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FATIGUE AND SLEEPINESS DURING LONG-DURATION DRIVING:
A PRELIMINARY STUDY AMONG INDONESIAN COMMERCIAL
DRIVERS

Summary. Fatigue and sleepiness are two major factors that have been reported to
contribute to road crash and accidents in Indonesia. Fatigue among commercial drivers is
probably a common phenomenon, particularly during long-duration driving. This study
aimed at characterizing fatigue and sleepiness during long-duration driving. Nine
commercial drivers were recruited in this field study and were requested to drive a multi-
purpose vehicle for three trips back and forth between two major cities. Each trip was
completed within 4 hours, with about 3 to 3.5 hours of continuous driving (and 0.5 to 1
hour of rest). Fatigue was assessed by utilizing the Psychomotor Vigilance Task (PVT),
which was administered for 5 minutes immediately following the completion of each trip.
A video camera was employed to capture blink frequency, and for each trip, this measure
was determined during 5 minutes after two hours of driving. Subjective ratings were also
collected during the task and included the Swedish Occupational Fatigue Inventory
(SOFI) and the Karolinska Sleepiness Scale (KSS). The results of this study
demonstrated a consistent increase in the blink rate and subjective measures of fatigue. A
significant association was also found between the blink rate and SOFI measures,
indicating an association between those objective and subjective measures. Although not
statistically significant, there were also changes in PVT parameters associated with
driving duration. However, no significant association was found between PVT
parameters and the subjective measures. This study found that a minimum of six hours of
intermittent driving was adequate in inducing fatigue and sleepiness, despite the
seemingly sufficient amount of rest break. Based on the findings of this study, it is
suggested that long-duration driving be limited to a maximum of 12 hours, and that a
minimum of 30 minutes of rest be provided after 3 to 4 hours of driving. This finding
should be used as a basis for scheduling drivers and for finding the appropriate
intervention strategy for mitigating fatigue and sleepiness risks during prolonged driving
tasks.

1. INTRODUCTION

Road safety is considered a very serious issue in Indonesia. There were 109,215 accidents
involving motor vehicles in 2018 [1], and between 2014 and 2018, this figure increased by roughly
3.3% per year. The accidents in 2018 resulted in 29,472 fatalities and 130,571 injuries. The direct cost
associated with these accidents was roughly in the order of 15 million US dollars. The Ministry of
Transportation indicates that the potential economic and social cost per year is greater than 16 billion
US dollars.



18 H. Iridiastadi, I. Abdurrahman, M. Puspasari, H.R. Soetisna

Based on road accident reports, the Indonesian National Transportation Safety Committee pointed
out fatigued and careless drivers as two of several major factors in road accidents [2]. Fatigue (and
sleepiness) has also been cited in a number of studies as a factor that plays an important role
associated with many road accidents. The work of Williamson and colleagues [3] also highlighted a
causal link between fatigue and poor performance and safety.

Fatigue and sleepiness can also be linked to factors associated with sleep or tasks [4]. According to
this study, fatigue can be sleep-related in nature, such as when a driver is sleep deprived, or can also
be related to the time of day. Additionally, fatigue can be influenced by the characteristics of the tasks
being performed. Both excessive and less than optimal workload could have adverse effects on driving
performance. The latter condition, in particular, often results in monotony and is associated with
sleepiness. Driving continuously for long periods of time has also been cited as a major factor that
contributes to fatigue and sleepiness [5, 6].

In Indonesia, working for long hours is a common phenomenon for commercial drivers. This can
be found among truck and bus drivers. During national holidays, for instance, it is not uncommon for
them to work for up to 20 hours, although separated by major breaks [5]. A similar phenomenon can
also be found among taxi drivers who start working early in the morning (e.g., at 5:00 am) and return
to their pool in the evening (typically past 11:00 pm). Their work roster is usually two consecutive
workdays, followed by one day off.

Another job requiring long-duration driving is when operating a shuttle service, which is one of the
most common modes of public transportation between two major cities. Unfortunately, many road
crashes (resulting in fatalities and injuries) for this type of transportation have been reported in the
media. Formal investigations have been carried out by the Indonesian National Transportation Safety
Committee, which noted fatigue and sleepiness as a major factor that contributes to the accidents [2].

This was a preliminary study that sought to assess degrees of fatigue and sleepiness among shuttle
service drivers using objective and subjective indicators. This was a field experiment, in which the
drivers performed their typical actual driving tasks while several measures were taken in real time. It
was expected that the findings from this study could be used as a basis for managing fatigue among
shuttle service drivers and, moreover, for determining the optimal mitigation strategy.

2. MATERIAL AND METHODS

A total of nine male commercial drivers (with at least 5 years of driving experience) were recruited
in this study. They all had a driver’s license and were adequately paid to participate in this study.
They provided their consent before participating in this study and were free to withdraw their
participation without any penalty. Their mean age (standard deviation) was 35.9 (5.6) years, with a
height and weight of 165.2 (5.4) cm and 63.7 (8.1) kg, respectively. This study had been approved by
the Ethical Research Committee of the Directorate General of Higher Education, the Indonesian
Ministry of Education.

A field experiment that mimicked the jobs of a real shuttle service driver was created, in that the
drivers were asked to drive a multi-purpose vehicle for three trips, back and forth, between two major
cities in Indonesia (a one-way distance of approximately 180 km). The first trip started at around
07:00 AM, while the last trip was completed at around 06:00 PM. Most of the driving was performed
on toll roads and, depending on the traffic, each trip was typically completed within 3 to 3.5 hours.
Four hours were allotted for each trip; the drivers, therefore, had roughly 0.5 to 1 hour of break (in an
air-conditioned room) between two consecutive trips. The drivers were not allowed to eat or drink
(except water) throughout the duration of each trip. Lunch or snacks were provided during the breaks.
If needed, they were also allowed to have a short nap during the breaks. Note that each driver was
requested to have at least eight hours of good sleep before participating the next morning.

Fatigue and sleepiness associated with the driving tasks were assessed by examining changes in
four dependent measures. Eye-blink frequency [7] was determined by calculating the average
frequency (approximately) during 5 minutes after two hours of continuous driving in each trip. A
baseline frequency was determined by using the third 5-minute segment from the first trip. For this
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purpose, a video camera was installed on the dashboard that continuously recorded the face of the
drivers. The calculation of eye-blink frequency was done manually after the experiment was
completed.

The Psychomotor vigilance task (PVT) was also used in this study for evaluating fatigue and
sleepiness. This test was administered before the first trip and immediately following each trip. During
this test, a driver was asked to respond to a computer-generated stimulus (a square) that was randomly
(between 2 and 10 s) and briefly displayed. For each presentation, the driver was supposed to respond
as quickly as possible by pressing the space-bar key on the computer. The PVT is a sensitive measure
and represents human performance [8]. The task has also been utilized in many fatigue studies [9]. A
number of PVT parameters were used in this study [10], including the mean reaction time (PVT-M),
10% fastest (PVT-F) and the number of lapses (a response greater than 500 ms or PVT-L). Two
additional measures were collected, including the Swedish Occupational Fatigue Inventory or SOFI
[11] [12] and the Karolinska Sleepiness Scale or KSS [13]. Both techniques employed a set of
questionnaires and, thus, are subjective in nature. These two measures were collected immediately
after administering the PVT.

Due to the relatively small sample size, the non-parametric Kruskal-Wallis test was used for
determining differences in changes in fatigue measures across the three trips. The Spearman rho test
was used for measuring the correlations among the various dependent variables. Considering the
nature of this study, a p <0.1 was considered significant for all statistical tests.

3. RESULTS

An analysis of the results from Table 1 shows that there are differences in the fatigue and
sleepiness measures between the three trips. Across the nine drivers, the mean (SD) blink frequency at
the initial phase of the trip was 26.3 (9.0) blinks per minute (bpm), followed by a substantial increase
in the blink rate throughout the duration of the driving task. At the end of the third trip, the mean (SD)
blink rate was 38.7 (13.3), an increase of about 47% compared to the initial condition. With respect to
reaction times collected using PVT, the average (SD) of the mean (PVT-M) and 10% fastest (PVT-F)
at the beginning of the experiment were 350.1 (46.6) and 282.6 (40.9) ms, respectively. These
measures increased to 380.1 (52.0) and 305.1 (41.3) ms, respectively, a change of roughly 8 to 8.6%.
The initial average (SD) number of lapse (PVT-L) was 4.1 (6.6) and increased to 7.2 (6.2).

In this investigation, SOFI was administered via a standardized questionnaire. Across dimensions,
the drivers generally rated roughly zeroes at the beginning of the experiment. At the end of the third
trip, mean ratings of 1.1 to 2.6 were reported for these dimensions. The level of sleepiness was
assessed via the use of the Karolinska Sleepiness Scale (KSS). The mean KSS scores indicated a fairly
consistent increase: from about 2.5 at the beginning of the first trip to roughly 3.8 at the end of the
third trip. Only two of the drivers reported a final KSS greater than or equal to “6”.

The non-parametric Kruskal-Wallis test was used for determining differences in changes in fatigue
measures across the three trips. The results of this analysis for the grouping factor “trips” are shown in
Table 2. The results of the calculation presented in table 2 show that, at the adopted level of
significance of the test p<0.1, the differences observed in the fatigue and sleepiness measures are
statistically significant for blink rate, SOFI, and KSS. For all the measures of PVT, however, the
changes in median were not significant (p=0.232 — 0.435). Pairwise comparison of the Kruskal-Wallis
test shows that significant differences were found when comparing the blink rate at the beginning of
the trip vs. the third trip (p<0.032) and the first trip vs. the third trip (»p<0.040). For all SOFI
dimensions, significant differences were revealed between every reported rating from the beginning of
the experiment to the end of the third trip. (»p<<0.000-0.839). Significant differences were found when
comparing KSS ratings between the beginning of the first trip vs. the second trip (p<0.062), between
the first trip vs. the third trip (p<0.018) and between the first trip vs the third trip (p<0.036).

Also of interest in this study were the correlations among various dependent variables, which were
measured using Spearman rho. Generally, satisfactory correlations were found among the different
PVT or SOFI measures. Blink rate somewhat negatively correlated with PVT-Mean, PVT-Fastest and
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PVT-L (tho=0.229-0.355, p<0.05) and significantly correlated with SOFI-PE and SOFI-LE
(tho=0.427-0.478 p<0.01), while a moderate correlation was found between blink rate and SOFI-PD
and SOFI-LM (rho=0.322-0.366, p<0.05). This indicates associations between objective (blink rate)
and subjective indicators (SOFI) for fatigued individuals in this study. Satisfactory correlation was
found between SOFI Lack of Energy and KSS scores (tho=0.668, p<0.01), SOFI Physical Discomfort
and KSS scores (rho=0.479, p<0.01), and SOFI Lack of Motivation and KSS scores (rho=0.652,

p<0.01),
Table 1
Descriptive statistics for the three trips
Fatigue & Sleepiness Trip Mean Std. Deviation| Minimum [Maximum| Range | Variance
Measures
0 263111 9.03209 950 | 3870 | 2920 | 81579
Blinkeae 1 27.0222 9.48180 1020 | 3860 | 2840 | 89.904
2 348022 1281540 | 11.00 | 51.00 | 4000 | 164.234
3 38.6389 1328838 | 1420 | 57.80 | 43.60 | 176.581
0 350.1167 4661141 | 31346 | 46647 | 153.01 | 2172.624
PVT mean 1 353.8200 4373230 | 29550 | 44575 | 15025 | 1912.514
2 367.8867 39044235 | 301.95 | 42156 | 119.61 | 1555.699
3 380.1122 5202642 | 31546 | 48659 | 171.13 | 2706.748
0 282.6300 4091954 | 23628 | 377.78 | 141.50 | 1674.409
1 289.6011 3479614 | 24048 | 358.80 | 11832 | 1210.772
PVT Fastest
2 2949744 3353871 | 24888 | 35798 | 109.10 | 1124.845
3 305.1344 4128556 | 253.04 | 396.67 | 143.63 | 1704.497
0 41011 6.62277 000 | 21.00 | 21.00 | 43861
1 41111 5.10990 0.00 1700 | 17.00 | 26111
PVT Lapse 2 5.0000 3.77492 1.00 9.00 800 | 14.250
3 72022 6.22049 200 | 2000 | 18.00 | 38.69%
0 1556 27889 0.00 80 80 078
1 9333 55678 20 2.00 1.80 310
SOFI Lack of Energy 2 19111 93333 40 3.40 3.00 871
3 25333 1.19583 20 3.60 3.20 1.430
0 2667 28284 0.00 80 80 080
. . 1 4022 29059 0.00 80 80 084
SOFI Physical Exertion 2 8889 63333 40 2.40 2.00 201
3 1.0889 42557 40 1.60 1.20 181
0 2222 39299 0.00 1.20 1.20 154
S 1 8667 87178 0.00 2.60 2.60 760
SOFI Physical Discomfort — 1.4889 125742 0.00 4.00 4.00 1581
3 2.0222 1.40870 0.00 4.60 4.60 1.984
0 2000 28284 0.00 80 80 080
o 1 8667 60828 20 1.80 1.60 370
SOFI Lack of Motivation [—— 13778 96667 20 2.80 2.60 934
3 1.4667 88382 20 2.60 2.40 790
0 1.6667 86603 1.00 3.00 2.00 750
KSsS 1 21111 145297 1.00 5.00 4.00 2111
2 33333 180278 1.00 6.00 5.00 3.250
3 3.7778 2.10819 1.00 7.00 6.00 4444

4. DISCUSSION

This study aimed at evaluating fatigue and sleepiness during long hours of driving commercial
vehicle. The findings of this study demonstrated that a driving task for 10 hours (including 30-60 min.
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breaks in between trips) clearly induced fatigue. Blink frequency increased nearly 50%, while an 8 to
9% performance decrement (indicated by increased PVT measures) was associated with this driving
task. In some measures, the second trip (task duration of about 4—8 hours) also resulted in a substantial
increase in fatigue measures. Associations between all these subjective and objective indicators for
fatigued individuals have been reported in the literature [14, 15], in line with the majority of the
findings in this study. In this study, however, blink frequency somewhat negatively correlated with the
mean PVT, but this relationship needs to be investigated further.
Table 2
Results of the Kruskal-Wallis KW test of equality of fatigue measures for
the three trips (Grouping factor: trip)

Fatigue measures Value of th-e KW p -value |Differences
test statistic

Blinkrate 6.613 0.085 Yes
PVT mean 3.817 0.282 No
PVT Fastest 2.732 0.435 No
PVT Lapse 4.288 0.232 No
SOFI Lack of Energy 22.217 0.000 Yes
SOFI Physiscal Exertion 16.614 0.001 Yes
SOFI Physical Discomfort 11.625 0.009 Yes
SOFI Lack of Motivation 13.763 0.003 Yes
KSS 8.155 0.043 Yes

Driving for long hours (greater than 3 - 4 hours) was found to be characterized by degraded
performance. Wang and Pei [16] noted that reduced driving performance appeared after 2 hours of
driving, and more severely after 4 hours of driving continuously. This degradation in performance may
include different cognitive functions, such as attention, reactions, operating ability and perception.
Several studies have used steering error and lateral position, and other parameter related directly to
driving performance [14, 15, 17]. Evaluations using secondary task measurements also showed similar
results during extended driving time [14].

Despite these differences, the evidence here suggests that long-duration driving indeed results in
fatigue, sleepiness and degraded performance. Since the shuttle service between cities is widely
prevalent in Indonesia, this implies that there is a considerable level of safety risk for this mode of
transportation. Consequently, driver scheduling should be done with great care, and certain types of
fit-for-duty evaluation scheme should also be in place.

While fatigue and sleepiness can be easily perceived and experienced, measurement of these
phenomena can be somewhat difficult, which requires the use of several indicators concurrently. The
use of eye (and eye lid) responses, in particular, seems attractive since eye behavior can be seen as a
direct manifestation of sleepiness. These measures have been applied and discussed in a number of
fatigue studies [7, 18 - 20].

This study found that the blink rate was relatively sensitive to task duration and, hence, could be
used as a potential indicator of fatigue. It was found here that the blink rate generally increased
throughout the experimental sessions. The average blink rate during the first 4-hour trip was around 26
blinks/min, while toward the end of the third trip, this figure increased to nearly 39 blinks/min. In their
study, Schleicher and colleagues [20] noted that an increase in blink rate was indicative of increased
drowsiness. During severe drowsiness, however, a reduction in blink frequency could occur despite an
increase in sleepiness, thus, creating a U-shaped pattern. It was hypothesized that at this phase, an
individual may start to stare, and an increase in blink duration could also be observed. The latter
indicator, however, was not measured in this study [20]. It should be noted that a decrement in blink
frequency could also suggest a decline in task vigilance. The work of Mclntire et al. [21], for instance,
demonstrated a decrement in vigilance during short-duration tasks. Their results suggest that blink
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frequency is a potentially sensitive measure, but since this frequency can change in both directions, the
interpretation should be done with care.

Based on psychomotor vigilance task (PVT) parameters, this study demonstrated that performance
during long-duration driving deteriorated substantially. This is in accordance with another study that
PVT changes are related to the time spent in performing the task [9]. In this investigation, all PVT
parameters consistently changed throughout the duration of the driving task. A difference of about 8 to
9% was observed for all parameters, except for the number of lapses. Note that it was somewhat
difficult to ensure that changes in PVT measures were merely due to task duration since the last trip
was conducted closer to evening time. Worse performance could also be influenced by circadian cycle
[22].

There are two critical questions associated with the use of PVT parameters in assessing fatigue
from long-duration driving. First, it is not known whether there are normative or baseline values with
respect to PVT parameters (e.g., mean reaction time). In the past, the test was based on analogue
counters. Today, many studies rely on computer-based systems, including the use of tablets or smart
phones [23]. Differences in technologies (and protocols) can be associated with different PVT values
and, thus, establishing normative values can be fairly difficult (if not impossible). Comparisons of
PVT values against the baselines were probably the more appropriate approach in interpreting changes
in PVT associated with fatigue development.

Second, when does fatigue start? Or, what percentage of PVT changes constitutes moderate or
severe fatigue? The work of Baulk et al. [14] showed that PVT measures were not sensitive in
indicating fatigue during daytime shift work [24]. There was only a minimal decrease in performance
(2%), while better performance was also observed concurrently. In contrast, consistent performance
decrement was observed (~10%). The latter figure was similar to that observed in the present study.
Based on PVT measures, Dorrian and colleagues [25] demonstrated that a consistent decline in
performance was observed only after eight hours of experiment. An approximately 4% change was
found after 12 hours, and a tenfold decline after 24 hours [25]. We would suggest that a reduction of
performance of about 10% is likely indicative of fatigue. Still, it is not known at what percentage of
PVT changes fatigue starts. It is also suggested here that changes in the order of 5% - 10% are
indicative of moderate fatigue.

This study employed two common subjective measures, with the hope that the results could
complement those supplied by the noted more objective techniques. Scores obtained from SOFI and
KSS indicated a consistent increase in fatigue and sleepiness. However, associations between
subjective and objective measures in this study were only found between SOFI and blink rate, whereas
no significant association was found between the objective measures and KSS. This should be
investigated further. There are a number of practical implications that can be derived from this
research. First, this type of job is definitely tiring, and task duration of up to 10 hours is very likely to
result in substantial changes in fatigue indicators. It is unfortunate that jobs requiring one to drive for
more than 10 - 16 hours a day are not uncommon in Indonesia. These include trailer truck or inter-
state coach drivers. Many taxi companies in major cities even allow their drivers to work for up to 18
- 20 hours for several consecutive days. The condition is exacerbated by relatively short sleep
durations and poor sleep quality. Generally, Indonesians would have to wake up as early as 04:00
AM. for their morning prayers, which consequently limits the amount of sleep. In addition, many
commercial drivers do not have comfortable bedroom, both in their homes and at work. The latter
phenomenon, however, needs further investigations.

Second, even within the 12-hour work duration limit, a rest period of 30 to 60 minutes should be
allotted following continuous driving of roughly 3 hours. This recommendation is in accordance with
the findings of other studies [16]. Finally, signs of sleepiness were present even after driving for a few
hours. Since this could be associated with low-level stimulus while driving on monotonous road
conditions such as highways [4], a strategy should be developed that allows for optimal driving
workload by reducing the monotonous condition. Previous research has shown that monotonous work
is harmful, while moderate sleep is good for vigilance at work [26]. This strategy may include a
randomly presented auditory stimulus that should be responded to by the driver, or any of the
Alertness Maintaining Tasks (AMT) techniques suggested by Oron-Gilad [27].
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Also, there are governmental institutions and stakeholders (e.g., The Ministry of Transportation or
The Ministry of Commerce) that govern or are responsible for such shuttle service (or similar)
businesses. Together with the company management, they are all responsible for providing a safe
public transportation system. However, laws and government regulations that address fatigue and safe
work among commercial drivers are relatively minimal (and are very seldom enforced). The findings
of this study can be used as an input for improving relevant national laws and regulations with respect
to a reliable and safe public transportation system in Indonesia.

5. CONCLUSION

In conclusion, this study has demonstrated that fatigue and sleepiness do exist during long-duration
driving. It is interesting that, generally, all measures used in this study changed consistently
throughout the task duration. However, there seems to be some dissociation between subjective and
objective measures of fatigue. Practical implications drawn from this study are that driving
intermittently for 12 hours is definitely fatiguing, and is associated with marked performance
decrements. Rest periods of 30 — 60 minutes should be provided after 3 hours of driving, but this does
not necessarily guard against cumulative fatigue. In this study, it is suggested that long-duration
driving be limited to a maximum of 12 hours, and that a minimum of 30 minutes of rest be provided
after 3 to 4 hours of driving. The results of this study can also be used as a means to schedule drivers’
rosters.
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