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ABSTRACT 

Background: Road traffic acc idents (RTAs) are a major publ ic health concern, resulting in an 

estimated 1.2 million death s and 20-50 milli on injuri es world wide each year. In deve loping 

countries RTA s are among th e leading cause of death and injury. Ethiopia experiences the 

highest rate of such acc idents in Sub-Saharan Africa. Out of a ll the accidents reg istered in 

Ethiopia, Add is Ababa accounts for 60% on average. 

Objective: The objecti ve o f thi s study is to identify th e factors that contribute to th e occu rrence 

o f traffi c acc idents leadin g to human injuri es and death. 

Method: This study appl ied binary and ordinal logisti c regression models to identify factors 

influencing traffi c fata li ties and inju ries. Stratified samplin g with proportional a llocation and 

simple random sampling technique are used to se lect samples from recorded frame. The data is 

obta ined from Add is Ababa Traffi c Control and In vest igation Department (AATCID). A tota l of 

443 accidents invo lvi ng human injury that occurred within 365 consecuti ve days from July 8, 

2008 to Ju ly 7, 2009 are sampled. 

Results: Descripti ve anal ys is indicates that 149 (33.6 percent), 196 (44 .2 percent) and 98 (22.2 

percent) are found to be s light injury, seri ous injury and fata l, respecti ve ly. Binary and ordina l 

log ist ic regress ion ana lyses showed that drivers aged 18-30 years caused the larger number of 

acc idents foll owed by age group 3 1-50. Dri vers with lower ed ucat ional background , absence of 

lighting, wet surface and asphalt pavements, morn ing and evening hours, places like offi ces, 

res id entia l and commerc ial nei ghborhoods, automobiles and tax ies/minibuses were fo und to be 

strong and signifi cant predi ctors of severity fata liti es/seri ous injuries for traffi c accidents in 

Add is Ababa. 

Conclusion: For effecti ve and safe traffic management, the concerned transportation authoriti es 

can cons ider the above menti oned pred ictors as potenti al causes of acc idents in the ir order of 

importance. The findings of thi s study can serve as a basis for policymakers to create preventi ve 

measures for traffic accidents. 

II 



Table of contents page 

Acknowledgments .... . . . ....... . . ....... ........... ........ .... ..... ....... ... .... .. . . .. ......... . ..... " .... i 

Abstract ............ . .. . .. . ......... . .. . .. . .... .... ... . .. . ...... . .. . .......... . . ................. . .ii 

List of tables .... . .... .. ....... . .. ... ...... .. . ....... ... . ........ . .. ... .... .. . . V 

Acronyms . . ... . . . . . ........... . ............. . ..v 

CH APTE R O NE: INTRODUCTION ..... .. ....... . ......... . ................ . ...... ... ......... . ..... 1 

1.1 Background .... . . .. .... . .. .... .. . . . . ... . .... . . . . ...... .... . . .. . .. . .. . . . . . . . . .•. .. . .. .•. . .... .. ..... . ... . . I 
1.2 Statem ent of the prob lem ................. .. ...... .. ...... . . .. . .......... .. ................. . ........... 2 
1.3 Object ives of the study .. ... ....... ... . ... .. .... .. ..... ... .. . . ... .. ..... .. .......... . ... ... .... . . .. ... ... 3 
1.4 Significance of the study .... ... .... .. ... .. .. . .. .. .......... .. ........ .... ... .. . .. .. .. .... .. ... .. ........ 3 
1.5 Lim itat ion of the study ... ....................... .. ..... . ............... ...... ........................... .4 
1.6 Definiti on of terms ... . . .... .......... . .. . ....... .... ..... . ......... . .. . .... . . .. . ... .. .. . . .. .............. 4 
1.7 Organization of the study ............................ .. ... .. .. . ....... ... ............ . ... .. .... .......... 5 

CH APTER TWO: LITE RATURE REVIEW 

2. 1 Factors associated with traffi c acc id ent. ..... 

...... 6 

. .... 7 

2. 1.1 Human factors ................................................................. .. ..... 7 

2. 1.2 

2.1.3 

Vehi cle fa ctors ............ . 

Environm enta l facto rs . 

2. 1.4 Roadway fac tors .. 

. ... 8 

.. . ..... .. ......................... .. ....... 9 

... 10 

2.1.5 Other factors ................................................. .. ....... .. .......... .. ..... 12 

CHAPTER THREE: MATERIALS AN D METHODOLOGy ........................... .. ....... 13 

3. 1 Source of data ..... .. . .. ...... .. .... .. .. .. ...... . ..... . . .. ... .. . .. .... .. .... ... ... ... ... .. . ... . ... 13 

3.2 Data co llecti on ... . . .. .... .. ........... .... . .. ............... ... ........ ... ..... . .. .. .............. 13 

3.3 Variables included in th e study .............. .. ........ ... ... .... . ..... .. .. .. ........... .. ..... ... 14 

a. The response variabl e . ..... ... ..... .. . .. ... .... ...... .. . .. . .... .............. ... ...... .... . .... 14 
b. Explanatory variab les .. .. ..... . ..... ... .... . .. . . .. ..... . .... .. ..... .... .. ...... .. ...... ..... .. ..... 14 

i. Human factors ................ ... ............ .. .......... .. . .. .......... .. .. .. ... ..... ....... . 14 
ii. Vehicle factors ................... .. ... .. ... .... .. .... .... .. .... .. ..................... ..... . 14 
iii. Environmenta l factors .... .. .... .. .......... . ..... .. .. .. ..... .. ... .. . .. ... .. ..... . ........... 14 
iv. Roadway factors .. . .. ... ..... . ... . ..... . .. .. ..... . ......... ... . . .. .. .... ... .. . . . . ........ .... 14 
v. Other factors ........ .. ............ . ......... ... ...... . ... .. ....... .. ........................... 14 

c. Descripti on of variabl es inc luded in the ana lys is ........................ .... .. ...... .... ... 15 
3.4 Meth odology .. .. .. .. .......... . ............ . ............. .. .. .. .. .... .... .. . .... ...... ........ 19 

til 



3.4. 1 Int rod ucti on to log istic regress ion ana lys is ... ... . .. ..... .... . ...... . . . .. . ..... 19 

3.4.2 Binary logistic regress ion mode l.. .... ... . . . ...... . .... . ... . ..... 19 

3.4.3 Po lytomous log istic regression mode l. ............ .. .............. . .... . ....... 20 

3.4.4 Ord inal log ist ic regress ion model. ....... . ... . ....... ................ .... . . ...... . 2 1 

3.4.5 Cumulative log it models ............... . .......... ... . . ....... . ........ . ......... 22 

3.4.6 Estimation techniques ..................... . ..................... .... . .. ........... 23 

3.4.7 Mode l adequacy checking ........... . ... . .. . .. . ... . ... .. . .. ... .. . ... .. .. .... ...... 23 

3.4.7.1 Overall model fit. ... . ............ . .. . ........... . ................... . .. . ........ 23 

3.4.7.2 Test of goodness of fit. ....... .. .. .. ........................ . .................. 23 

3.4.7.3 R-squa re estimate ...... . ........... ... ....... . . ... ... .. ........... .... .......... 25 

3.4.7.4 Test of para ll eli sm ........................................... . ................. .27 

CHAPTER FOUR: STATISTICAL DATA ANALySIS .. ............................. . ... 28 
4.1 Major human, roadway, vehicle, and env ironm ental factors with injury 

severity levels ...... .. ... . ........................................... . . . . 28 
4.2 Binary logist ic regression analysis ......................... . ................................. 3 1 

4.2. 1 Goodness of fit test................ ................... .... ....... . .... . ........ 3 1 

4.2.2 Classification tab le ........ .. . . . .. ... . .. .. .. .. . . ........... . .... . ......... . ........... 3 1 

4.2.3 Model est im ati on ... .... . ,' . ... . , .... ......... .. ...... . ... .. ...... . .. ....... 32 
4 .3 Ordin al logist ic regress ion ana lys is ....... .... ................ . .... . . . ......... 35 

4. 3. 1 Overall model fit. .... . ............ 35 
4.3.2 Goodness of fit test. ................. . . . ............. . ............. . ..... . . . . ...... 35 

4.3.3 Mode l sum mary ................. . .. .. ..................... . ....... . .... ............. 36 

4.3.4 Classificat ion table ..................................... . ..... ..... .................. 36 

4.3.5 Test of parall eli sm .................. . .. . .. ... .............. .... . .. .... . ....... .. ..... 37 

4.3.6 Model estimation results ...................... . ..... . ................. .. ... .. ....... 37 

CHAPTER FIVE: DISCUSSION, CONCLUSION AND RECOMMENDATION .......... .4 1 

5. 1 Discuss ion .. . .. . ............ . ..................................................................... .4 1 

5.2 Conclusion and Recommendation ......... . .................. ................... . ..... ......... .45 

REFERENCES ....... ..... . .... ... ... ....... . ..... .. ....... .... . ......... . .. . ....... . ... ............... .... .46 

APPENDICES ........ ... ....... . ....... .. . . . . .. . ... .... . ....... . . . .. . ................... . .. . . . ....... .... . .48 

IV 



List of tables 

Table 4.1 : Distribution of human, vehi cle, roadway and environmental factors 

with injury level. ......................................... .... . ............ . 

Table 4.2: Classification of inj ury severity levels for binary response .. 

Table 4.3: Parameter est imates of the binary logist ic model. .... 

Table 4.4: Class ifi cat ion of injury severity leve ls for ordinal response ... 

Table 4.5: Parameter estimates of the ord inal logisti c mode l ...... . ... . 

Abbreviations and Acronyms 

AATCID 

AIDS 

ML 

MLE 

OR 

RTA 

RTI 

SPSS 

UN 

US 

USA 

WHO 

Addis Ababa Traffic Control and Investigation Department 

Acquired Immunodefic iency Syndrome 

Maximum Like lihood 

Maximum Likelihood Estimate 

Odds Ratio 

Road Traffic Accidents 

Road Traffic Injuries 

Statistical Package fo r Social Sciences 

Un ited Nations 

United States 

United States of America 

World Health Organization 

Page 

. ... 29 

..31 

" .. ,) J 

. . .36 

. .. 38 

v 



CHAPTER ONE 

INTRODUCTION 

J.I Background 

Road tra ffi c acc ident is de fin ed as any vehi c le acc ident occurrin g on a publi c hi ghway. It 

includes co lli s ions between vehi cles and animals, vehi c les and pedestrians, vehi c les and fi xed 

objects or vehi cles and vehic les. Road traffi c deaths accounted for 23% o f all inj ury death s 

worldwide in 2002. It has al so been estimated that nea rl y 1.2 milli on people, male-to-female 

ratio be ing 2 .34 to I, are killed and 20-50 million people are injured or disabled each year in road 

traffic accidents. On average 3,300 road users are kill ed and about 100,000 are injured and/or 

di sabled each day in tra ffi c (WHO, 2004). 

Out of all the accidents reg istered in Ethiopia, Addis Ababa holds accounts for 60% on average. 

This is partly because the c ity has fi ve outlets that conn ect it to different reg ions. In additi on to 

thi s about 77% vehi cles in Ethi opia are registered here. Thus Addi s Ababa, hav ing a great 

concentrat ion of veh icles and traffic, takes the li on' s share in car acc idents. Stati stica l data from 

the Addi s Ababa T raffi c Control and In vesti gation Department (AA TC ID) show that Addis 

Aba ba is experiencing aro und 700 acc idents per month and the costs o f such fataliti es and 

injuries due to traffic accidents have a great impact on vari ous aspects o f th e soc iety (Tese ma 

and Tibebe, 2005). 

Road traffi c inj ures (RTls) are growing as the veh icle use of deve lopin g-co untries ri ses. By 

2020, RTl s are expected to be the third leadin g cause of death and disabi lity wo rldwide, by some 

calcu lations matching the toll o f AIDS. Residents of developing countri es are at much higher 

ri sk o f RTls than are residents of high-income co untries . They are al so at greater risk o f death 

when a crash occurs. Developing countries al so have inadequate trauma systems and are often 

unabl e to care for crash victims. Unless ac ti on is taken to improve road safety systems, poor 

countries wi ll continue to bear the heavy to ll of road traffic injuries (Lauren and Hill , 2005). 



The 2004 World Hea lth Report (W HO) shows that of th e 1.2 milli on peop le kill ed in road 

crashes worldwide, 85% are in deve loping co untri es. Sub-Saharan A frica alone with onl y 4% of 

the global vehi cle registered accounts for 10% of the road fata li ti es, and th e economi c, soc ial and 

hea lth consequences are grave. Converse ly, the hi gh income nati ons, w ith 60% of the total global 

vehicle fleet contribute onl y 14% o f the annual road death s. Human error, road environment and 

vehicle factors are reported by the traffi c police as the main causes of road crashes. Two 

countries, South Africa and Nigeria, account for most of the reported death s in Sub-Saharan 

Afri ca . The South Africa fi gure of over 9,000 has been consistent over time, whil e N igeria with 

6,185 deaths has dec lined from a high of over 9,200 in the earl y 1990s. Ethi opia, Ken ya, 

Uganda, Tanzania and Ghana are the oth er countries that experi ence hi gh number of road deaths 

(WHO, 2004). 

Studies in Addis Ababa show that among the 3 100 reco rds wh ich are co ll ected within 3 I 0 

consec uti ve days (04/03 /06 - 07101 /07) from Add is Ababa Traffi c Co ntro l and Invest igation 

Department (AATC ID), 11 4 1(37%) in vo lved hum an injuri es . The rest are considered as 

acc idents with materia l damage onl y. The hi ghest mean number o f injuries per acc ident (0.9) is 

obtained in residential areas by dr ivers in the age gro up of 18-30 who have elementary school 

level of education (Tewo ld e, 2007). 

1,2 Statement of the Problem 

At all levels, whether at nati ona l or international leve l, road traffic accidents continue to be a 

growin g problem. In conn ection with thi s, accordin g to a World Hea lth Organi zation IWorid 

Bank Report, deaths from non-communicabl e di seases are expected to grow from 28.1 milli on a 

year in 1990 to 49.7 milli on by 2020, which is an increase in absolute number of 77%. Traffic 

accidents are the main cause of thi s ri se . Road traffi c injures are expected to take hi gher place in 

the rank order of di sease burden in the near future. 

The tragedy is more or less s imilar in Addi s Ababa . The rate of traffic accidents in Addi s Ababa 

in creases with th e in crease of motor vehi c les and population size. The ri se in automobile 

ownership together with the poo r conditi on of the roads ha s resulted in the high leve l of traffi c 

safety and congestion prob lems. In Ethiopia, more than 1,800 people di ed whil e more than 7,000 

were crippl ed or injured in 2003 . Moreover th e death ra te is 136 per 10,000 vehic les . The share 

of Addi s Ababa c ity in the tota l number of acc idents was 60% in 1989 with annual ave rage 
2 



traffic acc ident growth of 34.4%. Nowadays Addis Ababa is exper iencing around 700 acciden ts 

per month resulting in various leve ls of injury (Tesema and Tibebe, 2005). 

Accidents are not random along the road network, and that drivers are not in volved in accidents 

at random. There are complex circumstantial relationships between severa l characteristi cs 

(driver, road, vehicle, etc.). As such, one cannot improve sa fety without successfu ll y re lat ing 

accident frequency and severity to the causative variables (Yitambe, 2004). 

Thi s study explores the major human, vehicle, road and environmenta l factors that contribute to 

human fataliti es and injuries in Add is Ababa. 

1.3 Objectives of the Study 

The genera l and specifi c objectives of the study are the fo ll owi ng: 

General Objective: To identify the major factors that contributes to the occ urrence of traffi c 

acc idents leading to human injuries and death . 

Specific Objectives: 

• To classify the majo r co rrelates of the traffic fatalities into human, vehicle, road and 

environmental categories and invest igate the im pact of each. 

• To demonstrate the applicat ion of the ordered logit to road sa fety problem. 

• To identify the determinants o f traffic accidents by using binary logistic regressIOn 

model. 

1.4 Significance of the Study 

This study is main ly concerned with road traffi c acc id ent in Add is Ababa. Emphasis is given to 

study and meas ure the traffic behav ior o f pedestrians and drivers. In addition , problems re lated 

to the road environment, conditi on of veh icles and other factors w ill be identifi ed. Therefore, the 

s ign ifi cance of the study can be stated as foll ows: 
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v' The findings obtained from the study will provide inform ation and knowledge about the 

patterns of road accidents in the c ity, which in turn , could help to develop 

co untermeasures that co uld reduce the number and sever ity o f acc idents. 

v' The research outco me w ill add experti se to th e ex ist ing body of knowledge. 

v' The research outcome will help policy makers to des ign appropriate strategies to reduce 

traffic accidents. 

v' T he research will open the door fo r other researchers who are go ing to undertake fu rth er 

study in the area. 

I.S Limitation of the Study 

The data from AATCID related to vehi cle service years and dri ving experience are co llected by 

in terview ing the drivers themse lves and the accuracy o f the data is questionable to some extent. 

1.6 Definition of Terms 

Accident Frequency is a measure of the relati ve magn itude of a specific type o f accident III 

re lati on to all accidents for a specifi ed time peri od such as one or three years. 

Accident Rate is a measure of the rate o f occurrence o f acc idents in relati on to anyone o f a 

number of exposure fac tors, suc h as per million vehi cles enteri ng or per milli on km in a st udy 

area. 

Property Damage means phys ical damages o r veh icles or properti es but not to persons. 

Fatal Accident is one where at least one person is kill ed with death occurring within 30 days of 

the acc ident. 

Road Traffic Accident is de fined as rare, random and multipl e factor events always preceded by 

a situat ion in wh ich one or more road users have fail ed to cope with the road and its 

env ironment. 

Serious Injury means injury requirin g admission to hospital as an in-pati ent. 

Slight Injury is a traffi c casua lty, wh ich is min or injury not requirin g hospital admission as an 

in-patient. 

Traffic Accident pel1ain to any vehi cle accidents occurring on publi c hi gh way (i.e. orig inatin g 

on, terminating on, or in vo lving a vehi c le partia ll y). 
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1. 7 Organization of the Study 

Thi s stud y contain s fi ve chapters. Chapter one presents bac kground o f the stud y. obj ecti ves, 

statement of the problem, its s ignifi cance and lim itation o f the study. Chapter two dea ls with 

review of related li terature on tra ffi c acc ident. Chapter three di scusses the material and 

methodo logy o f the study such as sources of data and vari ables to be includ ed in the study with 

the ir coding and descripti on. Meth ods of data analysis are al so described in thi s chapter. Chapter 

four presents stati st ica l data ana lys is. Fina lly, di scuss ion, summary of the main findin gs and 

conclusions of the study are dea lt w ith in chapter five. 
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CHAPTER TWO 

LITERATURE REVIEW 

Road trani c injury is a major but neglected public health chall enge that requires concerted efforts 

for effect ive and sustainable prevention. Of a ll the systems with whi ch peop le have to dea l with 

every day, road trani c systems are th e most complex and the most dangerous. Worldwide, an 

estim ated 1.2 milli on people are killed in road crashes each year and as many as 50 million are 

injured. Projections indicate that these figu res wi ll increase by about 65% over the next 20 years 

unl ess there is new co mmitment to preventi on. In spite of this, the tragedy behind th ese fi gures 

att racts less med ia attenti on than other, less frequ ent types of tragedy. Every day arou nd the 

world more than 3000 peop le di e from road traffi c injury. Low-income and midd le-income 

co untries accou nt for abo ut 85% of the deaths and for 90% of the an nu al di sability adj usted life 

years (DAL Ys) lost because of road traffic injury. Project ions show that, between 2000 and 

2020, road traffi c deaths will dec line by about 30% in hi gh-income countri es but increase 

su bstantially in low- income and middle-income co untries . Without appropriate action, by 2020, 

road tranic injuries are predicted to be the third leading contributor to the global burden of 

disease and injury (WHO, 2004). 

Gekonge (1990) found that 85% of causes were attributed to human; whil e 6% to the vehi cle and 

9% to the traffic environment. The environmental factors include: road defects, animals, various 

obstruction and the weather. He fou nd that road defects such as potholes do not seem to be major 

causes of road acc idents against the be li ef that potholes and other road defects have been thought 

to be the main causes of road sa fet y problems in Kenya. Runn in g or walk ing into the road was 

found to be the most comm on ca use of acc idents where pedestri ans are invo lved . Los in g contro l, 

excess ive speed . mi sjudgin g and overtaki ng improperl y are the next in order. 

Another stud y in Kenya a lso shows th at the major ca uses of RTA s are dri ver error and 

pedestrians by considering poli ce reco rds from 1977 to 1996 (Y itambe, 2004). Passengers, peda l 

cyc lists and vehi cle defects accounted for a sma ll number of road tranic accidents. Nantul ya and 

Musi ime (200 I) observed that dri ver error was th e common cause o f RT As accountin g for 41 % 

of the accidents on record. Other causes record ed in cl ude passengers, pedestrians, motor cyc li sts, 

and pedal cyc li sts. The human factor was hi ghli ghted as a primary cause ofRTAs. 
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2.1 Factors Associated with Traffic Accident 

Systems th eory assumes that accident s are generated by numerous factors from different levels 

of the hi erarchy. These factors o ft en have interacti ons and confo unding effects wit h each other. 

Such factors may be considered as acc ident causes if they either inc rease or decrease the 

probab ili ty of acc ident occurrence. Therefo re, in order to prevent acc idents, one must know 

whi ch of the numerous traffi c ri sk factors have a rea l strong influence on the num ber and 

probabi lity of accidents. The major causes of road traffi c acc idents can be grouped under the 

follow ing factors. 

2.1.1 Human Factors 

Tewolde (2007) used a Poisson regress ion model to identi fy factors that mainly determ ine the 

crash-related injuries. Accord ing to the results of hi s study, driver age is fo und to be significantl y 

associated with the occurrence (number) of injuries. Among the age categories, drivers in the age 

group 18-30 are responsible for the larger nu mber of injuries (51 %) and the larger number 01' 

acc idents (46%). These indicate that young dri vers are accountable for the magn itude (severity) 

of accidents. 

A stud y in Turkey usi ng descriptive stati stics found that there is a significant relationship 

between the age of drivers and the num ber of accidents. The acc ident rates of the young are more 

than the rest of the examinees. Furthermore, the age groups of20-29 and 30-39 in the traffic are 

more than other age groups. It was also observed that as the age of drivers increases from the 

gro up of 40-49 to the group of 50-59, the rates of acc idents decrease (Sari e l aI., 2009). 

Similarl y, Yitambe (2004) found that 39% of vehicles invo lved in the acc idents in Kenya were 

driven by young men aged 18 to 24 years, meaning young drivers are reck less dri vers and 

behave in a manner that threatens road safety. 

Contrary to the above fin dings, a study in Tanzania (Akarro, 2009) using chi -sq uare test fou nd 

that there is no re lat ionship between type of inj ury and age. This im pli es that irrespecti ve of age, 

fatal accidents are equally li ke ly in eve ry age category. 
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Accord ing to a more recent stud y in Turkey, men are seen in acc idents dominantl y in compari son 

to women. The characteri stic dilTerences between male and fema le drivers are val uab le in 

accident occurrences. Fema le drivers are more carefu l and res ponsib le in traffic so the rates of 

their accident are less than that o f men (Sar i ef a/., 2009). Sim ilarl y, a stud y in the USA usin g the 

Cox proportional survival model shows that male dri vers' fatality rate was 55% higher than that 

of female dri vers (Mass ie ef al. , 1994). Female drivers' injury rate was 25% lower than that of 

males, but the total accident rate was 16% hi gher than that of male drivers. 

Education is a very important parameter for traffi c sa fety as is the case in most field s. Sari ef ai. , 

(2009) discussed the relationship between education and the number of acc idents in Turkey. The 

highest ri sk groups for accident are peop le who graduated from primary schoo l. For people who 

graduated from hi gh school, the ri sk of acc id ent decreases a bit ; univers ity graduates' ri sk of 

accident decreases hi ghly. These resu lt s show that as the ed ucat ion level increases, th e acc ident 

rate decreases. 

A study in Finland shows that ownersh ip o f vehicle (own vehic le/not own vehi cle) d id not have a 

significant effect on dr ivers' acc ident time di stributions. Own ve hic les tended to be o lder, with 

tyres in poorer condition , the ir drivers e ither in the young or in the old age groups, and 

accumulated fewer kil ometers in a year (Ra ine, 1999). 

According to studies in Add is Ababa (Tewo lde, 2007) with regards to the number of injuries and 

the number of accidents, drivers with 2-5 years o f experience take the maj or share i.e . above 

29%. Drivers with 5-10 years of experience and above 10 years o f experience are having nearer 

figures when compared to the former one. When it comes to the number of injuries per acc ident 

the hi ghest mean (.53) is attained by those with less than one year experience and the next higher 

mean (.50) is attained by those with 1-2 years of experience. But driver-vehic le relat ionship and 

sex o f deriver were found to be statistically in s ignifi cant. 

2.1.2 Vehicle Factors 

Studies in Turkey us ing ch i square test show that type o f vehicle is one o f the most important 

parameters on the number of acc idents. It was seen that bi cyc les have the highest risk for 
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acc idents fo llowed by motorcyc les. When van , bus, min ibus and lorry are cons idered, the 

number of accident dec reases. Contrary to common beli ef, cars have the lowest ri sk for traffi c 

and accident occurrence (Sari e l aI., 2009). Simi larly, in Pakistan the result of descriptive 

statistica l ana lysis shows that among vict im s, 37% were motorcyc list, 23% bicyc li st, 22% 

motorized two-wheelers and 18% bus users (Khan el al., 2007). 

Tewolde (2007) also examined the relationship between type of vehicle and the occurrences of 

traffic acc idents in Addi s Ababa by using Poisson model. Acco rding to the results, automob iles 

and tax ies are responsible for the largest number of injuries with values 26.8% and 26%, 

respective ly. 

A study based on chi -square in Bahir Dar shows that 47.6 percent of all acc ident s are infli cted by 

private and governmental cars (a utomob il es and pickups). This is followed by trucks, whi ch 

contribute 17.7 percent of acci dents. Ranking th ird are taxies and minibuses that inflict 16.1 

percent of the accidents (Yayeh, 2003). 

A study in Finland by using Cox proport ional survival model fo und that vehicle age was an 

insignifi cant survival variable. This implies that vehicle age did not have a major effect on the 

share of acc ident (Roine, 1999). 

2.1.3 Environmenta l Factors 

In Turkey the resu lt of chi-square test shows that there is a significant relationship between the 

weather condition and the number of acc idents. Most of the acc ident s happen on sunn y days 

(Sari el al., 2009). 

Luoma and Sivak ( 1992) made compari sons of assoc iated factors on traffic acc idents in Finland 

and USA. They fou nd th at proporti onall y 111 0re fata l acc idents occur in dayli ght conditions in the 

U.S. than in Finland. More than 85% of U.S. and 111 0re than 75% of Finnish fata l acc idents occur 

in good conditions. Also 111 0re fatal acc idents in winter conditions occur in Fin land, consistent 

with the fact that the frequency of winter conditions is higher in Finland. 
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Mustakim el al., (2008) used Mult iple Liner Regress ion model to ident ify the effect of Hour of 

the Day on traffic accident in Malaysia. The hi ghest num ber of accident occurred at 160 I to 

1800 namely 4.0 I pm to 6.00 pm, record ed for 754 accident cases and second highest was at 

140 I to 1600 namely 2.0 I pm to 4.00 pm in vo lving 665 acc ident cases. The lowest record ed was 

at 040 I to 0600 or 4.0 I am to 6.00 am with 69 acc ident case. 

Accord ing to a study in Turkey (Sar i ef al ., 2009), the "time" parameter was examined as month , 

day and hour in detail. The chi-square test demonstrates that the month of the year has no 

significant effect on the number of acc idents. The resul t shows that each month has almost the 

same rate of accident. But, when day is considered, the results show that it is an effecti ve factor 

on the number of acc ident. The number of acc idents increases towards the weekends, even 

though the increase in the number of accidents on Fridays is sli ghtl y low. Sunday has the lowest 

accident number while most traffi c accidents take place on Saturday. In a similar vein, the time 

of thc day is an effective parameter for acc idents. Comparison of two periods of peak traffi c 

hours: 06:00- 09: 59 (the beginning of the work ing day) and 16:00- 19:59 (the end of the working 

day) demonstrates that time period of 16:00- 19:59 is ri ski er than the other one for traffic 

accidents. 

A stud y in Oman shows that the hi ghest number of acc idents occurred on weekends compared to 

weekdays and acc ident num ber du rin g weekdays does not show any signifi cant variation 

(S hahalam ef al. , 200 I). 

A logistic model ana lysis 111 Calgary gIves that wet surface condition resu lted in a lower 

likelihood of serious injury to pedestrians. Due to sh0l1-lived summer season in the country, the 

road surface remains dry, prov iding an optimal cond ition for dri vers to travel at a much higher 

speed. The favorable driving condition results in decreased driver concentrati on putting 

pedestrians at greater ri sk pedestrians (Anowar e/ aI. , 20 I 0). 

2.1.4 Roadway Factors 

By using descriptive stati sti cs, a stud y of Patna city in India found that arou nd 70% acc ident s 

occurred on straight roads. T-Junction seems to be the least prone to acc ident. The other 
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junctions, Y -J unct ion. and 4-Way intersection. have alm ost equa l share of acc idents of around 8-

10% (S ingh and Misra, 1998). 

Studies in Bah ir Dar (Yayeh, 2003) revea led that 77 percent accidents have occurred on good­

asphalted roads. Moreover, the reco rds of po li ce traffic data in the town show that 302 (87 

percent) of acc idents occurred on dry conditions of the road. The ma in types of road acc idents 

that occur in urban areas related to road layouts are intersections, stretch o f roads and along the 

roads. In the study area 275 (79 percent) of all road accidents occu rred at stretches or along roads 

whi le 65 (18.7 percent) of the accidents occurred at junctions. 

Tewolde (2007) used a Poisson regression model to identify the most influential places for traffic 

accident in Add is Ababa. Among several categories of places, both the nu mber of inj ur ies and 

number of accidents are the highest for office areas. But for the number of injuries pe r acc ident, 

res idential areas are the places with the hi ghest mean. 

Acc idents in Turkey most ly took place on mai n roads, and streets have the second-highest ri sk of 

acc idents as in vestigated using the chi-square test. It should be noted that main roads are 

typically busy with traffic vo lume so th is situation gives rise to increase in the number of 

acc idents. The accidents happening on the ma in roads can be re lated to the urbanizat ion and cit y 

planning (Sari et 01. , 2009). Similarl y, a chi-square test shows that accidents in Bah ir Dar are usually 

hi ghest where mixed traffi c prevai ls, particularly on main streets of shopping streets, office areas and on 

older mixed residential roads with narrow ri ghts way, and lowest on well designed roads with light 

traffics of outer areas of the town (Yayeh, 2003). 

A logisti c model ana lys is in Ca lgary shows th at, the road class was fo und to have quite a 

signi fican t effect on pedestrian safety. Although two-way di vided roads have a better geometric 

design, such roads appeared to increase the serious inj ury ri sk to pedestri ans. The phys ica l 

separat ion of opposing tra ffic by medians may result in an increase in vehi cular speed. 

Therefore, if a crash happens, a pedestr ian is more likely to suffe r from more severe injury due to 

the higher impact speed (Anowar el 01. , 20 I 0). 
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2.1.5 Other Factors (Reasons of Accident, Accident Type) 

Stud ies in Patna c ity, Indi a, ind icate that pedestri an deaths as a percentage o f all road fatalit ies 

are extremely high i.e. more than 90% of all road fatalitie s (Singh and Misra, 1998). 

A study in T irana using Mu lt ivariate-adju sted binary logistic models showed th at younger age, 

hi gh speed and espec iall y a lcohol consumption were signifi cant predi ctors of fatal acc idents. 

Fatal acc idents we re more preva lent on interc it y roads and in vo lved espec ia ll y vans and trucks 

(Roshi el al., 2008). 

Among man y cau ses or acc idents in Oman , the main causes are neg li gence and high speed. The 

hi ghest number o f fata lities and injuri es occur from head-on colli s ions (S haha lam el al., 200 I). 

In Bahir Dar, pedestrians are the road users th at are most a ffected by road acc idents. On average, 

52 percent of traffi c cas ualties are pedestri ans. Passengers, dri vers and two-wheeled vehicles 

riders are a lso fr equentl y invol ved in traffi c acc idents (Yayeh, 2003). 
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CHAPTER THREE 

MATERIALS AND METHODOLOGY 

3.1 Source of Data 

Acc idents are reco rded by the Addis Ababa Tra ffi c Control and In vesti gation Department 

(AATC ID) on dail y bas is. T hi s study is based on secondary data obta ined fro m thi s departm ent. 

The data prov ide in fo rm ation on accidents that occur within 365 consecutive days from July 8, 

2008 to Jul y 7, 2009. The total number of acc idents in vo lvin g human injury record ed by 

AATC ID in this period was 1669. Among these accident record s, 560, 740 and 369 were 

registered for sli ght injury, serious injury and fata l, respectivel y. A pilot sample was used in 

order to test the recorded data and to determine and estimate the required sample size. From 

recorded AATClD cases 64, 80 and 45 pilot samples are taken for sli ght injury, serious injury 

and fatal, respectively. We have three strata: sli ght injury, seri ous injury and fata l. Strat ified 

samp ling w ith propOltional allocat ion and s imple random samp ling technique are used to se lect 

samples from recorded frame for each stratum. By usi ng the above technique 149, 196 and 98 

samples res pectivel y are obtained from AATCID data for sli ght injury, seri ous injury and fatal. 

3.2 Data Co llection 

According to the defi nit ion of the Traffi c Police Department in Addi s Aba ba, a road tra ffi c 

acc ident is considered to be any event of hum an injury and/or death as a co nsequence of a 

phys ical co lli sion between a responsible party (motor vehi cle incl udin g motorcycle, car, van or 

truck, and/or bi cyc le) and an injured/ damaged party (motor vehi cle(s); bicyc le(s)/ bike(s); 

pedestrian(s); o r any phys ica l object, e.g., building or tree). 

In cases when the crash in vo lves a motor vehicle and/or bicyc le with pedestrians, th e informat ion 

about the driverlrider of the motor vehicl e/bi cycle (age, sex, a lcoho l consumption, speed, type of 

motor vehi cle) is recorded at the Traffic Poli ce Department in Addi s Ababa, regard less of th e 

respons ible party. When th e crash invo lves two motor vehicles, the record is made onl y for the 

respons ible party. 
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3.3 Va ria bles Included in the Study 

T he fo ll owing vari ables are co nsidered in thi s study: 

a . The Response Variable 

T he response vari ab le o f the study is the injury severity level of accidents invo lving hum ans, 

whi ch is an ordered categorical variab le categorized into three: slight inj ury, serious injury and 

dealh. 

b . Explanatory Categorical Factors 

The predi ctor factors to be anal yzed as determinants of traffic accidents in vo lving human injuri es 

are grouped into hum an, vehi cle. roadway, environmental, and other factors. 

I. Hnman Factors: - Human fa cto rs are be lieved to have strong impact on traffic acc ident. 

Factors such as sex of dri ver, age of dri ver, dri vin g experi ence, dri ver-vehi c le 

relati onship and driver educat iona l background are in cluded. 

11 . Vehicle Factors: - Veh ic le factors inc luded in thi s stud y li ke vehic le direction, vehicle 

type, and veh ic le age may have an influent ial im pact on traffic accident as well as hum an 

injuries. 

III . Environmental Factors: - There are certa in env ironm enta l factors that may increase or 

decrease the risk of traffic acc idents. Atmospheric cond itions, light condit ion, day of 

accident, time of acc ident, and road condition fa ctors are included in thi s study. 

IV. Roadway Factors: - Factors li ke place of acc ident, road s ituati on, road junction , road 

class, and pa vement roughness are included . 

v. Other Factors: - Factors such as reason fo r acc ident and acc ident type are al so included 

in the stud y. 
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c. Description and Cod in g of the Study Variable 

Detail ed description of human, vehi cle, environmental, roadway facto rs to traffi c human inju ri es 

are presented as follows. 

Response Variable 

0) Slight Inj ury 
Binary Logistic Regress ion 

I) Se ri ous Inj ury or Fatal 

Injury Severity Leve l 
I) Sl ight Injury 

Ordina l Logistic Regression 
2) Seri ous Inju ry 

3) Fatal 

Human Factors 

No. Factors Categories 

I Gender of Driver 0) Male 

I) Female 

2 Age of Driver 0) 18-30 

I) 31 -50and 

2) 51 and above 

3 Drive r-Vehicle Rel ati onship 0) Owner 

I) Hired 

2) Other (whic h may be relati ve, fri end, 
someone who rented the vehi cle 
... etc) 

4 Dri ving Experience 0) Less than or equal to I year 

I) Greater than I year and less than or 
equal to 2 years 

2) Greater than 2 years and less than or 
equal to 5 years 

3) More than 5 yea rs 
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5 Driver Educational Background 0) Elementary school 

I) Junior secondary school 

2) Secondary schoo l 

3) Above secondary school 

Vehicle Factors 

No Factors Categories 

6 Vehicle Type 0) Automobi le 
I ) Taxies and Mini-buses(Up to 12 Seats) 
2) Cargo(Upto 10 Quintals, 11-40 Quintals, 

41-100 Quinta ls) 
3) Buses ( 13-4 5 Seats, Above 46 Seats) 
4) Stat ion Wagon 
5) Others (t ruck, cali, train , ... ,etc) 

7 Vehicle Age 0) Less than or eq ual to 2 years 
I ) Greater than 2 years and less than or 

equa l to 5 yea rs 
2) Greater than 5 years and less than or 

equal to 10 years 
3) More th an 10 years 

8 Dr iving Direction 0) Straight go ing 

I ) Turning 

2) Reverse going 

3) Others (entering, 'U' bend, out from 
garden, cross ing, parking) 

Environmental Factors 

No. Factors Categories 

9 Atmospher ic Conditions 0) Good condition 
I ) Rain y 
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10 Light Condition 0) Dayli ght 
I) Dark but Lighted 
2) Dark 

II Day of Accident 0) Weekend 
1 ) Week day 

12 Time of Event 0) Morning 

I ) Day 

2) Evening 

3) Night 

13 Road Condition 0) Dry 
I) Wet 

Roadway Factors 

No. Factors Categories 

14 Pavement Roughness 0) Asphalt 
1 ) Non- Asphalt 

15 Road Junction 0) Non-Junction 
1 ) Junction 

16 Road Situation 0) Straight-fl at 
I ) Not straight 

17 Road Class 0) Roundabout 
I ) Two-way 
2) One-way 

18 Place of Acc ident I ) Oflice 
2) Res idential 
3) Commercial centers 
4) Reli gious centers 
5) Recreation 
6) School 
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Other Factors 

No. Factors Categories 

19 Acc ident Type 0) Crashing with pedestrian 

I) Crash with another vehi cle 

2) Crashing with objects 

3) Oth ers (falling from ve hicle. in vertecl etc.) 

20 Reason of Acc ident 0) Rash and neg li gent dri ving 

I ) Wrong overtak ing 

2) No priority to pedestri an 

3) No priority to vehicle 

4) Others 

2 1 Sub-City I) Arada 

2) Addi s ketema 

3) Lideta 

4) Kirkos 

5) Ye ka 

6) Bole 

7) Akaki kaliti 

8) Nifas silk 

9) Kolfe 

10) Gulele 

18 



3.4 Methodology 

Mu ltiple logisti c regress ion anal ys is is used to stud y th e effect o r th e predi ctors on th e response 

vari ab le-i nj ury seve rit y leve l of human contro lling for othe r fac tors. The estimated coeffi c ient s 

te ll us th e in creased or decreased chance of traffi c hum an injuries given a set of leve ls of the 

independent fa ctors w hil e co ntrolling for the e ffects of the other factors in the model. Estimates 

o f odds rati o greater than 1.0 indicate that the ri sk of huma n injuries is greater in a category than 

that for the reference category. Estim ates less than 1.0 indicate that the ri sk of human injuries is 

less than that for the reference category of each va ri ab le. 

3.4.1 Logistic Regression Analysis 

Regress ion methods are an integral component o f any data ana lys is concerned with describing 

the re lationship between a categor ica l response va riable and one or more ex planatory factors. It 

is often the case that the outcome variab le is di screte, takin g on two or more va lues. Log isti c 

regress ion model can be used main ly fo r two reasons. The first is from a mathematica l point of 

view, it is an extreme ly nexible and eas il y used function, and the second is that it leads itse lf to 

mean in gful interpretati on. 

3.4.2 Binary Logistic Regression Model 

To understand polytomous and ord in al logistic regress ion, one needs to understand th e standard 

binary log isti c regress ion model. The mode l can have an arbitrary number of parameters and 

terms 111 the model representin g qua litative var iables, quantitati ve variables, and interaction 

term s 111 o rder to mode l dichotomous or categori ca l outcome variab le. When exp lanatory 

vari ab les are included to model probabilities, a problem is that probabilities are restri cted to the 

doma in between 0 and I, whereas a linear effect for an explanatory variabl e could take the fitted 

value outside thi s interval. Instead of the probability of an event, one may cons ider the odd s: the 

ratio of the probability of success to the probability offa ilure. When the probability of success is 

p , th e odds are p/( I - pl. In contrast to probab ili ties, odd s can assume any va lue from 0 to 

infinity, and odd s can be cons idered to consti tute a rati o sca le . The logarilhm transforms a 

multiplicati ve sca le to an addi ti ve sca le. 

19 



Indeed, one of the most widely used transformat ions of probab ili t ies is the log odds, defined by 

logi/(p) = In(--L) , 
I - p 

where In(x) denotes the natura l loga rithm o f a positive number x. The logit function is an 

increas ing fun ction assuming va lues between 0 and I, and it is defined over the set of rea l 

numbers. The logisti c regression model is a model where logi/(p) is a linear fun ction of the 

exp lanatory vari ables. 

For a binary response va ri able, the logittransformatio n of success probability, p, of the i'" 

indi vidual can be modeled as a linear com bination of k exp lanatory va riables 

logi/(p, ) = IOg(~J ~ /30 + /3,X" + /3,X" + .. + /3.Xk, · 
I -p, 

Th is im plies 

efJO+PIX1/+P2X 2,+",+Pk X '" 

where a model parameter /3, will be interpreted as th e change in the log odds for a one unit 

increase in xp ho lding all the other predictor co nstant. 

3.4.3 Polytomous Logistic Regression Model 

Polytomous log istic regressio n is the extension for the (bi nary) log ist ic regress ion when the 

categor ica l dependent outcome has more than two le ve ls. One possi bl e way to handl e such 

s ituati ons is to split the categori ca l response variab le in severa l ways and app ly binary log ist ic 

regression to each di chotomous variable. However, thi s w ill result in severa l differen t anal yses 

for onl y one categor ica l respon se . A more structured approach is to fo rmulate one model for the 
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categorica l response by means of so-called generalized logils. Suppose that Y has k 

categories and the probab ility for category i is given by 

P(Y = i) = p, i = I,· .. ,k. 

Then the k generalized logils are defi ned by 

10gil (Y = i) = In( p , ) = I n(~) 
1- (p'+"'+ PH ) P, 

i = l, .. ,k- 1. 

This means that th e ge nerali zed logits re late the probabilit ies P , fo r the categories 

i = I, .. ·, k - I to the reference category k. fo r III covariates the general polytomous 

logisti c regress ion model becomes 

10gil(Y = i) = /3," + /3"X, + /3" X, + ... + /3"" X", i= I, .. ·,k - l . 

Note that the po lytomous log isti c model is given by k-I equations if Y has k category 

and that we have one logistic coeffi cient /3'1 fo r each category/covari ate combination. 

Hence it is not possible to summarize the effect of a covariate on the response Y by a 

single measure such as one odds ratio. Although the polytomous model offers the 

advantage of simultaneously test ing the effect of a covari ate on all response categori es, 

po lytomous logistic regress ion generates a cumbersome amount of stati sti ca l 

info rmati on. 

3.4.4 Ordinal Logistic Regression Model 

When th e response vari ab le Y is ordinal, th e categories can be ordered in a natural 

way. The polyto lllous log isti c regress ion model can be applied but does not make use of 

information about the ord ering. One way to take acco unt of the ordering is the use of 

clIlIl lllalive probabililies, ClIlI1Ulalive odds and clIl1IlIlalive log ils. Considering k ordered 

categories, these quantiti es are de fined by: 

prY ~ i) = p, + p , + ... + p , 

odds(Y ~ i) = ( 
P (Y S i) ) _ P, + .. + P, 

I - P(Y S i ) P,+,+ ... +P, 

2 1 

i = I, .. ·,k- 1. 



Currentl y, the most popu lar model for ordinal responses uses log its of cumulative proba bi liti es. 

o ften cal led cllmu/alive /ogils. 

log il(Y S; iJ = In( p (V S; iJ ) 
I - pry S; i) 

i = I, . ·,k. 

The cumu lat ive log ist ic mode l fo r ord inal response data is discussed below. 

3.4.5 Cumulative Logit Models 

CUlllulative logit model is one of the most common ly used models fo r the analys is of ordi nal 

categorica l data and belongs to the class of generalized linear models. It is a genera lizat ion of a 

binary log istic regress ion model when the response var iab le has more than two ordin al 

categor ies. In cUlllu/ative /ogill1lode/, the effec t of {J is the same for all i , ofte n referred to as a 

proportional odds mode/ (McCullagh and Ne ider, 1989). In other words, the model ass um es that 

the effect of each independent va riab le is the same fo r eac h cum ulati ve probabi lit y. This model 

prov ides a single odds rat io (OR) est imate for all response catego ri es. which can be obtai ned by 

exponent iation of the {J coefficient. Th is esti mate is quite convenient in terms of the model' s 

ease of interpretation and pars imony. 

The proport ional odds model is used to estimate the odds of be ing at or below a particular level 

of the response variable. If there are i leve ls of ordinal outcomes, the model makes k- I 

predi ctions, each estimating the cumulative probabili ties at or below the ith leve l of the outcome 

vari able. This model can estimate the odds of being at or beyond a particular leve l of the 

response variable as we ll, because below and beyond a part ic ular category are just two 

complementary directions. The model's threshold varies fo r each of the equations and satisfi es 

the condition {J"t S; {J", s; ... S; {J",_ , . where {J,, ' s are cut points, usuall y nui sance parameters of 

litt le interest. 

A model can sim ultaneously describe the effect of an explanatory va riab le on all the cumulati ve 

probab ili ties for y. Th is model is de lined by: 

[ 
1 1 [

P(Y S; ilx"x" .... x ,J] 
10g it P(Y S; i x"x" ... ,x,, ) = ln "1 - , = {J", + {JtXt + {J, X ,+ ·· + {Jr X ,' 

P(l > lX"x" ... ,Xr ) 
i = I. .. .. k - l. 
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When fJ > 0, thi s means that the correspond ing independent variab le is more li kely to have 

higher values or y. Also the parameterization of this model is in accord wi th the usual 

formulation, in the sense that a pos itive fJ corresponds to a pos itive assoc iation (hi ghe r x 

tending to occur with hi gher y). In other words if fJ > ° (odds greater than one) in thi s stud y thi s 

means increased likelihood of accident to be fatal/seri ous injury. 

3.4.6 Estimation Techniques 

The method used to ca lculate the logi t coefficients is the Maximum likelihood estimat ion (MLE). 

To obtain the maximum likelihood estimate of fJ , a Fi sher Scoring iterative estimation method or 

Newton-Raphson iterati ve est imation method can be used. ML methods maxi mize the log 

likelihood which refl ects how li kc ly it is (the odds) that the observed va lu es of the dependent 

may be predicted from the observed va lues of the independents. 

3.4.7 Model Adcquaq Checking 

3.4.7.1 Overall Model Test 

Before proceeding to examine the individual coeffi cients, we want to look at an overall test of 

the null hypothesis that all coeffic ients fo r all of the variab les in the model are zero. 

In other words, 

Ho: fJ, = fJ, = ... = /1, = ° 
HI: Not all fJ, = 0 (at least one of the pred ictors is significantly related to the response variable) 

This can be tested using the likelihood rati o ch i-square test at k degrees of freedom. 

X,' = 2(1nL, - ln L, ) 

where In L. is the log li ke lihood value for the model contain ing al l k factors and In L, is the log 

likelihood va lue for the mode l containing onl y the intercept . 

The null hypoth es is is rejected if X,2 <: X' a.' or th e p-value is less than 0.05. 

3.4.7.2 Test of Goodness Fit 

Once a model has been developed, we would li ke to know how effective the model is in 

descri bing the outcome vari ab le. This is referred to as goodness of fit test. In testing th e 

hypothes is that the model fit the data, the two common approaches are Pearson's X 'stati stic 

and the likelihood-ratio stati stic C ' (see detai ls in Agresti (1996)). 
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The test is written as: 

Ho: The mode l adequately fit s the data 

H I: Not Ho 

T he null hypothes is is rejected if the p-value is less than 0.05. 

Each model for a contingency tab le has a set of ce ll expected frequencies . whi ch are numbers 

that perfectly sati s fy the model and g ive the best fit to the observed counts. The mode l good ness 

of fil is tested by comparin g the expected frequ enc ies, denoted by 1; ; to the observed 

frequenc ies /0' The Chi-squared test stati stic summari zes the di screpanc ies. Larger differences 

between the / 0 and / , yield larger values of the test statistic and stronger ev idence that the 

mode l is inadequate. Two chi-squared stati stics, having similar properties. are com monly used 

to do thi s. The Pearson stati sti c is: 

Another stat ist ic, the li ke lihood-rati o stat istic, is 

It equal s the diflerence between the (- 2 10g/) values for the model being tested and for the 

most complex model poss ibl e. Software for generali zed linear model s ca ll s thi s stati stic the 

dev iance. Both X2 and G2 stati stics equa l 0 when there is a perfect fit ( i.e ., all /0 = / , ). Large 

val ues indicate a poor fit. 

Hosmcr-Lcmcshow Test: The null hypot hes is for thi s test is that the mode l fi ts the data, and 

the alternative hypothesis is that th e model does not fit the data. The test stati st ic is constructed 

by first div id e th e data into 10 groups. From eac h group, the observed and expected number of 

events will be computed. 
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Then, the test stat istic is given by 

C, ; num ber of covariate patterns in the k'h dec ile. 

where g; IO is the number of groups, 0, is the observed number of events in the K'''group, E, 

is the expected number of events in K'" group . If the observed number o f events differs from 

what is expected by the mode l. the stati stic C will be large and there will be ev idence against 

the nu ll hypothes is that the model is adequate to fit the data. Thi s stati sti c has an approximate 

chi -square distribution with (g - 2) degrees of freed om. If p-va lue is greater than 0.05. we fail 

to reject the null hypothes is th at there is no difference betwee n obse rved and model predi cted 

va lues, implying that the model est imates fit the data . 

The Wald stati stic is also an alternative test which is commonl y used to test the significance of 

individual logistic regress ion coeffi cients for each independent variab le (that is, to test the null 

hypothes is in log isti c reg ression that a particular log it (e ffect) coeffi cient is zero i.e. Ho: /3, ; 0 

aga inst /3, '" 0 ). For a dichotomous independent variable, the Wald statist ic (W) is 

W 
- 2 /3, 

var(jJ, ) 

For large sample size thi s stati sti c has an approximate chi-square distri bution with one degree of 

freedom. 

3.4.7.3 R-square Estimate 

We cannot use the coeffi cient of determinati on on R2 (defined fo r linear regression) in ordina l 

regress ion. In ordinal regress ion so ca ll ed pseudo R-square gives information about how much 

variance is exp lai ned by the independent variables. However, in ord inal regress ion, var iance is 

split into categori es. Hence Cox and Snell 's, Nage lkerk e' s, and McFadden's pseudo-R2 stati sti cs 
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will be used In ord inal regress ion to estimate the variance exp lained by the independent 

vari ables. 

• The Cox-Snell 's R' (Cox and Snell , 1989) 

R z(" s = I -

is based on the log likelihood for the model compared to the log li kelihood for a base li ne model. 

However, with categorica l outcomes, it has a theoretical maximum va lue of less than I, even for 

a "perfect" model. 

• 

• 

Nagelkerke's R' (Nagelkerke, 1991) is an adjusted versIOn of the Cox-Snell R-square that 

adjusts the scale of the stati stic to cover the full range from 0 to I. It is given as 

R 2 N 

R 2 
a 

(,')7:: 
1 - L fJ 

McFadden's R' (M cFadden, 1974) is anoth er ve rsion, based on the log-likelihood kernels lo r 

the intercept-only model and the fu ll estimated model, and is given by 

where L(P) is the log-likelihood function for the model with the estimated parameters and 

,0 

L( j3 ) is the log-l ikelihood with j ust the th resholds, and n is the number of cases (sum of all 

weights) . 

26 



3.4.7.4 Test of Parallelism 

We also want to test th e ass umption that the regress ion coeffic ien ts are the same for all response 

catego ri es . For models without a sca le component. the test of paral lel lines helps to determine 

whether it is reasonable to assume that the va lues of the location para meters are constant across 

categories of the response. 

The test of parallel ism is: 

Ho: The lines are parallel (s lope coeffic ients are the same across response categori es). 

HI : Not Ho 

This can be tested using the li kel ihood rati o chi-square test at k degrees of freedom. 

2 X, = 2(1n L, - In Lo) 

where In L, is the log likelihood va lue for the model with separate lines or planes and In Lo is 

the log likelihood va lue fo r the constrained model, the model that assumes the lines are parallel. 

The null hypothesis is not rejected if the p-value is greater 0.05. That means the effect o f the 

independent variable is the same for diffe rent logit funct ions. In other wo rds, the slope for each 

facto r included in the study for sli ght injury compared to serious injury/tatal , is the same as the 

slope for sli ght/serious injury compared to fatal categories. If the assumpt ion of para lle lism is 

violated, we shou ld consider using multinomial regression , which estimates separate coeffic ient s 

for each category. 
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CHAPTER FOm~ 

ST A T1STlCAL DATA ANALYSIS 

The analysis in thi s study pertains to searching the signiil cant factors and investigating their 

effects. Binary logisti c regress ion and ordinal logisti c regress ion will be used for analysis. The 

stati sti ca l analyses are performed using Stati stica l Package for Socia l Sc iences, vers ion 15.0 

(SPSS). 

4.1 Major Human, Roadway, Vehicle and Environmental Factors with Injnry Severi ty 

Levels 

The major human, roadway, vehicle and environmental fac tors of the human injuries are 

presented in Table 4. 1 below. The total number of human inj uries covered in the study is 443 , 

out of which, 149 (33.6 percent), 196 (44.2 percent) and 98 (22.2 percent) are fo und to be sli ght 

injury, serious injury and fata l, respective ly. 
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Table 4. 1: Distri bution of hu man, vehicle, roadway, and environmental factors with injury leve ls 

Injun ' severit y level of llcc idc n l .-

Va riables Slight inju ry t SCl"iOUS i llj UI~~_ Fata l Total 

I CO Ll III Share C OUll t Share C OIIIII Share Count Share 
Age of Drh'cr 18- 30 60 30.3% 91 46.0% 42 J'" 7O/C 198 -~ 31·50 - ---r- , ---r-- 1--- _.>. 0 

61 .> 1.9% 87 45.5% 43 22.5% 191 43.~ 
>- 51 

---- I- -;;-
28 51.9 Yu 18 33.3% 8 14 .8% 54 12.2% 

Driving I year al maximum 25 59.5% II 26.2% 6 14.3% 42 9.5% 
Ex I'cri cncc I - 2 years 23 56. 1% II 26.8% 7 17. 1% 41 9.3% 

2 -5 years 36 32 .4% 57 5 1.4% 18 16.2% III 25. 1% 
More than 5 years 65 26. 1% 117 47.0% 67 26.9% 249 56.2% 

Drive r Elementary school 12 2 1.1 % 27 47.4% 18 3 1.6% 57 12.9% 
Edu ca tio llli l Junior secondary school 
Backgroun d 20 30.3% 22 33.3% 24 36.4% 66 14.9% 

Secondary school 79 33.5% 107 45.3% 50 2 1.2% 236 53.3% 
Above secondary school 38 45 .2% 40 47.6% 6 7. 1% 84 19.0% 

Atmos pheric Good condition 122 3 1.4% 178 45.9% 88 22.7% 388 87.6% 
Conditions Rainy 27 49.1% 18 32.7% 10 18.2% 55 12.4% 

Timc of Mom ing 42 23.5% 97 54.2% 40 22.3% 179 40.4% 
Accidcnt Day 21 40.4% 20 38.5% I I 2 1.2% 52 11.7% 

Evening 40 27.0% 68 45.9% 40 27.0% 148 33 .4% 

Nighl 46 7 1.9% II 17.2% 7 10.9% 64 14.4% 

Pavemcnt Asphalt 13 1 3 1.9% 187 45.5% 9~ 22.6% 411 92 .8% 
I~ou g hll css 

_.- I--- _. - -
Non- Aspha lt 18 563% 9 2&. 1% 5 15.6% 32 7.2% 

- - - - - - - -I . I - +-
-'6.4°'0

1 - - -- ~ -
Pl;l cc Ill' Ofllcc 50 25.8% ~ I 5~ 27J~% , 194 43.&°/0 
Accident Residcnli~ 

-- t--

25.8%J 33 9%) 62 1 14 0% 1 16 25 40.3% ~ -- - . - -1--- --r--CO lllmercial 25 37.9% 29 419% 
-~ 

18.2% 66 1-' .9% 
- 1--- -- --- - - '-'- -

Religio us centers 20 46.5% 18 4 1.9% 11 .6% 43 9. 7 ~Yo 

Recreation 16 36.4% 24 54.5% 4 9. 1% 44 9.9% 

School 22 64 .7% 10 29.4% 2 5.9% 34 7.7% 

Acciden t T ype Crashing with pedestrian 80 25.2% 151 47.6% 86 27. 1% 3 17 7 1.6% 

Crash wi th another vehicle 31 48 .4% 25 39. 1% 8 12.5% 64 14.4% 

Crashi ne with ob iects 22 66.7% 9 27.3% 2 6.1% 33 7.4% 
Olhers 16 55.2% II 37.9% 2 6.9% 29 6.5% 

RCliso n of Rash and negli gent dri ving 38 36 .9% 49 47.6% 16 15.5% 103 23.3% 
Accidcnt Wrong overtaki ng 26 50.0% 15 28.8% II 21 .2% 52 11.7% 

No priority to pedestrian 52 25.7% 104 51.5% 46 22.8% 202 45.6% 

No priori ty to vehicle 15 30.6% 18 36.7% 16 32.7% 49 11. 1% 

Olhers 18 48.6% 10 27.0% 9 24.3% 37 8.4% 
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The proport ion of inju ry severity level s on human beings. as can be seen in Table 4. 1, differ by 

type of fa ctors. Regarding sex, ma le d ri ve rs have a higher share from injury 96.2% (Appendix 

A). 

As Table (4. 1) shows, the seve rity leve l of inj uries vari es by age of d ri ve r. The yo un g drivers 

( 18-30) category accounted for th e largest, 44.7%, share of injury. The oldest age group (over 5 1 

years) had the sma ll est, 12.2%, share. When dri ving experience is considered with regards to the 

num ber of injuries, dri vers with more than 5 years of experience take more than ha lf o f the share . 

Drivers w ith 2-5 years o f experien ce take the second share (25%) . 

Among the four categories o f ed ucational background, those dri vers with seco ndary schoo l leve l 

education are respons ible for the largest share o f inju ries (53.3%) and the minimum share is 

taken by dr ivers wi th e lementary sc hoo l leve l ed ucation (12.9 percent). 

Tab le 4. 1 shows that among environ menta l factors. atmospheric cond itions and t ime o f acc iden t 

were a lso found to be th e major fac tors for human inj uries. The highest proport ion of acc idents 

are observed in the morning (40.4 percent) while in the eve ning (33.4 perce nt) and the majority 

of injuries are observed when atmospheri c condit ion is good (87 .6 pe rcent). 

Related to the road fac tor, 93% of the inj uri es have occ urred on roadways with as phalt 

pavement, whil e the corresponding percent on non-aspha lt roads was about 7%. The road 

junct ion distribution o f crashes shows that hum an injuries at junctions and without junctions are 

27% and 73%, respecti ve ly (A ppend ix A). 

Acc idents mostly took place around offi ce build ings (areas) (44 percent), fo ll owed by 

comm ercia l areas ( 15 percent), and res identi al areas ( 14 percent). When we come to types of 

traffi c acc idents, acc idents crashing with pedestr ian (7 1.6 percent) take the major share compare 

to other acc id ent types. The reasons behind di fferent factors of hum an inj uries are a lso shown in 

Table (4 .1). A lllong Ill any causes for acc ident s, the highest is fai lu re to g ive pri ori ty to pedestr ian 

(45.6 percent) fo llowed by rash and neg ligent dri ving (23.3 percent ). Among ten sub-cit ies in 

Addis Ababa, T he hi ghest propol1ion of fata li ties and inj uri es are observed in Bo le (15. 1 

percent), fo ll owed by Yeka ( 14.2 percent) and Ki rkos (12.6 percent) (Appendix A). 
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4.2 Binary Logistic Regression Ana lysis 

Binary log istic regress ion analys is has been used to examine the effect of each independent 

variable on severity level of human injuri es, whi le control ling for the other independent 

variab les. 

4.2.1 Goodness of Fit Test 

Goodness of fit test fo r the fitt ed bi nary logi stic regress ion mode l is assessed us ing the Hosmer 

and LemesholV test. Acco rd ingl y, the Hosmer and LemesholV test for the model resulted in p­

values of 0.397, which tell us that the model adequately fit th e data at 0.05 leve l of s ignificance. 

S imilarly, the model diagnostic checks presented in Appendi x D do not show any violatio n of 

model assu mpti on. 

4.2 .2 C lassification Table 

Tab le 4 .2: C lass ifi cat ion of inj ury severity levels for binary response 

Predicted 
Observed Injury Severity Leve l 

Percentage 
Slight Fatal/Serious Correct 
Injury Injury 

Step 1 Injury Slight Injury 
96 53 64.4 Severity Level 

Fatal 'Serious Injury 27 267 90.8 
Overa ll Percentage 81.9 

In additi on to good ness-o f-fit test. we need to look at the c lass ifi cation table wh ich tell s us how 

many of th e cases where the observed va lues o f the dependent variable are fata l/serious injury or 

s light injury have been correctl y pred icted. In this study, 64.4% we re co rrectly c lass iti ed for 

sli ght injury group and 90.8% fo r fatal/serious injury group . Overa ll 8 1.9% were co rrect ly 

c lassified. 
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4.2.3 Model Estimation 

Accord in g to the binary logistic regress ion results. out of2 1 independent vari ab les used in thi s 

stud y, eleven are found to be sta ti stica ll y signifi cant with respect to injury seve rity leve ls. 

The most importa nt explanatory variables of injury severity in Add is Ababa are identifi ed using 

forward conditional selection meth od in log isti c regression. 

The results of the model estimation are presented in Tab le 4.3. The table contai ns the significant 

variab les, along with the estimated coefficients, standard errors of the est imate and p-value. It 

also includes the odd ratios for ease of interpretation. It should be noted that some of the 

variables within a factor were not significant but were retained in the models as long as at least 

one of the vari ables for the factor was stati stica ll y signi ficant. 
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Table 4.3: Parameter estimates of the binary logistic model 

Varia bles Estimate S.E. Wald I df I Si •. OR 
Step Ae:c of Driver 15.29 1 2 .000 

.000 S.804 

.00 1 3.975 
I (a) ~1~8~.3:ii0 ________ --lI __ +1.+75~8H-_ __,.4~5~2+-_---c1~5.o!.1,g60'4-_--'--I -l--_---"!!"!.-l--~~~I 

31·S0 1.380 .428 10AO I I 
> 51 (ref) 
D I'h'in~ EX I1C riCliCC 

I year at ma,ximum -1.898 
I ·2 years ·1.356 
2 ~5 years ~ .753 

More than 5 years (ref.) 
Dril'cr Educlltional Dac k1!'l"Ound 
Elementary school 2.1 12 
Junior secondary school 1.202 
Secondary school .863 
Above secondary school (ref.) 
Vchicle 'I\ 'nc 
Automobile 
'raxles and Min ibuses 
Cargo 
Buses 
Other vchic les 

- 1.420 

- . .1 1:!Q. f--
1.000 f-
6~ 
.807 

- -Station wagon~(r".el'J·)~-­
A tmospheric Condi tion s 
~"'7'~~=="'---- - --
Good condition 1.817 
Rainy (rcr. ) 
Time of Accident 
Morning 1.618 
Day 1.004 
Evening 1.389 
Night (ref) 
Road Condition 
Dry · 1.898 
Wet (ref.) 
Pavement Rotl l!: hncss 
Asphalt 1.59 1 
NOIl- Asphalt (rer.) 
Road JUliction 
No Junct ion .602 
Junct ion (re f.) 

1.000 
20.667 ) .000 

.478 IS.780 I .000 . ISO 

.456 8.836 I .003 .258 

.)44 4.805 I .028 .4 71 
1.000 

13.910 3 .003 
.603 12.28 1 I .000 8.268 
A84 6.178 I .013 ).327 
.)46 6.237 I .013 2.37 1 

1.000 
16.486 5 .006 

.445 10. 180 I .001 4.138 

-- -- - f--

"'7S~23~+-__ ,-,12.357 I 000 f--~~ 
.4S7 f-- __ 4~f-- _ I __ 029 f-- ~2!2. 

.~~ - I.~ - It 190 1963 

.S6 1 2.0Ic7 -1- I . ISI+ 2.240 
__ f-- 1.000 

.492 1).646 I .000 6.150 
1.000 

17. 165 ) .00 1 
.40) 16. 147 I .000 5.044 
.496 4. 10) I .043 2.729 
.408 11.5 78 I .001 4.009 

1.000 

.634 8.967 I .003 .ISO 
1.000 

.5 11 9.692 I .002 4.907 
1.000 

.294 4.205 I .040 1.826 
1.000 

1)I11 CC of Accident 18.254 5 .003 
!..;O"'f"Ii"'cc'--:cC7"" _______ �--7�.-787"'S~----'. 4~7"2+_--I,,S~.7"'57_!0 I f-- _ .000 6.S22 
~1~(e"':si~de"'Il'-'ti"alc,._------+-__7'2 .• ,;_1 0",4+ _ __'.~57Ci)+---I,o)"'.4""96 I f-- _ .000 t- ~ 19~ 
Commercial 1.3 86 r- _."S,,)'o;-· ~ ___ -;6c' 7~1 7 _~ .010 4.000 
ReligioLls centers I-~?--t ~ .~-+.;- __ 5.585 __ ~ I-____ :018 r ~073 
Recreation _ 1-.:43Q .5 83 _ ~ 6.017 ~_[ __ ~+- ~180 
School (rer.) _ i ___ __ 1.000 
Accident T)'11C 19.935 3 .000 - - -~+----;=+ - --
Crashing with pedestrian _ 1.559 .492 __ ~1 0"'_.0~3~8+_---"-1 +--_~.~00~2+-_4'!'.+7'~·6;C1 

I:C~r~a~sl~ll~"~i t l~l~aJ~lo~tl~le~r~"e~h~ic~l~c -----I.----~~~r-. __ ~.5~6~6+_----~.~SO~2~----"-I +---~.~4~79~--~1.~4;94~ 
Crashing with objects (ref.) 1.000 
Others .3 58 .677 .279 1 .597 1.430 
Constant ·7.7 18 1.228 )9.469 I .000 .000 
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The model shows that age of a driver is a signi ficant variable. The odds of traffic accidents 

caus ing fata l/serious injury are higher for drivers in the age groups below 18-30 and 3 1-50 years 

as compared to those aged above 5 I years. 

As compared to drivers with driv ing experience of more than 5 years, the odds of traffi c 

acc idents caus in g fata l/ser ious inju ry for dri vers with dri vin g experience I year at max imum, 1-2 

years and 2-5 years are decreased by a factor o f 0. 15, 0. 26, and 0.47 tim es, respect ive ly. 

Regardin g driver educational background , drivers with elementary, juni or seco nd ary and 

secondary leve l o f ed ucati on are about 8.3, 3.3 and 2.4 tim es more like ly to get in vo lved in fatal / 

seriou s injuri es as compared to th ose with above seconda ry sc hoo l leve l of educati on, 

respective ly. The resu lts also show that the like lihood of traffic accidents caus in g fatal/serio us 

injury is hi gher for dri vers w ith automobiles (4. 1 t imes), cargo (2.7 tim es), and tax ies or 

minibuses (6.3 t imes) as compared to th ose driver with station wago n. 

The model shows that traffi c acc idents at good conditions were 6.2 times more like ly to ca use 

fatal/seri ous injury as compared to those accidents in rainy conditi on. Moreover, tim e of the 

accident is one of thc most important var iables for sever ity leve l of traffic acc idents. The odds of 

traffic accidents caus ing fatal/ serious injury are higher in the morning, day and evening as 

compared to accidents that occur at night. It is a lso observed that the odd s of traffic accidents 

cau sin g fata l/serious injury on dry road s are 0.15 tim es lower than th ose at wet roads. 

T he risk of fata l/seri ous injury is 5 tim es hi ghe r for dri ve rs dri ving on asphalt roads as compared 

with dri vers driv ing on non-aspha lt roads. Road junction is also another important var iab le 

exp la ining th e severit y leve l of traffic acc idents. The odd s o f traffic acci dents caus in g fata l/ 

serious inj uri es at non-junct ion roads are 1.8 tim es more like ly as co mpared to acc idents at 

juncti on roads. 

It is also observed that the odds o f an acc ident caus ing fata l/seri ous injury due to crashin g with 

pedestrians are hi gher as compared to crashing with obj ects. Place o f accident is a lso another 

im portant variable exp laining human fata lities and injuri es in crash. Offi ce and residentia l areas 

are more li kely for fata l /ser ious injury as compared to sc hoo l areas. 
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4.3 Ordinal Logistic Regression Analysis 

In thi s stud y. ordinal log isti c regress ion analys is is al so used to examine the e ffect of each 

predictor in the model for causing of fatalit ies and injuries during traffi c accident. while 

cantra ll ing for the other independent variables . 

4.3.1 Overall Model Test 

Model F iUine luformatio n 

·2 Log Chi· 
Model Likel ihood Square <I f Sig. 
Intercept Only 940.052 

Final 6 12.603 327.449 56 .000 

Lmk IUllctlon. Loglt. 

Figure 4.1 : Overall Mode l Test 

Before proceeding to examine the individual coefficients, we want to look at the overall test of 

the null hypothes is that all coeffi cients for all of th e variables in th e model are zero. We can 

base th is on the change in - 2 log-likelihood when th e variables are added to a model that 

contains onl y the intercept. Accordingly, in our model the difference between the two log­

likelihoods (i.e, a chi -square value of 327 .449) is signifi cant at the I % level. Thi s means that we 

can reject the null hypothes is th at the model without predi ctors is as good as the model with th e 

pred ictors. 

4.3.2 Goodness of Fit Test 

Goodness of fit test for the fitted ordinal logistic regression models is assessed using the Pearson 

and deviance-based chi-square test. Accordingly, the Pearson test for the traffic model resulted 

in p-values of 0.116, which indicates that the model adequately fit s the data at 0.05 level of 

significance. 
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40303 Model Summary 

The Nagelkerke modifi cati on of R-square is a more reliable measure of the relationshi p. 

Nagelkerke Os R2 wil l normall y be higher than th e Cox and Snell measure. Among th e three 

measures Nagelkerke Os R2 is the most-reported of the R-squared estimates. In our case it is 

0.594, indicating a moderately strong relationship of 59.4 % between the predictors and the 

prediction . 

40304 Classification Table 

Table 4.4: Classifi cati on of inj ury severity leve ls for ordi na l response 

Prcdil'tcd ncs (l~c ~al~gol'L _. Pel"centage 
Observed 

Sli l!ilt Inj ury SC I"io IiS IU iUI,'! Fata l 
CorTer I 

Injury Se\'erity Level Slight Injury 
105 44 0 70.5% of Accident 

Serious Injury 
2G 152 18 77.6~% 

Fat:,! 
3 40 55 56. 1% 

Ol'cralll'crccntage 7U...I''/o 

Cross tabulating the dependent variable with predicted va lues gives the above class ifi cati on 

tab le, showing how often predicted va lues matched actual va lues. In th is study by using ordinal 

logistic regress ion model , 70.5 % we re correctl y class ifi ed for sli ght inj ury group , 77.6 % for 

seri ous injury group and 56. 1 % for the fatal group . Overall 70.4 % were correctl y class ifi ed. 
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4.3.5 Testing Parallelism 

-2 Log 
Model Like lihood Chi-Square df Sig. 
Null Hypothes is 6 12.603 

General 578.028(a) 34 .575(b) 56 .989 

When we fit an ordinal regress ion, we assume th at the coeffi cients between the predictors and 

the logits are the same. According to our resul ts, we do not reject the null hypothes is that the 

lines are para ll el (p>O.OS). In other words, th e coe fficients that descr ibe the relationship between, 

say, th e sli ght injury versus fatal /seri ous inj ury or th e response variab le are the same as th ose th at 

describe the relat ionship between the sli ght/seri ous injury and fatal. 

4.3.6 Model Estimation Results 

According to the ordinal logistic regress ion results in Table 4.5, out of21 independent variables 

used in th is study, 12 are fou nd to be statisti call y signifi cant wit h respect to the injury severity 

leve ls. 

The most important human, vehicle, environmenta l and road factors for fata lities and injuries 

are presented in Table 4.S be low. The table contains the significant variables, along with the 

estimated coeffi cients, standard errors of the estimate and p-va lu e. It also inc ludes the odd 

rat ios. 
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Table 4.5: Parameter estimates of the ordinal logistic model 

Variables Estimate S.E. Wald df Sig. OR 

TI"·,,ho'" ~ERITYLEVE L - II __ 7.m 1.68" ~1 7~ --'- _ 0Qtl1-_ 
1----+1'" [SS", EE,,-'V V,-, IE"CR",I1",·'",'",LE",· V:..;E",· L,,--,=.2 J,-_ _ f-- " .336 -'. 7 fl - _ i .2A ~4 1- _ ""1_1-_".0,,,0,,-01-. _ 

~f",\~ "'" 0,,,1,-,' I",) 'c.·i''-'''c!.I' _ _ _ ____ ~-__=.- ~¥. _ _~.,,1 . "6",0+-_ -=2",0".3",5",9+-_-,1+_,,. O"o"o+-_ ~~~ 
18-30 2.224 .444 25 .110 I .000 9.244 
31-50 1.437 .4 12 12.129 I .000 4.208 
>- 5 I (rcf.) Ola 0 1.000 
DI"i\' ing EX llcl"iencc .546 .114 22 .955 1 .000 
I year at maximum - 1.817 .443 16.805 I .000 0. 163 
I - 2xears - 1.480 .430 " .832 I .001 0.228 
2 -5 years -1.004 .293 11.736 I .001 0.366 
Morc than 5 years (re f. O(a) 0 1.000 

D river Ed ucational B:lckgrou nd 1 __ ..;-".6'"5:':8+_-~ . ..!,1271;+--':2!?,;9.;:;4c;9~2+__-_!_1+_-~. O~O~O+_-,=:-;-I 
Elementary school 2. \07 .465 20.569 I .000 8.224 
Junior secondary school 1.85 I .433 18.291 I .000 6.366 
Secondary school I. I 23 .327 " .792 I .00 I 3.074 
Above secondary school (ren Ol.) 0 1.000 
Vehicle TVIIC -.236 .064 13.782 1 .000 
Automobile 1.759 .440 15.950 I .000 5. 807 
Taxies and Minibuses 1.493 .474 9.912 I .002 4.450 
Carqo .984 .445 4.894 I .027 2.675 
Buses 1.462 .509 8.265 I .004 4.3 15 
Other vehicles 1.242 .544 5.2 I 9 I .022 3.463 

'1:000 Stalion wagon (ref.) Ora) 0 
Atmospheric Co nditions -1.529 .379 16.261 1 .000 

_ .!lQCl. - 6.573 
1.000 

Good condition ~ _ ~l .~~~ ~.4-t~ _ 18.065 ___ I 
~r (rei} _ _ OG'l _ ,;c 0 
Lighl Condition __ _ - lQ~-t 19~L --.1.8m 10..QQ, 

.g.aylg.bL __ ~ _ _ ..il07, ~5:+- _ 33.995 I .000 U.046 
~but l ig,,,h"'te"'d____ __ -2.555 .541 _ B.10l 1+_".0",0"-0 +-_0,,,.,,-07~8cl 
Dark(,ef.) Ol a) .. U 1000 

- - -""'-'- . 50·4+---. ~10"'3-1-~2~4~.0-'~14 f-- ---'1+---.700~0+-''''· =J Time (If Accident 
I-oM'-;"on"'''i''''g==='--- - ·- - - .-....C2"'A"'0'=5+- - .455 27.936 --'1'+--"."'00"0+ -"1 "'1."'07"'8.-1 
Day 1.813 .523 12.022 I .00 I 6. 129 
Evening 1. 852 .434 18.189 I .000 6.373 
Night (ref.) Ora) 0 1.000 
Road Condition 1.671 .440 14.440 1 .000 

~~~~-------I-~-~1.~88~1~--~.5"'09~-~1 3~.6~7~7j---~I~--~.0~00~_~0~. 1~52~ 
Wet (ref.) Ora 0 1.000 
l)a\'c lIlent Rouohncss -1 .752 
Asphalt I. 754 
Non- Asphalt (re f.) Ora 
Road .Junction -.464 
No Junction .777 
Junclion (ref.) Ora) 
Placc of Accident -.263 
Offi ce 2.323 
Resident ial 3. 126 
Commercial 2.074 
Rel igious centers 2.316 
Recreat ion 1.993 
School (rer.) Ora) 
Accident T~ __ _ -.804 
Crashinp, with pedestrian 3.062 
Crash with another vehicle _ ~ _ _1_.59~ 

Others 1.3-t 6 
Crashing wit h objects (ref.) --- Ora) 
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.493 

.232 
.274 

.063 
.488 
.549 
.533 
.601 
.568 

17.091 
12.657 

4.020 
8.03 8 

17.663 
22.693 
32.388 
15.160 
14.827 
12.30 1 

.000 
.000 5.778 

o 1.000 
.045 
.005 2. I 75 

o 1.000 
1 .000 
I .000 10.206 
I .000 22.783 
I .000 7.957 
I .000 10.135 
1 .000 7.338 
o 1.000 

.133 ~323 __ 1 __ ~ __ _ 
-,559 _ --.1.9.999 . _ I _.~ ~370 

.615 _ 62N . _ I _ QO~ " .943 

.7 13 1 3.56-'-t . _ I .059 3.842 
. . 0 1.000 



This model shows that driver age is a signifi cant variab le. The likelihood of traffic acc idents 

causing fatal/se rious injury is higher for yo ung dri vers (aged below 30 years and aged 31-50 

years) compared with the elder ly drivers (aged above 5 1 years). 

As compared to dri vers with driving experience of more than 5 yea rs, the odds of traffic 

accidents causing fatal/serious injury for dri vers with dri ving experi ence I year at max imum, 1-2 

years and 2-5 years were reduced by a factor of 0. 160.23, and 0.37 times, respective ly. 

Driver educati onal background is a lso signifi cant ly assoc iated with seve rity leve l of traffi c 

acc idents. Drivers with elementary, junior seconda ry and secondary leve l o f education are about 

8.2, 6.4 , and 3. 1 times more li kely to get in vo lved in fata l/serious inj uri es as compared to those 

with above secondary school leve l of education, respecti ve ly. 

When we consider the result of Table 4.5 above, it demonstrates that type of vehi cle is one of the 

most important factors fo r fatal and serious inj ury occurrence. The odds of traffi c acc idents 

causing fatal/serious injury is hi gher for dri vers with automobi les (5.8 times), buses(4.3 times), 

cargo(2.7 times), and taxies or minibuses (4.5 times) as compared to those driver with station 

wagon. 

Our study shows that the atmospheric condition is significantl y assoc iated with traffic accidents. 

The likelihood of trafti c acc idents causing fat al/seri ous injury is hi gher during clear conditions as 

compared with rainy condition. The result also indicates that there is a signiti cant relationship 

between light condition and severity leve l of accide nts. The odds o f trafti c acc idents causing 

fatal/seri ous injury are higher fo r dri vers dri ving in dark condition as compared to dayli ght and 

dark but lighted condition. 

Moreover, time of the acc ident is one of th e most important variables for severity level of traffic 

acc idents. The odds of traffi c acc idents causing fatal /seri ous injury are hi gher in the morning, 

day and evening as compared to accidents at ni ght. Regarding road condition, the likelihood of 

fatal/seri ous injury is higher on wet road conditi on as compared to dry condition. 
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In terms of road surface condition, this study fo und out that drivers dri vi ng on aspha lt roads are 

about 5. 8 times more likely to get in vo lved in fatal /serious inju ry acc idents as compared to those 

dri ving on non-asphalt roads. When we consider the contribution of road junction to tra ffi c 

acc ident, the odds of traffi c acc idents causing fatal/seri ous injuries at no-junct ion roads are 2.2 

times hi gher as compared to acc idents at j un cti on roads. 

Furt hermore, the odds of acc ident be ing fa tal /seri ous inj ury due to crashing with pedestri ans, and 

crashing with another vehi cle were more likel y as compared to cras hing with objects. Place of 

accident is also another important vari able explain ing human fatalities and inju ri es in crash. 

Offices and res identi al areas are more li ke ly for fatalities/serious injuries as compared to school 

areas (surroundings). 
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CHAPTER FIVE 

DISCUSSION, CONCLUS ION AND RECOMMENDATION 

5.1 DISCUSSION 

This stud y is des igned to identi fy some of the determ inants of the fa talities and inju ries due to 

tra ffi c acc id ents based on AACT ID 2009 data . Binary log isti c regress ion and ordina l logisti c 

regress ion have been used to ana lyze the data. The e ffect of the factors o f interest on the 

severity level will be di scussed here in detail. 

A. Human Factors 

People are the most acti ve actors in the system. While their acti ons might be influenced by 

subconscious moti ves and sublim inal cues, they are also the most adapti ve element in the traffic 

system. T hey can create risk situati ons as we ll as respond to ever changing new demands of the 

traffic environment. 

T he find in gs of the study show that acc id ent rates of youn g drivers are more than the rest of the 

examin ees. Sim ilar resuits arc al so reported from other studies (Sar i e l al. . 2009 : Yitambe, 2004) . 

Thi s may be re lated to reckl ess d ri vin g, psyc ho-biologica l immaturity, an excess ive belief in 

one' s own ab ilities, lack of expe rience, dr ivi ng cultu re, and lifestyle induced ri sky type of 

exposure such as ni ght d ri ving. 

Accordin g to th e findin gs, drivers w ho have more th an 5 years of experi ence are s ign ifi cal1lly 

exposed to traffi c accidents caus ing fata l/seri ous injury than those who have less dri ving 

experience. Thi s cou ld be due to overconfidence and carelessness. 

Dri ver educational background is found to have quite a s ignifi cant effect on human sa fet y. Table 

4.5 shows that the highest ri sk gro up for accident is dri vers with primary schoo l educati ona l 

level. The ri sk of accident decreases a bit among junior high school graduates. It can be clea rl y 

seen from the tab le that for drivers with above secondary school leve l of education, the risk of 

accident decreases more. These results show that as the ed ucation level in crease, the fata l/serious 

injury acc idel1l rate decreases. Thi s findin g is cons istent with other studi es (Sar i e l al., 2009 ). 

This indicates that education is a considerable fac tor to prevent road traffic acc idents. Thus, it 
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can be said that understand ing, interpreting and obey ing the regu lat ions are para lle l to educati on 

and behaving more logica l. 

B. Vehicle Facto rs 

Among veh icle factors included in thi s study, ve hi cle type was found to be an important factor 

wh ich affects human safety due to trarTic accidents. Even if buses and tax ies/ minibuses play an 

essential role in public transportation, our results showed that these vehicles (in add ition to 

automob iles, cargo vehicles ancl buses) pose a significantly greater fata l/seri ous injury risk to 

pedestrians. Note that cargo vehic les have larger mass, greater moment um and longer stopp ing 

di stance. For any given speed, the greater the mass of the ve hic le, the greater would be it s force 

of impact at co lli sion with the pedestrians leading to hi gher inju ry severities. Furthe rmore, it is 

poss ib le that dr ivers of small ve hi cles but hi gh speedy are more likely to weave around in trarli c. 

change lanes, dart ahead of others or even take corners and curves faster. Thi s finding seemed to 

be in accordance with other studies (Tewolde, 2007). 

C. Environmental Factors 

Acco rding to the resu lts, atmospheric cond ition is fo und to be another sign ificant factor in 

determ in ing the injury severity. As can be seen in Table 4.5, most of the acc idents happened in 

good conditions. It is obvious that the movements of veh icles in the traffi c al so depend on 

weather cond itions among many parameters. When it is rainy, dri vers are probably more careful. 

Statisti ca l tests showed that lighting condition is a ri sk factor affecting crash severity. Poor li ght 

conditions contri buted to caus ing fatal /serious injuries, which indicates that poor li ght conditions 

could increase the probabi lit y of causing fatalit ies when a crash occurs. Thi s is poss ib ly due to 

visibi li ty at ni ght in the absence of street li ght is limited by the range of headlights and glare 

from oncoming ve hicles head li gh ts. In addition, drivers are also unable to distingui sh pedestrians 

li·om the shaded surroundings due to th ei r darker outfits. All th ese ean lead to dri vers braking 

later or taking less effective avoidance maneuvers lead ing to increased risk of crash and serious 

injury. Th is find ing is cons istent with other stud ies (Luma and Sivak, 1992). 
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In our study, the time of acc ident is significantl y assoc iated with fata l/serious inju ry risk. The 

odds of traffi c accidents causing fata l/seri ous inju ry are higher in the morn ing, dur ing the day, 

and in the evening as compared to acc idents during the night. Thi s find ing is in accordance with 

other studies (Sar i el ai. , 2009). Th is indicates that in the morning (t he beg inning of the working 

day) and evening (the end of the wo rking day) th e roads are typica ll y busy with traffi c vo lume, 

and during dayt ime, there are increased acti vities such as commercia l activ it ies and work re lated 

(office) acti viti es, etc. So thi s situat ion gives rise to increase in the num ber of acc ide nts. 

In terms of road surface condition, this study found out that wet surface condition resulted in a 

hi gher likelihood of fa tal/serious injury than dry surface. Th is could be because on wet road 

surfaces it is difficu lt to stop veh icles eas il y. Thi s imp li es that the poss ibi li ty of death/seri ous 

injury will be hi gh. 

D. Roadway Factors 

The environment with its roadway netwo rk creates the framework for the behavior of traffi c and 

exposes those who are on the network to various accident ri sks. Traffic environment can supp0l1 

and promote safe behavior, but it can al so encourage or lead to risky behavior. 

The findings of the study show that th e majo rity of the fatal/serious inju ri es have occurred on 

roadways with asphalt pavement. This finding is consistent with prev ious studies (Yayeh, 2003). 

This is because of asphal t roads may result in an increase in vehi cul ar speed. Therefore, if a 

crash happens, a pedestrian is more like ly to suffer from more severe inj ury due to the hi gher 

impact speed. 

Road junct ion is an important roadway facto r that contributes to severity level of traffi c 

acc idents. The fi ndings of th is study show that th e odds of traffi c acc idents causing fatal/serious 

injuries at no-junction roads are higher as compared to acc idents at juncti on roads. This finding 

is consistent with the study by Singh el al., 1998. 

This could be due to the reason that at juncti on not onl y drivers but also pedestrians are more 

careful and also there may be traffic lights at j unctions. 
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Accord ing to the results, place of accident was significantly assoc iated wi th fa tal/serious injury 

risk. Acc idents most ly took place on offices, residenti al and commercia l neighbo rh oods. It 

shou ld be noted that these places are typica ll y busy with traffic volume giving ri se to increase in 

the number of accidents. A stud y by Tewolde (2007) also reported the same result. 

The findings of thi s study also show that the odds of accident being fata l/serious inj ury due to 

crashing with pedestri ans, and crashing with another veh icle were higher as compared to 

crashing with objects. As expected, the serious injury risk significa ntly increased for pedestri ans 

who tended to cross roadway without proper ri ght o f way. Since dri vers do not expect 

pedestri ans at locations not designated for pedestrians, they might fa il to detect the pedestrian in 

time and take evasive actions accordingly. This might result in hi gher impact speed during 

col li sion leading to greater inj ury ri sk. Neg li gent crossing behavior has been reported to be a 

major cause of pedestrian co llision and inj ury by Yayeh (2003). 
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5.2 CONCLUSION AND RECOMMENDATION 

Drivers with driving experi ence of more than 5 yea rs are signifi cantl y exposed to traffi c 

acc idents causing fata l/seri ous injury. This coul d be due to overconfidence and 

carel essness. 

Young drivers aged 18-30 years and aged 3 1-50 year, dr ivers with lower educat ional 

background, at no-j unct ion roads, absence of lighting, wet surface and asphalt pavements 

are more likely to result in fatal/serious injuries. 

Accidents occurring in the morn ing and even ing and accidents that occur in offi ce areas, 

res idential and commercia l neighborhoods are more likely to result in fatal/seri ous 

injuries. Among types of vehicles, automob il es and taxies/minibuses create ratal or 

seri ous inju ry ri sk. 

Gender of dri ver, vehicle ownership. vehi cle age, dri ving directi on. day of acc ident, road 

situation. road class, reason of acc ident and sub-cit y have no signifi cant associat ion 

with the influence of fatal ities/serious injuries dur ing traffi c accident. 

It can be learnt from this stud y that spec ial attention shou ld be given to reduce th e severi ty of 

acc idents by tak ing the following into consideration . 

,/ Pedestrian crossings cou ld be raised to lower vehicu lar speed and advanced stop line 

could be used to reduce the conflicts at crosswalks, thereby improv ing pedestri an safety. 

,/ By avoiding overspeed, respecting pedestri an priority, and fo ll ow the traffic rules and 

regul ati ons dri vers may reduce traffic acc idents. 

,/ Since, there is a hi gh vo lume of traffi c in the morning (the beg inning of the wo rking day), 

evening (the end of the working da y) and areas around offi ces, residential and 

commercial neighborhoods drivers shou ld be more ca reful in such areas and times of the 

day. 
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APPENDIX 

Appendix [A[ 

Distribution of human, vehicle, roadway, and environmental factors with injury levels 

Injun ' sel'erill' le\'el of accident -- -- " --" r=- - "'-"'-- ---- -

__ Sli '11I~j lll'Y Serio LI S injury Fata l Total 

Counl Share C ount Share Counl Share C oulI l Share 
Sex of Driver Male 144 33.8% 189 44.4~~ I---- 93 2 1.8% 426 96.~ 

Female 5 29 ... % 7 4 1.2% 5 29.4% 17 3.8% 

Age of Drivel" 18-30 60 30.3% 91 46.0% 47 23.7% 198 44 .7% 
3 1-50 61 3 1.9% 87 45 .5% 43 22.5% 191 

:~~ > 51 28 5 1.9% 18 33.3% 8 14.8% 54 
Driver-Ve hicle Owner 22 30.6% 26 36. 1% 24 33.3% 72 16.3% 
Relationship Hired 94 33.0% 127 44.6% 64 22.5% 285 64 .3% 

Other 
33 38.4% 43 50.0% 10 11 .6% 86 19.4% 

Drivi ng EX llcricll cc 1 years at maxi mum 25 59.5% II 26.2% 6 143% 42 9.5% 

I - 2 years 23 56. 1% II 26.8% 7 17. 1% 41 9.3% 

2 -5 years 31l 32.4% 57 5 1.4% 18 16.2% 111 25. 1% 

More th an 5 years 65 26.1% 11 7 47.0% 67 26.9% 249 56.2% 

Driver Edu cat ional Elemen tary school 12 2 11 % 27 47.4% 18 3 1.6% 57 12.9% 
Background Junior secondary 20 36.4% 66 14.9% 

school 
303% 22 33.3% 24 

Secondary school 79 33.5% 107 45 .3 iyo f----- 50 - 2 1.2% 236 U 3%J 
~s('condar) -- - -

38 45.2%
) 40 47.60 0 (, 7. 1% 8 ~ 19.0u, o 

.- sc hoo l 
32 . ~% I 50 '1 47.6% ~3d - - - -- - - 2 iT 20~ Vc hicle T ype AUlOlllobile ~ 105 

-- f- -- - 1--- - --
Taxies and Minibuses 18 19.6% 49 53.3% 2; 27.2% 92 20.8% 

Cargo 
--- -

22.30/: 31 3 1.3% 49 49.5% 19 19.2% 99 
Buses 22 37.9% 18 3 1.0% 18 3 1.0% 58 13. 1% 

Station wugon 26 52.0% 20 40.0% 4 8.0% 50 11 .3% 

Other vehicles 18 46.2% 10 25.6% II 28.211/0 39 8.8% 

Vehicle A~c 2 years at maximum 18 36.7% 23 46.9% 8 16.3% 49 11.1 % 

2 -5 years 34 40.0% 41 48.2% 10 11.8% 8; 19.2% 

5 -10 ycm·s 62 35.4% 66 37.7% 47 26.9% 175 39.5% 

Over 10 years 35 26. 1% 66 49.3% 33 24.6% 134 30~ 
Vehicle Direct ion Strai ght go ing 123 32.7% 173 46.0% 80 2 1.3% 376 84 .9% 

TUl11 ing 12 44.4% 6 22.2% 9 33.3% 27 6. 1% 

Reverse going II 47.8% 9 39. 1% 3 13.0% 23 5.2% 

Otbers 3 17.6% 8 47. 1% 6 35.3% 17 3.8% 

Atmospheric Good condition 122 3 \.4 % 178 45 .9% 88 22.7% 388 87.6% 
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C ontlilions Rainy 
27 49.1% 18 32.7% 10 18.2% 12.4% 

Light C ondition 
- -
5~ 17.5% 

17 ,_ 17 2% 1 

Daylight --=--- 97- lliO{)·1~58·~_ 5 1 . 1 % 
Dark but l i gh t~J ~8 ·IS 5% 3 ~ 3~ 3'},(,1 _ __ " . .::.J-
Dark 

I~D-"-)'-O~f~A-c-c~id~c-n~I '--'-~~ekend ---
II A% I 4 1 1~~' I 
43.5°'cJ 5g 37.7% , 

2! 1 77. 1~ 
29 18.8% 

69 . 8o/~ 

22 .3'Yo 
- < 
7.9°/0 

I 
3 .. U)% 

- , -

Week day 82 28.4% 138 47.8% 69 23 .9% 289 65 .2% 

Time of Accident Moming 42 23.5% 97 54.2% 40 22.3% 179 40.4% 
~~------I--~~~~~~~~~~~--~ 

Day 21 40.4% 20 38.5% II 2 1.2% 52 11.7% 

Evening 40 27.0% 68 45.9% 40 27.0% 148 33 .4% 
~.,---=-----I--
Night 46 71.9% II 17.2% 7 10.9% 64 14.4% 

Road Condition Dry 141 3~.8% 178 44.0% 86 2 1.2% 405 9 1.4% 
hW~C~I -------------I---~~8+---~2 ~1.~I '~~~--~1~8~4~7~.4~0/.~'~--~1 2~~3~1.~6~o/,~--~3~8~---8-.6-0/.-l, 

I~P-a\-'C-n-,c-l-ll~R-O-ug~l~l1-'C-S-s~A~s~p'h~a"It-----------~----I~J~I +---~J ~I.~9'~Yo4---1~8~74-4~5~.)~· 0/.~,+---~93~~2~2 .~6~o/'~---4~1~11-~92~ 
hN~O~1-'.-A"S~p'h-a~II-------I---~~1~8+---~56~.~3'~~~~~94-2~8~. ~1 0/.~,+---~5~~1~5.~6~o/,~--~3~24--:~7~.2~0/.-l, 

Road Junct ion 

Ro:ul Si tuation 

Road C lass 

PI:I(' C of Acc idcnt 

Accident Type 

Re:ISOII of Accident 

Su b-city of thc 
Accidcnt 

No Junction 98 30.2% 147 45.4% 79 24.4% 324 73. 1% 

Jun ction 51 42.9% 49 41.2% 19 16.0% 11 9 26.9% 

Straight-nat 133 32.8% 184 45 .3% 89 21.9% 406 9 1.6% 

Not strai ght 16 43.2% 12 32.4% 9 24.3% 37 8.4% 

hRr O_I_"'_d_ab,-o_u_t _______ If-__ ....:.7:.8+-__ 3~3~.:.2'~Y,~~1_:0_:5~4:_:4~. 7::0/.~,+-__ --=-5 2:t--:2:.2.~1 ,_%:-+ _ 23 5 ~ 3 ~ 
Two -way 57 32.9% 79 45.7% 37 214% 173 . _ 39.1% - -..:..:.+--....::..:::.:.:.::+-....:..:. -.--- - ---- ~--
On.: · \\ay 14 40,0% 12 34.3% 9 25.7% ----.-:\5 + 7.9% , 

o fiic-;- - 50 158% j 90 46.4% 54 f--27.;0~ 194 43 .8°0 ' 

Res id en ti al 

Co~rc ial 
16 ~ 25.8<X,j -- 25

1 
~0.3% ;~ 2 1 ~ 33. l)--;-Y~ 62 :-- t 4.0'Y< ' 1 

25 , 

~ 
16 

Religious centers 

Recreation 

School 

Crashin g with 
pedestrian 

22 

80 

Crash wi th ano ther 31 
vehicle 
Crashin g with objects 22 

Ot hers 16 

Ra sh and negli gent 38 
dri vin' 
Wrong overtakin g 26 

No priority to 52 
pedestrian 

37. 9~0 29 "3,9° 0 12 18.2% 66 14.9"0 

46.50(,, 1 - 18 ~1.9% ~ 5 r 11.6% 4 3 ~ i),7% 1 
36~T -24~4-j-0/.-, - - 4--9.-10/.-0 ---,M- 9.9;;,J 

I---....:..:+=-c:::.::+----=-+--...:.'-::-'t- - - - -
64.7% 10 29.4% 2 5.9% 34 7,7% 

25.2% 151 47.6% 86 27. 1% 317 71.6% 

48.4% 25 39.1% 8 12.5% 64 14.4% 

66.7% 9 27.3% 2 6. 1% 33 7.4% 

55.2% 11 37.9% 2 6.9% 29 6.5% 

36.9% 49 47.6% 16 15.5% 10J 23.3% 

50.0% 15 28.8% 11 2 1.2% 52 11.7% 
----l.-

25 .7% 104 5 1.5% 46 22.8% 202 45.6% 

No priority to vehicl e 15 30.6% 18 36. 7% 16 32.7% 49 11.1 % 

Others 18 48.6% 10 27.0% 9 24.3% 37 8.4% 

_A~r~,"da~~---------I -----1~2~--::.:J~5::.:.3~0/.::.:' 4---~1 2~~3~5 ._:3,_o/,~_. __ 1~04-~29.~ 34 
Addis kctcma II 31.4% 16 45.7% 8 22 9o/.~ __ .:.3;:.5+-__ 7_. 9~i 
Ledeta 10 _ 37.0% __ 1037.0% __ 7 25 9% 27 __ 6 . I 'Y~ 

Kirlws ------ "15 - 26.8% 31 55 A% 101 17-9-% 56 - 1260/0 

~a __ =- -_ - ...3 1:- ~ 33_.3_% :-___ 27 '-42- ,9%---r-_' . 15 t 23 _8'_;{,'t - _ 63--=,4 2'V~ 

7.7% 
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Dark I 
Day of Accident 
Weekend -.68 1 .300 5. 157 I .023 .506 
Week dar I 
Time of Accident 16.259 3 .00 1 
Moming 1.888 .502 14. 132 I .000 6.609 
Day 1.1 32 .580 3.8 11 I .05 1 3. 10 1 
Evening 1.686 .479 12.407 I .000 5.397 
Night -- '--

I 
RO:-ld Condi tion 

~ "I --
-2.322 . "!:'2. f-- <JBl4. .002 .098 -- - ~ c- ---

'jj.£t I - - - - r--- - - -

Pave ment H. o ug.hl~ --- -~ -os. - = _. 
~hah 1 6'!1!.. ~) 6 1-- 8.l82 I _QQ! 5.464 

Non- Aspbalt - -- - -- - I 
Road ,Junction 
No Junction 

-- --- T f-- 029 
_. 

.737 .337 4.787 2.089 
Jun ct ion ..J.. 
Road Si tuation 
Straight-nat -.087 .555 .025 I .875 .9 17 
Not straight I 
Road Class I. 755 2 .416 
Roun dabout .70 1 .557 1.585 I .208 2.0 15 
Two -way .684 .542 1.595 I .207 1.982 
One -way I 
Place of Accid (" nt 17.373 5 .004 

Office 2. 135 .559 14 .575 I .000 8.456 

Residential 2.363 .659 12.850 I .000 10.623 
Commercial 1.644 .611 7.229 I .007 5. 176 
Religiolls centers 2. 178 .707 9.502 I .002 8.828 
Recreati on 1.420 .651 4.754 I .029 4. 139 

School I 
Acc ident Type 11.426 3 .0 10 
Crashing with Dedestrian 1.749 .614 8.11 9 I .004 5.748 

Crash with another vehicle .82 1 .699 1.380 I .240 2.274 - -
Others .458 .792 .334 I .563 1.58 1 

Crashing with obieets(ref.) I 

Reason of Accidellt 5.760 c- 4 .2 18 
- - --

~nd~ent dri~ .449 ~ t-- .451 1. 567 4 I ------ - .--
Wrong overtakinL- _ ---~~ ~~ f- .955 . I f- .328 -

.509 
~priori ty tOjlcdl!slrian -. 049 .602 ~7 " I -

935 .952 
~th~ __ _ __ -.592 . ~ 7.":1. I 3..8! I-- .553 -

I No priority to vehicle ---
Su b-city of the Accid("lIt 10.962 9 .278 

- ----
Arada -.306 .869 . 124 I .725 .736 

Addis kClema -. 177 .904 .038 I .844 .837 

Ledeta -1.030 .9 16 1.266 I .260 .357 

Kirkos .574 .837 .4 71 I .493 1.776 
Ycka .037 .809 .002 I .963 1.038 

Bole -.138 .808 .029 I .865 .871 

Akaki -.528 .831 A03 I .526 .590 

Ne fas silk -.939 .838 1. 256 I .262 .391 

Kolne .583 .877 .442 I .506 I. 79 1 

Gulele I 
Constant -8 .32 1 2. 136 15 .177 I .000 .000 
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APIlcn dix ICi 

Parameter estimates of the ordinal logistic model 

Estimate S.L Walll IIf Si " OR 
ISEVERITVLEVEL - II 7.932 1.684 22. 175 I .000 
ISEVERITYLEVEL 21 11.336 1.740 42.458 I .000 
Driver Sex -.430 .52 1 .682 I .409 
Male .703 .6 11 1.321 I .250 0.65 1 
Female Ora) 0 I 

Age of DI"ivcr -.723 .160 20.359 I .000 
18-30 2.224 .444 25 .110 I .000 9.244 
3 1-50 1.437 .41 2 12.129 I .000 4.208 

>- 51 Ora) 0 I 

Driver-Vehicle Relations hip .337 .174 3.745 I .053 
Other -.907 .397 5.2 18 I .022 0.404 

Hired -.606 .348 3.037 I .081 0.546 

Owner Ora) 0 I 

Driving Expcl"icnce .546 . 11 4 22.955 I .000 
I ye<lfS al maxi mum -1. 8 17 .44 3 16.805 I .000 ~~~ -- -- I - .001 I - 2 years -1.480 .430 -' 18 ~3.. 0.228 
-- - -- - - -. 

~ 
- -

2 -5 years -1.00~ .293 11 .736 
.00 1· 1 

0.366 -- - C- I--- _. -- -
More than 5 years O(a) I 
~;. Educ:ttiV II :l1 

- - '-~ -- :.. - -

-.658 .121 29.492 I .000 
~ground 

---2.107 r- --;;65 
------ 1 r-- -

Elementary school 20 .569 .000 8.224 

Junior secondary school 'I r- .000 6.366 1.85 1 .433 18.29 1 

Secondary school 1. 123 .327 11.792 I .00 1 3.074 

Above secondary school Ora) 0 I 

Vc hicle Ty pe -.236 .064 13.782 I .000 

A utomob ile 1.759 .440 15 .950 I .000 5.807 

Taxies and Mi nibuses 1.493 .474 9.9 12 I .002 4.450 

Cargo .984 .445 4.894 I .027 2.675 

Buses 1.462 .509 8.265 I .004 4.3 15 

Other vchicl es 1. 242 .544 5.2 19 I .022 3.463 

Stat ion wagon Ora) 0 I 

Vehicle Age -.079 .098 .644 I .422 

Over 10 years .887 .402 4.873 I .027 2.428 

2 -5 years -. 131 .439 .089 1 .766 0.877 

5 -10 years .758 392 3.746 I .053 2. 134 

2 years at maximum Ora) o . I 
--

.247
1 -.II .071 

f--- - -
Ve hicle Direct ion . 137 3.257 

- --. 
Straight !llling .220 .594 . 137 I .7 11 1.246 
~lg ~-- - - T - ~ -, - ---

1 . 27 ~ .73 1r= 3.036 I .08 1 _ 3 : g. 
Others - wtiT .814 53121 .IT 021 6.527 

- -- - . - ~- . -- --
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Reverse goi ng Ora) 0 I 

Atmospheric Conditions -1.529 .379 16.261 I .000 
Good condition 1.883 .443 18.065 I .000 6.573 
Rainy Ora) 0 I 

Light Condition 1.024 .192 28.529 I .000 
Daylight -3.075 .527 33 .995 I .000 0.046 
Dark but lighted -2.555 .541 22.30 I I .000 0.078 

Dark Ora) 0 I 

Day of Accident .388 .214 3.277 I .070 
Weekend -.447 .236 3.584 I .058 0.640 

Week day Ora) 0 I 

Time of Acc itlcnt -.504 .103 24.0 14 I .000 

Moming 2.405 .455 27.936 I .000 11.078 

Day 1.813 .523 12.022 I .001 6.129 
- - -

Evening 1. 852 .434 18. 189 I 000 6.373 

~ 
- - ---

0\,,) 0 I - - --- --- - -
Road Co ntlition 1.671 .440 14 .440 I .000 

-- - -
Dry -1.881 .509 13 .677 I .000 0.152 

-- --
Wei Ora) 0 I 

-
]'avcmcnt Roughness -I. 752 .424 17.091 I .000 

Asphalt 1.754 .493 12.657 I .000 5.778 

Non· Aspbalt Ora) 0 I 

Road Junctiou -.464 .232 4.020 I .045 

No Junction .777 .274 8.038 I .005 2~ 
Junction O(a) 0 ~ 
Roatl Situation . 198 .374 .279 I .597 

Straight. nat · / 161 .439 1.101\ I .293 0.63 1 

Not straight Ora) 0 I 

Road Class .048 .164 .084 I .772 

Roundabout .3 12 .446 .488 I .485 1.366 

Two ·way . 11 9 .436 .075 I .784 1.1 26 

One ·way Ora) 0 I 

Placc of Accident ·.263 .063 17.663 I .000 

Office 2.323 .488 22.693 I .000 10.206 

Residential 3.126 .549 32.388 I .000 22.783 

Commercial 2.074 .533 15.160 I .000 7.957 

Religiolls centers 23 16 .60 1 14 .827 I .000 10.135 
~ --

Recreation 1.993 .568 t 12.30 1 I .000 7 . 33~ 
of -

School Ora) 
-+- -

Accident Type -.804 ~ 36.323 I .000 
- - --

Crash ing with pedestrian 3.062 .559 29.999 I .000 21.370 

Crash with another vehicle 1.598 .615 6.744 I .009 4.943 

Others 1.346 .7 [3 3.561 I .059 3.842 

Crash in g with objects(ref) Ora) 0 I 

Reason of Accident -.007 .087 .007 I .935 

Rash and neg li gent driving -.699 .453 2.378 I .123 0.497 

Wrong ovcltaking -.590 .552 1.143 I .285 0.554 

No priority to pedestri an -1.1 80 .458 6.634 I .010 0.307 
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Others -1.269 .577 4.833 I .028 0.28 1 
No priori ty to vehicle O(a) 0 I 

Sub·city of the Accident -.0 18 .041 .190 I .663 
Arada .534 .679 .6 19 I .4 32 1.706 
Addis ketema -.2 15 .683 .099 I .753 0.806 
Ledeta . 121 .724 .028 I .867 1.1 29 
Ki rkos .292 .645 .206 I .650 1.339 
Ycka . 174 .640 .074 1

1 
___ ,7 85 1.1 90 

-
Bole -.241 .635 .144 I .705 0.786 
~ki 

~- -
· . 103 .650 .025 I .874 0.902 

r---- 1.240 
~-

Ncras si lk · .735 .660 I .265 0.480 
Kolfic .562 .669 .705 I .40 1 1.754 
Gulcle O(a) 0 I 
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