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Objectives The study examined the impact of change, from slowly rotating continuous 8-hour shifts to more 
rapidly rotating continuous 8-hour and 12-hour shifts, on the health and quality of life of shift workers. 
Methods Self-report survey data were collected from 72 shift workers at 3 sewage treatment plants before and 
several months after roster change. After the change 1 plant first worked a rapidly rotating, 8-hour shift roster and 
then worked a 12-hour shift roster, and the other 2 plants worked continuous 12-hour shift rosters. 
Results After the change the shift workers at each plant reported increased satisfaction with roster design, a 
decrease in physical and psychological circadian malaise associated with shift work, improved day sleep quality, 
less tiredness, and improvements in the quality of home, social and work life. A between-plant comparison of the 
rapidly rotating 8-hour and 12-hour shift rosters showed greater improvements had been obtained with the 12-hour 
shift roster, and no significant differences in tiredness or sleep quality between the redesigned 8- and 12-hour shift 
rosters. However, a within-plant matched-pairs comparison at the 1st plant of the rapidly rotating 8-hour shift roster 
and the 12-hour shift roster showed no significant differences. 
C O ~ ~ C ~ U S ~ O ~ ~ S  The results show that the prior level of support for change may best explain the impact of roster 
redesign on individual well-being. They lend further support to shift worker participation in roster design. 

Key terms cicadian malaise, health, quality of life, tiredness. 

Shiftwork research has, for many years, generally favored 
continuous three 8-hour shift rosters with faster rather 
than slower speeds of rotation, on the grounds that faster 
rotation is somewhat less socially disruptive (1) and re- 
sults in less cumulative sleep loss and circadian distur- 
bance (2). Continuous 12-hour shift rosters with short 
spells of day and night shifts fit the criteria for inclusion 
as rapidly rotating rosters. They have the additional ad- 
vantage of reducing the number of work shifts and in- 
creasing the number of days off, but at the cost that em- 
ployees must work a longer shift (3) and thus change the 
pattern of exposure to the occupational stress of shift 
work. Twelve-hour shifts also typically restrict the op- 
portunity for overtime, and their introduction may there- 
fore both reduce the length of the average workweek and 
the frequency of double shifts (ie, 16-hour shifts) worked. 

The evaluation of shift rosters is usually only possi- 
ble when there is a change from the existing roster to a 
"new" roster. Under such conditions the effects of roster 
difference are influenced by the effects of the change 
process and the contrast between the "old" and the "new" 
roster. In many studies of roster redesign the involvement 
of the shift workers in the design of their "new" roster is 
unclear, and change to 12-hour shifts also introduces a 
faster speed of rotation (eg, 4, 5 ,  6, and 7). 

This paper reports the results of a roster change at 3 
sewage treatment plants, all with a slowly rotating, con- 
tinuous, three 8-hour shift roster prior to the change. Af- 
ter the change 2 of the plants moved immediately to con- 
tinuous 12-hour shift rosters and the 3rd went first to a 
6-month trial of a continuous rapidly rotating 8-hour shift 
roster and then to a trial of a 12-hour shift roster. It was 
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Participative shift roster design 

therefore possible to compare rapidly rotating 8-hour 
shifts with 12-hour shifts with both roster conditions op- 
erating as "new" shift rosters and to compare the same 
shift workers on both "new" rosters. 

Table 1. Biographical details of the shift workers participating i n  
the roster redesign. 

Mean 

Age (years) 39.1 
Time with corporation (years) 12.2 
Time on "old" roster (years) 5.2 
Years of shiftwork experience 7.8 
Marital status 

Married 
Separated/divorced/widowed 
Single 

Partner's employment status 

Range O/O 

Waged employment -full-time . 34.5 
Waged employment - part-time . 16.1 
Not in waged employment 29.3 

Families with children at home 
Under 5 years of age 27.4 
6 to 12 years of age 24.2 
13 to 18 years of age 12.9 
No children 35.5 

Table 2. Self-report survey scales. 

Questionnaire 
topic 

Number Type of Positive 
of items scale indicator 

Attitude towards shift work (13, 14) 1 5-point Low score 
Attitude towards shift roster (15) 1 5-point Low score 
Job satisfaction (15)a 5 7-point High score 
Energy and vigor (15) 10 5-point High score 
General Health Questionnaire 12 (16) 12 
General Health Questonnaire 6b 6 
Digestion (15) 8 
Cardiovascular symptoms (15) 8 
Minor complaints (13, 14) 9 
Circadian malaise (13, 14) 10 
Muscular complaints (13, 14) 4 
Minor infections (13, 14) 4 
Dayshift tiredness b , C  1 
Nightshift tiredness b , C  

Day-off tiredness b, 

Tiredness (13, 14) 
Fatigue (13, 14) 
Day sleep quality (13, 14) 
Night sleep quality (13, 14) 
lmpact on home life (13, 14) 
Impact on social life (13, 14) 
Impact on work life (13, 14) 

Low score 
Low score 
Low score 
Low score 
Low score 
High score 
Low score 
Low score 
Low score 
Low score 
Low score 
High score 
High score 
Low score 
Low score 
High score 
High score 
High score 

"New" roster improvementbC 
Family life 1 5-point Low score 
Social life 1 5-point Low score 
Mental health 1 5-point Low score 
Work performance 1 5-point Low score 

a Not included in the before-change survey. 
The first 6 items of the General Health Questionnaire (16). 
Single item question designed for this study. 

Subjects and methods 

Subjects 

Twelve shiftwork crews from 3 sewage treatment plants 
in Sydney, Australia, were studied. Each crew comprised 
6 male shift workers. The shift workers' age, time of 
employment with the corporation, length of service with 
the "old" roster, total number of years' experience with 
shift work, marital status, partner's employment status, 
and percentage with under 18-year-olds living at home 
at the 1st data collection point are shown in table 1. They 
were similar for all 3 plants. 

Shift rosters 

Before the change each plant worked a slowly forward 
rotating continuous three 8-hour shift roster with 7 con- 
secutive shifts preceding days off. After the change plant 
2 and plant 3 worked continuous two 12-hour shift ros- 
ters (each following an 8-day cycle with 2 night shifts, 1 
or 2 days off, 2 day shifts, and 2 or 3 days off). Plant 1 
first tried a forward rotating continuous three 8-hour shift 
roster with shifts following a 2 x 2 ~ 3  cycle and then in- 
troduced 12 hour shifts. The shift change times for the 
8-hour shift rosters were 0600, 1400, and 2200, and for 
the 12-hour shift rosters the shift change occurred at 0700 
and 1900. The rosters were as follows (D=day shift, 
N=night shift, A=afternoon shift, 0= off shift): 

D D D D D D O O A A A A A A A O O N N N N N N N O O  

(the before-change continuous three 8-hour shift roster) 

D D A A N N N O O D D A A A N N O O D D D A A N N O O O  

(the after-change 2 x 2 ~ 3  8-hour continuous shift roster 
used in plant 1) 

N N O D D O O O  

(the after-change continuous 12-hour shift roster used in 
plants 1 and 3) 

O O D N N O O O O D D N  

(the after-change continuous 12-hour shift roster used in 
plant 2) 

Votes for roster trials prior to change 

It was agreed that participation in roster design should 
include a secret ballot at each plant, with a minimum of 
65% voting in favor before any change could be intro- 
duced (8). In the 1st vote 2 plants voted with a sufficient 
majority for an immediate trial of 12-hour shifts. At one 
plant the vote was 75% in favor of a 12-hour shift trial 
(with no voter indicating that he would not be willing to 
try a 12-hour shift roster if a 65% majority voted in fa- 
vor). In the other plant the vote was 100% in favor of 
the 12-hour shifts. The 3rd plant voted only 53% in fa- 
vor of 12-hour shifts. This value fell below the agreed 
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65% majority. At a 2nd vote, for a trial of rapidly rotat- 
ing 8-hour shifts, 75% voted in favor. Following the 6- 
month trial of the rapidly rotating 8-hour shift roster an- 
other vote was held. On this occasion 67% voted for a 
trial with 12-hour shifts prior to reaching a final deci- 
sion about which roster to adopt (8). 

Study design, survey scales and other measures 
Self-report questionnaire surveys (table 2) were admin- 
istered to small groups during visits with each crew at 
work in the 2 months prior to the change from the slow- 
ly rotating, 8-hour shift roster. This survey procedure was 
repeated in the 5th or 6th month after the change and, 
for the plant which underwent a 2nd change, from the 
rapid 8-hour shift roster to a 12-hour shift roster, again 
in the 5th or 6th month of work with the 12-hour shift 
roster. The surveys of the "old" roster were completed 
prior to a vote on whether or not to try the "new" ros- 
ters. Data collection was undertaken as part of a partici- 
pative design process which provided an opportunity to 
collect additional information through individual and 
group discussion. 

The shift workers were also asked to keep sleep dia- 
ries in the weeks before roster change and again for some 
weeks 3 months after the change. Personnel data on over- 
time hours, near-miss occupational health and safety ac- 
cident reports, workers' compensation claims, sickness 
absence, time spent in meetings, and attendance at train- 
ing claims were also collected. The response rate for re- 
turned surveys was 72.2% before the change and 63.8% 
after the 1st roster change. Before the change 38.5% of 
the forms had missing data and after the change the cor- 
responding value was 36.0%. The response rate after the 
2nd roster change at plant 1 was 66.7%, 18.8% of which 
was incomplete. Failure to complete a questionnaire re- 
sulted from absence from work or being engaged in work 
which would not allow completion of a survey on the 
survey day. Individual and group discussion at each plant 
did not indicate any clear differences between the sur- 
vey respondents and nonsespondents. Missing data within 
the returned surveys was primarily a result of there be- 
ing insufficient time for the workers to check whether 
all the questions had been answered. Only 3 shift work- 
ers refused to complete a survey - all on the grounds 
that they disliked questionnaires - and only 4 shift 
workers clearly indicated on their surveys that they re- 
fused to answer a particular question or section of the 
survey. To ensure anonymity, no record of who did or 
did not complete a survey was kept. However, with the 
agreement of the shift workers at plant 1, it was possible 
to match the surveys completed after the change to the 
rapidly rotating, 8-hour and the 12-hour shift rosters. Less 
than 25% of shift workers at each plant returned a sleep 
diary, and few of these diaries included more than 7 days 
of recording. 

Independent sample t-tests were used to compare data 
collected before and after the 1st roster change and to 
make between-plant comparisons. Matched pair t-tests 
were used to compare the "new" 8-hour and 12-hour 
shifts within plant 1. 

Effects of first roster changes 

The only significant difference in the attitude towards 
shift work was with roster satisfaction. After the change 
there was greater satisfaction with the roster (table 3). 

For the 5 health variables included in each testing, 
only circadian malaise (ie, disturbed appetite and sleep, 
indigestion, constipation, flatulence, irritability, moodi- 
ness, depression, tiredness, and fatigue) showed a signif- 
icant change. Less malaise was reported after the roster 
change (table 3). 

Day sleep quality was significantly improved after the 
change. Night sleep quality was not. Self-reported tired- 
ness and fatigue were both lower following the change 
(table 3). 

There was significant improvement in home and so- 
cial life after the change to the "new" roster (table 3). 

Between-plant comparison of rapid 8-hour and 12-hour 
shifts. Before the roster change a comparison of the 2 
plants that moved to 12-hour shifts and the plant that 
started rapidly rotating 8-hour shifts showed no signifi- 
cant differences in attitudes towards shiftwork, self-re- 
port health complaints, day and night sleep quality, and 
impact of shift work on home, social and work life (ta- 
ble 4). After the roster change there were several signif- 
icant differences between the plants that moved to either 
12-hour shifts or to the rapidly rotating 8-hour shifts. 

The only significant difference in attitudes towards 
shift work and work occurred for roster satisfaction. 
Those working the 12-hour shifts were more satisfied 
with their roster than those working the rapid 8-hour 
shifts (table 5). 

For the 8 health variables only the General Health 
Questionnaire 12 scores differed significantly between 
the 2 "new" rosters. Those working 12-hour shifts report- 
ed fewer psychological health complaints (table 5). 

There was no significant difference between those 
working 12-hour shifts and those working 8-hour shifts 
on self-reports of tiredness or sleep quality (table 5). 

For the 3 life-style impact variables (ie, on home, 
social, and family life) those working 12-hour shifts re- 
ported a less negative impact of shift work on both their 
home and social lives (table 5). 

Those who changed to 12-hour shifts reported great- 
er improvements in their family and social lives and life 
overall. There was no significant difference in the 
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Table 3. Effects of roster change. (df = degrees of freedom) 

Before change After change Statistical difference 

Mean N Mean N t-Value df P-valuea 

Attitude towards shift work 2.4 
Attitude towards shift roster 2.9 
General Health Questionnaire 12 21.8 
Minor complaints 30.0 
Circadian malaise 27.3 
Muscular complaints 13.8 
Minor infections 12.9 
Day sleep quality 30.8 
Night sleep quality 22.0 

Tiredness 2.2 
Fatigue 2.5 
Home life 9.7 
Social life 11.1 
Work life 11 .O 

a Bonferroni correction Pt0.05 requires a t-score significance of Pt0.004. 

Table 4. Before-change between-plant comparison of rapid 8-hour shifts and 12-hour shifts. (df=degrees of freedom) 

Before 12-hour shifts Before rapid 8-hour shifts Statistical difference 

Mean N Mean N t-Value df P-valuea 

Attitude towards shift work 2.6 23 2.1 16 1.34 37 0.187 
Attitude towards shift roster 3.1 24 2.6 16 1.26 38 0.21 5 
General Health Questionnaire 12 22.5 23 20.8 16 1.92 37 0.062 
Minor complaints 30.6 18 29.3 14 -1.07 30 0.294 
Circadian malaise 27.5 2 1 27.1 15 0.22 34 0.824 
Muscular complaints 13.7 2 1 13.8 16 -0.1 6 35 0.872 
Minor infections 11.5 22 11.9 16 -0.64 36 0.528 
Day sleep quality 31.5 23 29.5 15 0.62 36 0.540 
Night sleep quality 24.2 22 21.1 14 1.35 34 0.185 
Tiredness 2.3 24 2.1 16 0.75 38 0.457 
Fatigue 2.5 24 2.5 16 -0.13 38 0.900 
Home life 9.8 23 9.5 15 0.37 36 0.71 1 
Social life 10.2 23 12.3 16 -1.35 37 0.186 
Work life 11.0 20 11.0 15 0.00 33 1.000 

a Bonferroni correction Pt0.05 requires a t-score significance of Pt0.004. 

reported improvements in physical and mental health or 
in work performance between the 2 groups (table 5) .  

Within-plant comparison of rapid 8-hour and 12-hour 
shifts. The results of the matched pairs t-test comparison 
are presented in table 6 for the survey data collected in 
the 5th and 6th months of operation of the 2 x 2 ~ 3  8-hour 
shift roster and the 12-hour shift roster at plant 1. None 
of the comparisons showed a significant improvement 
with 12-hour shifts. 

Diary sleep records, overtime work, near-miss occupa- 
tional health and safety accident reports, and workers' 
compensation claims. The mean sleep lengths calculat- 
ed from sleep diaries indicated no major change in the 
duration of night or day sleep after the roster changes. 

Data on the overtime worked at each plant was col- 
lected for the 12 weeks prior to the change and for 32 
weeks after the change. Before and after the roster change 
overtime hours were highest at plant 2 and lowest at plant 
3. Plant 1 reduced overall overtime by 36% after the rapid 
8-hour shifts were introduced; plant 2 reduced overtime 
by 47% after the introduction of 12-hour shifts, and plant 
3 showed a 60% reduction with 12-hour shifts. These re- 
ductions were accompanied by less time being spent in 
training and in meetings between shift crews and with 
day workers. For the 12-hour shifts the reduction in over- 
time coupled with less overlapping hours spent at work 
alongside day-time management and day workers was 
reported as giving rise to communication difficulties. The 
shift workers' comments, such as "We seem to be at 
work much less often with the new roster", need to be 
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Table 5. After-change between-plant comparison of rapid 8-hour shifts and 12-hour shifts. (df = degrees of freedom) 

12-hour shifts Rapid 8-hour shifts Statistical difference 

N Mean N Mean 

Attitude towards shift work 
Attitude towards shift roster 
Job satisfaction 
Energy and vigor 
General Health Questionnaire 12 
Digestion 
Cardiovascular symptoms 
Minor complaints 
Circadian malaise 
Muscular complaints 
Minor infections 
Dayshift tiredness 
Nightshift tiredness 
Day-off tiredness 
Day sleep quality 
Night sleep quality 
Home life 
Social life 
Work life 
Family life 
Social life 
Life overall 
Physical health 
Mental health 
Work performance 

a Bonferroni correction P<0.05 requires a t-score significance of P<0.002. 

considered against day management comments such as 
"They don't seem to ever be here with the new roster". 
The near-miss accident reports and workers' compensa- 
tion claims were similar prior to and after the roster 
change. The near-miss occupational health and safety 
accident reports during the 6 months of "new" roster op- 
eration were 1 each for the rapid 8-hour shifts and 12- 
hour shifts. The 12-hour shift near-miss did not involve 
a shift worker. Two workers' compensation claims were 
lodged during the 6 months of "new" roster operation. 
Both involved claims for long-term hearing loss related 
to the work environment several years prior to the roster 
changes. No accidents were recorded in the 6 months pre- 
ceding or following the change. Sickness absences were 
similar prior to and after the roster change; however, 2 
shift workers went on long-term sick leave after the ros- 
ter change as a result of nonwork injuries. 

Discussion 

Reduced disturbance in circadian rhythms and greater 
social satisfaction resulting from the faster rotation 
achieved by 12-hour shift rosters may explain the popu- 
larity of 12-hour shift rosters. However, a greater contri- 
bution to their popularity may be that they provide a 

Table 6. Matched-pair comparison of the rapidly rotating 8-hour 
shifts and the 12-hour shifts. (df = degree of freedom) 

8-hour 12-hour Statistical difference 
shifts shifts 
(2x2~3)  (mean) 
(mean) 

t-Value df P-valuea 

Attitude towards 
shift roster 2.8 2.5 -0.34 11 0.74 
Energy and vigor 32.5 33.1 0.27 10 0.79 
General Health 
Questionnaire 6 11.2 11.6 0.49 11 0.64 
Digestion 11.3 15.1 1.30 11 0.22 
Cardiovascular 
symptoms 10.2 11.2 0.74 11 0.48 
Dayshift tiredness 2.8 2.9 0.22 11 0.83 
Nightsift tiredness 3.4 3.3 -0.19 11 0.85 
Day-off tiredness 3.2 2.6 -1.03 10 0.33 
Improved family life 2.6 2.3 -0.63 11 0.54 
Improved social life 2.9 2.3 -1.70 11 0.26 
Improved life overall 2.8 2.3 -0.73 11 0.48 
lmproved 
physical health 2.8 2.2 -0.96 11 0.36 
lmproved 
mental health 3.1 2.8 -0.56 11 0.59 
lmproved 
work performance 3.0 2.8 -0.44 11 0.67 
Roster advantages 
outweigh 
disadvantages 1.6 1.4 -0.25 11 0.81 

a Bonferroni correction P<0.05 requires a t-score significance of 
P<0.003. 
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reduction in the number of days involving night work and 
an increase in the number of days off. Both of these fac- 
tors may further reduce the stress and social disruption 
of shift work. 

Discussion with the individual shift workers and shift 
crews involved in these trials of 12-hour shifts indicated 
that these workers did indeed regard the major advan- 
tage of 12-hour shifts to be the reduced number of days 
spent working shifts and the positive carny-over effects 
that this had on reducing the impact of shift work on their 
family and social lives. It also indicated, as earlier re- 
search has shown (I), that rapidly rotating continuous 8- 
hour shifts were more socially acceptable than slowly 
rotating continuous 8-hour shifts. However, rapid rota- 
tion reduced the number of consecutive days off. This 
was a particular disadvantage for the more frequent 2- 
day breaks when the 1st day off began at 0600 hours af- 
ter a spell of night shifts. Because of the need to recover 
from night work and to make the transition to night sleep, 
these 2-day breaks were reported as providing only 1 real 
day off. The results support earlier research which shows 
that the distribution of time for recovery from night work 
and for social and family life is an important factor in 
satisfaction with roster design (9). 

Nonetheless, the survey results are contradictory in 
terms of the support they offer to 12-hour shifts. 

The change from "old" to "new" rosters with more 
rapid rotation through either 8- or 12-hour shifts was sup- 
ported in advance by 83.3% of the shift workers in the 3 
plants. The results showed increased satisfaction with the 
roster design, a decrease in the physical and psychologi- 
cal circadian malaise associated with shift work, im- 
proved day sleep quality, less tiredness, and improve- 
ments in the quality of home, social and work life. 

The between-plant comparison of the results for the 
12-hour shifts and rapidly rotating 8-hour shifts con- 
cerned a group voting 87.5% in favor of trying 12-hour 
shifts and a group voting 75% in favor of trying rapidly 
rotating 8-hour shifts only after 47% had rejected trying 
12-hour shifts. The results showed that satisfaction with 
roster design, psychological health, and improvement in 
the quality of home, social and work life were all signif- 
icantly greater for the 12-hour shifts. Furthermore, there 
was no significant increase in tiredness or any decrease 
in sleep quality with the 12-hour shift roster. Nonethe- 
less, earlier research has shown that significantly less 
sleep may be taken for night shifts following a change 
from slowly rotating 8-hour shifts to more rapidly rotat- 
ing 12-hour shifts (7, 6) and that 12-hour shifts have a 
potential for increased fatigue (10) and increased safety 
risk (4, 11). Negative effects such as these may be less 
readily shown by self-report data from shift workers who 
strongly support roster change. 

The within-plant matched-pairs comparison of rap- 
idly rotating 8-hour shifts and 12-hour shifts showed, 

however, no significant differences between the 2 ros- 
ters. It examined the 2 rosters for the group which 1st 
voted 53% in favor of a 12-hour shift trial, but then, be- 
cause this was an insufficient majority to proceed with 
the trial, voted 75% in favor of a trial of rapidly rotating 
8-hour shifts as an alternative to the existing slowly ro- 
tating 8-hour shift roster; and finally, because of contin- 
uing pressure by the majority who had voted for 12-hour 
shifts, held another vote, which achieved a 67% vote in 
favor of a 12-hour shift trial prior to a final decision about 
which roster to adopt. 

The voting percentages are reflected in the survey 
reports of satisfaction with the different rosters. The votes 
for change showed that the plant which moved 1 st to rap- 
idly rotating 8-hour shifts and then to a trial of 12-hour 
shifts was less clear about the need for roster change and 
about what change to adopt. These workers were less sat- 
isfied with either of the alternative rosters than the work- 
ers at the 2 other plants. 

The difference between the results obtained with each 
roster may be associated with the differences in satisfac- 
tion expressed by the shift crews at each plant. Further- 
more, the overall improvement reported when the ros- 
ters were first changed at each plant could be associated 
with the reduction in overtime which accompanied the 
change from the original rosters. 

These alternative explanations of the results do not 
deny that, under appropriate work conditions, 12-hour 
shifts offer real advantages to many shift workers. In par- 
ticular, for many, they reduce the negative impact of shift 
work on family and social life by reducing the number 
of shifts worked. However, there are longer periods of 
time when 12-hour shift workers are out of direct con- 
tact with day working management and employees. This 
lack of contact was reported as a disadvantage by plant 
management. Plant managers found that reduced contact 
with the shift workers exacerbated communication diffi- 
culties at work. They also reported that the reduced avail- 
ability of overtime to provide flexibility in meeting op- 
erational demands caused difficulties. In practice great- 
er management discipline was required over the use of 
overtime, as was greater creativity in tackling the inte- 
gration of shift crews and day workers. 

The trials do, nevertheless, highlight the difficulty 
that results may be confounded by the prior level of sup- 
port for existing and new rosters. This prior support may 
well reflect reasoned individual assessments of the like- 
lihood of a new roster better fitting individual differenc- 
es in life-style than does the existing roster. The level of 
prior support is important because the success of a roster 
in promoting well-being is to a significant extent depend- 
ent on the ability of a roster to satisfy the needs of as 
large a majority of shift workers as possible. It is there- 
fore important to evaluate the results of comparisons be- 
tween shift rosters, not only in terms of the similarity of 
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shift workers and the work they perform in each roster 
condition, but also in terms of the advance support each 
group of shift workers gives to the adoption of a particu- 
lar roster design. 

Finally, the results from these trials provide a further 
indication that shift workers are able to make a reasona- 
ble assessment of the probable impact that a new roster 
design will have on their individual life-styles. This abil- 
ity shown by shift workers provides additional support 
for the importance of shiftworker participation in roster 
design (12) and for the longitudinal study of the long- 
term health effects of 12-hour and other shift rosters (2). 
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