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Abstract

The main purpose of traffic control devices, as well as the implication for their use, is to 

ensure traffic safety and efficiency by providing for the orderly movement of all road users. 

This study addressed the main gap between driver and the implementation of traffic control 

device in Hawassa city. Three specific objectives conducted in this study. In the first, driver 

understanding of traffic control device with respect to their personal characteristic, the 

second is identifying types of traffic control device that creates confusion for drivers and the 

third is developing statistical model of traffic accidents in Hawassa city. The method adopted 

for these specific objectives involves the use of field work observation, questionnaire and data 

collected from different sectors. There are 74 questionnaires prepared and distributed for the 

public car drivers for the total of 485 public cars in Hawassa city. The questionnaire includes 

two types of question item which are; short answer questions designed to give detailed 

information about the drivers’ demographic characteristics such as the age, sex, marital 

status driving experience and educational background. A total of 28 symbols included, 8 

regulatory signs, 7 warning signs, 5 guide signs, 5 road markings and 3 traffic signals. 

The analysis showed that there was low understanding of traffic control devices by drivers. 

From the total selected type of 8 regulatory sign the average percentage of the correct answer 

was 52%, from 7 warning sign average percentage of the correct answer was 58%, guide sign 

34%, traffic signal 66% and road marking 43%. At 5% significant the statistical test proved 

that educational background and age were as a major factor affecting the understanding of 

traffic control devices as observed in the test carried out. Drivers especially those with low 

educational background should take special training to get a better understanding of traffic 

control devices. The correlation coefficient between explanatory variables of general roads 

and accidents in Hawassa city, shows that AADT had positive correlation with traffic 

accidents the others pedestrian zebra crossing and asphalt road access had a negative 

correlation with traffic accidents.

Key words 

Traffic control device, traffic sign, regulatory sign, warning sign, guide sign, traffic signals, 

road marking and traffic accident model. 
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1. INTRODUCTION 

1.1. Background of the Study

Road traffic safety have strong relation with traffic control device (TCD) because most of the 

traffic accident caused by driver. Nowadays traffic accident is the most dangers issue. 

According to WHO road traffic injuries claim more than 1.2 million lives each year and have a 

huge impact on health and development. They are the leading cause of death among young 

people aged between 15 and 29 years, and cost governments approximately 3% of GDP. 

Despite this massive and largely preventable human and economic toll, action to combat this 

global challenge has been insufficient. Low and middle-income countries are hardest hit, with 

double the fatality rates of high-income countries and 90% of global road traffic deaths. 

Vulnerable road users, pedestrians, cyclists and motorcyclists make up half of these fatalities 

(WHO, 2015).

The main purpose of traffic control devices, as well as the implication for their use, is to 

ensure traffic safety and efficiency by providing for the orderly movement of all road users on 

streets and highways throughout the Nation. Traffic control devices notify road users of 

regulations and provide warning and guidance needed for the reasonably safe, uniform, and 

efficient operation of all elements of the traffic stream. These driver control devices use shape, 

color, symbols, and words to convey the information needed by a driver. Drivers rely upon 

these devices to: provide information about applicable traffic laws or regulations, identify 

potential hazards that they may not be aware of, provide information to help them find their 

way or identify points of reference, and to confirm or reassure their intended driving behavior 

(Manual Uniform Traffic Control Device, 2009). 

A driver have a combination of training, qualification and experience, acquired knowledge and 

skills enabling that driver to correctly perform a specified mandate, and who is appropriately 

authorized to perform that role. The effectiveness of traffic control devices is a function of 

many different factors. A study of the effectiveness of symbol signs suggested that the criteria 

listed below should be considered in an overall evaluation of the effectiveness of a symbol 
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traffic sign (RE.Dewar, 1988) as cited by (H.Gene Hawkins. et al, 1995)The study also 

evaluated the relative importance of the criteria. They are listed in the order of importance.

Understandability The ability to understand or comprehend the meaning of a sign by 

associating the color, shape, and legend (text or symbol) with the intent of the sign.

Recognition Time The time required to identify the meaning of the sign. 

Conspicuity The ability to see or detect a sign in a complex environment. 

Legibility Distance The greatest distance at which the sign can be clearly read.

Glance Legibility The ability to comprehend a sign which is seen for only a fraction of a 

second.

Learn ability The ability to remember the meaning of a sign once the actual meaning has 

been learned. 

The same study found that understandability, or comprehension, was considered to be the 

most important of all the criteria. A driver must be able to understand a traffic control device, 

or some part of it, before the proper response can be made. The experience using different 

traffic control device from driver to driver and from town to town is a big factor to the 

understanding ability of driver and also the function ability of all traffic control device is the 

main challenge to the driver. Unlike many other elements of the surface transportation system 

(like construction activities, structures, geometric alignment, and pavement structures), the 

service life of traffic control devices is relatively short (typically anywhere from 2 to 12 

years). This increases the relative turnover of devices and presents increased opportunity for 

implementing research findings. The shorter life also creates the opportunity for incorporating 

material and technology improvements on more frequent intervals (H. Gene Hawkins, 2009). 

Most traffic crashes are both predictable and preventable. There is considerable evidence on 

interventions that are effective at making roads safer: countries that have successfully 

implemented these interventions have seen corresponding reductions in road traffic deaths. 

Rolling out these interventions globally offers huge potential to mitigate future damage and 

save lives at a global level (WHO, 2015). 
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Ninety-percent of road traffic deaths occur in low- and middle-income countries, and while 

these countries also account for 82% of the world’s population, they nevertheless bear a 

disproportionate number of deaths relative to their level of motorization, as they account for 

only 54% of the world’s registered vehicles. The risk of a road traffic death varies 

significantly by region, and there has been little change in the regional rates of death since 

2010. The highest rates are still in the African Region, while the European Region has a rate 

far below the global average.

Ethiopia is one of the 50 countries with the deadliest roads in the world (The Economist, 

2015) as cited by (Tariku Ayana, 2017). According to the report, road crashes kill more people 

in African countries like Ethiopia, Kenya and most other sub-Saharan countries than malaria 

does. Earlier studies on road crashes forecasted road traffic fatalities to be the second leading 

cause of disability-adjusted life-years lost (accounting for more than 85% of all fatalities and 

90% of disability-adjusted life-years lost) in developing countries most of which are African 

countries. 

Studies revealed that Ethiopia is reported to be the country with deadliest roads in the world, 

indicating a road crash fatality rate of at least 114 per 10,000 vehicles per year, compared to 

only 10 in the UK and Ireland and 60 across 39 sub-Saharan African countries. Furthermore, 

the number of people injured or killed in one crash in Ethiopia is about 30 times higher than in 

the US (Tesema, et al, 2005).

These exaggeration magnitudes of road traffic crashes statistics in Ethiopia are attributed to 

complex interrelated risk factors ranging from driver and pedestrian behavior, traffic rules and 

regulations, and vehicle and road conditions. Traffic accident problems related to the road 

itself were only responsible for about 1 to 3% while the largest crashes were attributed to 

driver error, which accounted for 81% (Tesema et al, 2005) in their study of road traffic 

crashes in Ethiopia reported that about 81% of the road traffic crashes countrywide are due to 

driver errors such as: drivers not respecting pedestrian priority, speeding, unsafe utilization of 

freight vehicles for passenger transportation, poor driving skills and undisciplined driver 

behavior. 
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1.2. Statement of the Problem

Increase of traffic congestion and speed as a result of the development of modern society 

require high quality solutions in the field of traffic control device. Road without traffic control 

device not warn road users about potential danger and threats that are in users near distance, 

not providing them with clear information’s about limitations and not prohibitions and 

obligations which must be respected. The question of how well drivers understand traffic 

control devices has been a concern for many years and has led to numerous research studies in 

developed country intended to evaluate driver comprehension of traffic control devices. The 

current status of the problem need more attention according to WHO the population increase 

of 4% between 2010 and 2013 and an increase of 16% in registered vehicles over the same 

period suggest that efforts to slow the increase in road traffic deaths may have prevented 

deaths that would otherwise have occurred (WHO, 2015).

Ethiopia‘s transport system is one of the lowest in the world and is inadequate to support an 

efficient production and distribution system. Much of the problem of road construction and 

maintenance is not supported by appropriate traffic control device and totally has no 

maintenance program of TCD. In Ethiopia, the problem of road traffic accident is more 

sophisticated. Ethiopia is known for having the highest numbers of fatalities compared to other 

African country. Most regions in Ethiopia have insufficient policies and strategies to protect 

road traffic accidents. Furthermore, enforcement on major risk factors like speed control, 

alcohol impaired driving, child restraints, and seat belt and helmet use is not yet common in 

the majority of countries of this region.

The main focus of this study is Hawassa city, the fastest growing city in Ethiopia. The number 

of vehicle increases from year to year due to industry, tourism, and education center. Similarly 

the number of traffic accident increases rapidly. The 2010 fatal number of accident in 

Hawassa city is 30 this is much larger than the average number of the five years accident. The 

driver comprehension level of TCD is the main gap between the driver’s and the current traffic 

movements but the drivers are not willing to implement most TCD unless there is traffic 

police. To communicate and understand with any traffic movement the message of traffic 

control device is very important. 
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1.3. Objectives 

1.3.1. General objective 

The general objective of this study was to assess the public car driver comprehension of traffic 

control device and statistical traffic accident modeling in Hawassa city. 

1.3.2. The Specific objectives were to 

1. Evaluate public car driver understanding of traffic control device towards road safety 

measure as a function of personal characteristics. 

2. Investigate types of traffic control devices that create confusion for drivers. 

3. Develop statistical model of the traffic accidents in Hawassa city. 

1.4. Research Questions 

The main activities of doing this research is properly address the problems which are enables 

to raise questions to answer by the indicated research topic. The research questions related to 

“Assessment of public car driver comprehension of traffic control device and statistical traffic 

accident modeling in Hawassa city’’ the main research questions are; 

 Which type of personal characteristics of driver affect the comprehension of traffic 

control device towards road safety measure? 

 What type of traffic control devices creates confusion for drivers? 

 What is the statistical model equation of traffic accident in Hawassa city? 
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1.5. Scope and Limitation of the Study

The scope of this research is limited to Hawassa city public car driver which means that it 

considered only the road that gives taxi and city bus service. However, this assessment of 

public car driver in Hawassa city is not representing the whole drivers in Ethiopia.

To make the study more manageable, this study is delimited in the number of TCD and type of 

drivers. The first one is the number of TCD; there are a number of TCD under the MUTCD 

but to use all number of TCD is impossible there for the researcher selects only the most 

common device especially in Hawassa city; eight obligatory sign, seven warning sign, five 

guide sign, five traffic marking and three traffic signal. The other one is type of drivers, in this 

study the type of drivers are public drivers including city bus drivers and mini bus drivers.

1.6. Structure of Thesis 

The study contains five different chapters. The first chapter starts by introducing the concept 

of TCD and short explanation about the purpose and usage of TCD for drivers. The study tries 

to identify the global as well as local problems of road traffic accident due to poor driver 

comprehension of TCD. Chapter two contains the reviewed similar studies in and out of 

Ethiopia. The comprehension level of drivers in different countries types and advantage of 

TCD, the driver behavior towards road safety measure and most common method of traffic 

accident modeling are also incorporated in this chapter. Chapter three describes the separate 

methodology to achieve the objectives of the study. All the analysis method and step for 

evaluate public car driver understanding of traffic control device towards road safety measure 

as a function of personal characteristics, identifying types of TCD that creates confusion for 

drivers and for developing traffic accident model. Chapter four also describes the result and 

discussion of collected data based on the methodology for each specific objective. The last 

chapter which is chapter five describes conclusion and recommendation based on the output 

result of the analysis in chapter four.
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2. LITRATURE REVIEW

2.1. Overview of Driver Comprehension of Traffic Control Device

Traffic control devices provide a means of communicating important information about the 

roadway to the users especially the drivers with the use of color, shape, symbols, light and/or 

words to convey the information. However, it is worthy to note that the traffic control devices 

cannot serve their intended purposes effectively if the information encoded in the devices is 

not properly understood by the driver and other road users (Makinde, 2014). 

With traffic volume increasing over the last eight decades, many countries have adapted 

pictorial sign or otherwise simplified and standardize their traffic control devices to facilitate 

international travel where language difference could create barrier. To help in enhancing 

traffic safety, such pictorial traffic device use symbols and signs in place of words.

The study show that in America Texas from regulatory sign question for research 53.33 

percent driver response correct answer but under this regulatory sign correct response fell to 

65 percent for the double turn sign and 45 percent for the two way left turn only sign. From 

traffic signal sign the survey result indicate that 47.67 percent responses correctly but under 

these protected left on green sign and driver responses only 15.5 percent. Similarly warning 

sign the driver have relatively better understanding because the response shows that 65.33 

percent responses correctly. (Katie N, 1993) and (Parham et al, 2003) studied driver 

understanding of the current U.S. system of yellow–white pavement markings through a driver 

survey. Results showed that on average, drivers fully understood only 56% of all signs.

A related study by Cerelli (1996) in the U.S. male drivers accounted for 50.4% of all licensed 

drivers in 1996, they accounted for 62.8% of the total travel in the same year. Another study 

found that older drivers are at less risk of involvement in a road accident than young drivers, 

perhaps because they drive less frequently and for shorter distances. The 1995 Kansas study 

(Stokes et al. 1995) evaluated 43 traffic control devices in terms of driver's understanding of 

the meaning of the information encoded in the signs and pavement markings. Both multiple 

choice questionnaire and open-ended questionnaire were used as survey instruments. The 

study identified some warning and regulatory signs and pavement markings that were 
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misunderstood by the Kansas drivers and proposed some general recommendations for 

improving driver's understanding of certain TCDs.

The comprehension of traffic control devices comprehension amongst domestic and 

international drivers in USA and through the data analyses; it was found that more 

international drivers lack understanding of traffic signs, markings and signal indications than 

the domestic drivers in USA (Dissanayake and Lu, 2001). 

A research in Saudi Arabia also shows Effect of driver's personal characteristics on traffic 

accidents according to the result Young drivers less than 30 years are involved in about 60% 

of accidents while drivers more than 50 years old involved in only 4 percent of accidents. 

Drivers more than 5 years of driving experience are involved in about 65% of accidents, while 

drivers less than one year driving experience are involved in only 8% of accidents. 

Educational level of drivers involved in traffic accidents is about 47% of drivers having 

university level or more (Yazan Issa, 2016). 

Drivers have different skill and comprehension depend on their own personal characteristics 

but poor skill and unsatisfactory comprehension of TCDs is common all over the world 

whether in developing country or in developed country. The unsatisfactory comprehension is 

related to the characteristics of the traffic control devices themselves (Zhang and Chan, 2013).

According to (Ou and Liu 2012), the comprehension of Taiwanese traffic signs were examined 

between two user groups: Taiwanese and Vietnamese. The Taiwanese showed a better 

understanding of the traffic signs compared to the Vietnamese, and the reason was the 

different traffic sign design principles in different cultures. Knowing average limitations may 

not always be adequate; it may be necessary to sometimes obtain information on the full range 

of limitations.

8 

2.2 Public Car Driver and Road Safety

Public car drivers play a crucial role in the social and economic function of modern society. 

Their contribution to the day-to-day operation of the business world and tourism are of 

considerable significance, as is their general social function as a means of transport. In terms 

of general road safety, the use of taxis is a key alternative to drink driving, and hence taxis 

provide a service of potentially great indirect benefit to overall road safety. 

There are a few studies of public car drivers that are worthy of more substantial discussion at 

this point. Koh. et al, (1986) conducted a study of taxi drivers based mainly on physiological 

measures. It is disappointing that this study was unable to find any firm indicators of accident-

proneness for taxi drivers, but this may be due to the relatively minimal contribution of basic 

physiological processes in accident causation. A study which examined more complex 

processes in an ecologically valid way, such as complex reaction time task in a form relevant 

to public car driving abilities, or, for example, a study of the effects of fatigue on peripheral 

vision may have produced significant relationships.

Another important study is by James R. et al, (1998), in which the researchers made use of 

behavioral measures of actual driving by taxi drivers through covert recording during a 

predetermined trip followed by subsequent questionnaires that included the Sensation Seeking 

Scale. Findings indicate that sensation seeking is related to risky driving behaviors such as 

driving at excessive speeds and careless lane changing, and also to violation rates, but not to 

accident rates. They also found no relationship between observed driving behaviors and 

accident rates. While there are several possible reasons for the lack of relationships with 

accidents rate, problems in accident recording and a small sample size may have obscured an 

otherwise weak effect. 
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2.3. Traffic Control Device

Traffic control devices which are used to communicate driver with the situation of traffic 

classified in to three main ways which are; Traffic sign, Traffic signal, and Traffic marking. 

There are a number of traffic control devices which used to street and highway but all are 

categorized under those three categories (Jacob Adeda, 2016). 

2.3.1. Traffic sign

Devices mounted on a post or overhead structure which provide road users with information 

about traffic laws/regulations, potential hazards on or adjacent to the roadway, guidance 

information to direct road users to destinations, or general information about services and 

points of interest. It is also classified in to Regulatory sign, Warnning sign and Guide sign.

2.3.1.1. Regulatory signs

According to the MUTCD (2009 edition) Regulatory signs shall be used to inform road users 

of selected traffic laws or regulations and indicate the applicability of the legal requirements 

and the signs shall be installed at or near where the regulations apply. The signs shall clearly 

indicate the requirements imposed by the regulations and shall be designed and installed to 

provide adequate visibility and legibility in order to obtain compliance. Regulatory signs shall 

be reflective or illuminated to show the same shape and similar color by both day and night.

Design of regulatory sign depends on the sizes, shapes, colors, and legends contained in the 

“Standard Highway Signs and Markings” book. Regulatory signs having optional word 

message signs other than those classified and specified in the Manual and the “Standard 

Highways Signs and Markings” book may be developed to aid the enforcement of other laws 

or regulations.

When two vehicles approach an intersection from different streets or highways at 

approximately the same time, the right-of-way rule requires the driver of the vehicle on the left 

to yield the right-of-way to the vehicle on the right. The right-of-way can be modified at 

through streets or highways by placing YIELD signs and or STOP signs on one or more 

approaches. 
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YIELD or STOP signs should be used at an intersection if one or more of the following 

conditions exist: 

An intersection of a less important road with a main road where application of the normal 

right-of-way rule would not be expected to provide reasonable compliance with the law, A 

Street entering a designated through highway or street and/or an un signalized intersection in a 

signalized area.

In addition, the use of YIELD or STOP signs should be considered at the intersection of two 

minor streets or local roads where the intersection has more than three approaches and where 

one or more of the following conditions exist:

The combined vehicular, bicycle, and pedestrian volume entering the intersection from all 

approaches averages more than 2,000 units per day. The second condition is the ability to see 

conflicting traffic on an approach is not sufficient to allow a road user to stop or yield in 

compliance with the normal right-of-way rule if such stopping or yielding is necessary. The 

other condition is Crash records indicate that five or more crashes that involve the failure to 

yield the right-of-way at the intersection under the normal right-of-way rule have been 

reported within a 3-year period, or that three or more such crashes have been reported within a 

2-year period. YIELD or STOP signs should not be used for speed control and should not be 

installed on the higher volume roadway unless justified by an engineering study.

The following are considerations that might influence the decision regarding the appropriate 

roadway upon which to install a YIELD or STOP sign where two roadways with relatively 

equal volumes and/or characteristics intersect:

Controlling the direction that conflicts the most with established pedestrian crossing activity 

school walking routes;

Controlling the direction that has obscured vision, dips, or bumps that already require drivers 

to use lower operating speeds; and

Controlling the direction that has the best sight distance from a controlled position to observe 

conflicting traffic;
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Portable or part-time STOP or YIELD signs shall not be used except for emergency and 

temporary traffic control zone purposes. A portable or part-time (folding) STOP sign that is 

manually placed into view and manually removed from view shall not be used during a power 

outage to control a signalized approach unless the maintaining agency establishes that the 

signal indication that will first be displayed to that approach upon restoration of power is a 

flashing red signal indication and that the portable STOP sign will be manually removed from 

view prior to stop-and-go operation of the traffic control signal. 

The STOP sign shall be an octagon with a white legend and border on a red background. The 

YIELD sign shall be a downward-pointing equilateral triangle with a wide red border and the 

legend YIELD in red on a white background.[image: image10.png]
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Figure 2.1: The most common type of regulatory sign; stop sign and speed limit sign

2.3.1.2. Warning signs

Warning signs call attention to unexpected conditions on or adjacent to a highway, street, or 

private roads open to public travel and to situations that might not be readily apparent to road 

users. Warning signs alert road users to conditions that might call for a reduction of speed or 

an action in the interest of safety and efficient traffic operations. The use of warning signs 

shall be based on an engineering study or on engineering judgment.

The use of warning signs should be kept to a minimum as the unnecessary use of warning 

signs tends to breed disrespect for all signs. In situations where the condition or activity is 

seasonal or temporary, the warning sign should be removed or covered when the condition or 

activity does not exist. Unless specifically designated otherwise, all warning signs shall be 
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diamond-shaped (square with one diagonal vertical) with a black legend and border on a 

yellow background. Warning signs shall be designed in accordance with the sizes, shapes, 

colors, and legends contained in the “Standard Highway Signs and Markings” book.

A warning sign that is larger than the size for that particular sign may be diamond-shaped or 

may be rectangular or square in shape. Except for symbols on warning signs, minor 

modifications may be made to the design provided that the essential appearance characteristics 

are met. Modifications may be made to the symbols shown on combined horizontal alignment 

or intersection signs and intersection warning signs in order to approximate the geometric 

configuration of the intersecting roadway. Word message warning signs other than those 

provided in this Manual may be developed and installed by State and local highway agencies. 

Warning signs regarding conditions associated with pedestrians, bicyclists, and playgrounds 

may have a black legend and border on a yellow or fluorescent yellow-green background.

Warning signs regarding conditions associated with school buses and schools and their related 

supplemental plaques shall have a black legend and border on a fluorescent yellow-green 

background. The minimum size for all diamond-shaped warning signs facing traffic on a 

multi-lane conventional road where the posted speed limit is higher than 35 mph shall be 36 x 

36 inches. If a diamond-shaped warning sign is placed on the left-hand side of a multi-lane 

roadway to supplement the installation of the same warning sign on the right-hand side of the 

roadway.

The time needed for detection, recognition, decision, and reaction is called the Perception-

Response Time (PRT) is provided as an aid for determining warning sign location. Warning 

signs should be placed so that they provide an adequate PRT. The distances should be applied 

with engineering judgment. Warning signs should not be placed too far in advance of the 

condition, such that drivers might tend to forget the warning because of other driving 

distractions, especially in urban areas.

Minimum spacing between warning signs with different messages should be based on the 

estimated PRT for driver comprehension of and reaction to the second sign. The effectiveness 
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of the placement of warning signs should be periodically evaluated under both day and night 

conditions. 
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Figure 2.2: Most common type of warning sign; pedestrian crossing and slippery road sign

2.3.1.3. Guide signs

Guide signs are essential to direct road users along streets and highways, to inform them of 

intersecting routes, to direct them to cities, towns, villages, or other important destinations, to 

identify nearby rivers and streams, parks, forests, and historical sites, and generally to give 

such information as will help them along their way in the most simple, direct manner possible. 

Requirements for illumination, reflection, and color are stated under the specific headings for 

individual guide signs or groups of signs. All messages, borders, and legends shall be 

reflective and all backgrounds shall be reflective or illuminated. 

Color coding is sometimes used to help road users distinguish between multiple potentially 

confusing destinations. Examples of valuable uses of color coding include guide signs for 

roadways approaching or inside an airport property with multiple terminals serving multiple 

airlines, and community way finding guide signs for various traffic generator destinations 

within a community or area. The color coding shall be accomplished by the use of different 

colored square or rectangular sign panels on the face of the guide signs.

The sign size is determined primarily by the length of the message, and the size of lettering 

and spacing necessary for proper legibility. Reduced letters, height, reduced interline spacing, 

and reduced edge spacing may be used on guide signs if sign size must be limited by factors 

such as lane width or vertical or lateral clearance.
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Figure 2.3: Type of guide sign; parking area and Hospital sign

2.3.2. Traffic marking 

Markings on highways and on private roads open to public travel have important functions in 

providing guidance and information for the road user. Major marking types include pavement 

and curb markings, delineators, colored pavements, channelizing devices, and islands. In some 

cases, markings are used to supplement other traffic control devices such as signs, signals, and 

other markings. In other instances, markings are used alone to effectively convey regulations, 

guidance, or warnings in ways not obtainable by the use of other devices. 

Markings have limitations. Visibility of the markings can be limited by snow, debris, and 

water on or adjacent to the markings. Marking durability is affected by material 

characteristics, traffic volumes, weather, and location. However, under most highway 

conditions, markings provide important information while allowing minimal diversion of 

attention from the roadway. 

Each standard marking shall be used only to convey the meaning prescribed for that marking 

in the MUTCD. When used for applications not described in this Manual, markings shall 

conform in all respects to the principles and standards set forth in the MUTCD. Before any 

new highway, private road open to public travel paved detour, or temporary route is opened to 

public travel, all necessary markings should be in place.

Markings that must be visible at night shall be reflective unless ambient illumination assures 

that the markings are adequately visible. All markings on Interstate highways shall be 

reflective. Markings that are no longer applicable for roadway conditions or restrictions and 

that might cause confusion for the road user shall be removed or obliterated to be 

unidentifiable as a marking as soon as practical.
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Pavement and curb markings are commonly placed by using paints or thermoplastics; 

however, other suitable marking materials, including raised pavement markers and colored 

pavements, are also used. Delineators and channelizing devices are visibly placed in a vertical 

position similar to signs above the roadway. Some marking systems consist of clumps or 

droplets of material with visible open spaces of bare pavement between the material droplets. 

These marking systems can function in a manner that is similar to the marking systems that 

completely cover the pavement surface and are suitable for use as pavement markings if they 

meet the other pavement marking requirements of the highway agency. 

The materials used for markings should provide the specified color throughout their useful 

life. Consideration should be given to selecting pavement marking materials that will 

minimize tripping or loss of traction for road users, including pedestrians, bicyclists, and 

motorcyclists. Delineators should not present a vertical or horizontal clearance obstacle for 

pedestrians. Markings shall be yellow, white, red, blue, or purple. The colors for markings 

shall conform to the standard highway colors.
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a. may cross to overtake b, pedestrian crossing c, no crossing 

Figure 2.4: Type of traffic marking

2.3.3. Traffic signals

Standards for traffic control signals are important because traffic control signals need to attract 

the attention of a variety of road users, including those who are older, those with impaired 

vision, as well as those who are fatigued or distracted, or who are not expecting to encounter a 

signal at a particular location. The selection and use of traffic control signals should be based 

on an engineering study of roadway, traffic, and other conditions.

A careful analysis of traffic operations, pedestrian and bicyclist needs, and other factors at a 

large number of signalized and un signalized locations, coupled with engineering judgment, 
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has provided a series of signal warrants that define the minimum conditions under which 

installing traffic control signals might be justified. 

Engineering judgment should be applied in the review of operating traffic control signals to 

determine whether the type of installation and the timing program meet the current 

requirements of all forms of traffic. If changes in traffic patterns eliminate the need for a 

traffic control signal, consideration should be given to removing it and replacing it with 

appropriate alternative traffic control devices, if any are needed.

When properly used, traffic control signals are valuable devices for the control of vehicular 

and pedestrian traffic. They assign the right-of-way to the various traffic movements and 

thereby profoundly influence traffic flow. Traffic control signals that are properly designed, 

located, operated, and maintained will have one or more of the following advantages:

i. They provide for the orderly movement of traffic.

ii. They increase the traffic-handling capacity of the intersection if: 

· Proper physical layouts and control measures are used, and

· The signal operational parameters are reviewed and updated (if needed) on a regular 

basis (as engineering judgment determines that significant traffic flow and/or land use 

changes have occurred) to maximize the ability of the traffic control signal to satisfy 

current traffic demands. 

iii. They reduce the frequency and severity of certain types of crashes, especially right-

angle collisions. 

iv. They are coordinated to provide for continuous or nearly continuous movement of 

traffic at a definite speed along a given route under favorable conditions. 

v. They are used to interrupt heavy traffic at intervals to permit other traffic, vehicular or 

pedestrian, to cross.

Traffic control signals are often considered a panacea for all traffic problems at intersections. 

This belief has led to traffic control signals being installed at many locations where they are 

not needed, adversely affecting the safety and efficiency of vehicular, bicycle, and pedestrian 

traffic. Traffic control signals, even when justified by traffic and roadway conditions, can be 
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ill-designed, ineffectively placed, improperly operated, or poorly maintained. Improper or 

unjustified traffic control signals can result in one or more of the following disadvantages:

Excessive delay, Excessive disobedience of the signal indications, Increased use of less 

adequate routes as road users attempt to avoid the traffic control signals, and Significant 

increases in the frequency of collisions (especially rear-end collisions).

The delays inherent in the alternating assignment of right-of-way at intersections controlled by 

traffic control signals can frequently be reduced by widening the major roadway, the minor 

roadway, or both roadways. Widening the minor roadway often benefits the operations on the 

major roadway, because it reduces the green time that must be assigned to minor-roadway 

traffic. In urban areas, the effect of widening can be achieved by eliminating parking on 

intersection approaches. It is desirable to have at least two lanes for moving traffic on each 

approach to a signalized location. Additional width on the departure side of the intersection, as 

well as on the approach side, will sometimes be needed to clear traffic through the intersection 

effectively.

Adequate roadway capacity should be provided at a signalized location. Before an intersection 

is widened, the additional green time pedestrians need to cross the widened roadways should 

be considered to determine if it will exceed the green time saved through improved vehicular 

flow. Other methods of increasing the roadway capacity at signalized locations that do not 

involve roadway widening, such as revisions to the pavement markings and the careful 

evaluation of proper lane-use assignments (including varying the lane use by time of day), 

should be considered where appropriate. Such consideration should include evaluation of any 

impacts that changes to pavement markings and lane assignments will have on bicycle travel. [image: image19.png]
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Figure 2.5: The three type of traffic signals
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2.4. Driver Behavior

Driver, pedestrian, vehicle and road are the four main components of the highway mode of 

transportation. To provide efficient and safe highway transportation, knowledge of the 

characteristics and limitations of each of these components is essential. It is also important to 

be aware of the interrelationships that exist among these components in order to determine the 

effects, if any, that they have on each other.

Measuring traffic control devices used to be in the highway mode is one of the primary 

importances. The driver’s ability to clearly detect relatively moving objects, not necessarily in 

his or her direct line of vision, depends on the driver’s dynamic visual acuity. A driver 

receives certain sensations by instinct through his eyes, ears and body, which if they are strong 

enough to be recognized, become perceptions. The most important perception is that of a 

hazardous situation (SC van As & HS Joubert, 2002).

According to Nicolas Garber one problem that faces traffic and transportation engineers when 

they consider driver characteristics in the course of design is the varying skills and perceptual 

abilities of drivers on the highway, demonstrated by a wide range of abilities to hear, see, 

evaluate, and react to information. Studies have shown that these abilities may also vary in an 

individual under different conditions, such as the influence of alcohol, fatigue, and the time of 

day. Therefore, it is important that criteria used for design purposes be compatible with the 

capabilities and limitations of most drivers on the highway. The use of an average value, such 

as mean reaction time, may not be adequate for a large number of drivers. Both the 85th 

percentile and the 95th percentile have been used to select design criteria; in general, the 

higher the chosen percentile, the wider the range covered (Nicholas J. Garber, 2009).

Driver must be active and good because active driver during travel can identify any TCDs and 

response correctly. It is therefore important that highway and traffic engineers have some 

fundamental knowledge of visual perception as well as of hearing perception. The driver 

identifies a stream of information from which he must select and on which his decisions are 

based. Humans essentially have one-track minds and must therefore divide their attention 

when confronted with a complex problem (SC van As & HS Joubert, 2002).
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Actions taken by drivers on a road result from their evaluation of and reaction to information 

they obtain from certain stimuli that they see or hear. However, evaluation and reaction must 

be carried out within a very short time, as the information being received along the highways 

is continually changing. It has been suggested that most of the information received by a 

driver is visual, implying that the ability to see is of fundamental importance in the driving 

task. It is therefore important that highway and traffic engineers have some fundamental 

knowledge of visual perception as well as of hearing perception. 

2.4.1. Visual reception

The principal characteristics of the eye are visual acuity, peripheral vision, color vision, glare 

vision and recovery, and depth perception. 

Visual Acuity; Visual acuity is the ability to see fine details of an object. It can be represented 

by the visual angle. Two types of visual acuity are of importance in traffic and highway 

emergencies: static and dynamic visual acuity. The driver’s ability to identify an object when 

both the object and the driver are stationary depends on his or her static acuity. Factors that 

affect static acuity include background brightness, contrast, and time. The driver’s ability to 

clearly detect relatively moving objects, not necessarily in his or her direct line of vision, 

depends on the driver’s dynamic visual acuity.

Peripheral Vision; Peripheral vision is the ability of people to see objects beyond the cone of 

clearest vision. Although objects can be seen within this zone, details and color are not clear. 

The cone for peripheral vision could be one subtending up to 160 degrees; this value is 

affected by the speed of the vehicle. Age also influences peripheral vision. For instance, at 

about age 60, a significant change occurs in a person’s peripheral vision. 

Color Vision; Color vision is the ability to differentiate one color from another, but deficiency 

in this ability, usually referred to as color blindness, and is not of great significance in 

highway driving because other ways of recognizing traffic information devices can 

compensate for it. Combinations of black and white and black and yellow have been shown to 

be those to which the eye is most sensitive. 
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Glare Vision and Recovery; There are two types of glare vision: direct and specular. 

Rowland and others have indicated that direct glare occurs when relatively bright light appears 

in the individual’s field of vision and specular glare occurs when the image reflected by the 

relatively bright light appears in the field of vision. Both types of glare result in a decrease of 

visibility and cause discomfort to the eyes. It is also known that age has a significant effect on 

the sensitivity to glare, and that at about age 40, a significant change occurs in a person’s 

sensitivity to glare. Glare vision is of great importance during night driving; it contributes to 

the problem of serving older people, who see much more poorly at night. This phenomenon 

should be taken into account in the design and location of street lighting so that glare effects 

are reduced to a minimum. 

Depth Perception; Depth perception affects the ability of a person to estimate speed and 

distance. It is particularly important on two-lane highways during passing maneuvers, when 

head-on crashes may result from a lack of proper judgment of speed and distance. The ability 

of the human eye to differentiate between objects is fundamental to this phenomenon. It 

should be noted, however, that the human eye is not very good at estimating absolute values of 

speed, distance, size, and acceleration. This is why traffic control devices are standard in size, 

shape, and color. Standardization not only aids in distance estimation but also helps the color-

blind driver to identify signs (Nicholas J. Garber, 2009). 

2.4.2. Hearing perception

The ear receives sound stimuli, which is important to drivers only when warning sounds, 

usually given out by emergency vehicles, are to be detected. Loss of some hearing ability is 

not a serious problem, since it normally can be corrected by a hearing aid.

Human beings are above a wide range of characteristics that can and do influence the driving 

task. In a system where the driver is in complete control of vehicle operation, good traffic 

engineering requires a keen understanding of driver characteristics. Much of the task of traffic 

engineers is to find ways to provide drivers with information in a clear, effective manner that 

induces safe and proper response (Roger p. Roess, 2004). Of course, one of the most important 

human factors that influence driving is the personality and psychology of the driver. This 

21

however is not easily quantified and is difficult to consider in design. It is dealt with primarily 

through enforcement and licensing procedures that attempt to remove or restrict drivers who 

periodically display inappropriate tendencies, as indicated by accident and violation 

experience. In addition to these the following factors are also influences on the quality of 

driver directly or indirectly. The following are also the main factors which affect the 

comprehension of driver especially to identify the exact implication of traffic control devices.

Drugs and Alcohol; Drink–driving increases the chance of a road traffic crash, as well as the 

likelihood that death or serious injury will result. The risk of impairment starts at very low 

levels of alcohol consumption and rises exponentially with alcohol intake. Drivers with a BAC 

of between 0.02 g/dl and 0.05 g/dl have at least a three times greater risk of dying in a vehicle 

crash. This risk increases to at least six times with a BAC between 0.05 g/dl and 0.08 g/dl, and 

rises exponentially above 0.08 g/dl. Drinking and driving is also associated with other high-

risk road use behaviors such as speeding or not using seat-belts. Both motorists and 

pedestrians should also be aware of the impact of common prescription and over-the counter 

medications on their performance capabilities. Many legitimate medications have effects that 

are similar to those of alcohol and or illegal drugs 

Aging on Road Users; Many visual acuity factors deteriorate with age, including both static 

and dynamic visual acuity, glare sensitivity and recovery, night vision, and speed of eye 

movements. Such ailments as cataracts, glaucoma, macular degeneration, and diabetes are also 

more common as people age, and these conditions have negative impacts on vision. On the 

other hand, driving is the principal means of mobility and accessibility in most parts of the 

nation, and the alternatives for those who can no longer drive are either limited or expensive. 

Better education can serve to make older drivers more aware of the types of deficits they face 

and how to best deal with them. More frequent testing of key characteristics such as eyesight 

may help ensure that prescriptions for glasses and/or contact lenses are frequently updated 

(Roger p. Roess, 2004). 
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Psychological and Personality; Commonly applied to drivers who lose control of themselves 

and react to a wide variety of situations violently, improperly, and almost always dangerously, 

the problem is now getting well deserved attention. 

2.5. Statistical Expression of Traffic Accidents 

Accident prediction models (APM) are very important tools for estimating the expected 

number of accidents on entities such as intersections and street segments. These estimates are 

typically used in the identification of sites for possible safety treatment and in the evaluation 

of such treatments (Ali Ahmed et al., 2018). An APM is, in principally, a mathematical 

equation that expresses the average accident frequency of a site as a function of traffic flow 

and other site characteristics whilst, the credibility of an APM is enhanced if the APM based 

on data as many years as possible especially if data for those same years are utilized in the 

safety analysis of a site.

Different factors of road as road types have affected accidents. When road types and 

characteristics change, characteristics of traffic accidents also change but we have seen yet a 

proper measure to predict changes of traffic accidents according to traffic characteristics and 

road types. That is, the same accident rate application of road grades in calculating reduction 

for traffic accident costs has not reflected road types and their physical characteristics. So this 

study is to develop a systematic APM reflected by physical characteristics of road types 

through a survey of characteristics of roads and accidents in Hawassa city. It is possible to 

predict traffic accident by physical characteristics of roads. Road traffic is the result of the 

interaction between humans, vehicles and road infrastructure, subject to traffic regulations. In 

this process the human is a key element, but also the weakest link. Nearly all traffic accidents 

are due to human error.

Road traffic accidents continue to be a major problem in the world, both from the public 

health and socio-economic perspectives. Throughout the world cars, buses, trucks, 

motorcycles, pedestrians, animals, taxis and other categories of travelers share the roadways 

contributing to economic and social development in many countries. Yet each year, many 

vehicles are involved in accidents that are responsible for millions of deaths and injuries.
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The growing burden of RTAs and road safety are a neglected issue in many developing 

countries and the health sector has been slow to recognize it as a priority public health 

problem. Many research shows that RTAs are easily preventable and high income countries 

have successfully reduced the incidence through proven and cost-effective interventions.

Like many African countries Ethiopia is facing enormous road safety problem. Each year 

thousands of road users are killed and the majority of them are economically active 

population. According to the estimate of the WHO, the prevalence of road traffic fatality in 

Ethiopia for the year 2013 was 25.3 per 100,000 populations and the rate is among the highest 

in the world (WHO, 2018). Factors contributing to the high incidence of RTAs in Ethiopia 

include rampant reckless driving behaviors, poor road network, substandard road conditions, 

failure to enforce traffic laws and poor conditions of vehicles.

There are different types of accident prediction model but the following subsection presents a 

number of mostly used models (Ali Ahmed et al., 2018) 

2.5.1. Multiple linear regression

Early models of traffic accident models based on the simple multiple linear regression 

approach assuming normally distributed errors. The general form of the linear crash prediction 

model can be expressed as follows:

Y = β0 + β1X1+ β2X2 +……..+ βkXk + e . . . . . . . . . . . . eqn. 1

Where Xj, j = 1. . . K is the level of the jth input variable and e is a random error that we shall 

assume is normally distributed with mean 0 and (constant) variance σ2. The parameters β0, β1, . 

. . , β2 and σ2 are assumed to be unknown and must be estimated from the data, which we shall 

suppose will consist of the values of Y1, . . . , Yn where Yi is the response level (i.e. crash 

frequency) corresponding to the k input levels xi1, . . . , xi2, . . . , xik

2.5.2. Poisson regression

A number of statistical approaches, including Poisson regression, negative binomial, zero 

inflated Poisson regression, and zero-inflated negative binomial, have been used to model 

count data. Thus, using a count data modeling technique will be the most appropriate (Lord 

and Mannering, 2010). 
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Poisson distributions have a number of advantages over an ordinary normal distribution 

including a skew, discrete distribution, and the restriction of predicted values to non-negative 

numbers. Poisson regression model have been proposed to explore the relationship between 

the risk factors and traffic accident modeling. Poisson regression has been applied to a wide 

range of transportation count data, including crash frequency. The Poisson model can be 

expressed as follows: 

P(ni) = λ    ( λ ) . . . . . . . . . . . . . . . eqn. 2 [image: image22.png]



Where, 

P (ni): the probability of n crashes occurring on a highway segment i . 

ni : the number of observations per time period (such as a year), 

λi: the expected crash frequency on road segment i per time period (i.e. the mean of 

distribution) which can be estimated as follows: 

λi = EXP(βXi) . . . . . . . . . . . . . . . . . . eqn. 3 

Where 

Xi: a vector of the independent variables (i.e. risk factors), 

β: a vector of the estimates (coefficients) of the independent variables Xi. 

2.5.3. Conway-Maxwell Poisson regression models 

The Conway-Maxwell Poisson model has been recently investigated with respect to 

transportation safety issues, but its application in accidents frequency modeling has been 

rather limited. The Conway-Maxwell Poisson circulation is a speculation of the Poisson 

circulation that can handle both under-dispersed and over-dispersed accidents information. 

The fundamental preferred of this model is to handle the under-dispersion in crash data that 

cannot be modeled by the Poisson model or the Negative Binomial model. However, the low 

sample-mean and small sample size of the under-dispersed accidents data can influence the 

estimated parameters, and therefore, it has been limited in the application of accidents 

frequency. 
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3. MATERIALS AND METHODS

3.1. Description of the Study Area 

The study would be conducted in Hawassa city which is the capital of south region state. 

Hawassa is a young, 56 years old city established with master plan in Ethiopia. Hawassa can 

be considered as one of the best developed cities in Ethiopia. So far there is remarkable 

progress in the socio economic development with an integrated efferent of government body, 

residents and other organization in Hawassa and abroad since its establishment. In its 

historical development Hawassa was gradually developed to municipality level in accordance 

with proclamation number 51/2002 SNNPRS in May 20, 1995. E.C. since then the 

municipality has been led by Mayor and accountable to regional government.

Hawassa is located 273 km south of Addis Ababa. Since the city is the capital seat of the 

SNNP region state as well as it has lakeside entertainment there are a number of vehicles 

movement which needs the activeness of drivers. The total surface area of Hawassa City is 

157.2 square kilometers; the recent master plan covers its area for about 162,804 hector. The 

geographical location of the city situated 070 & 030 latitude north and 300 & 290 longitude 

east. The city borders Oromiya to the north, Shebdino woreda to the south, Wendogent woreda 

to the east and Hawassa zuriya woreda to the west. 

The city climate experiences with a modified type of tropical climate. Although Hawassa is 

situated in the Rift valley, its relatively high altitude about 1800m above sea level means that 

the city’s climate is mild year-round. The average rainfall is 1000mm (Lowest 800mm highest 

1300mm). Winter months (November through January) are a little warmer and registered an 

average temperature of 22oC. The total road network covers 407.46Km among these above 

88% of the total roads are not paved. Currently Hawassa city consists of 8 sub cities and 32 

kebelles each having its own administration offices. 
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Figure 3.1: Map of Hawassa city; Source Hawassa city administration
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3.2. Sources of Data 

3.2.1. Primary Sources of Data 

The data collected direct from the population is called primary data. For this study the primary 

data source is the Hawassa city public car drivers. Primary data which includes questionnaire 

and field work observation are sources of data the researcher applied in this study.

3.2.2. Secondary Sources of Data

Secondary sources of data obtained from relevant document related to the study such as legal 

document like, five years traffic accident from Hawassa city police station, traffic volume and 

asphalt road length collected from Hawassa city administration. 

3.3. Sample Size and Sampling Techniques

Sampling is the selection by systematic procedure of research subjects out of total population 

relevant to the research project (Kerlinger, 1983). The purpose of sampling is to secure a 

representative group, which will enable researcher to gain information about the population 

since it is difficult to study the whole population. The researcher used stratified random 

sampling technique. In stratified sampling the population is partitioned in to two or more sub 

population called strata and from each stratum a desired sample size is selected at random. It 

helps to consider the age difference, sex marital status and educational background to obtain 

appropriate information from the total population. 

The total number of public cars in Hawassa city is 485. It is the sum of 468 minibus and 17 

city bus. Under Hawassa city administration there are 34 public bus drivers.

To calculate the sample size based on the sample required to estimate a proportion with an 

approximate 95% confidence interval. Using the formula of

n0 =      . . . . . . . . . . . . . . . . . eqn. 4 [image: image24.png]



Where nr = required sample size, 

p= proportion of the population having the characteristics,

q=1-p and d=the degree of precision.

e = the level of statistical significant set (margin of error).

28

Characteristics being measured 

Then, p = 50% =0.5 and q = 1-p = 0.5 (Possible to take the value of p = 50% in statistics).

Z statistic is 1.645 and e desire accuracy at 0.1 levels. (95% confidence level and 10% error). 

Therefore, the sample size is n0 =     [image: image25.png]
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n0 = ( .  )    .    ( . ) = 96.04 . . . . . . . . . . . . . eqn. 5 [image: image27.png]



If the population is small then the sample size can be reduced slightly. This is because a given 

sample size provides proportionately more information for a small population than for a large 

population.[image: image28.png]



n = = = 80.3 . . . . . . . . . . . eqn. 6 [image: image29.png]
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Where n is the sample size and N the population size. 

From 80 numbers of the required questionnaires drivers respond only 74 questionnaires. 

3.4. Data Collection Instruments

3.4.1. Field work observation

Field work observation is a common method of data collection instrument in road and 

transport engineering field. In this study the researcher used field work observation to 

identifying TCD which are not implement properly and devices which are implement properly 

to measure the understanding level of Hawassa city public car drivers. This instrument is not 

used for all types of TCD which means it used for selected devises which are suitable for field 

observation like regulatory sings, road marking and traffic signals. 

3.4.2. Questionnaire

One of the instruments that employed for data collection is questionnaire. A questionnaire is a 

document consists of written list of questions provided to individuals in the samples to elicit 

information. The questionnaire prepared by divide into two sections with the first section item 

is short answer questions designed to give detailed information about the drivers’ demographic 

characteristics such as age, sex, marital status and educational background etc. The second 
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section also designed to assess the comprehension of traffic control devices by the drivers this 

section is subdivided into three groups comprising of traffic signs, traffic signal and road 

marking questions. The first group multiple choice questions of different traffic signs includes 

regulatory signs, warning signs and informatory signs. The second group includes different 

road markings and third group is three different meaning of traffic signal.

3.4.3. Documented review

The other type of instrument to collect data is documented data from the traffic police office. 

Documented data is a type of source of data which is secondary data used to as a good 

information for research and other purpose. For this study documented data instruments used 

for gathering information about traffic accidents related to poor implementing of traffic 

control device.

3.5. Method of Data Collection

To achieve the objective the researcher goes to through series of data gathering procedures. 

The expected relevant data gathered by using questionnaires, field work data collection and 

recorded data. To do well, having letters of authorization from Hawassa University and 

Hawassa city traffic police office; after agreement has been made the researcher introduced his 

objectives and purpose of the study. Then the questionnaires filled by willingness drivers and 

the necessary data are collected. To avoid any confusion the researcher closely assisted and 

supervised. 

The selection strategy of types of traffic control device is considering the most common and 

more advantages to facilitate traffic movements in urban area. In addition to this the researcher 

tries to identify types of traffic control device that are important and common in Hawassa city. 

Speed limit sign, stop sign, and yield sign are very important to minimize the crash and any 

traffic accidents. Speed limit, drivers approaching a city from a rural area may not notice a 

speed limit sign or be aware that they are on the outskirts of a small town (H. Gene Hawkins. 

et.al, 2009). Stop sign are likely the most iconic of all traffic sign. Both the shape and color are 

important to how a stop sign is recognized and understood. Yield sign (MUTCD, 2009) are 

similar to stop signs, but used in less dangerous to keep traffic flowing, while still allowing 

drivers from different directions to pass through. No U-turn, pedestrian crossing sign and men 
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at work signs are also very important and common sign to protect traffic accidents on the road. 

At urban center there are vehicles and pedestrian uses the road commonly, this types of traffic 

movement creates traffic accidents unless it manage properly and provided pedestrian 

crossing. Particularly in Hawassa city the number of pedestrian are much larger than the 

number of vehicles therefore pedestrian crossing is important in Hawassa city. 

The road marking also selected by considering the type of road marking that found in Hawassa 

city and most commonly used to protect traffic accidents like, may cross to overtake marking, 

passing is allowed with extra caution marking, passing is allowed when safe marking, zebra 

crossing for pedestrian and number of crossing to overtake marking. There are many types of 

road marking but not found all types in Hawassa city.

3.6. Data Processing and Analysis

3.6.1. Evaluation of public car driver understanding of TCD towards road safety 

measure as a function of personal characteristics

The data analysis has been made by using SPSS software, and it is composed of two main 

parts. The first part gathers the descriptive statistics of the answers of the survey. The second 

one consists in the analysis of the relationship, using the Pearson’s Chi Square and 

Correlation, between the independent variables and the dependent variables. The objective is 

to determine if the independent variables affect the public car driver comprehension of traffic 

control device in Hawassa city. Probabilities for the test statistic can be obtained from the chi-

square probability distribution so that we can test hypotheses.

Hypothesis

The research hypothesis states that personal characteristic of drivers and understandings of 

traffic control devices are independent of each other. This will be true if probability of chi – 

square test statistics (P-value) less than the alpha level of significance (0.05).

The null hypothesis is that personal characteristic of drivers and understandings of traffic 

control devices are dependent of each other. This will be true if probability of chi – square test 

statistics (P-value) greater than the alpha level of significance (0.05). 
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Interpretation

If the probability of the test statistic is less than or equal to the probability of the alpha error 

rate, we reject the null hypothesis and conclude that our data supports the research hypothesis. 

We conclude that there is a relationship between the variables.

If the probability of the test statistic is greater than the probability of the alpha error rate, we 

fail to reject the null hypothesis. We conclude that there is no relationship between the 

variables, i.e. they are independent.

The next work of the researcher is categorized the driver answer under each type of personal 

characteristics, for instance the educational background of drivers classified in to elementary, 

high school, diploma and level and BSC and above. Then the answer is also classified in to 

correct and incorrect answer. From these the researcher needs to check whether or not number 

of correct answer increases or decreases when educational level is increases. This is done by 

using SPSS software. 

3.6.2. Investigation of types of traffic control device that creates confusion for drivers 

The second specific objective which is identifying type of traffic control devices that creates 

confusion for drivers due to understanding of the implication. For this section the main target 

of the researcher is identifying the traffic control device that creates confusion for drivers and 

which one is simple to implement. Using the data arranging the correct answer for each type 

of TCD then identifying which one is answered more and which one has less percentage of 

correct answer. For these data processing and analyses the raw data is arranged in the form of 

table. The result is described in the form of description of statistical data, relative to the 

selected regulatory sign which one is clearer for driver and answered more relative to the other 

similarly all type of traffic sign describes in the same way. The other way of description is 

graphical explanation of the result this is a clear and simple method of showing the 

comparable data under this method the researcher trying to explain the statistical result of 

correct answer. 
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3.6.3. Statistical model of traffic accidents in Hawassa city

For development of accident predictive model the researcher analyzed the relation between 

accidents and factors such as traffic conditions, road conditions and others for Hawassa city. 

The developed models can be used to estimate the accident rates in the future Hawassa city. 

First of all, factors influence accident rates were selected. Those factors such as traffic 

volumes, asphalt road length, number of allowed U turn per KM, number of pedestrian zebra 

crossing, number of signalized intersection and number of connection roads. The researcher 

selects the above factors by referring different researches in different area which factors were 

most commonly considered for traffic accident models, by considering road traffic accident 

factors had sufficient data and to examine the road management gap of Hawassa city 

administration road and transport office.

According to the road conditions the others were constant, in Hawassa city the terrain type 

were flat therefore the researcher considered constant geometric consideration similarly, in 

Hawassa city almost there were two way two lane roads therefore number of lane and ways 

were also constant. The next step was identifying which factors were significant and related 

with the recorded traffic accident in Hawassa city using SPSS software. According to the 

software output only three out of six data gathered factors were significant that were traffic 

volume, length of asphalt road and number of proper pedestrian zebra crossing.

The accident data was accident that occurred between 2006 and 2010. Using Multiple Linear 

regression model, early models of traffic accident models that general form of the linear crash 

prediction model can be expressed as follows:

Y = β0 + β1X1 + β2X2 + β3X3 

The coefficients β0, β1, β2 and β3 can determine Using SPSS software and X1, X2, and X3 are 

the significant factors of traffic accidents. The result interpretation depend on the value of 

coefficients, the researcher expect positive, negative, large number or small numbers. 

Negative coefficient implies that the represented factors and traffic accidents have inverse 

relation. Positive coefficient also represents between the independent and dependent variables 

there is direct relation. 
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4. RESULTS AND DISCUSSIONS

4.1. Traffic Control Device and Percentage Respond of Drivers 

4.1.1. Regulatory sign 

A total of 8 regulatory signs were evaluated with the result presented in table 4.1. The average 

percentage of the correct answer was 52%, which indicated that the comprehension was not 

satisfactory because the minimum passing mark for driving license is 74%. The lower correct 

answers were stop sign 32% and Yield sign 35.14% consequently. 

Table 4.1: Selected regulatory sign [image: image33.png]
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4.1.2. Warning sign 

A total of 7 warning signs were evaluated with the result presented in table 4.2. The average 

percentage of the correct answer was 58%, which indicated that the comprehension was not 

satisfactory but better than the comprehension of regulatory sign. 

Table 4.2: Selected Warning sign [image: image352.jpg]Educational background * Green light Signals Crosstabulation
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Road work 3 26 45 

4.05% 35.14% 61.81% 

Double bend first to 2 24 48 

right 2.70% 32.43% 64.87% 

Road narrows on 43 31 

right 58.11% 41.89% 

Slippery road 4 36 34 

5.41% 48.65% 45.94% 

Round about 19 55 

25.68% 74.32% 

School children 31 43 

crossing 41.89% 58.11% 

Pedestrian crossing 28 46 

37.84% 62.16% 
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4.1.3. Guide sign 

A total of 5 Guide signs were evaluated with the result presented in table 4.3. The average 

percentage of the correct answer was 34%, which indicated that the comprehension was very 

poor. The trend of using guide sign in Hawassa city was very low but Hawassa city is highly 

developing and tourist centered city in Ethiopia. This indicated that guide sign is very 

important for strange and tourist drivers. The selection system of sample guide sign was by 

considering simple, common and important especially for strange drivers.

Table 4.3: Selected Guide sign 
sign meaning Comprehension level (%)
Questionnaire result (100 %)

No answer wrong Correct 

Parking area 36 38 

48.65% 51.35% 

Direction of public 6 45 23 

service 8.11% 60.81% 31.08% 

Home zone entire 7 49 18 

9.46% 66.22% 24.32% 

Additional traffic 9 55 10 

joining from left 12.16% 74.32% 13.52% 

ahead 

Hospital 36 38 

48.65% 51.35% 
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4.1.4: Traffic signal 

A total of 3 Signal were evaluated with the result presented in table 4.4. The average 

percentage of the correct answer was 63%, which indicated that the comprehension was better 

than the other. Traffic signal is common throughout the world. In Hawassa city the trend using 

traffic signals increases year to year in 2006 E.C there were three signals intersections but 

after five years that means in 2011 E.C there were 13 signalized intersections. The advantage 

of traffic signal was very high because almost all traffic movement in Hawassa city controlled 

by traffic signals and by traffic police inspection system. 

Table 4.4: Selected Traffic Signal 
Signal Meaning Comprehension level (%)

Questionnaire result (50 %) Field work Average (100%)

Observation
(50%) 
No wrong Correct Wrong correct Wrong Correct
answer
Stop for 13 61 18 56 15.5 58.5

vehicle and 17.57% 82.43% 24.32% 75.68% 20.95% 79.05%

open for 
pedestrian 

interval
Ready to stop 46 28 60 14 53 21

or to move 61.16% 38.84% 81.08% 18.92% 71.62% 28.38%

Safe to move 12 62 4 70 8 66

for vehicles. 16.22% 83.78% 5.41% 94.59% 10.81% 89.19%
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4.1.5: Road marking

A total of 5 Signal were evaluated with the result presented in table 4.5. The average 

percentage of the correct answer was 51%, which indicated that the comprehension was 

almost similar with the other. 

Table 4.5: Selected road mark 
Marking Meaning Comprehension level (%) 

Questionnaire Field work Average (100%)
result (50 %) Observation (50%) 
wrong Correct Wrong correct W C



May cross 35 39 49 25 42 32

to overtake 47.30% 52.70% 66.22% 33.78% 56.76% 43.24%

Passing is 24 50 33 41 28.5 45.5
allowed 32.43% 67.57% 44.60% 55.40% 38.51% 61.49%
with extra 

caution 
Passing is 28 46 16 58 22 52
allowed 37.84% 62.16% 22.62% 77.38% 29.73% 70.27%
when safe 


Zebra 52 22 47 27 49.5 24.5
crossing 70.27% 29.73% 63.51% 36.49% 66.89% 33.11%
for

pedestrian
No 31 43 50 24 40.5 33.5

crossing 41.89% 58.11% 67.57% 32.43% 54.73% 45.27%
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4.2: Traffic accident

In this section, the data and the methodology used for this specific objective are described. 

Traffic accident data collected from Hawassa city police station from the year 2006 and 2010. 

The data file includes all accidents type that are fatal, series injury, minor injury and property 

damage reported by police in Hawassa city area. Some important descriptive of the crash data 

used in the analyses are given in table 4.6. This shows accident occurrences in Hawassa city. 

The road section has large number of traffic volume that it has the highest frequency of 

crashes in the road section.

Table 4.6: Road traffic accident data 
Year Asphalt AADT per No of Zebra Road traffic accident

Fatal Series Minor Total Property
injury injury damage
30 31 83 144 780500 



31 29 88 148 810208 



28 29 76 133 725865 



25 25 69 119 696830 



24 22 68 114 682894 
4.3: Personal Characteristics of Drivers 

From the total of 74 questionnaires the percentage of respondent explains in the following 

table. The answer of the drivers includes difference between age of drivers, educational 

background, and marital status but not includes gender difference, because there is no female 

public car driver in Hawassa city. There are different types of information about drivers 

should be considered under the personal characteristics like driving experience, types of 
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driving license, types of vehicles that drivers ride and so on but due to time and budget the 

researcher includes only on table 4.7. 

Table 4.7: Personal Characteristics of Drivers 
Characteristics Sample No Percentage 

Male 74 100% 
Female 0 0%
18-25 7 9.5 
26-30 15 21.27 
31-35 18 24.32 
36-40 19 25.67 
41 and above 15 21.27 
single 47 63.51 
Married 27 36.49 
divorced 0 0
< or = 8 14 18.92 
High school level 40 54.05 
TVET level & 16 21.62 
College diploma
BSC/BA and 4 5.41 
above
4.4. Public Car Driver Understanding of Traffic Control Device

Analysis of three different types of TCD includes traffic sign, traffic signal and road marking. 

Under the traffic sign there are three types of TCD that are regulatory sign, warning sign and 

guide sign. For each type of TCD the result analyzed and described under this section. 

4.4.1. Understanding of regulatory sign

Analyses of eight selected regulatory signs were conducted to check for relationship between 

traffic control device comprehension and individual characteristics of drivers. The 

comprehension of regulatory sign of drivers is depending on the type of sign.
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4.4.1.1. Educational background and regulatory sign 

In the cross-classification analysis of educational background of the respondents and the 

comprehension of the selected regulatory sign, the result is given in table 4.8. There were eight 

types of sample regulatory sign and the educational background of the driver classified in to 

four levels which were a driver who take grade eight ministry national exams, high school 

level, TVET and college diploma and bachelor and above. From four types of educational 

level the majority of the drivers categorized under high school level and only four students 

were under bachelor category. The SPSS software result shows that all types of selected 

regulatory sign probability of chi-square test statistics were less than the alpha level of 

significance (0.05), meaning that the characteristics i.e. educational background and regulatory 

sign traffic control devices understanding were related on each other.

Table 4.8: Educational background of regulatory sign 
Educational Regulatory traffic sign 
background 




˂ or = 8 
High 

school
Level & 

college 
diploma 
BSc/BA 

and above 
X2 test 

statistics 
Ho rejected? 
Result 


4.4.1.2. Age and regulatory sign 

In the cross-classification analysis of age of driver the respondents and the comprehension of 

the selected regulatory sign, the result is given in table 4.9. For the selected eight types of 

regulatory sign the age of the drivers classified in to five categories that were category one 18-

25, category two 26-30, category three 31-35, category four 36-40, and the last category were 

41 and above. Category five contains only 20% of the total drivers the rest 80% of drivers age 

were under 40 and 51% of drivers age were categorized under 31-40. The researcher expected 

to check whether the number of correct answers and the age of the drivers increases/decreases 

together or not correlated with each other. The SPSS software result shows that six of eight 

type of selected regulatory sign probability of chi-square test statistics were less than the alpha 

level of significance (0.05) and two of eight types of selected regulatory sign probability of 

chi-square test statistics were greater than the alpha level of significance (0.05). The 

conclusion was that the characteristics i.e. age of drivers and regulatory sign traffic control 

devices understanding were related on each other.

Table 4.9: Age and regulatory sign 
Age of Regulatory traffic sign
drivers 
Stop sign No Maximum No Do not Yield sign No Horn No left 

parking speed overtakin entre this turn
limit g way 


0 7 2 5 2 5 1 6 5 2 0 7 1 6 3 4
6 9 7 8 5 10 9 6 11 4 3 12 5 10 7 8
4 15 10 9 8 11 8 11 16 3 5 14 10 8 10 9
6 13 6 13 9 9 8 11 18 1 7 12 12 7 11 7
10 5 13 2 13 2 13 2 15 0 12 3 11 4 12 3
P = 0.01 < P = 0.01 < P = 0.02 < P = 0.01 < 
0.05 0.05 0.05 0.05 

Yes Yes Yes 
Dependent Dependent Dependent


4.4.1.3. Marital status and regulatory sign

In the cross-classification analysis of marital status of drivers the respondents and the 

comprehension of the selected regulatory sign, the result is given in table 4.10. Like the 

correlation between the educational background and age with understanding of regulatory sign 

there were eight selected sample of regulatory sign and were two types of marital status that 

are single and married but under divorced category no one marked from the total sample of 

drivers. Number of single drivers covers around 63% of the total drivers and the other 37% 

categorized under married category. The SPSS software result shows that from the selected 

eight types of regulatory sign probability of chi-square test statistics were greater than the 

alpha level of significance (0.05) meaning that the characteristics i.e. marital status and 

regulatory sign traffic control devices understanding were not related on each other.

Table 4.10: Marital status and regulatory sign 
Regulatory traffic sign 

Marital
Status 
Stop sign No parking Maximum No Do not entre Stop &check No Horn No left

speed limit overtaking this way bf crossing turn 
intersection 


Single 15 32 23 24 21 25 25 21 39 7 16 30 24 22 27 19 

Married 9 19 14 14 15 13 14 14 25 3 10 18 15 13 16 12 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P = 0.98 > P = 0.93 > P = 0.46 > P = 0.79 > P = 0.58 > P = 0.94 > P = 0.91 > P = 0.89 > 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

No No No No No No No No 
independent independent independent independent independent independent independent independent 
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4.4.2. Understanding of warning sign 

Analyses of seven selected warning signs were conducted to check for relationship between 

traffic control device comprehension and individual characteristics of the respondent drivers. 

The comprehension of warning sign of drivers is depending on the type of sign, the result 

shows under the following table consequently. 

4.4.2.1. Educational background and warning sign 

In the cross-classification analysis of educational background of the respondents and the 

comprehension of the selected warning sign, the result is given in table 4.11.there were seven 

types of selected sample warning sign and the educational background of the drivers classified 

into four levels that includes from elementary up to bachelor and above levels. The SPSS 

software result shows that all types of selected warning sign probability of chi-square test 

statistics were less than the alpha level of significance (0.05), meaning that the characteristics 

i.e. educational background and warning sign traffic control devices understanding were 

related on each other. 

Table 4.11: Educational background of warning sign 
Warning sign 
Road work Double Road Slippery Round School Pedestrian

bend first to narrows on road about children crossing 
right right crossing




4 10 6 8 5 9 5 9 5 9 4 10 3 12 
28 12 24 16 11 29 13 27 32 8 22 18 29 11 
10 6 14 2 13 3 13 3 13 3 14 2 10 6 

3 1 4 0 2 2 3 1 4 0 3 1 4 0 

P = .04 < P = 0.02 < P = 0.00 < P = 0.01 < P = 0.00 < P = 0.01 < P = 0.00 < 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Yes Yes Yes Yes Yes Yes Yes
Dependent Dependent Dependent Dependent Dependent Dependent Dependent 
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4.4.2.2. Age and warning sign

In the cross-classification analysis of age of driver the respondents and the comprehension of 

the selected warning sign, the result is given in table 4.12. The age of the drivers classified in 

to five categories for each types of seven sample warning sign that are the most common 

warning sign used in Hawassa city and other Ethiopian city. The selected sample warning sign 

includes pedestrian crossing, school children crossing, road work sign and others. The age of 

the drivers starts from 18 and the first category was 18-25, the second 31-35, third category 

36-40 and the last category was 41 and above. From the surveying result most of the Hawassa 

city public cars driver’s age were under 40 years the rest around 20% were 41-46. The SPSS 

software result shows that all types of selected warning sign probability of chi-square test 

statistics were less than the alpha level of significance (0.05), meaning that the characteristics 

i.e. age of drivers and warning sign traffic control devices understanding were related on each 

other.

Table 4.12: Cross analysis of Age and warning sign 
Age of drivers Warning sign 
Road work Double bend Road Slippery Round School Pedestrian 

first to right narrows on road about children crossing
right crossing 




2 5 3 4 1 6 0 7 3 4 2 5 3 4
10 5 8 7 8 7 5 10 13 2 10 5 11 4
7 11 7 11 5 13 8 10 11 7 8 10 8 10 
11 8 17 2 6 13 9 10 16 3 10 9 10 7
14 1 13 2 11 4 12 3 14 1 13 2 14 1
P = 0.01 < P = 0.00 < P = 0.02 < P = 0.00 < P = 0.02 < P = 0.04 < P = 0.04 < 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Yes Yes Yes Yes Yes Yes Yes 
dependent dependent dependent dependent dependent dependent dependent 
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4.4.2.3. Marital status and warning sign 

In the cross-classification analysis of marital status of driver the respondents and the 

comprehension of the selected warning sign, the result is given in table 4.13. The table 

contains seven types of sample warning sign that are road work sign, double bend first to write 

sign, road narrows on the right sign, slippery road sign, round about sign, school children 

crossing sign, pedestrian crossing sign. The selected types of sample warning sign were most 

common and frequently used in Hawassa city. There were two types of marital status that the 

drivers marked from the three types of provided option. The surveying result shows that no 

one driver marked the divorced option from the given choice. The SPSS software result shows 

that from the selected seven types of warning sign six of sign probabilities of chi-square test 

statistics were greater than the alpha level of significance (0.05) meaning that the 

characteristics i.e. marital status and warning sign traffic control devices understanding were 

not related on each other. Only pedestrian crossing probability of chi-square test statistics were 

less than the alpha level of significance (0.05) that means understanding the message of 

pedestrian crossing related with marital status.

Table 4.13: Marital status and warning sign 
Marital Warning sign 
Road work Double bend Road narrows Slippery Round School children Pedestrian 

first to right on right road about crossing crossing 



29 18 31 16 20 27 22 25 34 13 24 23 24 23 
15 12 17 10 11 16 12 15 21 6 19 8 22 5 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P = 0.844> P = 0.879> 
0.05 0.05 
No No 
independent independent 
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4.4.3. Understanding of guide sign

Analyses of five selected sample guide signs were conducted to check for relationship 

between traffic control device comprehension and individual characteristics of the respondent 

drivers. The comprehension of guide sign of drivers is depending on the type of sign, the result 

shows under the following table consequently.

4.4.3.1. Educational background and guide sign 

In the cross-classification analysis of educational background of the respondents and the 

comprehension of the selected guide sign, the result is given in table 4.14. The table contains 

five types of sample guide sign. All type of guide sign are not common in Hawassa city 

because there were no trend to use guide sign in Hawassa city but the selection strategy of the 

researcher was by considering the most common guide sign in other different areas. For each 

type of guide sign the researcher provided four levels of educational background of drivers. 

The SPSS software result shows that four of five type of selected guide sign probability of chi-

square test statistics less than the alpha level of significance (0.05) and only one type of guide 

sign chi-square test statistics greater than the alpha level of significance. In general 

educational background and guide sign were related to each other.

analysis of Educational background of drivers and guide sign 
Guide sign 
Parking area Direction of Home zone Additional traffic Hospital 

public service entire joining from left 
ahead 


4 10 2 12 6 9 1 13 5 9 
26 14 7 33 3 37 6 34 17 23
5 11 11 5 8 8 2 14 12 4 

3 1 3 1 2 2 2 2 4 0 
P = 0.02 < P = 0.00 < P = 0.00 < P = 0.21 > 0.05 P = 0.01 < 

0.05 0.05 0.05 0.05 
Yes Yes Yes N0 Yes 
dependent dependent dependent independent dependent 
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4.4.3.2. Marital status and guide sign

In the cross-classification analysis of marital status of driver the respondents and the 

comprehension of the selected regulatory sign, the result is given in table 4.8. Like other types 

of personal characteristics marital status is also one of important characteristics for drivers to 

know the correlation between personal characteristics and understanding of different traffic 

control device. In this cross analysis there are five types of sample guide sign those mentioned 

in the cross analysis of educational background and understanding of guide sign. For each type 

of guide sign there were two types of marital status that were single and married but there was 

no driver marked under divorced option for the given alternative. The SPSS software result 

shows that from the selected five types of guide sign all type of guide sign probabilities of chi-

square test statistics were greater than the alpha level of significance (0.05) meaning that the 

characteristics i.e. marital status and guide sign traffic control devices understanding were not 

related on each other. 

Table 4.15: Marital status and guide sign 
Guide sign 
Parking area Direction of Home zone Additional Hospital

public entire traffic joining 
service from left ahead


24 23 17 30 13 34 7 40 25 22
14 13 6 21 5 22 3 24 13 14
0 0 0 0 0 0 0 0 0 0 
P = 0.212 > P = 0.378 > 
0.05 0.05 

No No 
independent independent
48


3.3. Age and guide sign

In the cross-classification analysis of age of driver the respondents and the comprehension of 

the selected guide sign, the result is given in table 4.9. Under this cross analysis of drivers 

there were five levels of age of drivers for each type of five sample selected guide sign. The 

age of driver starts from 18 years and the first level category of age was 18-25, the second 

level category 26-30, third level category 31-35, fourth level category 36-40 and the last level 

category was 41 and above for each level category there were 10%, 20%, 24%,25% and 20% 

consequently. Majority of driver age category was level four that means 36-40 and minimum 

number of age category was level one that means 18-25 it contains only 10% from the total 

number of drivers. The SPSS software result shows that four of five type of selected guide 

sign probability of chi-square test statistics less than the alpha level of significance (0.05) and 

only one type of guide sign chi-square test statistics greater than the alpha level of 

significance. In general age of drivers and guide sign were related to each other. 

Table 4.16: Age of drivers and guide sign 
Age of Guide sign 
drivers 
Parking area Direction Home zone Additional Hospital

of public entire traffic joining
service from left ahead 


2 5 1 6 1 6 0 7 2 5 
9 6 5 10 7 8 2 13 5 10
8 10 2 13 2 16 0 18 12 6 
6 13 1 18 2 16 2 16 10 9 
13 2 9 6 6 9 6 9 9 6 
P = 0.01 < P = 0.00 < P = 0.03 < P = 0.01 < 
0.05 0.05 0.05 0.05 

Ho Rejected Yes Yes Yes Yes No 
Result dependent dependent dependent dependent independent 
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4.4.4. Understanding of traffic signal

Analyses of traffic signal were conducted to check for relationship between traffic control 

device comprehension and individual characteristics of the respondent drivers. The 

comprehension of traffic signal of drivers is depending on the type of signal, the result shows 

under the following table consequently.

4.4.4.1. Educational background and traffic signal

In the cross-classification analysis of educational background of the respondents and the 

comprehension of the traffic signal, the result is given in table 4.10. Traffic signals are the 

most common type of traffic control device throughout the world because the advantage of 

this TCD also very high relative to the other TCD. Like other types of TCD there were four 

levels of educational background of drivers. For each type of traffic signals there were 

different numbers of correct and wrong answers. Green light had relatively more number of 

correct answers and yellow light had less number of correct answers. The SPSS software 

result shows that all types of selected traffic signal probability of chi-square test statistics were 

less than the alpha level of significance (0.05), meaning that the characteristics i.e. educational 

background and traffic signal traffic control devices understanding were related on each other.

Table 4.17: Educational background and traffic signal 
Educational Traffic signal
Red light Yellow Green 
Correct wrong Correct wrong Correct wrong

7 7 1 13 10 4 
34 6 11 29 37 3 
14 2 6 10 15 1 

4 0 3 1 4 0 
P = 0.01 < 0.05 P = 0.04 < 0.05 P = 0.00 < 0.05 

Yes Yes Yes 
dependent dependent dependent 
50

4.4.4.2. Age and traffic signal 

In the cross-classification analysis of age of driver the respondents and the comprehension of 

the traffic signal, the result is given in table 4.18. In the cross classification analysis of traffic 

signals the researcher selects the most common and frequently used in Hawassa city that were 

red light it give the meaning of stop for vehicles and pass for pedestrian, yellow light it means 

ready to stop or to move and green light passing is allowed for vehicles and passing is not 

allowed for pedestrian. To examine the correlation between traffic signals and age of drivers 

the researcher provided five level category of drivers age that were similar with the previous 

type of TCD with age of drivers for this type of TCD the drivers had more awareness than 

other type of TCD and from three types of traffic signals drivers had misconception towards 

the meaning of yellow light traffic signals above half of the total selected drivers they 

answered that “yellow light signals having the same meaning with green light signals”. Red 

light and green light signals were simple for majority of drivers. The SPSS software result 

shows that all types of selected traffic signal probability of chi-square test statistics were less 

than the alpha level of significance (0.05), meaning that the characteristics i.e. age of drivers 

and traffic signal traffic control devices understanding were related on each other. 

Table 4.18: Age of drivers and traffic signal 
Age of driver Traffic signal 
Red light Yellow Green 
Correct wrong Correct wrong Correct wrong 
18-25 2 5 0 7 2 5 
26-30 11 4 5 10 11 4 
31-35 14 5 3 16 14 5 
36-40 17 2 3 16 17 2 
41 and above 15 0 10 5 15 0 
X2 test statistics P =0.00 < 0.05 P =0.00 < 0.05 P =0.00 < 0.05 
Ho Rejected Yes Yes Yes 
Result dependent dependent dependent 
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4.4.4.3. Marital status and traffic signal

In the cross-classification analysis of marital status of driver the respondents and the 

comprehension of traffic signal, the result is given in table 4.19. The correlation between any 

TCD and marital status of driver personal characteristics results show that there were no clear 

relationships because some selected type of TCD had strong correlation with marital status of 

personal characteristics of drivers but some of the traffic control device also had no any 

correlation. In this cross classification there were red light signals, yellow light signals and 

green light signals. Under each type of traffic signals there were two types of marital status of 

drivers characteristics that were single and drivers and married drivers but there were no 

divorced drivers according to the survey result of researcher. The result shows that the 

majority of drivers were single and 37% of the total sample drivers were married. From the 

three types of traffic signals under red light and green light signals there were no difference 

correct answer weather the drivers single or married but only under yellow light signals there 

was difference between the single and married drivers. The SPSS software result shows that 

all types of selected traffic signal probability of chi-square test statistics were greater than the 

alpha level of significance (0.05), meaning that the characteristics i.e. marital status and traffic 

signal traffic control devices understanding were not related on each other. 

Table 4.19: Marital status of drivers and traffic signal 
Traffic signal 
Red light Yellow Green 
Correct wrong Correct wrong Correct wrong 
37 10 15 32 42 5 
22 6 13 21 25 3
0 0 0 0 0 0
P = 0.988> P = 0.209> P = 0.992> 
0.05 0.05 0.05 
No No No 
independent independent Independent 
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4.4.5. Understanding of road marking

Analyses of road marking were conducted to check for relationship between traffic control 

device comprehension and individual characteristics of the respondent drivers. The 

comprehension of road marking of drivers is depended on the type of road marking, the result 

shows under the following table consequently.

4.4.5.1. Educational background and road marking

In the cross-classification analysis of educational background of the respondents and the 

comprehension of the selected road marking, the result is given below in table 4.20. There are 

different types of road marking on the asphalt that used or drivers and pedestrians but in this 

cross classification analysis the researcher selects only five types of sample selected road 

marking that used most commonly in Hawassa city. The SPSS software result shows that all 

types of selected road marking probability of chi-square test statistics were less than the alpha 

level of significance (0.05), meaning that the characteristics i.e. educational background and 

road marking traffic control devices understanding were related on each other. 

Table 4.20: Educational background and road marking
Road marking 
May cross to Passing is Passing is Zebra No crossing 

overtake allowed with allowed when crossing for
extra caution safe pedestrian 


˂ or = 8 2 12 4 10 5 9 2 12 1 13
High school 20 20 31 9 33 7 18 22 19 21

5 11 7 10 11 8 2 13 11 6 

4 0 4 0 3 1 3 1 4 0 
P = 0.00 < P = 0.00 < P = 0.00 < P = 0.01 < P = 0.00 < 

0.05 0.05 0.05 0.05 0.05 
Yes Yes Yes Yes Yes 
dependent dependent dependent dependent dependent
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4.4.5.2. Age and road marking

In the cross-classification analysis of age of driver the respondents and the comprehension of 

the selected road marking, the result is given in table 4.21. Age of drivers is one of very 

important personal characteristics towards the comprehension levels of TCD. The correlation 

between road marking and age of driver’s are one of very important information to minimize 

the road traffic accidents throughout the country. In this analysis the researcher selects five 

types of road marking and under each type of road marking there were five level category of 

the age of drivers. Like the previous analysis age had strong relation with understanding of 

any road marking. The result shows that the understanding capacity of drivers increases when 

the age of drivers increases. The SPSS software result shows that all types of selected road 

marking probability of chi-square test statistics were less than the alpha level of significance 

(0.05), meaning that the characteristics i.e. age of drivers and road marking traffic control 

devices understanding were related on each other.

Table 4.21: Age of drivers and road marking 
Age of driver Road marking 
May cross Passing is Passing is Zebra No crossing

to overtake allowed with allowed crossing for 
extra caution when safe pedestrian 


1 6 1 6 2 5 0 7 1 6 
5 10 7 8 9 6 3 12 4 11 
6 12 10 8 13 5 6 13 9 10 
8 11 14 5 13 6 7 12 11 9 
12 3 14 1 14 1 10 5 9 6 
P = 0.01< P = 0.00 < P = 0.03 < P = 0.01 < 
0.05 0.05 0.05 0.05 
Yes Yes Yes Yes
dependent dependent dependent dependent
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4.4.5.3. Marital status and road marking

In the cross-classification analysis of marital status of driver the respondents and the 

comprehension of road marking, the result is given in table 4.15. Sample selected road 

marking those mentioned in the analysis of previous road marking were similar with this cross 

analysis. The selected sample road marking that used in this analysis were may cross to 

overtake road marking, passing is allowed with extra caution road marking, passing is allowed 

when safe road marking, zebra crossing for pedestrian road marking and crossing is not 

allowed road marking. Each types of road marking there had two types of marital status that 

were single and married. The researcher were interested to determine whether married drivers 

answered more than single drivers or not related with marital status and understanding of any 

road marking. The result shows that there were no clear relation between any TCD and marital 

status of drivers. In this cross analysis also some road marking were dependent and some are 

not depend on the age of the drivers. The SPSS software result shows that all types of selected 

road marking probability of chi-square test statistics were greater than the alpha level of 

significance (0.05), meaning that the characteristics i.e. marital status and road marking traffic 

control devices understanding were not related on each other. 

Table 4.22: Marital and road marking 
Marital status Road marking 
May cross to Passing is Passing is Zebra crossing No crossing

overtake allowed with allowed when for pedestrian 
extra caution safe 




18 29 29 18 33 14 16 31 22 25 
15 13 17 11 19 8 9 19 12 16 
0 0 0 0 0 0 0 0 0 0 
P = 0.197 > P = 0.932 > P = 0.831 > P = 0.866 > P = 0.74 > 
0.05 0.05 0.05 9.05 0.05 
No NO NO NO NO 
dependent Independent Independent Independent Independent 
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4.5. Types of Traffic Control Devices that Creates Confusion for driver

From the total selected type of eight regulatory sign the average percentage of the correct 

answer was 52%. According to the minimum passing mark for driving license the 

comprehension level was not satisfactory. Stop sign 32%, No parking sign 51%, Maximum 

speed limit sign 49%, No overtaking sign 53%, Do not entire this way sign 87%, Yield sign 

35%, No horn sign 53% and No left turn sign58%. Under those eight types of selected sample 

regulatory sign, Stop sign and Yield sign were not implement appropriately by drivers in 

opposite way do not enter this way sign was relatively implement in better way. 


Figure 4.1: Number of correct respondent for regulatory sign 

There were seven selected sample of warning sign from those selected sign the drivers average 

percentage of the correct answer was 58% which indicate that the comprehension of drivers 

towards warning signs were better than the comprehension of regulatory signs. Road work 

62%, Double bend first to right 65%, Road narrows on right 42%, Slippery road 46%, Round 

about 74%, School children crossing 58% and Pedestrian crossing 62%. From those seven 
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types of warning sign Road narrow on right was not implementing appropriately and drivers 

had better comprehension of roundabout.


Figure 4.2: Number of correct respondent for warning sign

Guide sign is a type of traffic sign that drivers use to follow the direction of what they want to 

go. From the total selected five types of guide sign the average percentage of correct answer 

was 34% this shows that the Hawassa city drivers had poor comprehension of guide sign. 

Parking area 51%, Direction of public service sign 31%, Home zone entire sign 24%, 

Additional traffic joining from left ahead sign 14% and Hospital sign 51%. From the total of 

five types of guide sign Additional traffic joining from left a head guide sign drivers had low 

understanding level. Hospital sign and parking sign comprehension of drivers are better than 

the others. 
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Figure 4.3: Number of correct respondent for guide sign 

Drivers had good comprehension of traffic signal relative to the other type of TCD. According 

to the result the average percentage of the correct answer was 66% which indicate that the 

comprehension level of drivers towards traffic signal was better than the other. Red light 

signal 79%, Yellow light signal 28%, and Green light signal 89%. From the three types of 

signals drivers had low implementing capacity of Yellow light signal.


Figure 4.4: Number of correct respondent for traffic signals 
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The other type of traffic control device was road marking which used as traffic sign. From the 

total selected type of five road markings the average percentage of the correct answer was 

51%. May cross to overtake marking 43%, Passing is allowed with extra caution marking 

61%, Passing is allowed when safe marking 70%, Zebra crossing for pedestrian marking 33% 

and No crossing marking 45%. From those types of road markings zebra crossing was not 

implement properly relative to others and passing is allowed when safe was implement 

properly.


Figure 4.5: Number of correct respondent for road marking

4.6. Statistical Model of the Traffic Accidents in Hawassa city

In this study the researcher grasped factors, which most affected accidents in the city areas to 

construct accidents prediction model reflected road characteristics factors according to the city 

road service capacity. To select independent variables adapted for a model using grasped 

factors the researcher considers different situations in Hawassa city. 

The first trial to select the model is Poisson regression model but the dependent data is not fit 

with this model. According to the assumption five of the Poisson regression model the mean 

and variance of the model are identical. This is a consequence of Assumption 4; that there is a 
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Poisson distribution. For a Poisson distribution the variance has the same value as the mean. 

Therefore the dependent data shows that mean and variance is different due to this the 

researcher selects the multi linear regression model. 

Table 4.23: SPSS result of coefficients of independent variable 
The general form of the linear crash prediction model can be expressed as follows: 

Y = βo + β1X1 + β2X2 + β3X3 + ………… + e 

Where X1, X2 and X3 is the level of the input variable and e is a random error that we shall 

assume is normally distributed with mean 0 and (constant) variance σ2. The parameters β0, β1, 

β2, β3 and σ2 are assumed to be unknown and must be estimated from the data, which we shall 

suppose will consist of the values of Y1, . . . , Yn where Yi is the response level (i.e. crash 

frequency) corresponding to the k input levels xi1, . . . , xi2, . . . , xik . 

From the SPSS software result;

β0 = 157.538, β1 = - 0.71, β2 = 0.098 and β3 = - 4.318

Y = 157.538 - 0.71X1 +0.09X2 - 4.318X3 

Where 

X1 is length of asphalt road in Hawassa city 

X2 is AADT per lane

X3 is No of zebra crossing per km. 
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Actual accident prediction accident

Figure 4.6: comparison of prediction and actual accident

4.6.1. Discussion of explanatory variable

The correlation coefficient between explanatory variables of general roads and accidents in 

Hawassa city, as it shows at table 4.23. average annual daily traffic (AADT) had positive 

correlation with traffic accident which means when the number of AADT increases there was 

also the probability of occurring accident but the coefficient was small that means the factor is 

very small. Asphalt road length and pedestrian zebra crossing were very important to 

minimize number of accidents. According to the model result, in Hawassa city pedestrian 

zebra crossing and asphalt road access had a negative correlation with traffic accident but the 

contribution factors were not equal because pedestrian zebra crossing coefficient greater than 

the coefficient of asphalt road length that means construction of additional asphalt road with 

properly making pedestrian zebra crossing.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions 

Based on the result of evaluation of public car drivers understanding of traffic control device 

towards road safety measure as a function of personal characteristics drivers generally have 

poor understanding of traffic control devices. Driver’s personal characteristics strongly related 

with driver’s comprehension abilities of traffic control device. Educational background and 

age were as a major factor affecting the understanding of traffic control devices as observed in 

the statistical test carried out and marital status had no effect on the driver comprehension of 

traffic control devices. 

From sample selected type of traffic control devices all type of traffic sign comprehension 

level of drivers was not satisfactory because the minimum passing mark for driving license is 

74%. The average percentage correct answer of regulatory sign 52%, warning sign 58% and 

guide sign 34%. Drivers had good comprehension of traffic signal relative to the other type of 

TCD. According to the result the average percentage of the correct answer was 66%. Road 

marking understanding of drivers were also poor because the average percentage of correct 

answer was 51%. Stop sign from regulatory sign, road narrow on right sign from warning sign 

and additional traffic joining from left a head sign from guide sign are a type of traffic sign 

that are not implemented properly. From the three types of signals drivers had low 

implementing capacity of Yellow light signal. From selected type of road markings zebra 

crossing was not implement properly. 

In the section of statistical model of traffic accidents in Hawassa city there were three 

independent variables that are more significant from different types of explanatory variables. 

Pedestrian zebra crossing and asphalt road access had a negative correlation with traffic 

accident but the contribution factors were not equal. AADT had positive correlation with 

traffic accidents which means when the number of AADT increases there was also the 

probability of occurring accidents. 
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5.2. Recommendations

To get better the comprehension levels of traffic control device a series of actions in education 

and control is decided to be taken. In education programs, different target groups should be 

approached with different methods. Driver especially those with low educational background 

should take special training to get a better understanding of traffic control devices. 

Government and non government organizations should take attention the responsibility of 

safety on roads and should be better empowered with educational materials such as hand book, 

poster, use of public media like radio and television, seminar and talk shows.

In the formal education system students should be taught in the courses or in other suitable 

places hanging traffic control device on school compound, placement exams are given to 

questions related to traffic safety. Driver training courses should concentrate on this issue in 

education of driver candidates. Training programs organized by professional organizations 

should be informed by professionals such as transport engineers and drivers such as taxi, 

service or truck drivers etc. 

Drivers’ inspection by traffic police should be series in Hawassa city. If there is inspection in 

the city drivers respect the message of traffic control devices in other ways they are not willing 

to respect any traffic rule.

The cause of traffic accident in Hawassa city should be decreased by cooperation of traffic 

police office of Hawassa city, the transport office and Hawassa city administration office.

Hawassa university road and transport department should work with the city police station to 

train how to record the traffic accident, how to identify the cause of traffic accident, how to 

monitor the flow of traffic volume, to identify the road that need traffic control device.
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Appendix 1- Chi square result of different traffic control device
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Appendix 2- SPSS result of Multiple Linear regression model
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Appendix 3- Questionnaire and field work observation format 

HAWASSA UNIVERSITY 

INSTITUTE OF TECHNOLOGY 

FACULTY OF CIVIL ENGINEERING AND BUILT ENVIRONMENT

ROAD AND TRANSPORT POSTGRADUATE PROGRAM 

This questioner will be filled by the public car driver in Hawassa city.

Dear respondents; 

The purpose of this questioner is to collect data for the study entitled “Assessment of public 

car driver comprehension of traffic control device statistical traffic accident modeling in 

Hawassa city ’’. Your responses are vital for the success of the study. So, you are kindly 

requested to read and understand all questions then fill the answer with genuine responses. Be 

sure that the responses you may give used only for educational purpose and information is 

kept confidential. 

Please note the following pointes before you start filling the questionnaire;

1. Do not write your name on the questionnaire 

2. Read all the questions before attempting to answer the questions 

3. There is no need to consult others to fill the questioner 

4. Provide appropriate responses by using "√" or "X" mark to choose one of the selected 

alternatives.

5. Give your answer for all questions.

Thank you in advance for your genuine cooperation!

Part I, Drivers’ demographic characteristics 

1. Gender male female
2. Drivers Age 1, 20 – 25 2, 26 – 30 3, 31 – 35
4, 36 – 40 5, above 41 
3. Marital Status 1, single 2, married 3, divorced 
4. Educational background 1, 4 – 8 2, 8 – 12 3, level & diploma
4, BSC /BA and abov
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Part II, Drivers Comprehension of Traffic Signs 

Understanding of regulatory signs 

1. What is the meaning of this sign? 

A, stop at intersection B, stop at round about C, stop at parking D, I don’t 

know 
2. Which one is correct about this sign? 

A, No parking B, parking Area C, stop at intersection D, I don’t know 
3. What is the meaning of this sign? 

A, free speed B, Minimum speed limit C, Maximum speed limit D, I don’t know 
4. One of the following is true about this sign? 

A, No left turn B, No right turn C, No overtaking D, I don’t know 
5. Which one is correct meaning about this sign?

A, do not entre this way B. parking area C, round about D, I don’t

know 
6. What do you understand from this sign?
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A, No waiting B, do not entre this way C, check before crossing the 

intersection D, I don’t know 
7. One of the following is true about this sign? 

A, do not entre this way B, No parking C, No Horn D, I don’t know
8. What do you understand from this sign message? 

A, left turn B, right turn C, No left turn D, No right turn 
Part III, Drivers Comprehension of Traffic Signs 

Understanding of warning signs 

9. What do you understand from this sign message? 

A, Pedestrian cross way B, the road is sloppy C, Road work D, I don’t know 
10. What is the message of this sign? 

A, No right turn B, No left turn C, double bend first to right D, double bend first to left 
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11. What is the message of this sign? 

A, road narrows on both sides B, road narrows on right C, road narrows on left

D, I don’t know 
12. What do you understand when you see this sign on the road side? 

A, double bend first to left B, bend to the left C, slippery road D, I don’t know 
13. Which one of the following is true about this sign?

A, uneven road B, round about C, stop here D, I don’t know
14. Which one is the correct meaning of this sign? 

A, pedestrian crossing B, school children crossing C, no for children D, I don’t 

know 
15. What do you understand from this sign meaning? 

A, pedestrian crossing B, school children crossing C, no for children D, I don’t 

know 
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Part IV, Drivers Comprehension of Traffic Signs

Understanding of information signs 

16. What is the meaning of this sign on the road side? 

A, direction of express way B, Direction of public service C, direction of village 
17. What do you understand from this sign? 

A, fuel service B, Hospital C, Parking area D, I don’t know 
18. What do you understand from this sign message? 

A, home zone entire B, public service C, Hospital D, school 
19. What is the correct meaning of this sign? 

A, Additional traffic joining from left ahead B, the road blocked to the left

C, Parking area D, I don’t know 
20. What do you understand from this sign message? 

A, Parking area B, Hospital C, School D, I don’t know
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Part V, Drivers Comprehension of Traffic Marking 

21. What is the message of this road marking? 

A, No cross to overtake B, may cross to overtake C, center line D, I don’t know


22. What do you understand from this road marking? 

A Passing with extra caution B, No Passing C, Parking D, I don’t know


23. Which one is correct meaning about this road marking? 

A, Passing is allowed B, passing is not allowed C, Parking D, I don’t know


24. What is the meaning of this road marking? 

A, Parking B, passing is not allowed 

C, Pedestrian cross way D, I don’t know
25. What do the diamond shaped road markings signify? 

A, No crossing B, passing is not allowed C, I don’t know
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Part VI, Drivers Comprehension of Traffic Signals 

26. What types of action you take just you see a red light at the signal intersection? 

A, Stop for vehicle and open for pedestrian interval B, Ready to stop or to move 

C, safe to move D, I don’t know 


27. What do you understand when you see green light at the intersection? 

A, Stop for vehicle and open for pedestrian interval B, Ready to stop or to move 

C, safe to move D, I don’t know 


28. What types of action you take just you see a yellow light at the signal intersection? 

A, Stop for vehicle and open for pedestrian interval B, Ready to stop or to move 

C, safe to move D, I don’t know 
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Field work observation format 

The purpose of this field work observation is to collect data for the study entitled “Assessment 

of public car driver comprehension of traffic control device and statistical traffic accident 

modeling in Hawassa city’’. This format is filling by the researcher that is the response of the 

driver after watching the TCD on the road side.

Part I, Drivers Comprehension of Traffic Signs


Meaning of sign Type of actions what drivers takes

sign 
Stop at intersection 



No parking 



Maximum speed limit



No overtaking



Do not entre this way 



Stop and check before

crossing the intersection 
No Horn 



No left turn
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Part II, Drivers Comprehension of road marking 
Marking Meaning Type of actions what drivers 
takes
May cross to 

overtake

Passing is allowed 
with extra caution 

Passing is allowed 
when safe 

Pedestrian crossing



No crossing



Part III, Drivers Comprehension traffic signals
Signal Meaning Type of actions what drivers takes
Stop for vehicle and 

open for pedestrian 
interval 
Ready to stop or to move


Safe to move
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sign Meaning of 


sign 





Questionnaire result (50 %)





No answer wrong Correct 


Stop at 3 36 35 


intersection 4.05% 48.65% 47.30% 





Road lane crossing per 


length Km 





2010 147 1398 10.85








2009 136 1267 8.75








2008 134 1057 7.81








2007 132.3 875 7.21








2006 132.3 822 7.18





Gender 











Age(year)

















Marital


Status 








Educational


background 





Stop sign No Maximu No Do not Yield sign No Horn No left turn 


parking m speed overtakin entre this 


limit g way 














1 13 3 11 4 10 3 12 4 10 1 13 3 11 2 12 


16 24 25 15 23 17 26 14 27 13 15 25 20 20 26 14 





4 12 7 9 6 10 9 8 11 6 8 11 8 9 11 6








4 0 3 1 4 0 4 0 4 0 3 1 4 0 3 1





P = 0.02 < P = 0.03 < P = 0.03 < P = 0.00 < P = 0.02 < P = 0.03 < P = 0.04 < P = 0.00 < 


0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 


Yes Yes Yes Yes Yes Yes Yes Yes 


dependent dependent dependent dependent dependent dependent dependent dependent 























41





18-25


26-30


31-35


36-40


41& above


X2 test 


statistics


Ho Rejected 


Result 





P = 0.21 >


0.05 





P = 0.25 > 


0.05 





P = 0.00 < P = 0.04 < 


0.05 0.05 





Yes N0


Dependent Independent 
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Yes No 


Dependent independent 





Yes 


Dependent





divorced 


X2 test 


statistics


Ho rejected? 





Result 





Educational 


background 


























˂ or = 8


High school 


Level & college 


diploma 


BSc/BA and 


above 


X2 test 


statistics 


Ho Rejected 


Result 





18-25


26-30


31-35


36-40


41 and above


X2 test 


statistics


Ho Rejected 


Result 





status 





























Single 


Married


divorced 


X2 test 


statistics 


Ho Rejected 


Result 





P = 0.795> P = 0.879> 


0.05 0.05 


No No


independent independent 





P = 0.604> 


0.05 


No 


independent 





P = 0.105> P = 0.00< 


0.05 0.05 


No Yes 


independent dependent





Table 4.14: Cross 


Educational 


background 





˂ or = 8 


High school


Level & college


diploma 


BSc & above 


X2 test 


statistics 


Ho rejected? 


Result 





Marital 


status 

















Single 


Married


divorced


X2 test 


statistics 





Ho rejected? 


Result 





P = 0.948 >


0.05 


No


independent 





P = 0.65 > P = 0.676 > 


0.05 0.05


No No 


independent independent 





18-25


26-30


31-35


36-40


41and above 


X2 test 


statistics 





P = 0.23 > 


0.05 





background 











˂ or = 8 


High school


Level & college 


diploma 


BSc/BA & above 


X2 test statistics 


Ho Rejected


Result 





Marital status 








single 


Married 


divorced


X2 test statistics 





Ho Rejected


Result 





Educational


background 





Level & college 


diploma 


BSc/BA & above 


X2 test statistics 





Ho Rejected





18-25 


26-30 


31-35 


36-40 


41 and above 


X2 test 


statistics 


Ho Rejected 


Result 





P = 0.16 > 


0.05 


No


independent





Single 


Married 


Divorced 


X2 test 


statistics 


Ho Rejected 


Result 





150





140





130





120





110
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