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Abstract
Road safety in developing countries is one the most hazardous issues which must receive great attention. In Iran, because of the lack of sufficient reliable rail transportation the burden of the thrust of surface transportation is sustained by the road transportation. On the other hand, most of the existed road network is consisted by undivided narrow two lane roads. This situation increases the great risk of potential serious H.V. incidents and accidents. Fatigue and drowsiness of H.V. drivers is a very important factor which sharply accentuates this hazardous and dangerous situation. 

In this study a model is developed which is capable to analyze the complicated interactions between H.V. drivers' fatigue and drowsiness and many incidents happening in roads in Khorasan region. This is a large region of about one fifth of the country's area situated at the north eastern part of Iran. The required data were derived from interviews with 20 H.V. drivers at pre-test and 171 H.V. drivers at main study stages. The data were analyzed using SPSS software and the predicting model for the role of H.V. drivers' fatigue and drowsiness in causation of traffic incidents in the region of Khorasan in Iran was developed. The results of the analyses implemented by using the said model provided valuable conclusions of the reasons for developing the state of fatigue and drowsiness amongst H.V. drivers.
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1. Introduction
Road accidents are among the most important causes of mortality and disability in the world. According to the review of the World Health Organization accidents ranked 9th among mortality and disability causes in the world in 1990, and it is estimated that it will rank 3rd by 2020 [1].
In the United States the phenomenon of vehicle accidents is the most important cause of mortality in ages ranging from 2 to 32 years, and it totally ranks third among causes of potential years of life lost after cancer and heart diseases [2]. According to the studies conducted by Iran Forensic Medicine Organization in October 2003 this country suffers from one of the most severe road accident rates in the world. According to the same study during the summer of 2003 the number of fatalities in road accidents increased by 20.5% in comparison to the previous year, and during the same period the number of injured rose by 34.1%. In accordance with a recent study in Iran related to the cost of road accident in Iranian year 1383 (equivalent to 21st March 2004 – 20th March 2005) it has been estimated to be around 7% of the country's GNP [3]. This is a unique and highest rate ever reported in any study all over the world.
Due to the shortage and weakness of rail network in Iran, the country relies heavily on its road network for transport of passenger and cargo (for cargo more than 90%). Thus heavy vehicles such as trucks, trailers, and busses are of utmost significance for their accidents which impose huge damages to the country’s economy.

Reviews indicate that fatigue and drowsiness dominates among all other human related causes of accidents. Also various reports have widely shown that fatigue and drowsiness of drivers dramatically increase the risk of involvement in accidents [4].

Estimates provided for accidents related to fatigue are different with a ratio of 10:1 in different countries. This difference is as low as 1 to 3 percent for the United States [5] and as high as 25 percent in Victoria, Australia [6].
Accidents related to drowsiness mostly occur in late hours of the night, when the drivers experience the highest sleep stress [7]. Lack of sufficient experience, physiologic sleep stress, excessive use of alcohol and narcotics are among potential accident causes [8].

One of the studies in the United States was devoted to driver risk factors in accidents related to drowsiness. Results indicated that drivers involved in drowsiness related accidents were more inclined to having several jobs, working at night shifts or other unusual working plans. They had lower average sleeping times and their sleep was of lower quality, they rarely felt good satisfaction of their sleep, they were drowsy during the day, mostly drove in late night hours, and experienced lots of moments in drowsiness before running into a crash, and drove for longer hours in comparison to other drivers and stayed awake for longer periods in each 24 hours [9].
In a recent study in Virginia, USA, the drowsiness of drivers of commercial vehicles related to working hour law of 2003 was estimated. It tried to examine if the new law provides more rest for commercial drivers. It also examined if there is a meaningful relationship between the sleeping rate and causation of incidents. The study demonstrated that drivers had less sleep in the period before their accidents. This research indicated that drivers involved in causation of accidents slept on average 5.28 hours less during the period before the accident, and this was while their average sleeping time was 6.63 hours in a day and night. Finally the said study concluded that though amendment of labor laws provided the drivers with more hours to sleep, there are still accidents related to fatigue [10].
The present study is devoted to reviewing the model developed for estimating the role of fatigue and drowsiness of H.V. drivers in causation of incidents in Khorassan Razavi Province in Iran. Data was gathered by field system through questionnaire and interview. The questionnaires were prepared according to the cultural conditions of H.V. drivers in collaboration with Khorassan Razavi Transportation and Terminals Organization. The study included a pre-test and a final sampling phase. The pre-test stage is devoted to correction for the final sampling. In the next phase the data were analyzed by SPSS software and the model for estimating the role of fatigue and drowsiness of H.V. drivers in causation of incidents in Khorassan Razavi was developed. Eventually and according to the model, some solutions are provided to reduce the risk of accidents due to fatigue and drowsiness of H.V. drivers in the said province.
2. Research Methodology

The present study is of analytical-descriptive type. A field system was employed to gather data through questionnaire and interview. As the total number of H.V. drivers in Khorassan Razavi Province was about 47000 and since 30% of road accidents in the province were caused due to fatigue and drowsiness of the drivers, a total of 165 samples were used by 95% reliability.

In view of the characteristics of the given community, the optimum sampling method was randomized cluster sampling in which each cluster represented a town in Khorassan Razavi Province. The sampling process included choosing 7 towns plus Mashhad from among the 14 towns of the province and then taking a random sample from each cluster which was proportionate to the number of drivers in each town. The questionnaires were prepared and distributed according to the estimated volumes. Details of allocating the overall sample volume of sample towns are according to Table 1 and Figure 1.
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Figure 1. Percent of Drivers in Each Town
	Table 1. Percent of Drivers in Each Town

	Town
	Number
	Percent
	Cumulative Percent

	Tayebad
	5
	2.9
	2.9

	Torbate Heydarieh
	15
	8.8
	11.7

	Sabzevar
	33
	19.3
	31.0

	Ghoochan
	8
	4.7
	35.7

	Kashmar
	5
	2.9
	38.6

	Gonabad
	15
	8.8
	47.4

	Mashhad
	90
	52.6
	100.0

	Total
	171
	100
	


Questionnaires were prepared to gather statistical data and were filled by the researchers who referred to all passenger and cargo terminals of sample towns to ask their questions directly from the drivers. Then the collected data were analyzed by inferential statistical methods such as chi-square, t-test, unidirectional and multidirectional analysis and variance, and regression. All phases of estimating the sample volume, exponent, description, and analysis of the data were done by statistical software applications such as PASS 2002, SPSS version 11.5, and SAS version 8.2.

3. Model for the Effect of Drowsiness in Incidents 

We used a multinomial logistic model to develop our model which includes levels: “drowsiness has no effect in causation of incidents at all”, “drowsiness is to some extent effective in causation of incidents”, and “drowsiness to a large extent affects incidents”.

In the model developed by SPSS the following independent variables remained in the model and the rest were eliminated. 

1. Conditions and equipment inside the vehicle

2. Presence or absence of assistant driver

3. Average driving hours per 24-hours

4. Age

5. Methods used to prevent drowsiness

6. Ownership status of the vehicle

7. Driving short distances

8. Affording Social Security premiums

9. Year of driving license issuance

10. Type of vehicle

3-1. Model Development

The model presented to estimate the probability of fatigue and drowsiness being effective in causation of incidents in the viewpoint of drivers is as follows:
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(1)      Drowsiness has no effect in causation of incidents
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(2)
Drowsiness is probably effective in causation of incidents
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(3)
Drowsiness is to a large extent effective in causation of incidents
Where,

A= conditions and equipment inside the vehicle, if conditions are good:1, else 0,

B= presence or absence of assistant driver, if present: 1 else: 0,

C= average driving hours per 24 hours,

D= driver age,

E= methods used to prevent drowsiness, in case of daytime resting: 0, else: 1,

F= vehicle ownership status, if driver is owner: 1 else: 0,

G= driving short distances, if yes: 1 else 0,

H= affording to pay Social Security premiums, if hardly affording:1, else 0,
I= affording to pay Social Security premiums, if medium level affording:1, else 0,

J= year of driving license issuance, if before 1985: 1, else: 0, and

K= type of vehicle, if bus:1, else: 0.
4. Model Validity Grade
To investigate the validity of the model the questionnaire was completed by researchers through questioning another 15 drivers. It was then matched with the forecasts of the model. The answers of 13 out of 15 drivers matched with model forecasts, i.e. the model had a 86.7% reliability. These results are presented in Table 2.
Table 2. The Results of Model Validation Process
	No.
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	a
	b
	P1
	P2
	P3
	Driver

view
	Compatibility

	1
	0
	0
	6
	66
	0
	0
	0
	1
	0
	1
	0
	-0.793
	-1.560
	27.20
	12.60
	60.20
	Quite
	Yes

	2
	1
	1
	8
	46
	0
	1
	1
	1
	0
	0
	1
	0.152
	-2.692
	52.10
	3.00
	44.90
	To some extent
	No

	3
	1
	1
	17
	32
	1
	0
	0
	1
	0
	0
	0
	0.502
	-0.019
	45.50
	27.00
	27.50
	Not at all
	Yes

	4
	0
	0
	14
	35
	1
	0
	0
	1
	0
	0
	0
	-0.662
	0.297
	18.00
	47.00
	35.00
	To some extent
	Yes

	5
	0
	0
	8
	52
	0
	0
	1
	1
	0
	0
	0
	-1.501
	-1.854
	16.16
	11.35
	72.50
	quite
	Yes

	6
	0
	0
	10
	51
	1
	1
	0
	1
	0
	1
	0
	-0.627
	-0.993
	28.04
	19.45
	52.51
	Quite
	Yes

	7
	0
	1
	8
	47
	0
	0
	0
	0
	1
	1
	1
	-1.957
	-0.616
	8.40
	32.12
	59.48
	To some extent
	No

	8
	1
	1
	8
	36
	0
	1
	1
	1
	0
	0
	1
	0.081
	-1.792
	48.17
	7.40
	44.43
	Not at all
	Yes

	9
	0
	0
	7
	43
	1
	0
	0
	0
	1
	0
	0
	-1.729
	-0.262
	9.11
	39.52
	51.37
	Quite
	Yes

	10
	1
	0
	8
	49
	0
	0
	0
	1
	0
	1
	0
	0.135
	0.015
	36.22
	32.12
	31.66
	Not at all
	Yes

	11
	0
	0
	8
	37
	1
	1
	0
	1
	0
	0
	0
	-0.282
	-1.154
	36.44
	15.24
	48.32
	Quite
	Yes

	12
	0
	0
	7
	28
	1
	1
	1
	1
	0
	0
	0
	-1.208
	-0.525
	15.80
	31.29
	52.91
	Quite
	Yes

	13
	1
	1
	8
	38
	0
	0
	0
	1
	0
	0
	1
	0.859
	-0.59
	60.30
	14.15
	25.55
	Not at all
	Yes

	14
	0
	0
	8
	47
	1
	1
	0
	1
	0
	0
	0
	-0.212
	-2.054
	41.75
	6.62
	51.63
	Quite
	Yes

	15
	0
	0
	8
	53
	1
	0
	1
	1
	0
	1
	0
	-1.576
	-0.153
	10.01
	41.55
	48.44
	Quite
	Yes


5. Discussion and Conclusion

The model presented in this study is devoted to the effect of fatigue and drowsiness in causation of incidents, so we first address this factor in terms of statistical information.
From 171 drivers who participated in this study, 160 drivers (94.12%) had incidents during the previous year. From among these 160 drivers 55 (34.4%) experienced “few” incidents, 23 (14.4%) experienced them “averagely”, and 82 drivers experienced them “frequently”.

	Table 3. Number and Percent of Incidents for Drivers

	Number of Incidents
	Number
	Percent
	Cumulative Percent

	1
	55
	34.4
	34.4

	2
	23
	14.4
	48.8

	3
	82
	51.3
	100

	Total
	160
	100
	


On the other hand, from among 160 drivers who had experienced accidents 37 (23.1%) did not consider drowsiness as being effective in accidents, 36 (22.5%) said it was effective to some extent, and 87 (54.4%) said it was effective to a large extent. This shows the great danger threatening road users in the country.
	Table 4. Number and Percent of Impact of Drowsiness on Incident Causation

	Impact of Drowsiness on Incident Causation
	Number
	Percent
	Cumulative Percent

	Not at all
	37
	23.1
	23.1

	To some extent
	36
	22.5
	45.6

	Large
	87
	54.4
	100

	Total
	160
	100
	


The independent variables of the model developed for the impact of fatigue and drowsiness on causation of incidents are: conditions and facilities inside the vehicle, presence or absence of assistant driver, average driving hours per 24 hours, driver age, methods used to prevent drowsiness, vehicle ownership status, driving in short distances, affording Social Security premiums, year of driving license issuance, and type of vehicle.
As may be seen from the statistical data, from among all drivers being studied 71.3% said the facilities inside their cabins were weak, and only 15.8% said their facilities were good. Seeing the 55.3% of heavy vehicles have ages more than 20 years, lack of suitable facilities may contribute to fatigue and drowsiness of drivers because driver’s conditions at the wheel may make him tired or drowsy.

One of the most important factors causing fatigue and drowsiness is lack of aid and assistance in driving because when there is no assistant the list of physical jobs for the driver grows long and driving at nights in lonely small cabin spaces causes fatigue and drowsiness while presence of another person who talks to the driver is a good measure to counter drowsiness in such conditions. Our study indicated that 62.1% of drivers had no assistant.
Average driving hours per day and night is a very important factor affecting fatigue and drowsiness. Among drivers being studied here 65.5% drive more than 8 hours (the allowed limit) while most of them work more than 10 hours and some even go up to 22. This is quite dangerous so much as road safety is concerned.

Age of H.V. drivers in Khorassan Razavi is another contributing factor working against safety. About 55% of drivers are above 40 years of age, while our study included 22 drivers with 50, 19 with 55 years, 10 with 60, 4 with 65, 2 with 70, and one with 75 years of age. This is due to insufficient support in old ages and contributes greatly to the risk of accidents.

Among drivers participating in this study only 48.5% decided to rest while they were tired or drowsy, and this can increase accident risk.
When the driver does not own the vehicle he earns lower income, and to makeup for that, he has no choice but to work longer in each day. In such conditions the drivers usually have to work at nights which is another factor increasing the risk of fatigue and drowsiness which in turn exacerbates accident risk. In our study 46.5% of drivers were not owners and received pension for working on the vehicle. 
Among the drivers participating in this study 63.2% worked in short distances and the rest took long distances. Obviously working in long distances is accompanied with driving at nights and more fatigue and drowsiness and accident risk. Also from among drivers being studied 48.5% said long distances had a large effect on fatigue and drowsiness and 16% said its effect was small. 
A very important factor influencing causation of psychological problems and fatigue and drowsiness is Social Security. Among the drivers being studied 81.2 were unable to pay their premiums which lead them to work harder due to financial problems. Also, such problems distract the driver at the wheel and cause him to get tired sooner and lose concentration, which is quite dangerous. 
The year of issuance of driving license is an index to the driver’s experience which positively affects driver reaction in drowsy conditions. In this study 33.5% of drivers got their licenses before 1985, 37.7% got is between 1985 and 1995, and the rest got theirs after 1995.
The type of vehicle is another important factor for Khorassan Razavi Province. Because if the vehicle is a bus, then the driver is prohibited from working more than 8 hours and this is controlled tightly through GPS systems. Also buses are required to have two drivers at least for long distances, while the same is not true to trucks and trailers most of whom do not have assistants and that makes them work longer in each 24 hours.

Khorassan Razavi Transportation and Terminals Organization should take care of the above issue in its planning efforts to prevent incidents and accidents of heavy vehicles. Training of the drivers is among the most significant duties of this organization, because the roots of many of such problems can be traced back to illiteracy and cultural poverty. From among 171 drivers being studied, 75.4% are illiterate or have only studied up to middle school, 95.9% are married and among them 43.5% had 4 kids or more, and that in some cases rises up to 12.
Law enforcement and driver control is a measure that reduces incident and accident risk for heavy vehicles. The same way the rules of passenger transport are severe and tight and drivers of this section are required to comply with all rules and regulations, the cargo transport fleet should be controlled and regulated quite tightly.
The passenger and cargo transport fleet of the country are old and weary. According to our statistical data 55.3% of heavy vehicles in the province are above 20 years of age and 71.3% of drivers say the facilities of their vehicles are weak. Khorassan Razavi Transportation and Terminals Organization should pay attention to this fact and adjust its policies towards upgrading and renewing the hardware infrastructures of passenger and cargo transport.

As mentioned earlier, the financial condition of the drivers has a tremendous effect on their psychological status. From among 171 drivers being studied 53.5% were owners of their vehicles and the rest worked on a pension. In 94.1% of cases in which there are assistant drivers, they have no share in the vehicle ownership. 79% of drivers had incomes below 4,000,000 Rial per months. 81.2% of drivers did not afford Social Security premiums. In such conditions the drivers have to work longer for more income; and that in turn increases fatigue. According to the drivers, transport companies and intermediates are the true causes of such problems, so it is recommended that the Transportation and Terminals Organization addresses this issue and organize the many intermediates who indulge in such affairs illegally. 
Finally it is recommended that future research be aimed at providing new strategies for better management and planning of passenger and cargo transport systems in collaboration with the police, officials of the Transportation and Terminals Organization, and those of transport companies so that the safety of the country’s roads is improved.
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