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1. Executive Summary 
 
The present report reviews the literature bearing on the recuperative value of split vs. 
consolidated sleep for performance with particular attention to the literature used by the Federal 
Motor Carrier Safety Administration (FMCSA) in support of its split 8 hours and 2 hours (8+2) 
sleeper berth rule and applies the SAFTE/FAST mathematical model, which predicts 
performance on the basis of sleep/wake history and circadian phase, to evaluate systematically 
the effects on performance of a total of 288 HOS sleeper berth rule compliant and non-compliant 
schedules. 
 
There is consensus within the trucking industry, the FMCSA, and the scientific community that 
the 14 hours on duty and 10 hours off duty schedule for commercial drivers provides adequate 
opportunity for drivers to get recuperative sleep.  Consensus is lacking regarding how to 
structure the 10 hours off duty when the sleeper berth is being used for sleep.     
 
In 2003 and 2005, when the current rules with respect to commercial drivers were promulgated, 
there were limited studies bearing on the issue of the relative recuperative value of split sleep. 
What little work had been done exhibited design shortcomings or was misinterpreted leaving 
open the possibility that alternative sleeper berth rules would yield better maintenance of 
performance. 
 
Since then new work has suggested that performance may be a function primarily of 1) total 
sleep time in 24 hours and 2) the placement of sleep relative to the circadian rhythm.  Proper 
circadian placement of work and sleep opportunities is important to sustain performance.  This 
work suggests that alternative, more flexible sleeper berth rules may help to better maintain 
performance, provided that circadian timing of work and sleep are carefully considered in rule 
making and work/rest scheduling. 
 
The modeling work using SAFTE/FAST shows that a range of sleeper berth schedules both 
compliant and non-compliant with the current rule support good performance.  Further analysis 
and validation of the modeling results presented in this report could lead to a more broadly 
optimal as well as more flexible rule by accounting for the important role of circadian rhythms.  
 
The literature review and modeling suggest that the time is ripe for the development and 
promulgation of a more flexible, circadian smart sleeper berth rule.  This would allow more 
flexibility than the current rule and take into account not only sufficient opportunities for sleep 
but also the placement of these sleep opportunities relative to the circadian rhythm to better 
sustain the performance and safety of commercial drivers.  Within the 10 hours off duty, drivers 
should be allowed the flexibility to split their 10 hour sleep opportunity into 2 or 3 sleep periods 
in order to sleep when sleepy and drive when alert.   
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2. Introduction 

There is consensus within the trucking industry, the Federal Motor Carrier Safety Administration 
(FMCSA), and the scientific community that because of the intrinsic 24 hour rhythm in sleep 
propensity, alertness, and performance it is best to organize work/rest schedules around a 24 hour 
cycle.  Further, there is consensus among these groups that within each successive 24 hour 
period there be sufficient off duty time to allow opportunity for the driver to sleep for 7-8 hours.  
With this in mind, the FMCSA in its recently promulgated hours of service (HOS) rules for 
drivers allows for 14 hours on duty and 10 hours off duty in 24 hours, so that daily on duty and 
off duty times can sum to 24 hours and off duty time is sufficient to obtain adequate recuperative 
sleep (FMCSA, 2003, 2005a).   

Consensus is lacking and there is active debate as to how to structure the 10 hours off duty when 
the driver is using a sleeper berth.  Industry supports flexibility suggesting that drivers using the 
sleeper berth be allowed to divide their off duty time as they see fit, enabling drivers to manage 
their fatigue risk by driving when alert and sleeping when sleepy (a flexible sleeper berth rule).  
In contrast, the FMCSA HOS for Drivers Final Rule promulgates that the maximum divisibility 
of the 10 hours off duty for sleeper berth users be into two periods of 8 hours and 2 hours (a 
fixed, 8+2 sleeper berth rule) (FMCSA, 2003; FMCSA, 2005).  The scientific question at the 
heart of this debate and that needs to be resolved by evidence to support a consensus with respect 
to regulating sleeper berth use is whether split sleep yields the same recuperation as consolidated 
sleep.  The evidence existing at the time the Final Rule was promulgated was limited.  New 
studies just completed have taken a systematic look at this problem. Published results suggests 
that when the longer sleep period is placed at night (nocturnally) split sleep is similar to 
consolidated sleep in both duration and recuperative value and that the critical factor in 
sustaining performance is total sleep time in 24 hours regardless of whether the sleep is 
consolidated or split.  Whether split sleep is similar to consolidated sleep in duration and 
recuperative value when the longer sleep is placed during the day (diurnally) is an open question 
and is the focus on ongoing work. 

3. Literature Review 
 
3.1. Sleep, Alertness and Performance 

Alertness and performance are a function of sleep time and circadian rhythm (Achermann & 
Borbély, 1994; Carrier & Monk, 2000; Dijk & Czeisler, 1995; Borbély & Achermann, 1999).  
The studies of restricted sleep show that over days of mild, moderate, or severe sleep restriction 
1) there is a cumulative sleep dose dependent degradation in alertness and performance; 2) even 
mild sleep restriction (loss of < 1 hour of sleep) degrades performance over days; and 3) seven to 
eight hours of consolidated nocturnal sleep in twenty four hours appear to sustain performance 
over multiple days, if not indefinitely (Belenky, et al., 2003; Van Dongen, et al., 2003).  When 
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the main sleep period is restricted or absent, adding supplementary naps improves performance 
(e.g., Akerstedt, Kecklund, & Gillberg, 2007; Dhand & Sohal, 2006; Dinges, et al., 1987; 
Dinges, et al., 1988; Gillberg, et al., 1996; Haslam, 1985; Hartley, 1974; Hayashi, Fukushima, & 
Hori, 2003; Horne & Reyner, 1996; Mullaney, et al., 1983; Nicholson, et al., 1985; Pilcher, et al., 
2005; Reyner & Horne, 1997; Rosekind, et al., 1995; Takahashi & Arito, 2000; Waterhouse, et 
al., 2007).  Split sleep may restore alertness and performance as effectively as consolidated sleep 
(Nicholson, et al., 1985; Schweitzer, et al., 2006).  Even if nocturnal sleep is normal, daytime 
naps may be of benefit (Taub, 1982).  When main sleep opportunity comes during the day, naps 
at night improve alertness and performance (Bonnefond, et al., 2001; Gilberg, 1984; Kubo, et al., 
2007; Matsumoto & Harada, 1994; Purnell, et al., 2002; Sallinen, et al., 1998; Smith-Coggins, et 
al., 2006; Takeyama, Kubo, & Itani, 2005).  Studies support the idea of flexibility in splitting 
sleep, of letting drivers govern their own rest periods, dividing their 10 hours off duty across a 24 
hour period as they see fit, in order to drive when alert and sleep when sleepy (Braver, et al., 
1992; Folkard & Tucker, 2003; Hartley, 1974; Horne & Reyner, 1999; Jones, et al., 2006; 
Takahashi, Fukuda, & Arito, 1998). Studies of long haul truck drivers operating under the old 
pre-2003 HOS rules show that driver sleep is restricted and that napping adds substantially to 
total sleep time (Balkin et al., 2000; Mitler, et al., 1997).  Under the revised HOS rules (FMCSA, 
2003; FMCS, 2005a), drivers appear to sleep more (Hanowski, et al., 2007) than was reported 
under the old rules (Mittler, et al., 1997). 

The circadian rhythm (the 24 hour rhythm of the endogenous biological clock) modulates 
alertness, performance, and sleep propensity (Achermann & Borbély, 1994; Borbély & 
Achermann, 1999; Dijk & Czeisler, 1995).  The circadian rhythms in both sleep propensity and 
performance parallel the circadian rhythm in core body temperature.  It is difficult to fall asleep 
and to stay asleep when core body temperature is rising or high; it is easy to fall asleep and to 
stay asleep when core body temperature is falling or low.  Similarly, performance reaches its 
peak following the peak in circadian temperature rhythm and reaches its trough following the 
trough in circadian temperature rhythm.   

3.2. Fragmented, Split/Divided, and Consolidated Sleep:  Effects on Alertness and 
Performance 
 

3.2.1. Definitions 

Sleep can be consolidated, split/divided, or fragmented.  Consolidated sleep is operationally 
defined as sleeping in a single bout during a given 24 hour period.  Split sleep is sleeping in more 
than one bout in a 24 hour period.  In split sleep, the longer sleep is often termed the anchor 
sleep, the shorter sleep(s) are termed naps.  An example of split sleep is a night time anchor sleep 
of 6 hours combined with an afternoon nap of 2 hours.  Splitting sleep this way is common 
practice in some cultures (Taub, 1971; Webb & Dinges, 1989).  Fragmented sleep is sleep 
interrupted every few minutes or even more frequently.  Fragmented sleep degrades alertness and 
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performance even if total sleep duration is relatively preserved (Bonnet, 1986; Bonnet & Arand, 
2003; Gillberg, 1995; Stepanski, 2002; Stepanski, 2006).  The boundary between fragmented and 
split sleep is thought to be approximately 20 minutes (Bonnet & Arand, 2003).  Awakenings 
with a frequency of 20 minutes or less appear to reduce sleep’s minute by minute recuperative 
value while awakenings at greater than 20 minute intervals appear not to affect minute by minute 
recuperative value, at least with respect to alertness as measured by sleep propensity.  Thus, naps 
of greater than 20 minutes duration would be expected to have minute by minute recuperative 
value similar to longer sleep durations, and thus a nap would be simply added to anchor sleep in 
terms of overall recuperative sleep time.   In addition, there is substantial evidence that even 
short naps (≤30 minutes) provide some benefit, improving performance after both normal and 
restricted nights of sleep (Brooks & Lack, 2006; Hayashi, Ito, & Hori, 1999; Takahashi & Arito, 
2000; Takahashi, Fukuda, & Arito, 1998; Philip, et al., 2006; Tietzel & Lack, 2001; Tietzel & 
Lack, 2002).  

In a normal person with a consolidated 8 hour sleep opportunity at a circadian phase with high 
sleep propensity the normal sleep latency (time from when the lights go out to the onset of sleep) 
is 10-12 minutes. For consolidated sleep, the time taken to fall asleep (sleep latency) yields only 
a small shortening of actual sleep relative to sleep opportunity. With sleep split into two or more 
bouts, one goes through the process of falling asleep two or more times.  As such, split /divided 
sleep opportunity appears to degrade alertness and performance only in so far as it reduces total 
sleep time in comparison to a consolidated sleep opportunity (Wesensten et al., 1999).  

3.2.2. New Studies of Split Sleep 

Recently, a survey study of the impact of the currently promulgated HOS Final Rule was 
conducted by Circadian Technologies (Moore-Ede, 2007).   Circadian Technologies surveyed 11 
internationally recognized sleep and circadian rhythm experts and 67 experienced truck drivers 
who regularly use the sleeper berth.  The survey presented to each of the sleep/circadian experts 
and to each of the drivers twelve pairs of 2-3 day driving scenarios.  One member of each pair of 
scenarios was compliant with the HOS Final Rule (FMCSA, 2005).  The other was non-
compliant but was constructed to be more in line with the findings from sleep and circadian 
science.  Each of the experts/drivers surveyed was asked to choose the member of each pair that 
they deemed more likely to yield adequate sleep and to sustain driver performance.  In this 
forced choice paradigm, the sleep and circadian science experts chose the non-compliant, 
circadian sleep friendly member of the pair 100% of the time.  The drivers chose the non-
compliant option 78% of the time.  As these results support a more flexible sleeper berth rule, 
Dart Transit has included these findings in the supporting documentation submitted to the 
FMCSA in a request for an exemption from the current HOS sleeper berth rule (Dart Transit, 
2007). 
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A critical question with respect to sleeper berth use is the effect on performance if the same total 
sleep opportunity in 24 hours is split instead of consolidated.  For equivalent sleep opportunity 
and/or sleep time, is the recuperative value the same whether consolidated or split?  Also at issue 
is the effect of differing placements of anchor sleep and naps relative to the circadian rhythm in 
sleep propensity, alertness, and performance.  Until recently there has been no systematic 
exploration of these issues. 

Two recent papers describing different data from the same study have examined the systematic 
effects on sleep, alertness, and performance of split vs. consolidated sleep (Mollicone, Van 
Dongen, & Dinges, 2007; Mollicone, et al., 2008).   In this study, 90 healthy adult subjects were 
studied in the laboratory over 10 days of sleep restriction.  The study involved nocturnal anchor 
sleep (4.2 h, 5.2 h, 6.2 h, or 8.2 h time in bed) centered around 0200 h coupled either with a 
diurnal nap (0.4 h, 0.8 h, 1.2 h, 1.6 h, 2.0 h, or 2.4 h time in bed) centered around 1400 h, or with 
no nap.  Eighteen different combinations of the above anchor and nap sleep times were 
examined.   

In Mollicone, Van Dongen, & Dinges (2007), the authors describe the effect on total sleep time 
of the 18 combinations of nocturnal anchor sleep and diurnal (daytime) nap.  They found that 
sleep efficiency (the % of time during the sleep opportunity that the subject was asleep) was a 
function of total time in bed regardless of how the sleep was divided between nocturnal anchor 
sleep and diurnal nap.  Thus under the conditions of relative sleep restriction in this study, total 
sleep duration over 24 hours was largely unaffected by whether the sleep was taken in single, 
long nocturnal anchor sleep or split between a shorter nocturnal anchor sleep and a diurnal nap.  
With respect to the sleeper berth rule, the study results reported by Mollicone, Van Dongen, & 
Dinges support a more flexible division of sleeper berth time than the current rule permits. 

In Mollicone, et al. (2008), the authors describe the effect on performance (as measured by the 
psychomotor vigilance task (PVT) and the digit symbol substitution test (DSST)) and subjective 
sleepiness (as measured by the Stanford Sleepiness Scale) of the 18 combinations of nocturnal 
anchor sleep and diurnal (daytime) nap.  The PVT correlates well with crash risk in a driving 
simulator (FMCSA, 2005b).  Again, the authors found that performance on the PVT and 
subjective sleepiness to be primarily a function of total time in bed regardless of how the sleep 
was split between nocturnal anchor sleep and diurnal naps.  Performance on the DSST was also 
primarily a function of total time in bed per 24 hours.  Thus under the conditions of relative sleep 
restriction in this study, performance and sleepiness were largely unaffected by whether the sleep 
was taken in single, long nocturnal anchor sleep or split between a shorter nocturnal anchor sleep 
and a diurnal nap.  With respect to the sleeper berth rule, the study results report by Mollicone, et 
al. (2008) support a more flexible division of sleeper berth time than the current rule permits. 

It should be noted that study upon which the two papers are based placed the longer sleep at 
night (nocturnal anchor sleep) and the shorter sleep during the day (diurnal nap).  A 
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complementary study in which the timing of anchor and nap sleep are reversed (diurnal anchor 
sleep, nocturnal nap) is underway. 

4. Review of Federal Motor Carrier Safety Administration (FMCSA) rationale for 8/2 sleeper 
berth rule 

In promulgating the fixed, 8+2 sleeper berth rule, the FMCSA provided an analysis of the limited 
scientific literature relevant to the issue of split sleep and sleeper berth use, most prominently  in 
the FMCSA analysis NTSB (1995), Hertz (1998), and Belenky, et al. (1994).  The more recent 
studies cited in section 3.2 were not available at the time of the FMCSA analysis.   

The FMCSA cited a study and subsequent report produced by the National Transportation Safety 
Board (NTSB).  In this work, the NTSB investigated the factors leading to driver fatigue (NTSB, 
1995).1  The NTSB undertook this study because of a previous study that concluded that a high 
percentage (31%) of fatal to the truck driver accidents were fatigue related (NTSB, 1990).  In 
support of its rulemaking, the FMCSA quoted from the NTSB (1995) study and report that 
“[s]plit sleep patterns are among the top three predictors of fatigue-related accidents.”  In this 
study the NTSB examined 107 single vehicle heavy truck accidents in which the driver survived 
and for which it was possible to reconstruct the driver’s sleep/wake history for the 96 hours prior 
to the accident.  For each accident the assessment whether fatigue was the probable cause was 
based on any one of the following three criteria: the driver explicitly said that he fell asleep or 
dozed off, the physical evidence at the crash site was consistent with diminished alertness or 
overt sleep (e.g., shallow departure angle from the roadway, no corrective steering, no breaking), 
and/or the driver’s reconstructed 96 hour duty/sleep history suggested sleep loss and reduced 
alertness.  By these criteria, 58% of the accidents (62/107) were fatigue related.   A discriminant 
factor analysis of the 87 cases for which complete data were available indicated that the variables 
most predictive of a fatigue related accident were 1) duration of most recent sleep period, 2) 
amount of sleep in the past 24 hours, and 3) split sleep.  For the purposes of the discriminant 
analysis, split sleep was deemed present “if the duration of each of the driver’s multiple sleep 
periods in the 96 hour history was consistently less than 6 hours.” In its report of this study, the 
NTSB concluded that decreased sleep time and split sleep increased the risk of accident (see 
Table 1).  The FMCSA (2003, 2005a) accepted these conclusions and incorporated them into its 
proposed rule making.   

                                                            
1 FMCSA cites this study as NTSB (1996); NTSB (1995) appears to be the correct citation.   
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 Sleep in most 
recent sleep period 

(mean ± sd) 

Sleep in past 
24 hours 

(mean ± sd) 

Proportion of drivers reporting 
split sleep (number reporting 
split sleep/total number (%)) 

Drivers in fatigue 
related accidents 

 
5.5 ± 2.5 

 
6.9 ± 2.9 

 
21/51 (41%) 

Drivers in non-fatigue 
related accidents 

 
8.0 ± 2.6 

 
9.3 ± 2.0 

 
4/36 (11%) 

Table 1:  The table shows sleep in the most recent sleep period, sleep in the last 24 hours, and 
proportion reporting split sleep for drivers in fatigue related accidents and drivers in non-fatigue 
related accidents (adapted from NTSB, 1995). 

The conclusions drawn by the NTSB that restricted sleep increases the risk of accident is 
reasonable given the evidence.  The conclusions drawn by the NTSB that split sleep increases 
accident risk is not warranted given the design of the study, specifically the operational 
definition of split sleep.  By defining split sleep as sleep durations consistently less than 6 hours, 
split sleep is confounded with restricted sleep.  The drivers in fatigue related accidents averaged 
5.5 hours of sleep in the most recent sleep period and 6.9 hours in the past 24 hours suggesting 
that the most recent sleep period and the sleep in the past 24 hours are close to being one and the 
same and that split sleep involved restricted sleep for the drivers in fatigue related accidents.  
Because of how split sleep was operationally defined, the NTSB (1995) study does not shed light 
on the effects of split vs. consolidated sleep on performance. 

The FMCSA also cited a study of split sleeper berth use conducted by the Institute for Highway 
Safety using data from the Federal Highway Administration’s (FHWA) Bureau of Motor Carrier 
Safety (BMCS) reports for the year 1984 (Hertz, 1998).  At the time this study was conducted, 
HOS regulations allowed 10 hours driving after 8 hours off duty with weekly on duty caps of 60 
hours in 7 days and 70 hours in 8 days.  Also at that time, interstate motor carriers of property 
were required to file a motor carrier accident report (Form MCS 50-T) for any crash involving 
death, injury, or property loss greater than $2,000.  As described in Hertz (1988), the instructions 
for filling out these reports specified a code for the question pertaining to “(h)ours actually 
driven since last period of 8 consecutive hours of duty” to indicate that the driver just prior to the 
accident used the sleeper berth to accumulate 8 hours of rest in two non-consecutive periods.  
This code did not distinguish whether those who took 8 hours of continuous rest did so in the 
sleeper berth or in some other venue.  Cases included accidents with fatal injury and accidents 
with property damage.  Accidents with non-fatal injury were excluded.   

In the Hertz (1988) study, 353 fatal crashes and 12,913 property damage crashes were examined.  
In the drivers sustaining fatal injury, 70 (18%) used the sleeper berth to accumulate 8 hours of 
rest in two nonconsecutive periods.  In the drivers involved in crashes that damaged property 
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only, 1,414 (9%) used the sleeper berth to accumulate 8 hours of rest in two nonconsecutive 
periods.  These data were analyzed using logistic regression evaluating the association between 
fatality and split sleeper berth use while adjusting for the other factors found to be associated 
with increased risk of fatality.  Using this method, the author found an odds ratio of 3.05 for an 
accident being fatal if the sleeper berth was used in two nonconsecutive periods.  The author 
concluded that “(t)his indicates a crashed involved tractor-trailer driver is at three times greater 
risk of death if eight hours of rest was obtained in two nonconsecutive sleeper-berth shifts.”  The 
author is careful to point out that his study is of the relative risk, given that an accident occurs, of 
this accident being fatal not of the risk of accident or of fatality per se.   

In the Hertz (1988) study, split sleep in the sleeper berth may be confounded with sleep 
restriction and placement of sleep at an unfavorable circadian phase.  There were no data in this 
study on the placement of sleep opportunities with respect to the 24 hour circadian rhythm.  
Also, we have no way of knowing what the actual sleep times were for either the fatal or the 
property damage drivers.  Thus, drivers using the sleeper berth to accumulate 8 hours of sleep in 
two non-consecutive periods could easily have been sleep restricted because of more limited 
sleep opportunity or placement of sleep at adverse circadian phase.  Thus the increased odds ratio 
of fatal crashes in those obtaining 8 hours of split sleep in the sleeper berth could be a function of 
sleep restriction and placement of main sleep opportunity at adverse circadian phase rather than a 
function of split sleep per se.   As with the NTSB (1995) study, the Hertz (1988) study fails to 
take into account circadian placement of sleep opportunity and leaves unanswered the critical 
question whether split sleep per se degrades performance.  

The FMCSA also cited a paper describing the effects of sleep deprivation on performance during 
continuous combat operations (Belenky, et al., 1994).  Belenky and colleagues describe the 
importance of cognitive performance to success in combat operations, the effects of time awake 
(sleep/wake history) and time of day (circadian rhythm) on performance, the effects of prolonged 
sleep deprivation on operational performance and brain energy metabolism, and they model the 
effects of chronic sleep restriction on performance over multiple days.  At one point, as quoted 
by the FMCSA (FMCSA 2003; 2005a), the authors write “[b]rief, fragmented sleep has little 
recuperative value and is similar to total sleep deprivation in its effects on performance.”  As 
reviewed in Section 2.1, while this is true, it is true only for highly fragmented sleep 
(awakenings every 2-3 minutes); 20 to 30 minute naps appear to have the same per minute 
recuperative value as sleep of longer duration (Bonnet & Arand, 2003).  Thus, while Belenky et 
al. (1994) were accurately quoted by FMCSA with regard to the effect of sleep fragmentation 
(awakenings every 2-3 minutes) on performance this degree of fragmentation is not relevant to 
the expected durations of sleep (> 30 minutes) in split sleep sleeper berth use.  
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4.1. Discussion 
 
With respect to the FMCSA’s review of the literature on split vs. divided sleep and on the risks 
of split sleeper berth sleep, the available literature was limited, and with respect to the NTSB 
(1995) and the Hertz (1988) studies there appear to be shortcomings in the studies’ designs 
making drawing conclusions with respect to the safety of split sleep problematic.  In the case of 
the Belenky, et al. (1994) paper, Belenky and colleagues wrote that fragmented sleep had no 
recuperative value.  By “fragmented” they meant sleep interrupted every 2-3 minutes. As sleep in 
the sleeper berth is not likely to be fragmented to this degree, the citation is not relevant to the 
HOS sleeper berth rule.  Further, at the time the FMCSA was making its assessment, the study 
that is the first systematic look at the effects of split vs. consolidated sleep (Mollicone, Van 
Dongen, & Dinges, 2007; Mollicone, et al., in press) was not available in the literature.   

 
5. Split Sleep Scenario Modeling 

 
5.1. Mathematical Models to Predict Performance from Prior Sleep/Wake History 

 
5.1.1. The Two Process Model 

 
The sleep/wake cycle is modulated by two processes, the homeostatic drive for sleep that builds 
up with progressive time awake and a 24 hour rhythm in alertness, performance and sleep 
propensity, the circadian rhythm that modulates the homeostatic drive (Achermann & Borbély, 
1994; Borbély & Achermann, 1999; Dijk & Czeisler, 1995).  The two process model underlies 
most extant mathematical models that predict alertness and performance from sleep/wake 
history.  The value of mathematical models predicting performance from sleep/wake history and 
circadian phase is that through the process of validation and refinement they come to encapsulate 
the current state of knowledge in sleep and circadian science.  They thus enable a comparison of 
the effects on performance of existing and proposed schedules without having to conduct 
extensive, costly experimental studies. 

 
5.1.2. The SAFTE/FAST implementation of the two process model 

The SAFTE/FAST model predicting performance from sleep wake history is a variation on and 
extension of the two-process model.  As such it models the effects of sleep/wake history and 
circadian rhythm on performance (effectiveness in SAFTE/FAST terminology).  For a full 
description of the model see Hursh, et al. (2004).  The SAFTE/FAST model has been validated 
against laboratory and field data (Hursh, et al., 2004; Hursh, et al., 2006; Dean, et al., 2007). 

5.2. FMCSA Contracted Modeling of Sleeper Berth Rule Alternatives 
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In the regulatory impact assessment (RIA) released with the HOS Final Rule in 2005, a 
contractor for the FMCSA, ICF Consulting, used the SAFTE/FAST two-process model to assess 
the effect of split vs. consolidated sleeper berth sleep on driver performance.  They 
conceptualized the problem as the driver having 10 hours on duty and 14 hours off duty.  Note 
that in doing so they reversed the 2005 HOS Final Rule; in the 2005 HOS Final Rule the driver is 
allowed 14 hours on duty and 10 hours off duty.  For the purposes of the simulation, one virtual 
driver was given a single, 14 hour off duty block in 24 hours and the other was given two, 7 hour 
off duty blocks in 24 hours.  Twelve simulations were run for each driver; each successive 
simulation was offset by two hours thus spanning the 24 hour day night cycle.  The contractor 
ran a total of 24 simulations.  Although not specified in the text, from inspection of the screen 
shots of the SAFTE/FAST graphical output provided in the RIA, it appears that the simulated 
drivers each accumulated a total of 8 hours sleep in every 24 hours, the difference being whether 
the sleep was consolidated or split.   

Given how the model runs were structured (10 hours on duty; 14 hours off duty; 8 hours of 
sleep), if one first fixes the start time(s) of the on duty period(s) there is latitude in the placement 
of sleep within the 14 hours off duty.  Conversely, if one first fixes the start time(s) of the sleep 
interval(s) there is latitude in the placement of the on duty period within the time remaining.  
Rephrasing this, since the contractor used 10 hours on duty and 8 hours of sleep for the purposes 
of modeling, this left 6 hours unaccounted for, allowing for latitude in the placement of both on 
duty and sleep times.  By inspection of the SAFTE/FAST graphical output in the examples given 
in the report it is clear that different placements of sleep given the fixed on duty time(s), and 
different placements of on-duty times given the fixed placement(s) of sleep, would have altered 
the outcomes.  The contractor, by not accounting for all the time, left a considerable amount of 
outcome altering play in the model input.   

The contractor reports that in 11 out of the 12 paired (consolidated vs. split sleep with 
consolidated vs. split on duty periods) model runs, with model runs systematically spanning the 
24 hour day night cycle, the driver with the consolidated sleep had higher average on duty 
effectiveness than the driver with the split sleep suggesting that most of the time consolidated 
sleep is superior to split sleep. A more comprehensive and systematic modeling effort with the 
SAFTE/FAST model (described below) suggests that this conclusion is premature and that the 
actual situation is more complex. 

5.3. Modeling Sleeper Berth Rule Alternatives – A Remodeling and Reappraisal 

The SAFTE/FAST mathematical model 1) estimates duration and timing of sleep based on sleep 
opportunity; 2) calculates the recuperative value of the sleep based on circadian placement;  and  
3) using this weighed sleep/wake history predicts performance (effectiveness in SAFTE/FAST 
terminology).  We used the SAFTE/FAST model to predict the effect on performance of 
consolidated and split sleeper berth use across a comprehensive range of possible schedules.  
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Following the 2005 HOS Final Rule, we modeled 14 hours on duty and 10 hours off duty.  The 
SAFTE/FAST model takes on duty time as input, calculates the off duty time (sleep opportunity) 
and using the constraints provided and the SAFTE/FAST autosleep algorithm calculates how 
much of the off duty time (sleep opportunity) is likely to be spent asleep.  The model then takes 
this estimate of the duration and timing of sleep and uses it as input to the SAFTE/FAST 
performance prediction algorithm, yielding a minute by minute prediction of performance.  
When sleep occurs at an adverse circadian phase, i.e., when propensity to sleep is low, the 
SAFTE/FAST model accordingly reduces the recuperative value of the sleep obtained. 

The sleep that was projected under these schedules was the best case analysis; in other words, we 
programmed the model to attempt to take as much sleep as the schedule would permit within 
certain boundary conditions:  1) We assumed that the transition from driving to going to sleep 
was 30 minutes (time to eat, drink, and prepare for sleep) and that the transition from sleeping to 
driving again was 15 minutes (time to prepare to drive).  2)  For cases in which a single block of 
ten hours of rest time was available, we limited sleep to a nominal sleep period of eight hours.   

We ran the model simulations out to 30 days of continuous 14 hours/10 hours, on/off duty 
cycling.  For the present analysis we used the model predictions for Days 2-6.  This gives 5 
consecutive days of on duty/off duty cycling (70 hours on duty evenly divided across 5 days) and 
mimics, in terms of on duty time per 24 hours, an HOS compliant schedule.  By not using the 
first day of model predictions we avoid in-swing effects (i.e., potential artifacts of model initial 
state not corresponding to driver initial condition).  For each simulation run, we extracted 
average performance (effectiveness in SAFTE/FAST terminology) and minimum performance 
during on-duty hours.   
 
We modeled both consolidated and split off duty periods, i.e., consolidated or split sleep 
opportunities. The longer sleep we called “anchor sleep” and shorter sleeps we called “naps”. 
Anchor sleep and nap sleep opportunities were varied in 1 hour increments. For any given 
schedule, anchor sleep start times advanced around the clock in 3 hour intervals – anchor sleeps 
were modeled to start at 2400 hours, 0300 hours, 0600 hours, 0900 hours, 1200 hours, 1500 
hours, 1800 hours, and 2100 hours.  Naps were also placed at these times of day, and were 
placed such that there was always at least a 3 hour on duty period between two off duty periods. 
As such, naps could be offset from 9 to 18 hours relative to anchor sleep. This yielded a total of 
288 possible consolidated and split off duty schedules. Some of these schedules are HOS 
compliant, while others would violate the current HOS rules in terms of how the off duty time 
may be split, although total off duty time was 10 hours per day in all cases. All 288 schedules 
were simulated using the SAFTE/FAST model.   
 
We graphed both average effectiveness and minimum effectiveness over the 2nd through 6th days 
of the simulation.  Each pair of graphs represents the average and minimum effectiveness for one 
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of the anchor sleep / nap combinations for each of the anchor sleep start time and nap offset 
combinations.  We modeled and graphed the following schedules of consolidated and divided 10 
hour sleep opportunity per 24 hour day night cycle: 

10 h anchor sleep opportunity (8 runs) 

9 h anchor sleep opportunity + 1 h nap opportunity (24 runs) 

8 h anchor sleep opportunity + 2 h nap opportunity (24 runs) 

8 h anchor sleep opportunity + 1 h nap opportunity+ 1 hour nap (8 runs) 

7 h anchor sleep opportunity + 3 h nap opportunity (24 runs) 

7 h anchor sleep opportunity + 2 h nap opportunity+ 1 h nap opportunity (16 runs) 

6 h anchor sleep + 4 h nap (24 runs) 

6 h anchor sleep + 3 h nap + 1 h nap (48 runs) 

6 h anchor sleep + 2 h nap + 2 h nap (24 runs) 

5 h anchor sleep + 5 h nap (24 runs) 

5 h anchor sleep / 4 h nap / 1 hour nap (16 runs) 

5 h anchor sleep / 3 h nap / 2 h nap (48 runs) 

Sleep scored by the SAFTE/FAST autosleep algorithm across all 288 model runs ranged from 
7.4 to 8.5 hours with a mean of 8.0 hours per day. The schedules with the least amount of total 
sleep were those with the 10 hours of rest broken into three intervals.  This is because, as noted 
above, the transition times (the time it takes to get ready for sleep and to fall asleep and to wake 
up and prepare for driving) take away from available sleep.  It is notable that even the least sleep 
conducive schedules yielded well over 7 hours of sleep in each 24 hours.  This reflects the 
generous total sleep opportunity of 10 hours out of every 24 hours provided by the HOS rule. 
Hence, the primary factor affecting performance was not the amount of sleep per day, as that was 
relatively constant across schedules, but the timing of that sleep with respect to the underlying 
circadian rhythm. 

We plotted average effectiveness and minimum effectiveness while awake (y axis) against the 
start time (bedtime) for the anchor sleep (x axis).  The graphs below present the data from our 
modeling runs (Figure 1).The left hand graphs are average effectiveness while on duty and the 
right hand graphs are minimum effectiveness while on duty for days 2-7 of the schedule.  The 
various curves are for different offsets (delays) of the nap (see legends to the side of the graphs).  
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Figure 1:  The graphs above show the results of the 288 model runs we performed, organized in 
12 different ways of splitting up the off duty time. We included consolidated off duty periods, 
schedules with off duty time split into two periods per day, and schedules with off duty time split 
into three periods per day. The graphs on the left show average performance, the ones on the 
right minimum performance, for the different placements of anchor and nap sleep. 

Inspecting the graphs of the SAFTE/FAST predictions for the different schedules we can draw a 
number of conclusions.  First, minimum effectiveness scores generally show the same profile as 
average effectiveness scores although they are consistently lower. For the sake of comparing 
different schedules, then, it makes little difference whether average or minimum effectiveness 
scores are considered.  

For long anchor sleep opportunities and short nap opportunities (10 h anchor sleep; 9 h anchor 
sleep + 1 h nap; 8 h anchor sleep + 2 h nap; 8 h anchor sleep + 1 h nap + 1 h nap) there is a 
marked circadian rhythm in effectiveness that emerges with the systematic varying of the onset 
of the anchor sleep period across the 24 hour day night cycle.  For these schedules performance 
is clearly better when anchor sleep opportunity is nocturnal.  As anchor sleeps become shorter 
and naps longer, there is a damping of the effects of the circadian rhythm yielding in the case in 
which anchor and nap sleep opportunities are equal (5 h anchor sleep + 5 h nap) and the nap 
offset from the anchor sleep by 9, 12 or 15 hours a set of predictions largely insensitive to the 
circadian timing of the anchor sleep opportunity.  As can be seen from the graphs, the cases in 
between (7+3; 7+2+1; 6+4; 6+3+1; 6+2+2) are intermediate.   

Of particular conceptual interest are the 8 h anchor sleep + 2 h nap and the 5 h anchor sleep + 5 h 
nap schedules.  The 8 h anchor sleep opportunity + 2 h nap opportunity schedule conforms to the 
current HOS rule regarding sleeper berth use.  This schedule yields an average effectiveness of 
89 (range 74-99) across the range of anchor sleep placements. The 5 h anchor sleep opportunity 
+ 5 h nap opportunity schedule yields an average effectiveness of 90 (range 82-95) across the 
range of anchor sleep placements.  The 8+2 schedule is superior to the 5+5 schedule if placement 
of the anchor sleep opportunity is nocturnal.  The 5+5 schedule is superior to the 8+2 schedule if 
placement of the anchor sleep opportunity is diurnal. The 5+5 schedule is also superior to the 
8+2 schedule if anchor sleep placement is a priori undetermined as the average expected 
effectiveness across all placements of anchor sleep is higher for the 5+5 schedule.  Overall, as 
can be seen from the average effectiveness and range of the 5+5 schedule, it maintains good 
effectiveness across the entire range of circadian anchor sleep placements.  In contrast, the 8+2 
schedule maintains good performance when anchor sleep is nocturnal but performance degrades 
when anchor sleep is diurnal. 

With respect to splitting sleep into two or three periods, it appears that splitting sleep into two 
periods is modestly more sustaining of performance than splitting sleep into three periods.  Thus 
8+2 is modestly better than 8+1+1, 7+3 is modestly better than 7+2+1, 6+4 is modestly superior 
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to 6+3+1 and 6+2+2, and 5+5 is modestly superior to 5+4+1 and 5+3+2. Still, the modeling 
results do not support an 8+2 rule as being consistently superior to any other splitting of off duty 
time. Rather, the circadian timing of sleep plays a critical role in selecting effective off duty/on 
duty schedules. 

6. Discussion 
 
At the time the FMCSA was developing its currently promulgated HOS Final Rule (FMCSA, 
2003; FMCSA 2005a) there was limited information available on the effects of split versus 
consolidated sleep opportunity on sleep, alertness, and performance.  As a consequence, the 
FMCSA limited the flexibility of the rule with respect to sleeper berth use, mandating no more 
than an 8 hour and 2 hour split.  New studies and new information have emerged since this rule 
making.  There is a consensus among sleep and circadian rhythm experts surveyed that a more 
flexible rule based on the findings from studies of sleep and circadian rhythm would better help 
to sustain performance (Moore-Ede, 2007).  Recent systematic studies of the issue of split vs. 
consolidated sleep indicate that, at least for nocturnally placed anchor sleep and diurnally placed 
naps, sleep, alertness, and performance depend on total daily sleep opportunity and are 
unaffected by how this sleep opportunity is split (Mollicone, Van Dongen, & Dinges, 2007; 
Mollicone, et al., 2008).  Studies are underway of the effects of diurnally place anchor sleep and 
nocturnally placed naps.   
 
Mathematical modeling using the SAFTE/FAST two-process model predicting performance 
based on sleep/wake history and circadian phase was undertaken for the present report.  We 
modeled a wide variety of schedules of anchor and nap sleep, systematically varying the 
placement of the anchor sleep across the 24 hour day night cycle.  The modeling suggests that 
when anchor sleep is placed nocturnally generally the longer the anchor sleep and the shorter the 
nap the better the performance with the 8+2 split of the current sleeper berth rule being near 
optimal.  Conversely, the modeling suggests that when anchor sleep is placed diurnally, split 
sleep and equal durations of anchor and nap sleep are optimal – a schedule not permitted by the 
current rule.  The findings of the modeling study are thus similar to the findings of the Circadian 
Technologies study (Moore-Ede, 2007).  This is not surprising because both experts and 
mathematical models incorporate the role of circadian rhythms in their conclusions. 

 
7. Conclusions and Recommendations Based on Literature Review and Modeling 

 
The weight of the emerging evidence supports a more flexible sleeper berth rule.  Given the 
variability in modeling results across circadian placement of anchor sleep, relative length of 
anchor sleep and nap sleep, and number of splits, it would seem difficult to develop a single, 
fixed, split rule that would sustain performance under any conceivable circumstance within the 
24 hour (14 hours on duty, 10 hours off duty) basic framework of the HOS regulations.  Given 
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the evidence available, it seems that a more flexible rule would be a reasonable choice.  Within 
the 10 hours off duty, drivers should be allowed the flexibility to split their 10 hour sleep 
opportunity into 2 or 3 sleep periods in order to sleep when sleepy and drive when alert.   
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