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Background: The occupational health and safety implications associated with compressed and
extended work periods have not been fully explored in the mining sector.
Aims: To examine the impact on employee health and safety of changes to the roster system in an Australian coal mine.
Methods: Absenteeism and incident frequency rate data were collected over a 33 month period that
covered three different roster schedules. Period 1 covered the original 8-hour/7-day roster. Period 2
covered a 12-month period under a 12-hour/7-day schedule, and period 3 covered a 12-month period
during which a roster that scheduled shifts only on weekdays, with uncapped overtime on weekends
and days off (12-hour/5-day) was in place. Data were collected and analysed from the maintenance,
mining, and coal preparation plant (CPP) sectors.
Results: The only significant change in absenteeism rates was an increase in the maintenance sector
in the third data collection period. Absenteeism rates in the mining and CPP sectors were not different
between data collection periods. The increase in the maintenance sector may be owing to: (1) a
greater requirement for maintenance employees to perform overtime as a result of the roster change
compared to other employee groups; or (2) greater monotony associated with extended work periods
for maintenance employees compared to others. After the first roster change, accident incident
frequency decreased in the CPP sector but not in the other sectors. There was no effect on incident frequency after the second roster change in any sector.
Conclusions: The current study did not find significant negative effects of a 12-hour pattern, when
compared to an 8-hour system. However, when unregulated and excessive overtime was introduced as
part of the 12-hour/5-day roster, absenteeism rates were increased in the maintenance sector. The
combination of excessive work hours and lack of consultation with employees regarding the second
change may have contributed to the overall negative effects.

he proportion of the population working irregular or
extended hours is increasing as a wider range of
organisations and industries expand their operations.
Shiftwork is traditionally defined as work conducted outside
the “standard” 9 am–5 pm, five day week, and incorporates
regular rotating shifts, irregular/on-call work, or a combination of both. Increased flexibility in the way that working
hours are scheduled has led to a growth in non-standard and
irregular work schedules, including compressed and intensive
shift systems. In the Australian mining industry approximately 46% of employees work shiftwork,1 and recently, the
Australian mining industry has seen an increase in compressed rosters, involving various configurations of 12-hour
shifts. A recent national study of rostering arrangements in
the Australian mining industry revealed that 53.6% of all sites
surveyed had some form of 12-hour shift roster as their
predominant arrangement.2
A change from 8-hour to 12-hour shifts (compressed work
weeks) has both advantages and disadvantages for an organisation and employees. For a company, 12-hour shifts allow
operation with reduced staffing levels, improve communication and reduce down-time owing to fewer shift changeovers,
and increase productivity.3–6 For the worker, the benefits of a
12-hour roster include compression of the working week,
reduced travelling time, longer blocks of non-work time (for
example, social and family time) and the potential for
increased remuneration.3 5 7 8 However, there are also significant challenges for both employers and employees, including
management of fatigue, maintenance of safety standards and
productivity targets, and preservation of employee health and
wellbeing.

Individuals who work shiftwork are widely reported to suffer more health problems than dayworkers. For example,
shiftworkers experience disrupted sleep patterns and increased incidence of sleep disorders,9 10 in addition to a higher
incidence of gastrointestinal problems and increased risk of
cardiovascular disease.11 12 Employee health problems contribute directly to absenteeism and reduced productivity. Because
of the requirement for adequate recovery between work shifts,
high fatigue levels can contribute to absenteeism. An
individual’s wellbeing and quality of life can be significantly
affected by irregular and extended work hours. The temporal
separation of employees from their families affects the
individual, their partners, and children,7 9 and may also
precipitate withdrawal manifested in absenteeism.13 Likewise,
the isolation of the worker from the community reduces social
interaction and interpersonal relationships. Therefore, the
detrimental effects of shiftwork on health and wellbeing
directly impact on employee quality of life, as well as the productivity of the organisation.
A further challenge facing shiftworkers is compromised
workplace safety. Shiftwork, and in particular working time
arrangements that include 12-hour shifts, predisposes employees to high levels of fatigue. Fatigue manifests itself in
impaired physiological and cognitive performance, arising as a
consequence of a range of factors including inadequate
restorative sleep, the timing of work and break periods, and
.............................................................
Abbreviations: AI, all incident; AIFR, all incident frequency rate;
ANOVA, analysis of variance; CPP, coal preparation plant
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Number of employees in each sector

No. employees

Mining

Maintenance

CPP

120–215

110–205

40–60

the length of work and break periods.14 In the case of 12-hour
shift systems, fatigue arises as a result of long work hours as
well as a reduced amount of time available for recovery
between shifts. Fatigue was identified as a significant contributing factor in a number of large scale disasters, including the
Exxon Valdez oil tanker grounding in Prince William sound,15
and the Chernobyl reactor accident.16 Increasingly, fatigue is
being recognised as a significant risk factor for health and
safety in workplaces employing shiftworkers. In response, roster schedules are being designed to minimise the potential for
fatigue while maintaining productivity targets.
In the design of any roster schedule, a number of
parameters can be manipulated to achieve the balance
between health/safety, staffing requirements, and productivity. For example, the time at which a shift starts, the length of
individual shifts, and the direction of shift rotation, are all
aspects of a roster that can impact on both productivity and
employees’ capacity for recovery. With regard to health and
safety, work schedules can affect absenteeism rates, error
rates, and accident/incident rates. However, the difficulty with
assessing the impact of rosters is that results can be sensitive
to the workplace setting, specific work tasks, and the
demographics of the population under investigation, in addition to the context in which the roster has been introduced.
Previously, the majority of analyses have compared different
shift systems across different workplaces. Despite this, real
world epidemiological data, collected with minimal interference from investigators, provides invaluable information
regarding the impact of roster schedules on employees. The
current paper examines the effects on health and safety
parameters of a change in roster design from 8-hour to
12-hour shifts, in the same workforce, undertaking the same
tasks. Two variables were assessed: absenteeism rate and the
timing and rate of workplace incidents.

METHODS
Setting
The setting was an open cut coal mine in Queensland,
Australia in a daily commuting environment of approximately
30 minutes commuting time by car one way.
Study population
The study focused on three work areas in the mine: the mining sector, the maintenance sector, and the coal preparation
plant (CPP). The work tasks were different in each sector.
Mining employees were required to operate a range of heavy
mobile equipment including trucks, loaders, bulldozers, excavators, and graders. Employees in the coal preparation plant
were involved in driving bulldozers and loaders, computer
monitoring in the control room, and work in the washery.
Maintenance personnel worked primarily in the workshop or
the field and were involved in electrical or mechanical
maintenance tasks. Over the study period the number of
employees in each sector varied (see table 1).
Roster details
The mine traditionally ran a backward rotating 8-hour/7-day
roster, with day shift followed by night, then afternoon shift
(fig 1A). A compressed 12-hour/7-day roster was implemented
after extensive consultation with employees, on the understanding that the change was necessary to ensure the continued survival of the mine (fig 1B). The design conformed to a
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principle for 12-hour shifts that there should be no more than
two consecutive night shifts, that shifts were not to be
extended by overtime, and rostered days off were not to be
used for overtime. The 7-day label refers to the fact that work
shifts were scheduled on all seven days of the week, rather
than to the length of the cycle. The roster change was accompanied by a reduction in employee numbers (of about 120
employees and contractors throughout the mine) and a pay
increase for those remaining.
Twelve months later approximately half of the workforce
was moved onto a 12-hour/5-day roster (fig 1C). The key differences with the 12-hour/5-day roster were that the
weekends were nominally free (hence the label 5-day, as work
shifts were only scheduled Monday to Friday) and there were
three consecutive night shifts. Further, the previously agreed
cap on overtime was removed for those on the 12-hour/5-day
roster. The second round of changes was implemented
without consultation with the workforce. The new roster was
accompanied by a further reduction in staff numbers and a
pay cut for those who were required to change roster
(although overtime was available).
Timing of shifts was as follows: 8-hour roster: day shift
0700–1500, afternoon shift 1500–2300, night shift 2300–0700;
12-hour rosters: day shift 0600–1800, night shift 1800–0600.
Data collection periods
Three data collection periods spanned a total of 33 consecutive
months. Period 1 (November 1997 to July 1998) covered the
nine month period prior to the roster changes, during which
the entire mine was on the backward rotating 8-hour/7-day
schedule. Period 2 (August 1998 to July 1999) covered the 12
month period after the 12-hour/7-day roster was implemented
across the entire site. Period 3 (August 1999 to July 2000) covered the 12 month period after the 12-hour/5-day schedule
was implemented.
As mentioned, not all employees were involved in the
change to the 12-hour/5-day schedule. All of the CPP employees (approximately 40), around two thirds of mining
(approximately 110), and approximately half of the maintenance employees (approximately 65) went onto the 12-hour/
5-day roster in August 1999.
Measures

Absenteeism rate
The number of employees who were recorded as absent from
work during any shift (for any length of time) in a calendar
month was determined retrospectively and calculated as a
percentage of all employees in the reference group. The
average monthly absenteeism rate for each recording period
was calculated for the whole mine as well as for the mining,
maintenance, and CPP sectors individually.

All incident frequency rate
Incidents were recorded using the all incident (AI) measure
which incorporates all injuries or incidents, of all severities,
including near misses. The all incident frequency rate (AIFR),
calculated monthly, is the number of “all incidents” that
occurred per million hours worked. The average monthly AIFR
was calculated for the three recording periods in the mining,
maintenance, and CPP sectors.

Time of day of incident occurrence
The AI data were separated according to the shift length
(8-hour or 12-hour). The 8-hour roster covered the period
from November 1997 to July 1998 and the 12-hour rosters
covered the period from August 1998 to July 2000. The time of
each incident was determined from occupational health and
safety logs kept at the mine. The number of incidents that
occurred in each hour across the 24 hour day was summed for
both the 8-hour and 12-hour AI data.
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Data analysis
To examine possible changes in the variables between data
collection periods across the whole mine (absenteeism), as
well as in the individual work areas of interest (absenteeism
and AIFR), the data sets were analysed using factorial
analyses of variance (ANOVA). Post hoc analyses were
conducted using Fisher’s protected least significant difference
where required.

RESULTS
Absenteeism
The percentage of employees absent in each month for
the 33 month period across the whole mine ranged from
1.6% to 4.4% per month. Factorial ANOVA indicated no
change across collection periods in the average monthly
absenteeism rate across the whole mine (F(2,31) = 1.962,
p > 0.05) (fig 2).
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Figure 1 Graphic illustration of the three roster schedules used at the mine over the 33 month study period: (A) 8-hour/7-day roster;
(B)12-hour/7-day roster; (C) 12-hour/5-day shift.
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Figure 3 The average monthly absenteeism rate for each of the
recording periods separated according to work sector. Data are
mean (SEM) for 9 months (period 1), 12 months (period 2), and 12
months (period 3). The asterisk indicates a significant difference
between period 3 and both periods 1 and 2 in the maintenance
sector (p < 0.05).

Figure 4 The average monthly AIFR for each of the recording
periods separated according to work sector. Data are mean (SEM)
for 9 months (period 1), 12 months (period 2), and 12 months
(period 3). The asterisk indicates a significant difference between
period 2 and both periods 1 and 3 in the coal preparation plant
(p < 0.05).

Figure 3 shows the average monthly absenteeism rates in
the three specific work areas examined, according to collection
period. Results show no significant change between data collection period in the absenteeism rate in the mining sector
(F(2,24) = 0.166, p > 0.05). There was a trend for increased
rates during the second (3.11%) and third (3.72%) collection
periods within the CPP sector, compared to the first (1.87%),
but this was not significant (F(2,24) = 2.441, p > 0.05). In
contrast, factorial ANOVA indicated that the average absenteeism rate in the maintenance sector was different between collection periods (F(2.24) = 19.186, p < 0.05). Post hoc analysis
determined that absenteeism rate was significantly higher
during the third period compared to both the first and second
periods in the maintenance sector (both p < 0.05) (fig 3).

again in period 3, but was not significantly higher than the
AIFR in period 2 (fig 4).

All incident frequency rate
There was no significant difference found between collection
periods in the AIFR in the mining (F(2,30) = 1.321, p > 0.05)
or maintenance (F(2,30) = 0.342, p > 0.05) areas of the mine,
as indicated by factorial ANOVA. However, there was a significant difference in AIFR in the CPP sector (F(2,30) = 3.41,
p < 0.05). Post hoc analysis showed that the AIFR during the
second period was significantly lower than during the first
period in the coal preparation plant (p < 0.05). The AIFR rose
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Time of day
Visual inspection of the AIFR data plotted according to the
time of day of each incident allowed identification of “peak”
incident times. On the 8-hour roster the highest number of
incidents occurred between 0900 and 1000 on the day shift—
that is, approximately 2–3 hours into the shift. On the
afternoon shift, incidents were clustered between 1900 and
2000 during the afternoon shift (4–5 hours into the shift), and
on the night shift between 0300 and 0500 (approximately 5
hours into the shift) (fig 5). On the 12-hour schedule the
peaks occurred at 1100–1200 (5–6 hours into the shift) and
1500–1600 (9–10 hours into the shift) in the day shift, and
2200–2300 (4–5 hours into the shift) on the night shift (fig 5).

DISCUSSION
The changes in absenteeism and the AIFR between the three
data collection periods were not consistent across the mine.
An increase in absenteeism rate coincided with the implementation of the 12-hour/5-day schedule (period 3) in the maintenance sector but absenteeism did not change significantly in
the mining sector and CPP. Further, the change from 8-hour to
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Figure 2 The average percentage of employees absent at any point in a calendar month, in the entire mine. Data were collected for 33
consecutive months from November 1997 to July 2000. Period 1 covers the 8-hour/7-day roster, period 2 covers the 12-month period after the
change to the 12-hour/7-day roster, and period 3 covers the 12-month period after some employees changed to the 12-hour/5-day roster.

Impact of roster changes on absenteeism and incident frequency

12-hour shifts coincided with a decrease in the AIFR only in
the CPP. The results suggest that changes in absenteeism and
incident frequency may have been dependent on the specific
work environment. Further, inspection of the time of day of
incident data pointed to a number of time points across the 24
hour period with an increased frequency of incidents.
The measures used to assess health and safety in the
current study were absenteeism rate and the AIFR. There are
few ethical or legal implications for an organisation in the
supply of absenteeism and AIFR data. Both measures are
readily available, easy to collate, and generally accurately
documented, making them a practical and objective marker of
employee health and safety. However, as with any data
collected in “real world” settings, there are some limitations
associated with the measures. Data pertaining to absenteeism
and incident frequency rates of individuals was not available.
Thus, any conclusions that are drawn from the current analysis can only be generalised from the populations under investigation. However, the current study is unique in that it is one
of few published analyses of roster schedule changes within
the same workplace.
Absenteeism may fluctuate in a workplace for a number of
reasons. Health related absenteeism may fluctuate with the
seasons (that is, colds and flu during winter); however, the
three data collection periods covered similar times of the year,
making it unlikely that seasonal factors played a significant
role in any changes in absenteeism. Administrative control
mechanisms associated with sick leave payment may also
affect absenteeism levels. For example, some sites require
medical certificates for absences of a single day, while others
allow up to three without a report. However, in the current
study no changes occurred to the administration mechanisms
during the study period. There was a major change in October
1997; however, our data collection began in November 1997.
Thus, we believe that the changes in absenteeism recorded at
the mine site provide a useful marker of the effect of the rosters on employee health and wellbeing.

The implementation of the 12-hour/7-day roster schedule in
the mine coincided with a period of lower absenteeism (after
an initial high month), which was sustained for five months.
Similarly, the introduction of the 12-hour/5-day rosters was
also associated with a trend across the whole mine for a
reduction in absenteeism rate. However, towards the end of
the study period absenteeism had risen again. On face value,
this suggests that employee health may have improved with
the introduction of each roster. The longer blocks of time away
may have allowed more opportunity for recovery from work,
resulting in lower fatigue levels and increased wellbeing.
Williamson17 examined the change from an 8-hour to a
12-hour roster in computer operators and also reported
improvements in health and reduced feelings of tiredness.
While this concurs with the current results, findings can be
interpreted in a number of ways.
In addition to a marker of employee health, absenteeism
can also be a manifestation of discontent and withdrawal
from work.13 Employees believed that the initial change to a
12-hour/7-day system was essential for the survival of the
mine and may therefore have been positive about making the
adjustment. The low levels of absenteeism may reflect a positive attitude of the workforce. Any aversion to the 12-hour
roster may have manifested itself only after some months of
exposure to the schedule. In turn, the 12-hour/5-day system
scheduled shifts only on weekdays, possibly resulting in
increased worker satisfaction. After a period of time, the
requirements of overtime may have negated the positive
aspects of the 12-hour/5-day roster (that is, free weekends),
resulting in reduced worker satisfaction. In addition to a
marker of worker satisfaction, changes in absenteeism rate
may also be associated with changes in the make-up of the
workforce.
As previously mentioned, the implementation of the
12-hour/7-day roster was accompanied by significant staff
reduction (approximately 120 employees). Without specific
details about individual employees, it is not possible to determine whether that particular group of employees were poor
performers in terms of absenteeism and/or safety.
The implementation of the 12-hour/5-day schedule coincided with a significant increase in the absenteeism rate in the
maintenance sector only. There was a trend for higher absenteeism in the CPP sector, coincident with both schedule
changes, but the change was not significant. The demands of
the 12-hour/5-day roster schedule, which included overtime
assigned at the end of regular shifts or on scheduled days off,
may have placed increased stress on the health and wellbeing
of the maintenance sector employees. Reduced opportunity
for sleep can result in significant sleep deprivation, which in
turn can result in irritability, depression, and a general reduction in quality of life.18 Further, as sleep is believed to serve a
restorative function for both mind and body,19 sleep loss can
lead directly to significant health problems. Unfortunately,
data were not available regarding individual absenteeism.
Therefore, we are unable to determine whether a distinct
population has contributed to any increased health related
absenteeism.
As mentioned above, absence can also be a mechanism of
withdrawal from work, rather than being associated solely
with increased morbidity.13 In the maintenance sector only
half of the employees went on to the 12-hour/5-day roster. It is
possible therefore, that discontent with the new schedule may
have been exaggerated by the fact that colleagues in the same
sector did not have to work the excessive overtime required to
secure a similar wage. Further, maintenance staff worked
either in the workshop or in the field, and while rotation
between the sites was recommended, in practice, it occurred
sporadically. As a result, workers were often confined to the
workshop for extended periods, an unstimulating and isolated
environment. The monotony of the work tasks, exacerbated by
the extended shifts, may have resulted in reduced worker satisfaction. Irregularly scheduled overtime, sometimes at the
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Figure 5 The number of incidents occurring in each hour across
the day, separated according to the roster being worked at the time
of the incident. The top panel represents incident data from the
8-hour roster, and the bottom panel represents data pooled from
both 12-hour rosters.
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Main messages
• The process by which changes to shift schedules are implemented within a workplace is important to the resultant
effects on employee health and safety.
• The regulation of overtime, particularly in the mining sector,
is important, as the time for recovery, especially between
extended (12-hour) shifts will be greatly reduced.
• The impact of extended work hours on employee health and
safety may be highly dependent on the specific work tasks
involved.
• The measures of absenteeism and incident frequency as
gathered from available data on-site, although not ideal,
provide adequate markers for employee health and safety.
• The effects of time of day on performance should be taken
into consideration when scheduling tasks within a shift, and
when scheduling the start and end times of shifts.

Policy implications
• The current study has implications for the regulation of
amount of overtime worked, especially in the mining sector.
• The scheduling of tasks within shifts should be planned such
that high risk tasks are performed during periods of highest
alertness.
• The number and timing of breaks during shifts, in addition
to the use of naps, should be considered as part of scheduling policy.

mented nadir in the circadian rhythms of alertness and
performance.24–26 Therefore, incidents during this time period
may be attributable to impaired performance and decreased
alertness. Strategic timing of breaks or shift changeover, to
minimise the degree of alertness and performance impairment, may reduce the incident frequency. However, circadian
factors are not the sole contributor to decreased safety. Hour
on shift (or time on task) is also a significant factor in the rate
of incidents and accidents in the workplace.
In general, the literature suggests that more than nine
hours on task can expose the worker to extremely high risk for
accidents and incidents.25 27 In line with this, the current study
found peaks in incident rates on the 12-hour rosters in the
tenth hour of the day shift and the twelfth hour of the night
shift. Interestingly, Hanecke and colleagues27 reported an
increase in accident risk across the German working
population up to the first five hours at work. Similarly, an
investigation of time on task effects in the transport industry
showed increased risk up to four hours on task.28 In the
current study, the 1000–1100 and 1900–2000 peaks in the
8-hour roster and the 2200–2300 peak in the 12-hour roster
occurred four to five hours into the shift. Scheduling of high
risk tasks should be minimised around these time points,
and/or breaks strategically planned.
Although previous research on the impact of shift schedule
changes in the same subject population is limited, in general
the data indicate that well designed 12-hour shifts that
conform to best practice scheduling principles and practices
are a viable option to 8-hour shifts. The key proviso is that
12-hour shifts should not be extended by overtime and
employees should not be brought in on their rostered days off
to work additional shifts. While we acknowledge that the current data set has some limitations in terms of individual
details, we believe that the results provide invaluable
information about the effects of roster changes within an
organisation. The findings reiterate that the specific work task
involved may mediate the effects of roster changes on
employee groups. Further, specific time points across the
24-hour period are associated with an increased probability of
incidents. Strategic timing of breaks in addition to the
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end of a regular 12-hour shift, extended the hours at work and
would have interfered with workers’ ability to predict and
regulate daily activities, such as family commitments and
sleep. Smith and colleagues5 conclude from a review of the 8versus 12-hour shift literature that “the issue of overtime is an
area of some concern with 12-hour shift systems”. While the
conclusion pertains predominantly to fatigue and safety,
dissatisfaction with work hours may also result in higher
absenteeism. Previous studies have reported improvements in
physical health and sleeping patterns associated with a
change from an 8- to a 12-hour schedule.4 8 Thus, the current
results highlight the importance of careful design of
compressed rosters and the need to ensure that overtime is
controlled. We found no significant, sustained increase in the
absenteeism rate in the mining or CPP sectors, suggesting that
the changes were specific to the maintenance sector and
potentially associated with the high levels of overtime only
worked by maintenance employees.
The other measure employed in the current study, the AIFR,
provides a broad snapshot of safety on site. The measure
includes first aid treatments, medically treated injuries, lost
time incidents, equipment damage involving human error
with consequence for injury, and near misses. The consistency
of reporting safety incidents incorporated in the AIFR can be
variable between organisations. Near misses are sometimes
under reported, “lost time” can be manipulated by returning
injured workers to lighter duties, and there can be significant
variability in the accuracy of equipment damage reports.
However, as the reporting of incidents within the current
organisation was consistent, the data are comparable across
time in each sector. Finally, although the AIFR does not differentiate between incidents in terms of severity, the measure
remains the most readily available and reliable marker of the
overall safety environment of an organisation.
Increased error rates have been cited as a disadvantage of
12-hour shifts.5 20–22 The safety record of the rosters was examined using the AIFR. The AIFR in the maintenance and mining sectors did not change between data collection periods,
suggesting that the frequency of incidents was unaffected by
roster changes in these areas. These results concur with a previous study of roster changes in an underground mine, which
showed that fatigue sensitive behavioural and physiological
measures were not different after the change to 12-hour
shifts.23 Interestingly, with the initial change to the 12-hour/7day roster the AIFR in the CPP dropped dramatically. Thereafter, a non-significant rise in the AIFR occurred with the subsequent change to the 5-day roster. The data may indicate that
the 12-hour/7-day roster was conducive to higher safety levels
specifically for the tasks required in the CPP. However, it is
unknown whether the decrease in incidents was due directly
to the 12-hour shift schedule, or whether there was an unusually high number of incidents in the first data collection
period, related to factors such as higher production levels, different employee make-up, or higher levels of overtime. Data
were not available prior to the first collection period. The nonsignificant increase in AIFR after the introduction of the
12-hour/5-day roster and the increased overtime worked in
the CPP area may also point to potential problems with the
roster.
An analysis was done on the 24 hour aspects of the AIFR
trends at the mine. Limited data were available on personnel
numbers in the mine during the collection periods. More
employees were rostered on during the day shifts of both rosters (predominantly contractors and maintenance personnel)
and overtime was often scheduled during the day shifts. Thus,
it is not surprising that the majority of incidents occurred
during the day shift. Outside daylight hours the peak incident
times varied according to the design of the shift. In the 8-hour
roster there was a peak between 1900 and 2000 in the
afternoon shift and between 0300 and 0500 on the night shift.
The 0300–0500 time point coincides with the well docu-
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