4, 45.7% of individuals worked a maximum of 9-10 days consecutively in the last 6 months, with the next largest proportion of individuals working 5-6 days consecutively.  One individual stated that they had worked 21 days consecutively in the last 6 months.
	The number of days worked consecutively in the past six months showed small significant correlations with several variables.  These included the frequency of changing shifts, satisfaction with work tasks, satisfaction with the hours of work, the extent to which shiftwork caused domestic problems and the effect of shiftwork on social life.  The highest correlation of these (r = .403, p < .001), suggested that the greater the number of days worked consecutively the more frequently an individual changed their shifts.  Not surprisingly, the greater the number of days worked consecutively the more shiftwork was perceived to cause domestic problems, and to have a greater effect on social life.  It was also related to lower satisfaction with work tasks and lower satisfaction with the daily hours of work.
	Air Traffic Service staff rated the extent to which they thought working shifts caused problems with their work performance.  As seen in Table 5, the mean rating was 2.45 (SD = .95, range = 1-5, N= 181).
	The inter-correlations in Table 6 show that if shiftwork is perceived to cause problems with work performance individuals are more likely to perceive it causes problems with their social life, domestic life and sleep.  Problems with work performance was also correlated with a perception of greater organisational problems and a lower level of satisfaction with the shift cycle worked.  If shiftwork was perceived to cause problems with work performance then individuals were also more likely to report greater difficulty in coping with shiftwork with increasing age, greater difficulty in coping with organisational problems and report a greater use of disengagement strategies.
	Individuals were asked to rate the extent of organisational problems at their work and the mean rating was 4.06 (SD = .96, range = 1-6, N = 182).  The large majority of individuals perceive that there were organisational problems at their work.  A large proportion of individuals ( 38.3%) replied “very much so”, when asked if there were organisational problems at their work, while only 2 individuals (1.1%) replied “not at all” when asked this question.
	Inter-correlations from Table 6 show that a greater level of perceived organisational problems correlates with lower job satisfaction (r = .458, p < .001) and lower satisfaction with the shift cycle worked (r = .287, p < .05).  A greater perception of organisational problems was also found to relate to shiftwork causing problems with sleep (r = .415, p < .001) and shiftwork having a greater effect on family life (r = .354, p < .05).  Not surprisingly, there was a reasonable correlation between the level of organisational problems and the difficulty an individual had in coping with these problems (r = .660, p < .001).
	Air Services staff were asked to indicate how much they agreed with statements regarding satisfaction with the kind of work they did, their job as a whole, their shift cycle and their daily hours of work.  Figure 11 shows the frequency of ratings for each of these variables.  The highest mean rating was for the satisfaction with the kind of work done (eg.: controlling aircraft), and was 1.97 (SD = 1.08, range = 1-6, N = 181).  While the mean rating for the job as a whole ( eg.: work environment) was 3.22  (SD = 1.31, range = 1-6, N = 181) and the mean rating for satisfaction with the shift cycle (eg.: days on, days off) was 3.12 (SD = 1.33, range = 1-6, N = 181).  The mean rating for satisfaction with the daily hours of work was 2.67 (SD = 1.17, range = 1-6, N = 181).
	As would be expected, satisfaction with the kind of work was positively correlated with satisfaction with the job as a whole (r = .270, p < .05), although this correlation was smaller than would have been expected.  Less satisfaction with work tasks was found to relate to longer travel times to and from work (r = .339, p < .01) and with a greater difficulty in coping with organisational problems (r = .473, p < .001).
	 
	Figure 6: Ratings of Agreement with Satisfaction with Work Tasks, the Job as a Whole, Shift Cycle, and Daily Hours of Work
	Satisfaction with the job as a whole was moderately correlated with the satisfaction with daily hours of work (r = .444, p < .05) and not surprisingly, satisfaction with the daily hours of work also had a reasonable positive correlation with satisfaction with the shift cycle worked (r = .615, p < .001).  Higher levels of satisfaction with the hours of work related to less reported problems with sleep caused by shiftwork  (r = .560, p < .01) and less difficulty in coping with organisational problems (r = .433, p < .05).
	Lower levels of satisfaction with the shift cycle correlated with shiftwork causing more problems with sleep (r = .479, p < .001) and with shorter sleep length on afternoon shifts (r = -.248, p < .05).  Less satisfaction with the shift cycle worked also correlated with a greater reported effect of shiftwork on social life (r = .468, p < .001) and with increased difficulty in coping with organisational problems (r = .360,  p < .01).  There was also a correlation between satisfaction with the shift cycle and a greater use of disengagement strategies (r = .344, p < .01).
	For each of the five shifts; morning, day, afternoon, evening and night, individuals recorded the average amount of time it took to travel to and from work.  The average travel times over all the five shifts was calculated to produce a single variable.  Table 5 lists the mean for this variable as 30.78 minutes (SD = 14.27, range 8.4-100.8, N = 154).  Table B1, Appendix B details the distribution of this variable.
	The time to get to and from work had a small positive correlation with the extent to which shiftwork caused sleep problems (r = .271, p < .05).  Individuals who took longer to get to and from work reported that shiftwork caused greater sleep problems.  Longer travel times were also correlated with spouses being less supportive of an individual working shifts.
	Descriptive statistics regarding the type of work, primary duties, current shift cycle and current shift schedule have been discussed in the sample description, details of which can be seen in Table 4.  It was decided not to include the variable, type of work, in subsequent analyses since there was a category for Flight Service and Flight Data in both this variable and the primary duties variable.  Including both variables in regression analyses would result in ambiguity.  The variable, primary duties, was used in regression analyses because it differentiated between Air Traffic Controllers, Flight Service and Flight Data personnel, and individuals with additional responsibilities.
	Individuals reported on what shift cycle they would prefer to work.  The majority of individuals (57.1%) selected a 4 on / 2 off cycle.  However, this proportion is slightly lower than the proportion currently working on this cycle (65.9%).  Over a quarter of the sample (26.5%) would prefer to work on a 5 on / 2 off, 5 on / 3 off shift cycle which is a much greater proportion of the sample than is currently working on this shift cycle.  The remaining 16.6% of individuals preferred to work on a range of other shift cycles.
	Individuals were asked to select a shift schedule that they would prefer to work.  Relatively small proportions of the sample preferred to work on permanent morning shifts (15.5%), permanent day shifts (8.8%) and permanent afternoon shifts (16%). Only 6 individuals (3.3%) preferred to work on permanent evening shifts and 2 individuals (1.1%) on permanent night shifts.  The largest proportion of individuals (55.2%) preferred to work on a rotating shift schedule.  Because three of the categories each have less than 10% of the sample and these categories could not be meaningfully combined this variable was not used in further analyses (Tabachnick & Fidell, 1989).
	3.5.2 Coping Variables
	Individuals were questioned regarding coping with organisational problems.  The mean rating for this variable was 3.04 (SD = 1.16, range = 1-5, N = 182).  It is interesting to note that a very large number of individuals (125 or 69%) rated their difficulty in coping with organisational problems as “sometimes” a problem or greater.
	Correlation coefficients, from Table 6, show that individuals who reported greater difficulty in coping with organisational problems also reported that shiftwork caused problems with social life, domestic life and sleep.  In addition, those who had difficultly coping with organisational problems, showed greater use of disengagement strategies (r = .439, p < .001) and greater difficulty in coping with shiftwork with increasing age (r = -.434, p < .001).
	Individuals were also asked whether they found shiftwork more difficult to cope with as they increased in age.  The mean rating for this variable was 3.48 (SD = 1.45, range 1-6, N= 182).
	Unexpectedly, there was no correlation between the age of an individual and whether shiftwork was reported to be more difficult to cope with as they increased in age.  There was a small correlation between difficulty in coping with shiftwork with increasing age and the extent to which shiftwork caused sleep problems (r = -.271,  p < .05).  There was also a correlation between difficulty in coping with shiftwork with increasing age and a greater use of disengagement strategies (r = -.296, p < .05).
	 
	Figure 7: Frequency of Use of Engagement and Disengagement Strategies
	The CSQ assessed the extent to which individuals used engagement and disengagement strategies in coping with shiftwork in their social life, domestic life, sleep and work performance.  Figure 7 provides an overview of the distribution of scores on both the sub-scales of engagement and disengagement.  The mean score on the sub-scale of engagement was 43.90 (SD = 8.69, range = 16-67, N = 175).  The mean score on the sub-scale of disengagement was, as expected, considerably lower at 31.76 (SD = 11.42, range 16-71, N = 169), indicating much less use of these types of coping strategies.
	A small positive correlation existed between the use of engagement strategies and sleep length on day shifts (r = .253, p < .05).  The use of disengagement strategies correlated with the perception that shiftwork caused problems with social life, domestic life and sleep.  Greater use of disengagement strategies was also found to correlate with shiftwork having more of an effect on social life.
	3.5.3 Social and Domestic Variables
	Individuals were asked to rate the extent to which shiftwork caused problems with their social and domestic life.  The mean rating for shiftwork causing problems with social life was 3.40 (SD = .99, range = 1-5, N = 182) while the mean rating for shiftwork causing problems with domestic life was slightly lower at 2.90 (SD = 1.06, range = 1-5, N = 182).  Figure 8 displays the distributions for both these variables.  The distributions show that a greater number of individuals perceived shiftwork to more frequently cause problems with their social life than with their domestic life.
	 
	Figure 8: Frequency of Scores for the Extent to which Shiftwork Causes Problems with Social Life and Domestic Life
	The extent to which shiftwork caused problems with social life correlated moderately with shiftwork causing problems with domestic life (r = .483, p < .001).  A moderate positive correlation existed between shiftwork causing problems with social life and the effect of shiftwork on off work activities and personal relationships (r = .552, p < ,001).  The extent to which shiftwork caused problems with domestic life had a slightly higher correlation with the effect of shiftwork on off work activities and personal relationships (r = .624, p < .001).
	Three variables were summed to produce a single score for the effect of shiftwork on family life.  The mean for this variable, as seen in Table 5, is 11.30 (SD = 3.17, range = 3-18, N = 159).  The effects of shiftwork on social life had a mean score of 22.04 (SD = 5.01, range, 10-36, N = 176).  The distributions for both the effect of shiftwork on family life and the effect of shiftwork on social life can be seen in Appendix B, Figure B5 and Figure B6 respectively.
	Both the effect of shiftwork on family life and the effect of shiftwork on social life correlated with the level of spouse support for working shifts.  The more supportive an individual perceived their spouse or partner to be of them working shifts the less shiftwork affected family life (r = .592, p < .001) and social life (r = .358, p < .01).
	Individuals with spouses recorded the average number of hours per week that their spouse was committed to activities outside the home and how supportive their spouse or partner was of them doing shiftwork.  The largest proportion of the sample (27.5%) had a spouse that was committed between 36 and 45 hours per week outside the home.  The next largest group had a spouse that was committed for less than 10 hours per week outside the home.  The frequency distribution of this variable is shown in Appendix B, Figure B7.  The mean rating for the level of spouse support is 2.14  (SD = 1.17, range = 1-6, N = 141).
	Interestingly, the level of spouse support for working shifts was found to have a small correlation with morningness (r = -.296, p < .05).  This correlation suggests that those who are evening types are more likely to report greater supportiveness for working shifts from their spouse or partner.
	Other domestic variables already reported on in the sample description are marital status and whether individuals had children or not.  The frequencies for these variables can be found in Table 3.
	3.5.4 Sleep Variables
	The questionnaire asked individuals to record the length of sleep obtained on each shift.  Unfortunately, some of the sleep questions were found to be unreliable, including the questions regarding the length of sleep obtained on morning shifts, night shifts and days off.  Data was considered reliable for the length of sleep obtained on day shifts, afternoon shifts and evening shifts.  The distributions of these variables is shown in Figure 9.  The mean length of sleep obtained on day shifts was the shortest at 7.37 hours (SD = 1.00, range = 5-11, N = 153) and the mean length of sleep obtained on afternoon shifts was the longest at 7.84 hours (SD = .91, range 5-10,  N = 177), while the mean length of sleep on evening shifts was slightly shorter than that for afternoon shifts, and was 7.81 hours (SD = 1.09, range = 5-10, N = 159).
	As would be expected, sleep length on afternoon shift correlated moderately with sleep length on day shift (r = .568, p < .001) and sleep length on evening shift  (r = .649, p < .001) but there was no correlation between sleep length on day shift and sleep length on evening shift.
	Figure B8, Appendix B depicts the groupings for the dichotomous variables of sleep continuity on day shift and night shift.  Only a small percentage of individuals (4.9%) stated that their sleep on day shifts was split into more than one period while 95.1% obtained their sleep in a continuous block.  Because this variable had less than the desired 10%/90% split suggested for dichotomous variables it was excluded from further analyses (Tabachnick & Fidell, 1989).  Sleep continuity on night shift was not so unevenly divided, with 76.6% of individuals splitting their sleep when on night shifts and less than one quarter (23.4%) obtaining their sleep in a continuous block.
	 
	Figure 9: Mean Sleep Length on Day Shift, Afternoon Shift, and Evening Shift
	Like the questions regarding the extent to which individuals felt shiftwork caused problems with their social and domestic life and work performance, there was also a question asking the extent to which shiftwork caused problems with sleep.  The mean rating for this variable was 3.17 (SD = 1.06, range 1-5, N = 182).
	A single question asked individuals whether they had ever fallen asleep on the way to or from work and a surprisingly high number (76 or 39%) said that they had.
	3.5.5 Circadian Variable
	Circadian typology was measured by the CSM and as seen in Table 4, the mean score was 35.60 (SD = 6.89, range = 18-50, N = 182).  Smith et al (1989) determined raw scores on the CSM to differentiate morning, intermediate and evening type individuals.  According to their criteria 13.1% of individuals in the present study are morning types, 83.1% are intermediate types and 3.3% are evening types, as shown in Figure 10.
	 
	Figure 10: Frequency of Circadian Types
	3.5.6 Physical Well-being
	The physical well-being scale comprised 21 items and as shown in Table 4 the mean score was 57.89 (SD = 14.34, range = 28-100, N = 122).  The sleep variables are plotted in Appendix B, Figure B9 and show clearly that a greater number of individuals have trouble sleeping well during the day than with falling asleep, waking up, or sleeping well through the night.
	Four questions were included in the physical well-being scale regarding fatigue related issues.  Figure B10, Appendix B shows the distributions for these variables.  Although no individuals stated that they frequently had periods where they froze on the job, only 93 individuals stated that this had never occurred to them.  For the question “how often do you experience lapses in attention?” a reasonably large number of individuals (28) rated themselves as frequently having this problem.
	The physical well-being scale included questions that asked about the frequency of certain health symptoms.  The distribution of ratings on these items can be seen in Appendix B, Figure B11.  Because of the strict medical requirements for Air Traffic Controllers, few individuals suffered frequently from these symptoms.  However, the fact that 3 individuals frequently felt short of breath, 6 individuals frequently felt their heart racing or skipping and 7 individuals frequently had headaches is possibly cause for concern.  These ratings were from 14 separate individuals of which 11 were Air Traffic Controllers and 3 were Flight Service or Flight Data (who don’t have to conform to such strict medical requirements).
	Despite having to meet yearly medical requirements very few individuals (22) stated that they frequently felt fit and healthy, as shown in Appendix B, Figure B12, yet a larger number (38) stated that they frequently engaged in regular physical exercise.
	The frequency with which individuals suffer from certain gastrointestinal complaints can be seen in Appendix B, Figure B13.  There were a reasonable number of individuals who suffered from constipation or diarrhoea, heart burn, stomach ache, and found their appetite disturbed.  Feelings of nausea were the least common gastrointestinal complaint, while appetite disturbances were the most common.  It was also interesting to note that while a large portion of the present sample frequently ate 3 nutritious meals a day, an equally large portion did not.
	3.5.7 Mental Well-being
	The GHQ (12 item version) was used to measure the mental well-being of the present sample.  Scores ranged from 0 to 32, with the mean being 12.36 (SD = 5.48, N = 181).  Table B2 in Appendix B details the frequencies of the scores on the GHQ.
	3.5.8 Self Rated Health
	Table 7 details the frequency of individual’s health ratings.  The largest proportion of the sample (31.7%) rated their health as ‘good’, while the next largest group rated their health as ‘fair’.  Only 7.1% of the present sample rated their health as ‘excellent’ and a very small percentage of individuals rated their health as ‘very poor’ (2.2%) or ‘terrible’ (1.1%).
	Table 7: Frequency of Self Rated Health Ratings
	Self Rated Health
	Frequency
	Percentage
	Terrible
	2
	1.1
	Very poor
	4
	2.2
	Poor
	15
	8.2
	Fair
	48
	26.2
	Good
	58
	31.7
	Very good
	41
	22.4
	Excellent
	13
	7.1
	3.6 Regression Analyses
	To examine the contribution of workplace variables, social and domestic variables, coping variables, sleep variables, and circadian typology on physical well-being, self rated health and mental well-being standard regression analyses were run.  The results of these three regression analyses are presented below.
	For the purposes of the regression analyses, marital status, primary duties, current shift cycle worked, and preferred shift cycle worked were dummy coded.  This form of coding re-categorises variables into a set of dichotomous variables.  For example, for the variable preferred shift cycle worked the categories are recorded as: 4 on / 2 off vs 5 on / 2 off, 5 on / 3 off and other shift cycles, 5 on / 2 off, 5 on / 3 off vs 4 on / 2 off and other shift cycles and other shift cycles vs 5 on / 2 off, 5 on / 3 off and 4 on / 2 off.  When the set of 2 level variables are entered into the regression the variance due to the original categorical variable is analysed and the effects of the new dichotomous components can be examined.
	As has been discussed, the dichotomous variables; having other dependents, working in an other country’s Air Service organisation, and sleep continuity on day shift were excluded from the regression analyses because the split of responses was less than 10%/90% as recommended by Tabachnick and Fidell (1989).
	3.6.1 Physical Well-being
	A standard multiple regression analysis was used to estimate the contribution of work factors, social and domestic factors, sleep factors, coping factors and circadian factors to an individual’s physical well-being.  In total 42 variables were entered in the regression equation.  This is slightly less than the ratio of cases to independent variables suggested by Tabachnick and Fidell (1989).  The effect of having fewer cases than recommended is a reduction in statistical power.  To remedy this problem Tabachnick and Fidell (1989) suggest combining independent variables.  This was not considered a suitable option since independent variables that were suitable to be combined as a single variable had been.  Instead, the loss of statistical power is noted and accepted.
	Results, including standardised beta coefficients for each variable and the total variance explained by the equation (R2 and adjusted R2) are presented in Table 12.   R was found to be significantly different from zero, F (42, 140) = 5.68, p < .0001.  Work factors, social and domestic factors, sleep factors, coping factors and circadian factors accounted for 52% of the variance in physical well-being.
	Table 12 details the beta coefficients for each variable.  These explain the influence of each variable in the regression equation.  From inspecting Table 8, it can be seen that there are a number significant variables.
	Circadian typology was one of the significant contributors to the total explained variance.  Surprisingly, this suggested that improved physical well-being was predicted by being an morning type individual (p < .001).  Of all the social and domestic variables, only the extent to which shiftwork was reported to cause domestic problems was found to contribute to better physical well-being (p < .05).
	Several work place factors were significant in predicting physical well-being.  Both the dichotomous variables for primary duties were significant which together infers that the primary duties of an individual are important contributors to physical well-being.  All three categories of primary duties, Air Traffic Controllers, having additional responsibilities and working in Flight Service or Flight Data, were different from each other on the dependent variable of physical well-being.  Examination of the means shows that individuals who worked in Flight Service or Flight Data had the best physical well-being with a mean of 57.73 (SD = 18.15, range = 31-99, N = 22) and Air Traffic Controllers had a slightly higher mean of 58.60 (SD = 13.69, range = 31-91, N = 113).  Individuals who had additional duties such as being a supervisor, stream specialist, team leader or instructor, had the poorest physical well-being with a mean of 63.86 (SD = 14.64, range = 41-85, N = 14).  The other workplace factors that were significant in the regression equation were the number of months on the current shift cycle and the satisfaction with the shift cycle.  Both, longer periods spent on the current shift cycle (p < .05) and less satisfaction with the shift cycle (p < .05) were predictive of poorer physical well-being.
	An individual’s perception that shiftwork caused sleep problems also contributed to poorer physical well-being (p < .05).  In addition, using both engagement and disengagement strategies in coping with shiftwork were important in determining physical well-being.  Greater use of engagement strategies predicted better physical well-being (p < .05), while the use of disengagement strategies contributed to poorer physical well-being (p < .001).
	 Table 8: Standard Multiple Regression of Workplace Factors, Coping Factors, Social and Domestic Factors, Circadian Factors, and Sleep Factors on Physical Well-being, Showing Standardised Regression Coefficients, R, R2 and Adjusted R2 for all Participants (N = 182).
	Predictors
	Circadian factor
	Morningness
	-.243***
	Social and domestic factors
	Sex
	.017
	Children
	.079
	Marital status 1
	-.084
	Marital status 2
	.022
	Marital status 3
	-.003
	Number of hours worked by spouse
	.041
	Level of spouse support
	.074
	Social problems
	-.051
	Domestic problems
	.175*
	Effect of shiftwork on social life
	.085
	Effect of shiftwork on family life
	-.059
	Workplace factors
	Number of years in AirServices
	-.010
	Number of years in present position
	.008
	Primary duties 1
	.307*
	Primary duties 2
	-.237*
	Current shift cycle 1
	-.064
	Current shift cycle 2
	.093
	Preferred shift cycle 1
	-.060
	Preferred shift cycle 2
	-.030
	Absent from AirServices
	-.083
	Months on current shift cycle
	.167*
	Number of short change shifts
	.104
	Number of consecutive days worked
	-.032
	Frequency of changing shifts
	-.080
	Performance problems
	.130
	Organisational problems
	.048
	Satisfaction with work tasks
	-.051
	Satisfaction with job
	.055
	Satisfaction with hours of work
	-.120
	Satisfaction with shift cycle
	.176*
	Average time to travel to and from work
	.120
	* p < .05, ** p < .01, *** p < .001
	 Table 8 continued...
	Predictors
	Sleep factors
	Sleep length on day shifts
	.031
	Sleep length on afternoon shifts
	-.057
	Sleep length on evening shifts
	.098
	Sleep continuity on night shift
	.017
	Fallen asleep on way to or from work
	.000
	Sleep problems
	.178*
	Coping factors
	Engagement
	-.130*
	Disengagement
	.309***
	Coping with increasing age
	-.077
	Coping with organisational problems
	.079
	R
	.794***
	Total R2
	.630
	Adjusted R2
	.519
	* p < .05, ** p < .01, *** p < .001
	 3.6.2 Mental Well-being
	A standard multiple regression analysis was also used to assess the influence of work factors, social and domestic factors, sleep factors, coping factors and circadian factors on an individual’s mental well-being.  The same 42 variables were entered in the regression equation.  R was found to be significantly different from zero, F (42, 140) = 3.15, p < .0001 and the total variance explained was 33%.  Beta coefficients for these variables as well as total variance explained by the equation are presented in Table 9.
	Examination of the beta coefficients indicated that only three variables were significant in the equation.  The first of these was the extent to which shiftwork was perceived to cause problems with domestic life.  A greater level of perceived problems with domestic life contributed to poorer mental well-being.  Again both the use of engagement and disengagement strategies in coping with shiftwork predicted mental well-being.  Greater use of engagement strategies related to better mental well-being and greater use of disengagement strategies contributed to poorer mental well-being.  This meant that individuals who actively tried to cope with shiftwork had improved mental well-being, while those who avoided dealing with difficulties caused by shiftwork had poorer mental well-being.
	 Table 9: Standard Multiple Regression of Workplace Factors, Coping Factors, Social and Domestic Factors, Circadian Factors, and Sleep Factors on Mental Well-being, Showing Standardised Regression Coefficients, R, R2 and Adjusted R2 for all Participants (N = 182).
	Predictors
	Circadian factor
	Morningness
	-.121
	Social and domestic factors
	Sex
	.053
	Children
	-.035
	Marital status 1
	.065
	Marital status 2
	-.092
	Marital status 3
	.084
	Number of hours worked by spouse
	-.071
	Level of spouse support
	-.102
	Social problems
	-.030
	Domestic problems
	.219*
	Effect of shiftwork on social life
	.088
	Effect of shiftwork on family life
	-.055
	Workplace factors
	Number of years in AirServices
	.036
	Number of years in present position
	.059
	Primary duties 1
	.057
	Primary duties 2
	.056
	Current shift cycle 1
	-.023
	Current shift cycle 2
	-.080
	Preferred shift cycle 1
	.129
	Preferred shift cycle 2
	-.078
	Absent from AirServices
	-.062
	Months on current shift cycle
	.014
	Number of short change shifts
	-.060
	Number of consecutive days worked
	.029
	Frequency of changing shifts
	.058
	Performance problems
	.113
	Organisational problems
	-.080
	Satisfaction with work tasks
	.098
	Satisfaction with job
	.118
	Satisfaction with hours of work
	-.046
	Satisfaction with shift cycle
	.049
	Average time to travel to and from work
	-.025
	* p < .05, ** p < .01, *** p < .001
	 Table 9 continued...
	Predictors
	Sleep factors
	Sleep length on day shifts
	.000
	Sleep length on afternoon shifts
	-.039
	Sleep length on evening shifts
	.033
	Sleep continuity on night shift
	-.120
	Fallen asleep on way to or from work
	.006
	Sleep problems
	-.144
	Coping factors
	Engagement
	-.191**
	Disengagement
	.254***
	Coping with increasing age
	-.168
	Coping with organisational problems
	.177
	R
	.697***
	Total R2
	.486
	Adjusted R2
	.332
	* p < .05, ** p < .01, *** p < .001
	 3.6.3 Self Rated Health
	The third standard multiple regression analysis was used to assess the contribution of work factors, social and domestic factors, sleep factors, coping factors and circadian factors to self rated health.  As for the previous two analyses the same 42 variables were entered in the regression equation.  Standardised beta coefficients and the total variance explained by the equation can be seen in Table 10.  With self rated health as the dependent variable, R was found to be significantly different from zero, F (42, 140) = 2.06, p < .001.  The total variance explained in self rated health was 20%.
	Circadian typology was a significant predictor of self rated health, in that being an morning type individual contributed to higher health ratings (p < .05).  Not having children was also found to contribute to improved self rated health (p < .05).
	Three work place variables were significant in the regression equation.  The first of these was one of the dichotomous variables for primary duties.  The beta coefficient infers that there was a difference in health ratings between those who are Air Traffic Controllers and those who had additional responsibilities or worked in Flight Service or Flight Data (p < .05).  The mean health rating for Air Traffic Controllers was 4.85 (SD = 1.13, range = 1-7, N = 117) and the mean health rating for Flight Service and Flight Data personnel was slightly higher at 5.0 (SD = 1.54, range 1-7, N = 25), while the mean health ratings for those individuals with additional responsibilities was lower at 4.57 (SD = 1.16, range = 2-6, N = 14)  Another dichotomous variable, that for preferred shift cycle, was found to significantly contribute to self rated health  (p < .05).  Individuals preferring to work on a 4 on / 2 off shift cycle had significantly different health ratings than those who would rather work on a 5 on / 2 off, 5 on / 3 off shift cycle or another shift arrangement.  The mean health rating for individuals preferring to work on a 4 on / 2 off shift cycle was the lowest at 4.76 (SD = 1.24, range = 1-7, N = 103).  Both, preferring to work on a 5 on / 2 off, 5 on / 3 off shift cycle and preferring another shift arrangement had higher means for self rated health.  They were 4.98 (SD = 1.26, range = 2-7, N = 47) for the 5 on / 2 off, 5 on / 3 off shift cycle and 4.80 (SD = 1.03, range = 3-7, N = 30) for preferring to work on another shift arrangement.
	Thirdly an absence from Air Services, other than for normal annual leave or sick leave, predicted higher health ratings (p < .05).  Again the use of engagement strategies to cope with shiftwork predicted higher health ratings (p < .001), while greater use of disengagement strategies in coping with shiftwork predicted poorer self rated health (p < .05).
	 Table 10: Standard Multiple Regression of Workplace Factors, Coping Factors, Social and Domestic Factors, Circadian Factors, and Sleep Factors on Self Rated Health, Showing Standardised Regression Coefficients, R, R2 and Adjusted R2 for all Participants (N = 182).
	Predictors
	Circadian factor
	Morningness
	.217*
	Social and domestic factors
	Sex
	-.077
	Children
	-.247*
	Marital status 1
	.032
	Marital status 2
	-.149
	Marital status 3
	.045
	Number of hours worked by spouse
	-.017
	Level of spouse support
	.062
	Social problems
	.070
	Domestic problems
	-.047
	Effect of shiftwork on social life
	-.105
	Effect of shiftwork on family life
	.008
	Workplace factors
	Number of years in AirServices
	.170
	Number of years in present position
	-.008
	Primary duties 1
	-.377*
	Primary duties 2
	.191
	Current shift cycle 1
	-.098
	Current shift cycle 2
	.139
	Preferred shift cycle 1
	.215*
	Preferred shift cycle 2
	-.086
	Absent from AirServices
	.161*
	Months on current shift cycle
	-.001
	Number of short change shifts
	.074
	Number of consecutive days worked
	-.051
	Frequency of changing shifts
	.106
	Performance problems
	.043
	Organisational problems
	-.067
	Satisfaction with work tasks
	.132
	Satisfaction with job
	-.095
	Satisfaction with hours of work
	.069
	Satisfaction with shift cycle
	-.119
	Average time to travel to and from work
	-.113
	* p < .05, ** p < .01, *** p < .001
	 Table 10 continued...
	Predictors
	Sleep factors
	Sleep length on day shifts
	-.045
	Sleep length on afternoon shifts
	.007
	Sleep length on evening shifts
	-.067
	Sleep continuity on night shift
	.079
	Fallen asleep on way to or from work
	.031
	Sleep problems
	-.070
	Coping factors
	Engagement
	.303***
	Disengagement
	-.173*
	Coping with increasing age
	.116
	Coping with organisational problems
	-.026
	R
	.618***
	Total R2
	.382
	Adjusted R2
	.196
	* p < .05, ** p < .01, *** p < .001
	 3.7 Summary of the Results of the Regression Analyses
	A summary the significant predictors of physical well-being, mental well-being and self rated health can be found in Table 11.  By looking at the significant variables for each of the three regression analyses certain variables can be seen to be consistently involved in predicting each of the three dependent variables.
	Table 11: Summary of the Significant Variables for Physical Well-being, Mental Well-being and Self Rated Health in each Multiple Regression Analysis.
	Significant Variable
	Physical
	Well-being
	Mental
	Well-being
	Self Rated Health
	Morningness
	Significant
	Significant
	Children
	Significant
	Domestic problems
	Significant
	Significant
	Primary duties 1
	Significant
	Significant
	Primary duties 2
	Significant
	Preferred shift
	cycle
	Significant
	Absent from
	AirServices
	Significant
	Months on current shift cycle
	Significant
	Satisfaction with
	shift cycle
	Significant
	Sleep problems
	Significant
	Engagement
	Significant
	Significant
	Significant
	Disengagement
	Significant
	Significant
	Significant
	Both physical well-being and self rated health were predicted by circadian typology, and the primary duties of an individual.  Whereas the extent to which shiftwork caused problems with domestic life contributed to both physical well-being and mental well-being.  Both the use of engagement strategies and disengagement strategies in coping with shiftwork were significant predictors for physical well-being, mental well-being and self rated health.  In summary, variables that had been highlighted include; circadian typology, the extent to which shiftwork causes domestic problems, primary duties and the use of engagement strategies and disengagement strategies in coping with shiftwork.
	 
	4. DISCUSSION
	4.1 Reliability Study
	Determining the test-retest reliability of the questionnaire for use in an Air Traffic Service environment is the first aim of the present study.  On the whole the questionnaire is deemed reliable for use with Air Traffic Service staff, although the measurement of several variables requires further investigation.
	The large majority of variables have moderate to high reliability.  The independent variables of sleep length on evening shift, satisfaction with the hours of work, and the extent to which shiftwork caused sleep problems and organisational problems have only moderate reliability.  Despite this the reliability coefficients were considered sufficient for these variables to remain in the study.  Variables with low reliability are excluded from the remainder of the study.
	The scales taken from the SSI (Barton et al, 1995) have acceptable reliability, although the GHQ is slightly low.  All coping variables, social and domestic variables, and most work variables from the questionnaire constructed by Rhodes et al (1994) are found to be reliable.
	Concern is noted regarding the lack of reliability for the self reported sleep length and sleep continuity variables.  Although, self reporting of sleep length has been widely used in studies of sleep and shiftwork (Lavie et al , 1989; Knauth & Kieswetter, 1987; Rosa, Colligan & Lewis, 1989, Folkard & Barton, 1992).  However, it is widely accepted that other methods of collecting sleep data, such as sleep diaries/logs, EEG monitoring, and actigraph devices provide more detailed and more objective data.  Sleep logs have been widely used in shiftwork studies (Suvanto, Partinen, Harma & Ilmarinen, 1994; Dekker, Paley, Popkin & Tepas, 1993) but they too have specific problems.  This method requires daily recording of sleep times and subsequently places a burden on participants to maintain accurate and complete records.  The number of incomplete records tends to be high, yet the information gained from this method can be much more detailed than that obtained from simple sleep length periods (Kurumanti et al, 1994).  Other more objective methods include EEG monitoring and the use of actigraphs.  These methods are much more accurate but there is a financial cost as well as a much more extreme commitment required by participants.  In summary, it is realised that subjective reports of sleep length have problems but so do the other objective measures.  Overall, it is necessary to weigh up the advantages and disadvantages of each.  It is suggested from the findings of this reliability study that more objective methods, other than self reporting, should be used in gathering sleep data.
	Other variables with unacceptable reliability include self reports of the number of hours of overtime worked and the adequacy of breaks during shifts.  The questions regarding overtime ask for an estimate of the number of hours typically worked in the last month under (a) ‘normal’ and (b) ‘peak’ or ‘under staffed’ periods.  Self reported data such as this may not be very accurate due to difficulties in recalling this information.  Individuals possibly only consider the amount of overtime worked in the previous few days and inaccurately extrapolate this value over the last month.  In addition, there is possibly a tendency to over estimate the amount of overtime worked in order to portray the situation as being worse than it actually is.  Another concern with these questions is the possible ambiguity between what is considered ‘normal’ conditions and what is considered ‘peak’ or ‘under staffed’.  A number of participants commented on their questionnaires that ‘peak’ or ‘under staffed’ was the norm in their workplace, hence the number of hours recorded is the same for each question.  There is also the consideration that the question on the amount of overtime worked in ‘peak’ or ‘under staffed’ periods immediately followed the question on overtime in ‘normal’ conditions.  This could easily bias individuals to inflate the number of hours of overtime worked under ‘peak’ conditions because they believe this value should probably be greater whether in reality it may not be.
	Information such as the number of hours of overtime worked should be relatively easy to obtain from more objective sources, such as work records.  Obviously the full cooperation of management would be required, but this source of information would overcome the inaccuracies in participant recall and bias.  With additional information on the number of staff working and air traffic levels the distinction could be made between ‘normal’ conditions and ‘peak’ or ‘under staffed’ conditions.
	A further variable that is unreliable is the reference to adequacy of breaks on each shift worked.  It is likely that in answering this question an individual considers how they felt about the adequacy of their breaks only in the previous few shifts.  Such feelings may not remain constant over time, hence the lack of reliability for this variable.  There may also be a range of other factors which constantly change how an individual feels about their breaks.  Such factors could include the number of staff working, the workload on a shift, the particular shift cycle being worked and the actual tasks an individual is performing.  Therefore, like sleep data, this data may be better collected by some other means.  For example, a daily log in which an individual records how they felt about their breaks at the end of each shift over a number of shift cycles.  Additional comments could also be made by the individual so other trends could be identified and a fuller picture of the situation developed.
	The demographic characteristics of the New Zealand Air Services staff who participated in the reliability study were very similar to the sample of Australian ATS staff who participated in the main study.  The only notable differences were that a much greater proportion of Australian ATS staff had tertiary qualifications and that New Zealand ATS staff were much more likely to have worked in another country.  With these differences taken into account the questionnaire is expected to be reliable when used in another country.
	4.2 Overview
	The findings of the present study support the position that a range of factors are important in determining an individual’s tolerance to shiftwork.  Many previous studies have focussed on the effects of a single variable or combinations of only a few variables in investigating the ability of an individual to tolerate shiftwork.  It is clear from the findings of the present study that the issue of tolerance to shiftwork is a complex one and that predicting this requires looking at many aspects of a shiftworker’s life.  In the present research, self rated health and physical well-being are predicted by a range of variables that are from each of the five areas considered; circadian typology, work place factors, social and domestic factors, sleep factors, and coping factors.  Mental well-being is found to be best predicted by a single domestic variable, which is the extent to which shiftwork caused domestic problems and the two coping variables of engagement and disengagement.  Therefore for an individual to be able to tolerate shiftwork they must have strategies in place to help them deal with the effect of shiftwork on a range of factors in their lives.
	Certain variables from each of the areas deemed important in contributing to tolerance to shiftwork are found to significantly predict physical well-being.  The important contributors are circadian typology, the extent to which shiftwork is perceived to cause domestic problems and sleep problems, the primary duties of an individual, the number of months spent on the current shift cycle, the level of satisfaction with the shift cycle and the use of engagement and disengagement strategies.  The total variance explained by all the variables in the regression equation is 52%.
	Work place factors, social and domestic factors, sleep factors, coping factors and circadian typology account for 33% of the variance in mental well-being, with the extent to which shiftwork is perceived to cause domestic problems, and the use of engagement and disengagement strategies identified as significant predictors.  No workplace or sleep factors are found to significantly predict mental well-being.
	Circadian typology, having children, the primary duties of an individual, preferred shift cycle, absences from Air Services, and the use of engagement and disengagement strategies significantly contributed to the regression equation for self rated health.  In all, 20% of the variance in self rated health is explained by the variables in the regression equation.
	The sample of Air Traffic Service staff in the main study are largely European, middle aged males.  This is expected because the occupation is known to be male dominated, with few individuals from ethnic minorities, and individuals tend to remain in the occupation for their entire working lives (Hopkin, 1995).  The large proportion of individuals with only a formal school qualification as their highest educational qualification, other than their Air Traffic Controlling qualification, supports the position that people enter this occupation at an early age and remain in it for some time.  As would be expected the majority of individuals are married and the percentage of individuals separated or divorced does not seem excessive.  Although the sample is probably very unlike the general Australian population it is expected to be representative of Australian ATS staff.  However, due to demographic information on this population being unavailable, this can not be confirmed.
	The discussion that follows deals with each of the variables found to be significant predictors of physical and mental well-being and self rated health and whether the proposed hypotheses have been supported.
	4.3 Significant Findings
	4.3.1 Hypothesis 1: Circadian Typology
	The first hypothesis, that evening type individuals will have better physical well-being, higher self rated health, and better mental well-being than individuals who are morning oriented is not supported.  Instead, findings in the present research suggest that morning type individuals have better physical well-being and higher self rated health than evening type individuals.  In addition, circadian typology is not found to significantly predict mental well-being.  The finding that morning type individuals have better physical health and higher self rated health than evening type individuals is contrary to the findings of many previous researchers, who suggest that evening type individuals find it easier to tolerate shiftwork than morning type individuals (Akerstedt & Torsvall, 1981; Kerkhof, 1985a; Monk & Folkard, 1985; Monk, 1988).  However, none of these previous studies have been undertaken in an ATS environment.
	As outlined previously, morningness is thought to be a powerful inter-individual difference in circadian rhythms, that appears to be related to biological, behavioural and attitudinal differences among people (Kerkhof, 1985a).  Morningness has been considered a potential tool for selecting and placing workers into shiftwork since evening individuals are believed to find shiftwork easier to tolerate.  This is thought to be because evening individuals find zeitgeber influences less potent, they find it easier to sleep during the morning resulting in less sleep deprivation, and they are believed to have longer free running periods than morning individuals which is an advantage in forward rotating shift cycles.
	Several weaknesses have been identified in the previous research that has identified evening individuals as more tolerant to shiftwork.  Firstly, there has been a tendency to consider the effects of individual factors on shiftworker health and well-being as if they act independently of each other.  Secondly, few of the studies which have related circadian typology to physiological differences have sound methodology.  These studies investigated the relationship between morningness and the cycle of body temperature, yet few researchers took measurements over an entire 24 hour period (Vidacek, Kaliterna, Radosevic-Vidacek, & Folkard, 1988).  Most studies took measurements only within the normal waking period.  Taking this into account, only one study from a group of twelve (Breithaupt et al, 1980) is able state that there was a phase difference of 1.5 hours between morning and evening type individuals on a normal diurnal routine.  Finally, studies of morningness have seldom included performance measures and have instead relied on subjective ratings of alertness, times of sleep onset and offset, or body temperature differences to differentiate between morning and evening types.
	Bohle and Tilley (1993) noted a surprising finding in their study concerned with the mood of night working nurses.  They found evening typology strongly predicted high fatigue-inertia scores (a sub-scale of the Profile of Mood States).  In addition, Iskra-Golec, Marek and Noworol (1995) investigated the interactive effects of a number of individual factors on nurses health and sleep.  Morningness was not found to be predictive of health, fatigue or sleep disturbances and it was also found that when morningness was added to the interactions of neuroticism with languidity and extroversion with flexibility of sleep, it did not significantly improve the predictions of the above mentioned dependent variables.  Akerstedt (1980) found morningness accounted for very little variance in psycho-somatic complaints, sleep complaints and sleep length and Vidacek et al (1988) found morningness to be predictive of oral temperature and subjective ratings of alertness but not of heart rate or reaction time.  The findings of these studies suggest that morningness may not necessarily be a good predictor of mood, health, sleep disturbances and possibly performance.
	It is important to note that only a very small proportion of the present sample can be considered true evening type individuals according to criteria set by Smith et al (1989).  Smith et al (1989) based their cut off scores on the 10th and 90th percentiles in their sample.  In the present study, less than 5% of Air Traffic staff are true evening individuals, while over 13% are true morning type individuals. It would be expected from the findings of previous research that in a group of long term shiftworkers there would be a greater proportion of evening individuals and few morning type individuals, since it is believed that morning individuals are more likely to transfer to day work (Akerstedt & Torsvall, 1981).
	One of the reasons evening type individuals are believed to be more tolerant to shiftwork than morning individuals is because their longer free running rhythms make it easier for them to adapt to phase advances, such as is required for forward rotating shift cycles.  In the present study, all the Air Traffic staff worked on backward rotating cycles.  Such backward rotating cycles are the norm in New Zealand and Australia and are liked by staff because of the compacted work week and the longer time off between shift cycles than in a forward rotating cycle.  It is possible, that just as longer free running periods are advantageous in forward rotating cycles they serve as a disadvantage in backward rotating cycles where the shorter free running periods of morning individuals may be more suited.  Indeed, if morning types do find this shift cycle easier to tolerate than evening types then it would be expected for there to be a greater proportion of them in the working population than evening types and as previously noted this is the case in the present research.
	One interesting finding with regard to circadian typology is the relationship between morningness and the level of perceived support from an individual’s spouse or partner.  Although difficult to explain, morning individuals rate their spouse or partner as being more supportive of them working shifts than evening type individuals.  It may be that individuals who prefer to rise early have time in the morning to help with household tasks and child care which could in turn lead to greater domestic harmony and hence greater support for working shifts.  To determine if the level of spouse support influences the effect of circadian typology on physical well-being or self rated health further research would be necessary.  However, even if there is an interaction between the level of spouse support and morningness, it must be remembered that morningness is found to be a significant predictor of physical well-being and self rated health while controlling for other variables in the regression equation.  This is because standard regression analysis determines the standardised beta coefficients for each independent variable while statistically keeping all other independent variables constant, so although variables found to significantly predict the dependent variable may interact with other independent variables they are also proven to significantly contribute to the regression equation on their own.
	In summary, the present finding that morning type individuals have better physical well-being and higher self rated health than evening individuals is in contrast to the proposed hypothesis.   This may be for several reasons.  Firstly, there are weaknesses in the research on which this hypothesis is based.  Secondly, several studies have found morningness not to contribute to predictions of physical health and sleep disturbances, and for evening typology to predict fatigue scores.  Thirdly, being an evening type person is believed to be an advantage in forward rotating shift systems, yet Air Traffic staff work on backward rotating systems where being more morning oriented may be an advantage.  The relatively large number of morning individuals in this population also shows the advantage of this circadian type.
	 4.3.2 Hypothesis 2 and 3: Social and Domestic Variables
	The second hypothesis that, the less shiftwork is perceived to have an effect on, and cause difficulties with, social life and domestic life the better an individual’s physical well-being and better mental well-being, and the higher their self rated health, is partially supported.  A single domestic variable, the extent to which an individual perceives shiftwork to cause domestic problems, significantly predicts physical and mental well-being but it does not contribute to self rated health.  Walker (1985) suggests an individual’s body may be able to adjust to shiftwork but their ability to cope still depends greatly on domestic factors.  Previous studies have overwhelmingly found shiftwork to cause domestic difficulties (Mott et al, 1965; Khalaque & Rahman, 1984; Shamir, 1983).  This is particularly so for rotating shiftworkers, such as those in the present sample.  Rotating shiftworkers experience both the disadvantages and advantages of all shifts but one of the most common and unique problems faced by rotating shiftworkers is that of working at weekends.  This means greater difficulty in spending time with a working spouse and school aged children.  Individuals working non-standard schedules have a similar problem and Staines and Pleck (1984) found that such individuals spent significantly less time with their children.
	The third hypothesis that, individuals with fewer domestic commitments and greater spousal support will have better physical well-being, higher self rated health, and better mental well-being than individuals with greater domestic commitments and less spousal support is also only partially supported.  Spousal support does not significantly contribute to predicting any of the dependent variables and only self rated health was significantly predicted by having children.  Air Traffic staff with children rated their health as poorer than individuals without children.  With an understanding of the role of domestic life in coping with shiftwork this finding is not unanticipated.  It is well known that shiftwork makes it considerably more difficult for an individual to fulfil family roles and to find child care.  However, there is another possible explanation for this finding and that is that having children contributes to lower ratings of health regardless of whether an individual works shifts or not.  The comparison of Air Traffic staff with a group of day workers would be necessary to clarify this point.
	What is interesting is that although a domestic variable in each regression analysis significantly predicts the dependent variable, none of the social variables do.  It is widely realised that shiftworkers find it more difficult to socialise than day workers and in general report less involvement in community and sporting organisations and have fewer friends (Colligan & Rosa, 1990; Herbert, 1983; Walker, 1985).  Despite an individual’s social life being disrupted by shiftwork it is possible that it is an issue that is more easily dealt with and subsequently has less consequence on physical and mental well-being than disruption to domestic life.  Sufficient social support may be gained from shift working friends and family members.  A number of Air Traffic staff commented that they only socialised with fellow workers because of the difficulties of staying in contact with people on day shift.  The fact that shiftworkers realise this is an inherent problem of shiftwork may lead them to develop closer social relations with other shiftworkers and hence still gain the social support necessary.  Consequently, the difficulties associated with social life are not excessive and therefore do not manifest themselves in health related problems.
	4.3.3 Hypothesis 4 and 5: Exposure to Shiftwork and Work Schedules
	The fourth and fifth hypothesis are both partially supported and are discussed together.  The number of months on the current shift cycle significantly contributes to the prediction of physical well-being.  The reason for the number of months on the current shift cycle being significant is unclear.  If this variable was purely a reflection of the length of exposure to shiftwork or the actual shift cycle worked then it would have been expected that the number of years in Air Services, the number of years spent in the present work position and the current shift cycle variable would also be significant.  It may therefore be that the combination of these factors is important and it is neither the length of exposure to shift work or the actual shift cycle worked but the interaction of these factors that is the key.  Other factors contributing to the effects of the number of months on the current shift cycle can be suggested by investigating bivariate analyses.  Longer periods of time on the current shift cycle is related to less support for working shifts from an individual’s spouse or partner and with greater satisfaction with the job as a whole.
	The fourth hypothesis is also partially supported by the finding that an absence from Air Services significantly predicts self rated health.  This absence from Air Services was for other than normal sick leave, annual leave or training courses.  Only a relatively small proportion of the sample had been absent from Air Services and reasons ranged widely including maternity leave, family issues due to shiftwork, long service leave, running a business, needing a change and travel.
	This is an interesting finding and possibly suggests that having a break from shiftwork results in better health.  It is also possible that individuals who take such a break do so because they realise the benefits, or that after having such a break people feel better and attempt to maintain their improved health.  This finding has practical implications in that individuals who have leave which is owing should be encouraged to take it.
	The significance of preferred shift rather than actual shift worked in contributing to self rated health is, to say the least unusual, and difficult to explain.  It was found that individuals who would prefer to work on a 4 on / 2 off shift cycle have poorer self rated health than individuals who would prefer to work on a 5 on / 2 off, 5 on / 3 off shift cycle or on some other shift cycle.  Presently, the majority of individuals work on a 4 on / 2 off shift cycle and interestingly twice as many individuals would prefer to work on a 5 on / 2 off, 5 on / 3 off shift cycle than the number who currently do.
	It is possible that individuals who currently rate their health more highly, and hence have greater tolerance to shiftwork, are more aware of the factors that influence their ability to cope with shiftwork.  One of the factors that is important in coping with shiftwork is time off in order to be with family and socialise.  The 4 on / 2 off shift cycle is a seven week cycle (repeating every seven weeks) and results in a normal weekend off once every seven weeks.  The 5 on / 2 off, 5 on / 3 off shift cycle is a 17 week cycle, with three normal weekends off every 17 weeks.  This equates to one weekend off every 5.5 weeks.  Importantly though, it allows three weekends off in a row every 17 weeks and these weekends off may be an important attraction of this shift cycle.  In addition, the 5 on / 2 off, 5 on / 3 off shift cycle may be perceived by individuals as a more predictable and stable cycle since it reflects a more normal work week than the 4 on / 2 off cycle.  In explaining this finding it is of course also likely that there is another reason, unrelated to shiftwork, that has not been considered here.
	This finding is interesting in that it implies some shiftworkers are very aware of factors that influence their ability to tolerate shiftwork, while other workers are not.  Because of its relationship to an individuals perception of their health, it is well worth investigating further in order to try and gain an understanding of why it has such an influence on self rated health.
	4.3.4 Hypothesis 6: Satisfaction with Shift Cycle
	The sixth hypothesis that, individuals who experience fewer difficulties with their performance due to shiftwork, have fewer problems with the organisation, and report greater satisfaction with their work will have better physical well-being, higher self rated health, and better mental well-being than individuals who find shiftwork causes performance problems, believes the organisation has difficulties, and reports less satisfaction with their work, is partially supported.  Only an individual’s satisfaction with their shift cycle is found to relate to physical well-being.  Greater satisfaction with the shift cycle worked predicts better physical well-being.  Neither self rated health or mental well-being are predicted by satisfaction with work or the shift cycle.
	Satisfaction with a shift cycle may reflect an individuals ability to cope with the effect of their shift cycle on their sleep patterns and circadian rhythms.  Therefore, if an individual finds their sleep and body rhythms are disrupted due to their work patterns they may also experience poorer physical health.  It should be noted that items in the physical well-being scale deal with sleep complaints and gastrointestinal problems, two areas which would be expected to be adversely affected if an individual was not tolerating the shift cycle they were working on.
	Bivariate analyses may also help to explain the significance of satisfaction with shift cycle in predicting physical well-being.  Greater satisfaction with the shift cycle worked relates to fewer reported sleep, performance and organisational problems.  There is also a positive correlation between satisfaction with shift cycle and satisfaction with the hours worked.  Such relationships may indicate that satisfaction with shift cycle also reflects a general ability to tolerate the effects of the shift cycle worked on other aspects of an individuals life.  But like the other relationships found in the present study further investigation is required in order to determine causality.
	The primary duties of an individual were found to significantly predict both physical well-being and self rated health and this finding partially supports the sixth hypothesis.  In the regression equation for physical well-being it is found that Flight Service and Flight Data workers are in the best physical health, followed by Air Traffic Controllers.  Those individuals who have additional responsibilities, such as supervisors, instructors, team leaders and stream specialists, have the poorest health.  In the regression for self rated health, Air Traffic Controllers are found to have significantly higher ratings of health than both Flight Service/Flight Data and individuals with additional responsibilities.  No significant difference is found between Flight Service/Flight Data and individuals with additional responsibilities.
	There are a number of possible explanations for individuals who have additional responsibilities having poorer health.  Firstly, being in a position of responsibility may mean that an individual feels obliged to work longer hours, fill shifts for absent workers, and experience greater difficulty in swapping shifts since the positions of responsibility are shared between a relatively small group of individuals (21% of the present sample).  In addition, Air Traffic staff who have additional responsibilities are likely to have worked their way through the Air Traffic system and would therefore be older and have been exposed to shiftwork for a longer period of time.
	An alternative explanation is that such positions are more stressful than other jobs in Air Services and the effect of having greater responsibility is not directly related to working shifts but instead lower levels of well-being are caused by other workplace stressors.  For example, the findings of the present study suggest that a large majority of staff perceive that there are organisational problems in the work place (eg: the way work is organised, staffing is arranged or management decision are implemented) and although individuals with additional responsibilities may not make management decisions they may be perceived as management by other staff and are therefore exposed to complaints and comments regarding management practices.
	4.3.5 Hypothesis 7: Sleep Problems
	The seventh hypothesis that, individuals who experience few sleep related difficulties will have better physical well-being, higher self rated health, and better mental well-being than individuals who experience problems with sleep is partially supported.  The extent to which shiftwork caused sleep problems is a significant predictor of physical well-being.  This is a slightly surprising finding because it was expected that sleep problems would be important in predicting all dependent variables.  One of the most recognised problems encountered by shiftworkers is the disturbance of the sleep-wake cycle and as such, Knauth (1983) found that complaints of disturbed sleep were the most frequent made by shiftworkers.
	One possible explanation is that for Air Traffic staff, other factors are more important in determining tolerance to shiftwork and sleep problems are less of an issue for them.  Another, more likely, explanation is that the measures of sleep problems used in the present study did not adequately capture the extent of the problem.  As has been discussed in some detail, many of the sleep variables were found to be unreliable and subsequently could not be used in the remainder of the study.  This means that important data could have been missed.  In addition, sleep items dealt with sleep length and continuity but not sleep quality.  Future studies need to include more reliable measure of sleep length and possibly measures concerned with the quality of sleep.
	4.3.6 Hypothesis 8: The Use of Engagement and Disengagement Strategies
	The most consistent finding in the present study is that the use of engagement and disengagement strategies in coping with shiftwork is important in predicting physical and mental well-being and self rated health.  This supports the eighth hypothesis.  Previous research has shown this relationship, but only for mental well-being (Spelten et al, 1993).
	The use of engagement strategies in coping with shiftwork involves actively managing or changing factors that cause an individual stress.  The more frequent use of these types of strategies is found, in the present study, to be related to better physical and mental well-being and higher self rated health.  As previously mentioned, individuals were asked the frequency with which they used these strategies in dealing with sleep, social, domestic and work problems caused by working shifts.
	Monk (1994) argues that the ability to tolerate shiftwork depends on the interaction of three areas; circadian rhythms, sleep, and social and family life.  Tolerance to shiftwork is dependant on problems or difficulties in all these areas being addressed.  The findings of the present study also suggest that these three areas are consequential in determining the health and well-being of shiftworkers but in addition the use of engagement strategies in dealing with work place problems is identified as important.
	The use of engagement strategies possibly shows a greater commitment to shiftwork through the willingness to make lifestyle changes and the more disciplined management of time.  Previous literature has suggested that because several aspects of an individual’s life are important in coping with shiftwork, it is necessary for the shiftworker to continually attempt to balance all these facets, so the result is no great impairment of any one area (Monk, 1994, Kogi, 1985).  What is important about engagement strategies is that their use reflects efforts to actively deal with difficulties encountered through working shifts and this possibly identifies individuals who are prepared to continually attempt to balance each area that is affected by shiftwork.
	The effect of using engagement strategies on the physical well-being of shiftworkers may be explained by the findings of Folkard et al (1978) who reported that nurses with a greater lifestyle commitment to night work had circadian rhythms that were more adjusted to their work/sleep schedules than nurses who had less of a commitment to night work.  Therefore it may be, that Air Services staff who are active and willing in their efforts to adjust their lives to their work patterns may suffer less physiological disruption and hence experience fewer health problems.
	The use of disengagement strategies in coping with shiftwork is related to poor physical and mental well-being and lower self rated health.  Disengagement strategies are at the opposite end of the continuum from engagement strategies, in that they reflect a desire to avoid or ignore dealing with difficulties created by shiftwork. Therefore, their relationship to poorer health and well-being may be because an individual eventually experiences greater stress through ignoring problems caused by shiftwork.  In addition, an individual’s disregard for the physiological effects of shiftwork may result in a greater incidence of health problems.
	Spelten et al (1993) suggest that individuals disengage as a result of their inability to cope with shiftwork.  They believe that this is supported by the finding that individuals who used both engagement and disengagement strategies showed better psychological health than individuals who only used disengagement strategies.  The present study did not investigate the interaction of these two forms of coping so results can not confirm or refute these previous findings.  Despite the use of disengagement strategies being related to poorer health and well-being, causality can not be determined.  Therefore, it must also be considered that poor physical and mental well-being results in individuals using disengagement strategies.
	Spelten et al (1993) also noted that the use of disengagement strategies is dichotomous, in that these strategies were either used frequently or not at all. In the present study, the initially skewed distribution of scores on the disengagement sub-scale suggests that they are generally not used by many individuals, although a few individuals use them frequently reflecting a similar dichotomous split.  This finding may indicate that individuals only switch to using this type of strategy when their problems become severe.
	On the whole the finding that the use of engagement and disengagement strategies are related to physical and mental well-being and self rated health confirms that coping is an important part of tolerating the effects of shiftwork.  The definitive nature of these relationships is unclear and further investigation in a longitudinal study would be of benefit.  This would allow any change in the use of these strategies to be detected and compared with changes in tolerance to shiftwork.  The interaction of the two styles of coping also requires further study since it is possible the effects of disengaging may be moderated by the use of engagement strategies.
	4.4 Limitations of the Present Study and Suggestions for Future Research
	4.4.1 Ratio of Cases to Independent Variables
	Because of the large number of independent variables (42) used in the present study, the ratio of cases to independent variables is slightly below that recommended by Tabachnick and Fidell (1989) for multiple regression analyses.  The result of this lower than preferred ratio is a large degrees of freedom in relation to the number of cases considered and hence reduced statistical power of the regression analyses.  There is also a slight increase in the possibility of making a type II error.  The strategy of further combining independent variables was not considered a feasible option.  Variables that could be combined had been and additional composite independent variables would be meaningless.  Previous research on coping with shiftwork has tended to consider only one or two of the variables thought to be important in predicting shiftworker well-being.  It is therefore important that future research considers a broad range of variables in order to better understand tolerance to shiftwork, such as the present study has attempted to do.  However, in order to overcome the limitation of the ratio of cases to independent variables, future studies must have a large number of cases.
	4.4.2 Limitations of Regression Analysis
	A regression analysis allows the assessment of the relationship between a set of independent variables and one dependent variable.  The degree of association between the independent variables and the dependent variable can be determined but the identification of a relationship does not imply cause and effect.  The findings of the present study suggest that there are a number of relationships that require further investigation.  Because of the progressive nature of health outcomes a longitudinal study is warranted in order to investigate causal relationships.
	4.4.3 Self Reported Data
	Caution must be noted in interpreting some results, given that all data presented are self reported and hence there is the potential bias in responding that may be associated with this methodology.  For example, it could be argued that the associations between domestic problems, sleep problems, satisfaction with the shift cycle and the dependent variables may in fact indicate an artefact ie: a tendency to complain.
	4.5 Practical Implications
	In conclusion, the findings of the present research indicate that an individuals ability to tolerate shiftwork is dependent on a range of factors including circadian typology, work place factors, social and domestic factors, sleep factors, and coping factors.  Further longitudinal research is required for causality to be determined but the current findings do have some practical implications.  The first of these is that shiftworkers must be educated about the effects of shiftwork on their health and well-being.  Without being informed there is no way they can be expected to begin the develop effective coping strategies.  The second implication is that an organisation must support the coping strategies of their shiftworkers.  Shiftworkers need to be supported in sleep, safety, free time, health, social life and their careers.  By doing this, it is more likely that an individual can continually balance their life so that they can continue for some time on a rapidly rotating shift system.
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	Appendix A
	RELIABILITY STUDY
	Aim
	A small survey was carried out to determine the reliability of the questionnaire to be used in the main study.  This also permitted the acceptability of the questions to be tested and for any anomalies in questions to be detected.
	Method
	Participants:
	Data from Air Traffic Controllers employed by Airways Corporation of New Zealand at Ohakea Air Force Base, New Zealand was included in this portion of the study.  Air traffic services at this centre include tower control for military aerodrome traffic, and area and terminal radar services for the surrounding airspace (approximately one third of the North Island).  Radar services control a combination of military traffic, commercial civilian aircraft and training traffic.
	Initially 33 Air Traffic Controllers were approached at this centre and asked to participate in the study.  Sixteen responses were eligible to be used, giving a response rate of 48%.
	Measures:
	A description of the measures used in the reliability study can be found on page 64.  Because of differences in the terms used to describe job responsibilities by New Zealand and Australian Air Traffic Service organisations, questions regarding the type of job, and primary duties were worded slightly differently.  The New Zealand centre also ran one additional shift schedule that was not used in Australia and this was included in the questionnaire for the reliability study.
	Procedure:
	Air Traffic Controllers received the questionnaire through their internal mailing system.  The manager of ATS at Ohakea Centre held a list of all Air Traffic Controllers’ names along with the corresponding identification numbers from the questionnaires; this allowed the second questionnaire to be distributed to the correct individual.  The Centre manger was not involved in collecting the questionnaires.  Return was via a postal box located in the Air Traffic Controllers’ workplace.  The second issue of the questionnaire followed exactly the same format as the first with a time interval of 4 weeks between the first and second administrations.
	Information to participants outlined the method of distribution and collection since there was concern over anonymity being maintained.  This concern was heightened because of current industrial relations which were strained due to ongoing contract negotiations.  Many Air Traffic Controllers were reluctant to participate because they felt ‘management’ might use the results to their disadvantage.
	The information sheet handed out to Air Traffic Controllers with the questionnaire can be found in Appendix C.  Twenty two of the first questionnaires were returned but only 10 of the second questionnaire were initially returned.  In order to encourage further returns a reminder letter was sent to all Air Traffic Controllers (see Appendix C) this resulted in a further six responses.
	Results
	An overview of demographic data for participants involved in the reliability study can be found in Table A1.  Work related data is summarised in Table A2.  The means and standard deviations for all continuous variables are shown in Table A3.  Good variability was found on most variables.
	 Table A1: Demographic Variables for the Reliability Study
	Variable
	Frequency
	Percentage
	Gender
	16
	Male
	14
	87.5
	Female
	2
	12.5
	Ethnicity
	16
	European
	11
	68.8
	New Zealander
	3
	18.8
	Other
	2
	12.5
	Education
	16
	No formal school qualification
	1
	6.3
	Formal school qualification
	9
	56.3
	Trade certificate, professional certificate or diploma
	4
	25
	University degree, diploma or certificate
	2
	12.5
	Marital status
	16
	Never married
	3
	18.8
	Married
	12
	75
	Living with partner
	1
	6.3
	Have children
	16
	Yes
	9
	56.3
	No
	7
	43.8
	Have other dependents
	16
	Yes
	1
	6.3
	No
	15
	93.8
	Number of hours worked by spouse
	13
	less than 10
	5
	31.3
	11-15
	1
	6.3
	16-25
	1
	6.3
	26-35
	2
	12.5
	36-45
	1
	6.3
	over 45
	3
	18.8
	 Table A2: Work Related Variables in the Reliability Study
	Variable
	Frequency
	Percentage
	Type of work
	16
	Area radar
	1
	6.3
	Terminal radar
	9
	56.3
	Tower
	6
	37.5
	Primary duties
	16
	Operational Controller
	11
	68.8
	Other
	5
	31.3
	Current shift cycle
	15
	4 on / 2 off
	6
	37.5
	5 on / 2 off, 5 on / 3 off
	4
	25.0
	other cycle
	5
	31.3
	Current shift schedule
	16
	AADM
	2
	12.5
	EADM
	3
	18.8
	no fixed schedule
	7
	43.8
	other schedule
	4
	25.0
	Preferred shift cycle
	16
	4 on / 2 off
	14
	87.5
	5 on / 2 off, 5 on / 3 off
	1
	6.3
	other shift cycle
	1
	6.3
	Preferred shift schedule
	15
	Permanent fixed shifts
	6
	37.5
	Rotating shifts
	9
	56.3
	Worked in another country
	16
	Yes 
	8
	50
	No
	8
	50
	Absent from Airways
	16
	Yes
	3
	18.8
	No
	13
	81.3
	Fallen asleep on the way to or from work
	16
	Yes
	2
	12.5
	No
	14
	87.5
	 Table A2 continued...
	Variable
	Frequency
	Percentage
	Sleep continuity on morning shift
	14
	Split
	3
	18.8
	Continuous
	11
	68.8
	Sleep continuity on day shift
	15
	Split
	1
	6.3
	Continuous
	14
	87.5
	Sleep continuity on afternoon shift
	15
	Split
	0
	0
	Continuous
	15
	93.8
	Sleep continuity on evening shift
	14
	Split
	1
	6.3
	Continuous
	13
	81.3
	Sleep continuity on night shift
	6
	Split
	2
	12.5
	Continuous
	4
	25.0
	Sleep continuity on days off
	15
	Split
	1
	6.3
	Continuous
	14
	87.5
	 Table A3: Means and Standard Deviations for Continuous Variables in the Reliability Study
	Variable
	N
	Mean
	SD
	Range
	Age
	16
	40.62
	7.60
	28-57
	Circadian variable
	Morningness
	14
	38.36
	6.07
	28-47
	Sleep variables
	Sleep problems
	16
	3.06
	1.00
	2-5
	Sleep length on morning shift
	15
	6.87
	1.06
	5-9
	Sleep length on day shift
	16
	7.69
	.87
	6-9
	Sleep length afternoon shift
	16
	8.00
	.97
	6-9
	Sleep length on evening shift
	15
	7.47
	1.25
	6-9
	Sleep length on night shift
	6
	6.67
	1.21
	5-8
	Sleep length on days off
	16
	8.06
	1.00
	6-10
	Social and domestic variables
	Spouse support
	13
	2.54
	1.61
	1-6
	The affect of shiftwork on social life
	16
	20.88
	4.59
	13-33
	Social problems
	16
	3.00
	.97
	2-5
	Domestic problems
	16
	2.75
	1.24
	1-5
	Shift cycle and family
	14
	3.79
	1.53
	1-6
	Shift schedule and family
	14
	3.86
	1.46
	2-6
	Overtime and family
	14
	3.93
	1.54
	1-6
	Work place variables
	Number of years in Airways
	16
	16.63
	8.34
	1-32
	Number of years in current work area
	16
	10.5
	7.64
	1-28
	Number of months on current cycle
	16
	13.75
	11.49
	0-36
	Number of short changes
	15
	1.93
	1.1
	1-4
	Maximum number of days
	16
	6.19
	.75
	5-7
	Maximum number of nights
	15
	0
	0
	0
	Frequency of changing shifts
	16
	2.13
	.89
	1-3
	Overtime in normal conditions
	16
	7.25
	5.63
	0-20
	Overtime in peak conditions
	16
	10.69
	7.15
	0-20
	Sufficient breaks
	6
	16.5
	2.51
	14-21
	Average travel time
	5
	93.2
	32.45
	63-147
	Performance problems
	16
	2.25
	.78
	1-4
	Organisational problems
	16
	3.13
	1.25
	1-5
	Satisfaction with work tasks
	16
	1.63
	.72
	1-3
	Satisfaction with job
	16
	2.63
	1.36
	1-6
	Satisfaction with shift
	16
	2.50
	.89
	2-5
	Satisfaction with hours
	16
	2.45
	.89
	2-5
	 Table A3 continued...
	Variable
	N
	Mean
	SD
	Range
	Coping variables
	Coping with organisational problems
	16
	2.63
	1.15
	1-5
	Coping with increasing age
	16
	3.25
	.93
	2-5
	Engagement
	16
	43.50
	7.77
	30-56
	Disengagement
	16
	29.63
	9.01
	16-52
	Dependent variables
	General Health Questionnaire
	16
	12.19
	4.55
	6-19
	Self Rated Health
	16
	5.06
	.77
	4-6
	Physical Well-being
	7
	56.29
	12.85
	43-78
	Test-retest reliability was determined by computing Pearson correlation coefficients for each variable.  These are reported in Table A4.  Anastasi (1988) suggests that ideally reliability coefficients should be above .80.  In this reliability study there was a very low number of participants, therefore depending on the construct being measured, acceptable reliability varies slightly. Variables with poor or unproven reliability were excluded from further use.
	Morningness was found to have good reliability (r = .86).  Several sleep variables had reliability coefficients of 1.0, these included falling asleep on the way to or from work, sleep continuity on day shift, and sleep continuity on night shift.  Sleep length on day shift and sleep length on afternoon shift had moderate reliability with r = .74 and r = .78 respectively.  Pearson’s r for sleep problems was relatively low, but acceptable at .65.
	The remaining sleep variables showed poor reliability with sleep length on morning shift, sleep length on days off, sleep continuity on morning shift, sleep continuity on evening shift and sleep continuity on days off all having reliability coefficients of less than .60.  Pearson’s r for sleep length on night shift was .65, but was not found to be significant.  A correlation coefficient could not be calculated for sleep continuity on afternoon shifts because there were an insufficient number of cases.  All these variables were excluded from the remainder of the study due to unproven or poor reliability.  This indicates that subjective estimates of sleep length and continuity are probably not a good means of measuring this variable.
	The exsistence of social problems also had a reasonably low reliability coefficient, r = .66, but this was considered sufficient to retain the variable.  All other social and domestic variables had moderate to high reliability coefficients, ranging between .74 and .96.
	Preferred shift cycle and preferred shift schedule had moderate reliability with r = .77 and r = .73 respectively.  The frequency of short change shifts had acceptable reliability of .87, as did the maximum number of days worked in the last six months  (r = .84).  There were insufficient cases to compute the maximum number of night shifts worked in the last six months.  This variable was therefore not used in the remainder of the study due to its unproven reliability.  Pearson’s r for the frequency with which shifts were changed was .74.  The reliability coefficient for the sufficiency of breaks was also .74 but was not significant.  This variable was therefore not used in the remainder of the study.
	Both reliability coefficients for overtime under normal conditions and overtime under peak conditions were very low.  Pearson’s r was .14 and .24 respectively, hence these variables were not considered in the remainder of the study.  From this result it is suggested that subjective estimates of overtime are too variable and that in the future more objective data should be gathered from work records.  In addition to this a number of participants made comments regarding overtime.  The majority of these comments stated that there was no difference between overtime under normal and peak conditions, since understaffing was considered normal.
	The average time to get to work had a high reliability of r = .99.  The extent to which shiftwork caused performance problems had a reasonably low, but still acceptable, reliability of .63, while for organisational problems reliability was acceptable at .75.
	Satisfaction with the kind of work, the job as a whole and shift cycle all had moderate to high reliability coefficients, ranging between .70 and .81.  The reliability coefficient for satisfaction with work hours was low at .58, but significant.  It was therefore decided to include this variable in the remainder of the study, since this rating could vary depending on the shift an individual was currently working.
	Coping with organisational problems had a high reliability (r = .83), and the difficulty of coping with shiftwork with increasing age had acceptable reliability at .73.  Pearson’s r for both engagement and disengagement were acceptable, with r = .79 and r = .89 respectively.
	Scores on the General Health Questionnaire had low reliability with r = .50.  This was to be expected since the scale refers to the previous few weeks.  Self rated health also had low reliability, r = .44, while Pearson’s r for well being was high at .81.
	 Table A4: Pearson’s Correlation Coefficients for all Variables in the Reliability Study.
	Variable
	Pearson’s r
	Circadian variable
	Morningness
	.86***
	Sleep variables
	Sleep problems
	.65***
	Fallen asleep on the way to or from work
	1.0***
	Sleep length on morning shift
	.51
	Sleep length on day shift
	.74***
	Sleep length afternoon shift
	.78***
	Sleep length on evening shift
	.65*
	Sleep length on night shift
	.65
	Sleep length on days off
	.53*
	Sleep continuity on morning shift
	-.16
	Sleep continuity on day shift
	1.0***
	Sleep continuity on afternoon shift
	insufficient cases to compute
	Sleep continuity on evening shift
	.52
	Sleep continuity on night shift
	1.0***
	Sleep continuity on days off
	.43
	Social and domestic variables
	Spouse support
	.74***
	Number of hours worked by spouse
	.96***
	The effect of shiftwork on social life
	.81***
	Social problems
	.66***
	Domestic problems
	.83***
	The effect of shiftwork on family life
	.92***
	Work variables
	Preferred shift cycle
	.77***
	Preferred shift schedule
	.73***
	Number of short changes
	.87***
	Maximum number of days
	.84***
	Maximum number of nights
	insufficient cases to compute
	Frequency of changing shifts
	.74***
	Overtime in normal conditions
	-.14
	Overtime in peak conditions
	.24
	Adequacy of breaks
	.74
	Average time to get to work
	.99*
	Performance problems
	.63***
	Organisational problems
	.75***
	* p < 0.05,  ** p < 0.01,  *** P < 0.001
	 Table A4 continued...
	Variable
	Pearson’s r
	Satisfaction with work tasks
	.70***
	Satisfaction with job
	.73***
	Satisfaction with shift
	.81***
	Satisfaction with hours
	.58*
	Coping variables
	Coping with organisational problems
	.83***
	Coping with increasing age
	.73***
	Engagement
	.79***
	Disengagement
	.89***
	Dependent variables
	General Health Questionnaire
	.50*
	Self Rated Health
	.44
	Physical Well-being
	.81*
	* p < 0.05,  ** p < 0.01,  *** P < 0.001
	 
	Appendix B
	ADDITIONAL TABLES AND FIGURES
	 Table B1: Frequencies of the Average Time to get to and from Work on all Shifts.
	Time to get to and from work (minutes)
	Frequency
	Percentage
	less than 10
	4
	2.2
	11-15
	11
	6
	16-20
	19
	10.4
	21-25
	18
	9.8
	26-30
	26
	14.2
	31-35
	27
	14.8
	36-40
	21
	11.5
	41-45
	12
	6.6
	46-50
	6
	3.3
	51-55
	2
	1.1
	56-60
	0
	0
	over 60
	8
	4.4
	Table B2: Frequencies and Percentages of Scores on the General Health Questionnaire
	GHQ Score
	Frequency
	Percentage
	less than 2
	1
	.5
	3-4
	3
	1.6
	5-6
	12
	6.6
	7-8
	35
	18.2
	9-10
	24
	13.1
	11-12
	28
	15.3
	13-14
	31
	17
	15-16
	6
	3.2
	17-18
	17
	9.3
	19-20
	9
	4.9
	21-22
	8
	4.4
	23-24
	1
	.5
	25-26
	2
	1
	27-28
	2
	1
	29-30
	0
	0
	31-32
	1
	.5
	 
	 
	Figure B1: Number of Months on Current Shift Cycle
	 
	Figure B2: Frequency of Working Short Change Shifts
	 
	Figure B3: Frequency of Changing Shifts to Accommodate Other Activities
	 
	Figure B4: Maximum Number of Days Worked Consecutively in the Last Six Months
	 
	 
	Figure B5: Frequency of Scores for the Effect of Shiftwork on Family Life
	 
	Figure B6: Scores for the Effect of Shiftwork on Off-work Activities and Personal Relationships
	 
	Figure B7: Number of Hours Worked per Week by Spouse
	 
	Figure B8: Sleep Patterns on Day Shift and Night Shift
	 
	 
	Figure B9: Ratings on Sleep Variables
	 
	Figure B10: Ratings on Fatigue Variables
	 
	Figure B11: Ratings for Health Symptoms
	 
	Figure B12: Ratings on General Well-being Variables
	 
	 
	Figure B13: Ratings of Gastrointestinal Complaints and Dietary Habits
	 Appendix C
	INFORMATION TO PARTICIPANTS IN THE RELIABILITY STUDY
	  
	THE IMPLICATIONS OF SHIFTWORK FOR AIR TRAFFIC CONTROLLERS
	Information Sheet
	The purpose of this research is to determine the extent to which shiftwork influences an individual’s physical and mental well being.  Information from the study may provide Air Traffic Controllers with ideas and ways of better coping with changing shift cycles.
	You are being invited to participate in this study and complete a questionnaire.  The questionnaire includes questions about yourself, your work and how you feel about different aspects of shiftwork.  It should take about thirty minutes to complete.
	This study is being carried out by Leigh Signal, as part of the requirements for a Masters degree. She is being supervised by Dr Anne Isaac and Professor Nigel Long. If you have any questions regarding the study, they can be contacted at the following addresses.
	Leigh Signal School of Aviation
	  Massey University
	  Private Bag 11222
	  Palmerston North
	  ph: (06) 350 3221
	  fax: (06) 350 3200
	Dr Anne Isaac School of Aviation
	  Massey University
	  Private Bag 11222
	  Palmerston North
	  ph: (06) 350 3227
	  fax: (06) 350 3200
	Professor Nigel Long Psychology Department
	  Massey University
	  Private Bag 11222
	  Palmerston North
	  ph: (06) 350 5229
	The inital phase of this study involves the construction of a questionnaire on a variety of shiftwork related factors in Air Traffic Controlling.  In order to determine if the questionnaire will be useful in answering these questions we are asking Air Traffic Controllers at Ohakea Centre to complete the questionnaire at TWO DIFFERENT points in time.  You will be asked to complete the questionnaire now and then again in 4 weeks.
	To ensure confidentiality your questionnaire will be given a code number, therefore no names are required and you can be assured of anonymity.  Dave Rollo will have a list of code numbers with the corresponding names.  He will not have access to completed questionnaires, as they will be returned direct to the researchers.
	Once the study is completed you will have access to a copy of a report outlining the findings of the study.
	If you choose to take part, you have the right to:
	 - Refuse to answer any particular question, and to withdraw from the   study at any time
	 - Ask further questions about the questionnaire that occur to you during your   participation
	 - Provide information on the understanding that it is completely confidential to   the researchers.  All information will be 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.
	Please note that filling out the questionnaire implies consent to participate in the study.
	Once you have completed the questionnaire please put in the envelope provided and place it in the box provided in the crew room.
	If you require any more information please do not hesitate to contact Leigh, Anne or Nigel at the above mentioned addresses.
	PLEASE ENSURE THIS COMPLETED QUESTIONNAIRE IS PLACED IN THE BOX IN THE CREW ROOM BY 14 JULY TO BE INCLUDED IN THE STUDY.
	Your participation in this study is greatly appreciated.
	Leigh Signal
	  
	SHIFTWORK STUDY
	As part of the study being conducted on the implications of shiftwork for Air Traffic Controllers a second shiftwork questionnaire was handed out recently.   The use of two questionnaires was to determine if the questions were useful in asking about shiftwork for Air Traffic Controllers.   Since there are only a small number of controllers at Ohakea centre the maximum number of responses is important in achieving useful results.
	If you have forgotten to return your completed questionnaire then it is not to late to do so.   If you have misplaced the questionnaire or had not filled it out and are still willing to fill in a second questionnaire it would be greatly appreciated.   An additional copy of the questionnaire is attached.
	Please place the completed questionnaire in the box provided in the radar room by 31st August.
	If you have any queries regarding the questionnaire please do not hesitate to contact Leigh Signal or Anne Isaac at the below address.
	School of Aviation
	Massey University
	Private Bag 11222
	Palmerston North
	ph: 350 3221
	fax: 350 3200
	e-mail: T.L.Signal@massey.ac.nz
	Your participation in this study is greatly appreciated
	Leigh Signal
	 
	Appendix D
	QUESTIONNAIRE AND INFORMATION TO PARTICIPANTS IN THE MAIN STUDY
	  
	THE IMPLICATIONS OF SHIFTWORK FOR AIR TRAFFIC CONTROLLERS
	Information Sheet
	The purpose of this research is to determine the extent to which shiftwork influences an individual’s physical and mental well being.   Information from the study may provide Air Traffic Controllers with ideas and ways of better coping with changing shift cycles.
	You are being invited to participate in this study and complete a questionnaire.   The questionnaire includes questions about yourself, your work and how you feel about different aspects of shiftwork.   It should take about thirty minutes to complete.
	This study is being carried out by Leigh Signal, as part of the requirements for a Masters degree.   She is being supervised by Dr Anne Isaac and Professor Nigel Long.   If you have any questions regarding the study, they can be contacted at the following addresses.
	Leigh Signal School of Aviation
	  Massey University
	  Private Bag 11222
	  Palmerston North
	  ph: (06) 350 3221
	  fax: (06) 350 3200
	Dr Anne Isaac School of Aviation
	  Massey University
	  Private Bag 11222
	  Palmerston North
	  ph: (06) 350 3227
	  fax: (06) 350 3200
	Professor Nigel Long Psychology Department
	  Massey University
	  Private Bag 11222
	  Palmerston North
	  ph: (06) 350 5229
	To ensure confidentiality your questionnaire will be given a code number, therefore no names are required and you can be assured of anonymity.
	Once the study is completed you will have access to a copy of a report outlining the findings of the study.
	If you choose to take part, you have the right to:
	 - Refuse to answer any particular question, and to withdraw from the study at   any time
	 - Ask further questions about the questionnaire that occur to you during your   participation
	 - Provide information on the understanding that it is completely confidential to   the researchers.   All information will be 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.
	Please note that filling out the questionnaire implies consent to participate in the study.
	Once you have completed the questionnaire please put in the envelope provided and place it in the box provided in the crew room.
	If you require any more information please do not hesitate to contact Leigh, Anne or Nigel at the above mentioned addresses.
	PLEASE ENSURE THIS COMPLETED QUESTIONNAIRE IS PLACED IN THE BOX IN THE CREW ROOM BY SUNDAY 22nd SEPTEMBER TO BE INCLUDED IN THE STUDY.
	YOUR PARTICIPATION IN THIS STUDY IS GREATLY APPRECIATED.
	Leigh Signal
	  
	SHIFTWORK QUESTIONNAIRE
	Your participation in this research is important in helping us determine the implications of shiftwork for Air Traffic Controllers.   The information collected through this questionnaire will allow us to understand the relationship between the hours you work, and your social, domestic, psychological and physical well-being.
	We know that people react differently to shiftwork.   Some experience no difficulties at all.   Others, however, do have problems, but develop strategies for coping with them.   It would be helpful for us to know what you are experiencing and what you do to cope with any difficulties.   Your participation in this study is extremely important in providing us with a realistic understanding of the issues.
	Please note that filling out this questionnaire implies consent to participate in the study.   You also have the right to refuse to answer any question.
	The short time you spend filling out this questionnaire is greatly appreciated.
	Once you have completed the questionnaire please place it in the envelope provided and then in the box provided before the 22nd September.
	Please note that the questionnaire uses the following terminology:
	A Morning shift - a shift starting between 0500 and 0759
	A Day shift - a shift starting between 0800 and 1000
	An Afternoon shift - a shift starting between 1200 and 1459
	An Evening shift - a shift starting between 1500 and 1959
	A Night shift - a shift starting between 2000 and 2400
	Thank you for taking the time to complete this questionnaire



