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BIOCOMPATIBLE SHIFT SCHEDULING

Introduction

There are literally thousands of mathematically possible/different work schedules available for

use in extended hours operations. However, there is no single best schedule. The optimal solution
for any particular facility must not only be based on the business goals and operational needs of

that site or facility, but also the family and social preferences and lifestyle needs of the employees

who work there, and the human factor considerations that influence employee health, safety, and

performance.

In extended hours operations, shift schedules are redesigned periodically. The key reasons for

changes include:

• Staffing levels or number of crews are being adjusted (e.g., to permit training time, or to

reduce excessive levels of overtime)

• Business expansion or contraction requires changes in the work hours or days in a week that a

facility operates (e.g., a move from 5-day to 7-day operations, or from 24/7 to 24/5)

• A shiftwork risk assessment showing that the existing schedule is causing excess employee

costs, risks or liabilities (e.g., absenteeism, errors, accidents and lost time injuries, employee

turnover, excessive overtime, etc.)

• Changing demographics of the workforce (e.g. increases in younger employees, more female

workers, more imported labor) make the previous schedule no longer suited to employee

needs and lifestyles

• Persistent complaints from the workforce about the current schedule

Circadian’s Shiftwork Practices Survey of North American companies showed that 6% of 24/7

facilities have used their current schedule for less than one year, 19% have used their current

schedule for two to five years, and 61% have used their current schedule for more than five years.

Some facilities surveyed revise their schedules every two to three years to adjust to changing busi-

ness and demographic conditions. Others keep the same schedule for 10 years or more.

Cost of Shiftwork

Extended hours operations are fundamentally more costly than daytime operations. Managers

who are aware of these excess costs can take advantage of solutions that help them to better man-

age the operation and reduce their costs, risks, and liabilities.

• Conservatively, the total excess employee-related costs of extended hours operations averages

over US $10,000 per year per employee over and above the cost of a comparable dayworker
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• Increased absenteeism, lost productivity due to fatigue related human error, turnover, acci-

dents and safety incidents, and health care drive these excess costs (see Table 1)

• These costs are largely recoverable, and no longer have to be financed as part of the “cost of

doing business”

TABLE 1: 
THE EXCESS COSTS OF THE 24/7 EMPLOYEE

Absenteeism

$50.4 Billion/year, 
$2,424 excess/employee, 
24% of Excess Costs

• Only 1/3 of absenteeism is due to sickness
• Family and social stresses (e.g. mood 
swings, depression, divorce) are increased 
in shiftworkers

Lost 
Productivity

$79.4 Billion/year, 
$3,939 excess/employee, 
39% of Excess Costs

• Presenteeism (present in body but not in 
mind) leads to inattention and inefficiency 

• Human performance decreases at night by 
5%-15% 

Turnover

$39.1 Billion/year, 
$1,919 excess/employee, 
19% of Excess Costs

• Shiftworkers account for 17.6% of U.S. workers,
but generate 44% of turnover costs

• Average turnover is 12% when schedules 
are mandated, 9.6% when negotiated with
unions, and only 5.6% when employees select
the schedule

Accidents &
Workers 

Compensation

$8.5 Billion/year, 
$404 excess/employee, 
4% of Excess Costs

• A survey of 400 shiftwork operations showed
those that implemented biocompatible schedules
and trained employee in fatigue management
reduced workers compensation costs by 46%

• Over the course of a year 53% of shiftworkers
had several or more errors due to lack of 
attention at work

Health 
Care

$28.2 Billion/year, 
$1,414 excess/employee, 
14% of Excess Costs

• Shiftworkers represent approximately 10% of 
the U.S. health-insured population, but generate
17% of all U.S. health care costs
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These excess costs are preventable

This white paper will focus on the steps that management can take to reduce the costs, risks and

liabilities of extended hours operations by revisiting the shift scheduling system for their operation.

The key steps are:

(1) Determining the schedule that the employees are willing to work; making sure management's

key operating criteria are met while facilitating employee involvement in the schedule selection,

(2) Optimization of the work schedule including determining the right staffing levels and

(3) Day-to-day management of the schedule using an automated scheduling solution.

Components of Best Practices in Shift Scheduling

There is no one single optimal shift system that can be used at all work places. The shift sys-

tem must take into account business goals, operational constraints, employee preferences and

ergonomic (physiological and sociological) criteria. It is also important to consider the work envi-

ronment and the type of tasks involved. Although there is still some discussion in the scientific

community regarding certain schedule features, there is general agreement about the best practices

for designing safe, healthy, and productive schedules…and these have been validated by extensive

field experience.

The most important factors that contribute to the effectiveness of a shift system are summarized

in Table 2:

Table 2:
Components of Shift Scheduling Systems

Duration and distribution of working time Sequence of shifts

• Number of consecutive working days
• Duration of shift
• Time off between shifts

• Fixed versus rotating
• Speed of rotation
• Direction of rotation

Position of working time Sleep/wake transitions

• Start/end of shifts • Daytime vs. nighttime sleep

Periodic long breaks (3 days or more) Schedule pattern of work days and off days

• Full rest and recovery
• Return from long breaks onto day shift

• Regular vs. irregular
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Duration and Distribution of Working Time

Every worker needs a recovery period from work at regular intervals. Given differences in work

environment, physical and mental work-related stress, and individual circumstances, it is difficult to

recommend specific limits. In general, however, experts recommend limiting the number of consec-

utive working days to five, six or seven days (Knauth 1993). However, it is important to take into

account the length of the workday when deciding the number of consecutive workdays. CIRCADI-

AN® generally recommends limiting 8-hour shifts to a maximum of seven in a row, and 12-hour

shifts to four or five in a row.

It is equally important to consider the number of hours worked per week. It has been shown

that long work hours increase stress levels, both by increasing the demands of maintaining perform-

ance while facing increased fatigue levels, and by increasing the time a worker is exposed to other

sources of workplace stress. There is growing evidence that excessive long hours directly correlate

with health problems, as a result of the increased stress levels and chronic sleep deprivation and

fatigue. High levels of stress are considered to be contributors to the development of cardiovascular

and musculoskeletal problems, gastrointestinal disorders, and certain mental problems (Spurgeon et

al. 1997). Moreover, a study analyzing the lifestyle of more than 200 people who suffered a heart

attack found that 65% of them regularly worked more than 60 hours/week, with some working

more than 50 hours of overtime a month as well as half of their contracted holidays (Uehata 1992).

When considering the amount of hours worked, it is thus important to take into account not

only the regular hours, but also the overtime (mandatory or voluntary) worked. While the typical

shiftworkers logs only 250-350 hours of overtime, there are those in every workforce who regularly

exceed 500 to 600 overtime hours. Moreover, the annual overtime hours for shiftworkers has been

steadily increasing over the past decade as businesses strive to do “more with less”. It should also

be noted that overtime is rarely evenly distributed among employees. As a result, it is not unusual

to find people working 40% to 50% overtime levels within an organization that is only averaging

12% overtime overall.

In 24/7 operations, what drives overtime is the staffing level…not the core shift schedule. If the

workforce is understaffed, overtime will increase, and the integrity of the work schedule will be

compromised. This resulting irregularity of the shift pattern, in turn, creates further disruption in

one’s sleep/wake pattern, thus increasing fatigue and the probability of human error. To avoid this

scenario requires not only sufficient staff to fill the required positions, but also additional personnel

to provide relief coverage for the scheduled benefit days off (e.g. vacations and floating holidays,

etc.) and for any training and special assignments that must be completed on an ongoing basis.

Otherwise, the required coverage will have to be achieved through overtime.
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Time Off Between Shifts

The rest period between shifts should provide enough time for obtaining adequate sleep, taking

into account the employee’s commuting time, and the time needed for activities at home such as

meals, bathroom duties and basic family obligations. Kurumatani et al. (1994) found a very high

correlation with the length of the time off between consecutive shifts and sleep duration, and con-

cluded that individuals need at least 16 hours of time off for a sleep duration of seven or eight

hours. A series of studies have shown that rest periods of 10 hours or less between consecutive

shifts result in short sleep episodes, sometimes only three to five hours of sleep. Thus, the time off

between the end of one shift and the beginning of the next one should be at least 11 hours

(Knauth1997).

Time Off Between Blocks of Work Days

There is general agreement that a single day off between blocks of consecutive workdays is not

enough for recovery (Knauth 1997). Research data has shown that mood and social satisfaction can

tend to be worse on the first rest day compared with subsequent rest days. The amount of rest

needed between blocks of working days is related to the number and length of consecutive shifts.

Most studies have confirmed what every shiftworker knows…that feelings of well being are worse

on days off after night shifts compared to days off after day shifts, especially on the first day off.

Further research and field experience has confirmed that a minimum of 2 days off (i.e. 48 hours)

should be provided to ensure full rest and recovery between shift turns, with a periodic long break

(i.e. 3 or more days) built into each cycle.

The adaptation to night work never fully occurs, even after an extended series of consecutive
night shifts, resulting in cumulative sleep deprivation. Some studies have shown that workers need

three days off to recover from seven consecutive night shifts. Shiftworkers on a schedule with only

three consecutive night shifts only need only two days off to fully recover (Kecklund and Akerstedt

1995). The length of the shift is also an important factor. Thus, schedules with 12-hour shifts often

have short sequences of workdays (two to four) followed by several days off.

Long Breaks

However, long stretches of days off before night shifts can be challenging. Some studies have

shown that certain performance measures are worse during night shifts following four or more con-

secutive days off than after two to three days off. This suggests that workers are more adapted to a

daytime routine after a long break, which makes it more difficult to adjust back to night work. In

addition, the mental adjustment required to catch up with the changes that occurred while they

were off-duty is compounded by the physical adjustment that has to be made in terms of staying
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awake all night, and having to sleep in the daylight for the first time in a week or more. Thus, it is

advisable to set up the shift pattern so that employees return from a long break onto a day shift to

ease the transition.

Duration of Shifts

The traditional workday was 8-hours long in most industries. However, with the rapid growth of

extended hours operations in the 1980s and 1990s, coupled with an influx of younger people, work-

ers started demanding 12-hour shifts because these provide more days off and weekends off than is

possible with 8-hour schedules. With the increase in automation came an increase in continuously

operating environments requiring the same productive capacity 24/7. As a result, the most com-

monly utilized schedule structure became a four crew "balanced" (same productive capacity) shift

system. These schedules can be operated with 8-, 12-, or combinations of 8- and 12-hour shifts.

When 8-hour shifts are used, three or four crews are needed to cover each 24-hour period (thereby

requiring employees to work 75% of all days). However, when 12s are utilized, only two out of the

four crews are needed to cover each 24-hour period (thereby requiring employees to work only half

of the days of the year).

Compared to 8-hour shifts, 12-hour shifts are often popular among workers because they provide

double the number of days off as well as twice as many weekend days off per year. In facilities

where new schedules were implemented, and where employees got to select their own work sched-

ule through a human involvement process, they invariably selected 12-hour shifts. The key, howev-

er, was to provide the workforce with the factual information needed for them to make truly

informed decisions, and thus take “ownership” in those decisions. Regardless of the length of shift

or type of shift pattern, all schedules work best when “owned” by the employees.

Fixed Versus Rotating Shifts

One of the most challenging questions in shiftwork schedule design is whether to rotate crews or

keep them fixed. With a rotating schedule, employees' scheduled shifts change periodically. Under a

fixed schedule, employees' work hours are the same every workday.

From an employer's point of view, rotation provides the advantages of balancing skills and expe-

rience across all shifts, and of providing all employees with equal exposure to daytime manage-

ment, training, HR support, suppliers, and other key daytime personnel.

From the employees' point of view, fixed schedules provide stable work hours, making it easier

for them to organize their lives. Fixed shifts may also be related to less sleep disruption and fatigue,

at least for the day shift personnel. However, workers on fixed night shifts may end up even more

fatigued than workers on rotating shifts because they almost invariably switch back to a daytime



Two Main Street • Suite 310 • Stoneham, MA 02180 • www.circadian.com

schedule on their days off to pursue social activities with their families and friends. This essentially

creates a fast, defacto rotation.

Fixed evening shifts may also have a substantial negative impact on family and social life. All of

these factors create difficulties in balancing the mix of skills, qualifications, and experience across

each of the crews and thus imbalances in productivity. They also pose significant communication

challenges for management.

There is still a lack of conclusive data on the effects of fixed versus rotating shifts on alertness,

performance, and accidents. Studies comparing workers on fixed and rotating shifts often find that

the groups are not similar regarding age, marital status, freedom to choose the shift, or type of task

performed or sleep management. Some studies have found that permanent night workers sleep less

and have a higher prevalence of fatigue than rotating shiftworkers (Tepas and Carvalhais 1990,

Alfredsson et al. 1991). However, some researchers have described a lower accident rate, a higher

rate of performance, and a lower rating of effort in permanent night workers as compared to rotat-

ing shiftworkers (Gold et al. 1992, Totterdell et al. 1994). Certainly, the type of shift pattern also

presents a confounding effect on these studies.

Other authors have noted that individuals who are "owls" (i.e. night types, who tend to go to

bed late and get up late) adjust more easily to nightwork. In the final analysis, the decision on

rotating vs. fixed shifts may best be left to the employees themselves, since “ownership” may again

be the key factor to adaptation and thus optimal performance.

Speed and Direction of Rotation

When implementing rotating schedules, two unique factors need to be considered: speed and

direction of rotation.

Speed of rotation refers to the number of consecutive shifts worked (i.e., morning, evening,
night) before changing to a different shift and the amount of time off in between those shift

changes. Despite this being a key factor, it is still a controversial scheduling issue. Shiftwork experts

in the U.S. tend to favor slow rotations (e.g. weekly), while European experts prefer quick (e.g.

daily) shift rotations. The arguments in favor of quick rotations are as follows (Knauth 1993):

• Quick rotations are thought to keep the circadian rhythms in a daytime orientation; that is, 

the circadian rhythms are theoretically not in a constant state of disruption from switching

between day and night work

• Many consecutive night shifts may cause chronic sleep deprivation, which could lead to long-

term health problems

• Shiftworkers have some free evenings every week, allowing them more regular contact with

family and friends
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The benefits of slow rotations preferred by North American include:

• They usually result in more consistent or regular patterns, allowing workers better planning of

their family and social life

• The body adjusts more readily to regularity in schedules

• They actually reduce the number of sleep/wake transitions between day, evening, and night

work

• Quick rotations are foreign to the North American mentality

This is further illustrated in the Shiftwork Practices Survey of North American plants. Among the

facilities reporting 8-hour rotating shifts, the majority (63%) rotated on a weekly basis, 9% rotated

on a monthly basis, 11% on a bi-monthly basis, and 17% every set number of days. For best

results, however, the speed of rotation should be tailored to the specific shift pattern. For example,

a 2-2-3 x 12 hour shift rotation is less stressful with a 2 week rotation, than with its customary rota-

tion with every turn (i.e. every 2-3 days). However, with the 3-3 and 4-4 x 12-hour schedules, it is

more effective to rotate with every turn to minimize the number of sleep/wake transitions.

Direction of rotation refers to the sequence of shifts in the schedule, but this is only a factor for
schedules having three or more shifts per day, since with 12 hour shifts there is a 180 degree rever-

sal of work hours. With an 8-hour schedule, for example, a forward rotation would have employees

change from morning shifts to evenings and then to nights while a backward or counterclockwise

rotation would have employees work mornings, then nights, then evenings.

Work schedules that move forward in time are easier and less physiologically stressful for our

bodies because they are in accord with the body's natural tendency towards longer days. This is

readily illustrated by comparing the direction of the rotation of a shift schedule with the direction of

jet travel across multiple time zones. Forward rotations are comparable to westbound flights (with a

"prolongation" of the day) and backward rotations to eastbound flights (with a "shortening" of the

day). Jet lag symptoms are more severe when traveling east than when traveling west (Barton and

Folkard 1993, Knauth 1995).

Daily Position of Working Time: Start and End of Shifts

Regarding the shift start and end times, the main issue revolves around balancing the best time

for starting the morning shift with the best time for ending the night shift, so that workers can get

enough sleep before the morning shift and after the night shift. Evening shifts usually do not create

a problem regarding sleep, and they only apply to 8-hour shift patterns.

During the human 24-hour (i.e. circadian) cycle, there are two periods when alertness is low 

and sleeping is easy, and two periods when alertness is highest and sleeping is more difficult. 

9
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The largest alertness drop normally occurs between 3:00 and 6:00 a.m in the window of circadian

low (WOCL)., and there is a smaller one during early afternoon between 1:00 and 3:00pm for most

people. It is easiest to fall asleep during these times than at any other time during the cycle. On the

other hand, alertness is highest during the morning and early evening, making it difficult to fall

asleep at these times.

Start of Morning Shift

Most people require about seven to eight hours of sleep to feel well rested and at their best.

However, with a shift start time before 6:00 a.m., achieving seven to eight hours of sleep is very dif-

ficult for most people (Folkard and Barton 1993). There is thus a general agreement that too early a

start time reduces sleep before the morning shift because most workers go to bed at the usual social

time. Moreover, there is a tendency for the body’s circadian rhythms to make it difficult to com-

mence nocturnal sleep earlier in the evening. This creates cumulative sleep deprivation and fatigue

for the day shift personnel, and consequently they are at increased risk of errors and accidents dur-

ing their commute and in the early hours of their day shift.

End of Night Shift

Numerous studies have shown that daytime sleep is shorter and of worse quality than nighttime

sleep. This is due not only to environmental factors (there is more light and noise during the day)

that may disturb sleep, but also to physiological factors (our circadian clock triggers the release of

hormones that promote sleep during the night and alertness during the day). Moreover, some

researchers have demonstrated that after night shifts the later the daytime sleep starts, the shorter it

will be (Foret and Lantin 1972). Thus, night shifts that finish late in the morning will not allow a

person to obtain enough sleep and will lead to sleep deprivation and fatigue.

Besides the physiological factors, another factor to consider when deciding shift start and end

times is the worker's commute. Late starts for the night shift, and early starts for the morning shifts

may be difficult for employees depending on public transportation. Conversely, late morning shifts

may conflict with traffic patterns in urban areas. It should also be considered that alertness is at its

lowest for most people between 3:00 to 6:00 a.m. As a result, more single-vehicle accidents occur

around 4:00 – 6:00 am. than at any other time of day. Thus, to proportionally balance the overall

safety of employees during their commutes to and from work, it is advisable that shift start and end

times not occur during this time of day when alertness is at its lowest level. In the final analysis, all

factors being considered, the best balance of shift starting times for both the day and night shifts is

from 7:00 a.m. to 8:00 a.m…traffic conditions permitting. Earlier starting times negatively impact

the alertness levels of the day shift, while later starts adversely affect the ability of night shift per-

sonnel to sleep.
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Solutions

Optimization of the Work Schedule

The challenges faced by extended hours operations are diverse, because of the many factors

which vary across a wide range of industries and groups of employees. Developing and implement-

ing an effective plan to optimize an extended hours workplace requires both a detailed knowledge

of the site specific issues and an expert grasp of extended hours operations and scheduling factors.

While it is tempting to look for a one-size-fits-all solution to the challenges of extended hours

operations, it simply does not exist. The "ideal" solution depends on many factors including the

makeup of one's workforce - male/female, younger/older, married/single, with children/no chil-

dren, the nature of the work, local customs and culture, commuting issues, type of industry, corpo-

rate policies and state and federal laws, etc.

Employee Involvement on Schedule Planning and Implementation

Finding the ideal schedule for a particular facility that will minimize the costs, risks, and liabili-

ties of the 24/7 operation requires careful attention to the process of shift schedule design. Who

chooses the shift schedule, and how they choose it, is vital to its success.

Management-mandated schedules often do not properly take into account the needs of employ-

ees and can result in increased employee fatigue, decreased morale, turnover, and absenteeism, and

therefore sub-optimal 24/7 facility performance.

The conflicting interests of the parties involved, and difficult labor-management relations, often

complicates the successful implementation of a new shift schedule. At the company or corporate

level, there may be concerns regarding financial aspects and production needs. From the employees'

side, there may be resistance to change due to insecurity about dealing with new conditions, as

well as fear of loss of money or jobs. Conversely, there may be a desire to change expressed by

some segment of the workforce, usually for personal reasons that may be inconsistent with the

company’s needs. 

To reach a compromise between operational constraints and employees' preferences, which are

key to the success of the new schedule, the involvement of both labor and management in the

process of developing and implementing the new schedule is essential. Moreover, the participation

of a neutral, subject matter expert has proved extremely beneficial in providing objectivity and the

technical and facilitation support, as well as managing the conflicting interests to achieve an accept-

able compromise.
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Summary

Management has a substantial opportunity to reduce the costs, risks and liabilities of extended

hours operations. When management focuses on employee involvement in shift schedule selection

and in the optimization of the work schedule and implements automated scheduling solutions to

assist with the day-to-day management of the schedule, its ability to realize this opportunity is

greatly enhanced.
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