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Objectives   The objectives of this study were to examine simulator driving and subjective sleepiness after 
morning, afternoon, and night shifts and to compare these differences, as well as objective stress, between a 
fast-forward and a slow-backward rotating shift system.
Methods   The participants were male volunteers working in a chemical plant, 18 in a slow-backward rotat-
ing system and 18 in a fast-forward rotating system. All of the participants performed a driving simulator test 
and subjectively estimated sleepiness after a night, afternoon, and morning shift. Salivary cortisol samples, as 
indicators of the objective stress level, at the beginning of the workweek—after the second morning shift—were 
compared between the two rotating shift systems.
Results   Lane drifting was higher after a night shift than after an afternoon shift. No effect of rotation system 
on driving performance could be shown. The subjective sleepiness scores were significantly higher in the slow-
backward rotating group than in the fast-forward rotating group. A significant effect of shift type was also ob-
served, with lower levels of sleepiness after the afternoon shift than after the morning and night shifts. Salivary 
cortisol samples taken at the start of the workweek did not significantly differ between the fast-forward and the 
slow-backward rotation shift systems.
Conclusions   This study indicated that shift type is more important than shift schedule—direction and speed 
of rotation—in determining driving performance. Performance seemed to be threatened mostly by a night shift 
and the least by an afternoon shift. In contrast, subjective sleepiness also differed between rotation groups and 
indicated an advantage of the fast-forward rotation system. The exploratory salivary cortisol measurements sug-
gested that the shift systems studied do not differ in the level of stress they induce, that is to say at the beginning 
of the workweek. 
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Rotating shift work has been identified as a risk factor 
for sleepiness-related traffic accidents in survey (1) and 
epidemiologic (2) studies. Yet very few experimental and 
field studies report on the driving performance of shift 
workers at the end of their shift, when they often drive 
themselves home by car. Recently, Åkerstedt et al (3) 
observed a decrease in simulator driving performance 
after a night shift in comparison with performance after 
a normal night’s sleep. 

In our modern industrialized society, a diverse range 
of shift schedules is applied. In general, a weekly back-
ward (counterclockwise) rotation schedule is consid-
ered to be more disadvantageous than a faster forward 

(clockwise) rotation schedule. Van Amelsvoort et al (4) 
prospectively related a backward rotating shift system 
to an increased need for recovery and poor general 
health, whereas a forward rotation schedule was related 
to less work–family conflict and better sleep quality 
over 32 months of follow-up. In line with this result, a 
questionnaire study among shift workers in the steel in-
dustry showed a reduction of social problems when they 
changed from a weekly backward to a quicker forward 
rotating shift system (5). The change to the forward ro-
tating schedule was also accompanied by improvement 
in the satisfaction with the new shift system, whereas 
no differences were observed concerning general health, 
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sleep quantity and quality, and duration of leisure time. 
Still, Hakola & Härmä (6) and Härmä et al (7), compar-
ing two versus three successive night shifts and single 
versus three successive night shifts, respectively, did 
observe an advantage for rapidly forward rotating shift 
systems in comparison with slower backward rotating 
shift systems in terms of sleep length and sleep effi-
ciency. However, the positive changes in objective sleep 
were rather small. 

Adding to this line of research, the central question 
in our present study was whether it is more advanta-
geous in terms of driving performance and sleepiness 
to change shifts rapidly in the course of one workweek 
(fast-forward rotation shift schedule) or preferable to 
stay in the same shift during a complete workweek 
(slow-backward rotation shift schedule). Therefore, we 
tested shift workers after a morning, an afternoon, and 
a night shift in the two rotation shift systems, each after 
an equal number of consecutive workdays. Based on 
limited previous research on objective driving perfor-
mance (3) and on psychomotor vigilance performance 
(8) among shift workers, the hypothesis is that driving 
performance is generally poorer after a night shift than 
after an afternoon shift when the longest sleep dura-
tion has been observed (8). We are not aware of any 
published study specifically focusing on the differential 
influence of a fast-forward versus a slow-backward 
rotation shift schedule on objectively measured driving 
performance and could find only one on vigilance per-
formance. Härmä et al (7) showed that changing from 
a slow-backward to a fast-forward shift system has a 
significant positive impact on psychomotor vigilance 
performance, especially after the night shift among older 
workers, although the effect is minor. In combination 
with the advantage of the fast-forward system in terms 
of sleep quality or quantity (4, 6, 7), this finding leads to 
the hypothesis that driving performance is less deficient 
after a night shift in the fast-forward system than in the 
slow-backward system. Concerning subjective sleepi-
ness, analogous hypotheses are put forward. 

In addition, this paper considers an exploratory study 
of the difference in objective stress in a fast-forward ver-
sus a slow-backward rotating shift system. As a marker 
of objective stress, salivary cortisol levels were mea-
sured, as they are considered to reflect hypothalamus-pi-
tuitary-adrenal (HPA) axis activity (9). Salivary cortisol 
has been shown to be a valid measure for monitoring 

adrenal activity in healthy shift workers as opposed to 
serum cortisol and can easily be obtained noninvasively 
(10). Cortisol assessment in a shift system closely re-
sembling the fast-forward rotating system at hand has 
already indicated a higher total adrenocortical secretion 
over 24 hours in shift workers than in day workers; this 
phenomenon suggests higher levels of objective stress 
in the former. As to a comparison of fast-forward with 
slow-backward rotating systems, an increased incidence 
of factors potentially contributing to stress, such as 
work–family conflict (4) and social problems (5), in the 
slow-backward systems has been described. This find-
ing raises the hypothesis that employees also generally 
experience more objective stress in the slow-backward 
system than in the fast-forward system. 

This comparative shiftwork study was carried out 
in a chemical plant in Belgium, where the fast-forward 
rotating shift system was introduced a year prior to the 
study, when the employees could switch to this system 
voluntarily. Most of the employees who changed to the 
fast-forward rotating system showed a clear preference 
for it.

Study population and methods 

Study population

Thirty-six male volunteers working full-time as techni-
cians in a chemical plant participated in the study. Half 
of the participants had worked for at least 3 years in 
a slow-backward rotating system, whereas the other 
half had started in a fast-forward rotating system 8 
to 12 months before the study. In the slow-backward 
rotating system, employees worked seven consecu-
tive night shifts (2200–0600), which, after 3 days off, 
were followed by seven consecutive afternoon shifts 
(1400–2200), which, after 2 days off, were followed 
by seven consecutive morning shifts (0600–1400). In 
the fast-forward rotating system, the employees were 
engaged in the following shifts consecutively: two or 
three morning shifts (0600–1400), two or three after-
noon shifts (1400–2200), and two or three night shifts 
(2200–0600), in a total of seven successive workdays. 
The shift systems are graphically presented in figure 1. 
The mean age of the workers using the slow-backward 
and the fast-forward rotating systems was 42.3 (SE 1.3) 

Figure 1. Graphic presenta-
tion of the slow-backward 
and the fast-forward rotating 
shift systems. a (N = night 
shift, A = afternoon shift, M = 
morning shift, – = day off)

Slow N N N N N N N - - - A A A A A A A - - M M M M M M M - - 

Fast M M A A A N N - - M M M A A N N - - - M M A A N N N - - 

a The shifts in bold were compared between the two rotation systems. 
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years and 42.5 (SE 1.3) years, respectively. The average 
body mass index (BMI) was 26.21 (SE 0.95) kg/m2 for 
the slow-backward group and 27.09 (SE 0.98) kg/m2 
in the fast-forward group. All of the participants were 
free of any medication potentially affecting the central 
nervous system. They gave their informed consent prior 
to their participation in this study.

Procedure
The employees were allowed to finish their shift 30 
minutes earlier, at 0530, 2130 and 1330, after their night, 
afternoon, and morning shifts, respectively; the change 
enabled them to return home at their usual time of day 
after the completion of the tests. During each testing 
session, they performed a 25-minute driving simulator 
test. Before the driving test, they completed subjective 
sleepiness scales and indicated the number of caffein-
ated beverages (coffee, tea, cola) they consumed during 
the preceding shift period. After the driving tests, at 
0600, 2200 and 1400 for the night, afternoon, and morn-
ing shifts, respectively, salivary cortisol samples were 
collected and again subjective sleepiness questionnaires 
were completed. For the analysis of driving performance 
and subjective sleepiness, the following testing moments 
were compared: (i) the second morning shift in the slow 
rotation shift system and the second morning shift in 
the fast rotation shift system (ie, the second workday in 
both systems); (ii) the fourth or fifth afternoon shift in 
the slow rotation shift system and the second afternoon 
shift in the fast rotation shift system (ie, the fourth or 
fifth workday in both systems); (iii) the sixth or seventh 
night shift in the slow rotation shift system and the 
second night shift in the fast rotation shift system (ie, 
the sixth or seventh workday in both systems (figure 1). 
Concerning objective stress, we compared salivary cor-
tisol samples at the beginning of the workweek—after 
the second morning shift—between the two rotation 
shift systems. 

There was a minimum interval of 1 week between 
two consecutive testing sessions of an employee. 

Design
All of the participants performed three testing sessions, 
after the night, afternoon, and morning shifts. The order 
of participating after a night, afternoon, and morning 
shift was fully counterbalanced in both the fast-forward 
and the slow-backward rotating shift groups. 

Measurements

Driving performance. Driving performance was test-
ed using the York Driving Simulator (York Computer 
Technologies, Kingston, Ontario, Canada) with the 
Drivesim 3.00 software, running on an IBM-compatible 

personal computer. The simulated car was equipped with 
an accelerator, a brake, and a steering wheel. On a 21-
inch computer screen, a forward view from the driver’s 
seat of a motorway road scene, not including any bends, 
stop signs or traffic lights, was presented. Speed was 
displayed at the bottom of the screen. During each driv-
ing test, the participants’ vehicle was overtaken by two 
other cars. The driving scenario incorporated artificial 
wind to make it more difficult for the participants to 
keep a constant road position and speed. The instruc-
tion was to stay in the right-hand lane and to sustain the 
posted speed of 100 kilometers per hour. The duration of 
the driving task was 25 minutes. The following driving 
parameters were calculated: (i) lane drifting, the stan-
dard deviation of the road position in an arbitrary lane 
width of 3 meters calculated in centimeters, (ii) speed 
deviation, the mean of the differences in kilometers per 
hour of the speed of the vehicle from the posted speed 
limit, and (iii) accident liability, being 1 if the car left 
the road or hit another vehicle at least once during the 
25-minute drive, 0 if this was not the case. Speed and 
road position were sampled at 10 Hz. Data of the first 
10 minutes of the drive were excluded from the analyses 
to allow adaptation to the driving task to develop. As a 
consequence, all of the analyses are based on the last 15 
minutes of the drive. 

Subjective sleepiness. Before and after each driving ses-
sion, subjective sleepiness was assessed with the use of 
the Stanford Sleepiness Scale (11). 

Cortisol. Saliva samples were collected with a Salivette® 
(Sarstedt, Nümbrecht, Germany), with an insert contain-
ing a sterile polyester swab for collection of the saliva, 
yielding a clear and particle-free sample. The salivettes 
were used according to the instructions provided by the 
manufacturer. Samples collected in this way are stable at 
room temperature for at least a week. The salivettes con-
taining saliva were centrifuged at 2000 g for 10 minutes, 
and the filtrates were frozen (–20°C) and stored. Before 
the analysis, the samples were thawed and mixed. Saliva 
cortisol was measured by radioimmunoassay (DiaSorin, 
Stillwater, MN, USA), using a modification of an unex-
tracted radioimmunoassay method for serum cortisol. 
Briefly, 200 µl of saliva was pipetted into the coated tube 
and incubated with 125I cortisol for 45 minutes at 37°C. 
The modified cortisol assay had a measuring range of 
0.5–30 µg/l and within- and between-run coefficients of 
variation of <5% and <10%, respectively.

As cortisol secretion follows a pronounced circadian 
rhythm, the sample taken at the end of the second morn-
ing shift, at 1400 was compared between the two rota-
tion shift systems. At this moment, all of the employees 
had worked only two consecutive morning shifts after a 
minimum of two days off. 
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Statistical analysis

A repeated measures analysis of variance with shift type 
(night, afternoon, morning) as the within-subject factor 
and rotation system (slow-backward and fast-forward) 
as the between-subject factor was performed to analyze 
driving performance, as measured by lane drifting and 
speed deviation, salivary cortisol levels, and caffeine 
consumption, as indicated by the number of caffeinated 
beverages consumed. For subjective sleepiness (Stanford 
Sleepiness Scale), an additional within-subject fac-
tor, before versus after the driving simulator test, was 
included. Where appropriate, Tukey posthoc tests were 
used. For accident liability, a dichotomous variable, 
Cochran Q-tests and Kolmogorov-Smirnov tests, were 
performed to assess the effect of shift type and rotating 
shift system, respectively. 

The level of statistical significance was set at the 
conventional alpha = 0.05, but we also reported trends 
(alpha = 0.10) because this study is one of the first on 
the impact of shift work on driving performance.

Results

Driving performance

A significant effect of shift type on lane drifting was 
found [F(2,68)=5.79; P<0.01]. As illustrated in figure 2, 
posthoc analyses showed that lane drifting was higher 
after the night shift as compared with the afternoon 
shift (P<0.01). No overall effect of rotation system 
[F(1,34)=0.81; not significant] nor a shift type–rotation 
system interaction [F(2, 68)=0.53; not significant] could 
be demonstrated.

There were no significant main or interaction effects 
on speed deviation [F(2, 68)=2.09; not significant for the 
effect of shift type, F(1, 34)=1.91; not significant for the 
effect of rotation system, F(2, 68)=0.05; not significant 
for the interaction effect]. Figure 3 illustrates the find-
ings with respect to speed deviation. 

Concerning accident liability, the Cochran Q-tests 
did not yield a significant effect of shift type, and there 
was no significant difference between the two rotation 

Figure 2. Lane drifting after the night, morning, and 
afternoon shifts in the slow-backward and the fast-
forward rotating shift systems. Vertical bars denote 
standard errors.

Figure 3. Speed deviation after the night, morning, 
and afternoon shifts in the slow-backward and the 
fast-forward rotating shift systems. Vertical bars denote 
standard errors.
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Figure 2. Lane drifting following the night, morning and afternoon shift in the slow backward and 

the fast forward rotating shift system. Vertical bars denote standard errors. 
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Figure 3. Speed deviation following the night, morning and afternoon shift in the slow backward 

and the fast forward rotating shift system. Vertical bars denote standard errors. 
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systems, not for the night, the afternoon or the morn-
ing shifts as indicated by Kolmogorov-Smirnov tests. 
A summary of the test results with respect to accident 
liability can be found in table 1.

Subjective sleepiness
Scores on the Stanford Sleepiness Scale were significant-
ly higher in the slow-backward rotating group than in 
the fast-forward rotating group [F(1,31)=6.62; P<0.05]. 
A significant main effect of shift type was also observed 
[F(2,62)=19.40; P<0.001], the posthoc tests showing a 
lower level of subjective sleepiness after the afternoon 
shift than after the morning shift (P<0.001) and the night 
shift (P<0.001). In addition, the scores on the Stanford 
Sleepiness Scale were significantly increased after the 
simulator test as compared with before the simulator 
test [F(1,31)=55.58; P<0.001]. The interaction effect 
between shift type and before versus after the simulator 
test [F(2,62)=16.82; P<0.001] suggested that, before the 
simulator test, subjective sleepiness was higher after the 
night shift than after the morning and afternoon shifts, 
whereas, after the simulator test, the scores were higher 
after both the night and the morning shifts than after the 
afternoon shift (all P<0.001). The difference between the 
scores of the Stanford Sleepiness Scale before versus 
after simulator driving was significant after each shift 
type (P<0.001 for the night and the morning shifts; 
P<0.05 for the afternoon shift). The other interaction 
effects were not significant. Figure 4 offers an illustra-
tion of these findings.

Salivary cortisol
The average salivary cortisol level after the second 
morning shift was 4.91(SE 0.41) µg/l for the slow-
backward rotating group and 4.85 (SE 0.41) µg/l for the 

fast-forward rotating group. These cortisol levels did not 
differ significantly between the shift rotation systems 
[F(1,34)=0.009; not significant].

Caffeine consumption
The reported daily consumption of caffeinated beverages 
did not differ significantly between the fast-rotating 
(M=3.67; SE=0.61) and the slow-rotating (mean 3.20; 
SE 0.62) [F(1,33)=0.29; not significant] shift workers. 
However, there was a significant effect of shift type on 
caffeine consumption [F(2,66)=4.16; P<0.05]. The par-
ticipants reported higher caffeine use during the morning 
(mean 3.76; SE 0.50) and the night (mean 3.57; SE 0.48) 
shift as compared with the afternoon (mean 2.97; SE 
0.42) shift (P<0.05 and P<0.10, respectively). There was 
no significant interaction effect between shift type and 
rotation system [F(2,66)=1.61; not significant].

Discussion

The main finding of our study was that shift type was 
more important than shift schedule—direction and speed 
of rotation—in determining driving performance. 

Table 1. Percentage of sessions in which at least one accident 
occurred among the workers on the slow-backward versus those 
on the fast-forward rotating shift system after the night, morning, 
and afternoon shifts.

Type of shift	 Slow-backward 	 Fast-forward	 Average 
	 system (%)	  system (%)	 (%)

Night	 22	 18	 20
Morning	 39	 29	 34
Afternoon	 22	 6	 14
Average	 28	 18	 23

Figure 4. Subjective sleepiness before (pre) 
versus after the simulator driving test (post) 
after the night, morning and afternoon shifts 
in the slow-backward and the fast-forward 
rotating shift systems. Vertical bars denote 
standard errors. (SSS = Stanford Sleepi-
ness Scale)
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Driving simulator performance

Driving performance, as indicated by lane drifting, 
seemed to be threatened mostly by a night shift and the 
least by an afternoon shift, with the performance after 
the morning shift falling in between. This finding is 
in accordance with the finding of increased sleepiness 
(12) and decreased driving performance (3), as well as 
decreased psychomotor vigilance performance (8), after 
a night shift when compared with sleepiness, driving 
performance and psychomotor performance after the day 
or afternoon shifts. On one hand, these findings can be 
related to the reduction of 2–4 hours in sleep duration 
that is expected after both a night and a morning shift 
(13). On the other hand, the circadian dip in alertness 
at night, and to a smaller degree in the afternoon, prob-
ably partly explains the performance deficits observed 
on the simulator. 

Although previous studies have supported a prefer-
ence for a fast-forward as compared with a slow-back-
ward rotation schedule with regard to health, sleep, and 
social aspects (4–7) and to a limited extent concerning 
psychomotor performance, driving simulator perfor-
mance in our study did not significantly differ between 
the two systems. This finding is in accordance with the 
results of the laboratory study of Cruz et al (14, 15), 
which indicated that the clockwise direction of rotation 
does not result in better sleep or vigilance performance 
than counterclockwise rotation. 

It should be mentioned that the participants reported 
significantly higher caffeine consumption during the 
morning and night shifts than during the afternoon shift. 
This result potentially flattened the difference in perfor-
mance between the shifts, as caffeine positively affects 
driving simulator performance (16, 17). 

No significant effects of shift type or shift schedule 
were found on speed deviation or accident involvement. 
As reported previously, these driving performance parame
ters are less sensitive to sleepiness than lane drifting (17).

Subjective sleepiness
In agreement with Härmä et al (12), subjective sleepi-
ness was clearly higher in the night and the morning 
shifts than in the day or afternoon shift. Contrary to 
driving performance, although in line with our expecta-
tions, subjective sleepiness also significantly differed 
between the two rotation groups. The results were sug-
gestive of an advantage for the fast-forward over the 
slow-backward rotation system concerning the level of 
subjective sleepiness among the workers. This finding 
is in accordance with the more deleterious impact of the 
latter system on sleep quantity and quality, as reported 
in the literature (4, 6, 7). 

As an advantage of the fast-forward rotation system 
was only present in terms of subjective measurements, 

caution is needed when these results are interpreted, es-
pecially when the employees’ preference for this rotation 
system is taken into consideration. Moreover, in contrast 
to our finding, in the large-scale field study of Tucker et 
al (18), no difference in self-reported sleepiness–alert-
ness was observed between workers in a slow-backward 
and a fast-forward shift system, which they referred to as 
an advancing discontinuous and a delaying continuous 
schedule, respectively.

A comparison of the level of subjective sleepiness 
before and after the driving test suggests that perform-
ing the task either fatigued the employees or made 
them more aware of their sleepiness, especially after 
the morning shift. 

Salivary cortisol

To investigate whether one of the shift schedules was 
more stressful, we compared the cortisol levels after 
the second morning shift between the two shift systems, 
ensuring the same time of day for the collection of 
the samples and an equal opportunity for the adapta-
tion of the employees’ endogenous circadian rhythm 
to the shift schedule. This comparison suggested that 
there is no preference for a fast-forward over a slow-
backward rotating shift system in terms of the level of 
objective stress, as indicated by the level of salivary 
cortisol, a marker of HPA axis activity. This finding 
is in accordance with the finding of Boquet et al (19) 
indicating that experimentally induced clockwise and 
counter-clockwise shift schedules result in comparable 
adrenocortical activity. 

However, the work of Boquet et al (19) considered 
a laboratory study, not addressing long-term effects of 
forward versus backward rotating shift systems. In addi-
tion, it should be stressed that our study considers lim-
ited cortisol data. Follow-up studies, using more cortisol 
samples at regular intervals across the entire circadian 
cycle are required to enable firmer conclusions on the 
difference in objective stress between a fast-forward and 
a slow-backward rotation shift system. In this context, 
it should be considered that the absence of a difference 
in objective stress between the two shift systems in our 
study could be due to the timing of the sampling of the 
salivary cortisol (ie, after the second morning shift). 
The research findings of Bonnefond et al (8) suggest 
that morning shifts are associated with fewer problems 
in social life, potential sources of stress, than night and 
afternoon shifts. As such, differences in objective stress 
between the two systems in our study could have been 
clearer after a night and an afternoon shift than after the 
second morning shift. 

The strengths of this study are its reasonable sample 
size, 36 employees, and the counterbalancing of the 
order of being tested after the night, afternoon, and 
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morning shifts, while it was carried out in the workplace. 
Even though testing shift workers in their natural work 
environment adds to the external validity of the research 
findings, we acknowledge that, in field studies, rigid ex-
perimental control is not possible, as was clear from the 
caffeine consumption in the different shifts. In addition, 
we recognize that changing from the slow-backward to 
the fast-forward shift rotation system was voluntary. In 
other words, there was no random assignment of the 
employees to one of the two shift rotation systems. As 
Jansen et al (20) showed, this situation must be taken 
into consideration, as the employees who choose to 
change to another work schedule can be the ones that 
experience problems with their work schedule. More 
generally, the possibility exists that employees in the two 
different shift systems differed not only in their work 
schedule, but also in other relevant domains, such as the 
coping mechanisms they used, like exposure to bright 
light. For these reasons, intervention studies, instead of 
cross-sectional studies, are preferable, even though they 
are not always feasible.

Concluding remarks

Our results on the driving simulator, as well as with 
the subjective sleepiness scales, support the guidelines 
Knauth (21) formulated on the basis of his series of 
questionnaire studies with shift workers. Indeed, our 
findings indicate that night work, as well as an early 
start in the morning, should be avoided as much as pos-
sible. In addition, whereas no significant difference in 
driving performance between the two systems could be 
illustrated, an advantage of the fast-forward system, as 
compared with the slow-backward system in terms of 
subjective sleepiness, was found. This finding corre-
sponds with Knauth’s conclusion that forward rotation 
seems to be the most preferred and that fast-rotating shift 
systems are preferable to slowly rotating ones. 

To end, our study dealt with driving performance, 
subjective sleepiness, and cortisol in relation to shift 
work. Evidently, many other issues must be considered 
in the development of shift schedules, such as social 
needs of the employees and operational goals of the 
organization. 
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