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ABSTRACT 

Integrated In rormation Arc hitecture in Support of Road Safety Organizations: 

The Case of El hiol)ia 

Tibcbe Beshah 

Addis Ababa University, 2013 

Safety in general and road safety in particular, is one orthe major national agendas of 

any nation. Road safety can be affected by different factors road accidents being the 

main. Thus addressing issues perlinent to road accident wiJl improve road safelY. 

Road safety strategies include accident prevention, reduction and mitigation, which 

among other things, depend on accident data collection and analysis. Proper accident 

information management plays significant role in addressing the strategic issues 

effectively and efficient ly. Various research works have been done in the area from 

different perspectives. This work investigated the usc of enterprise Information 

Arch itecture as a way of visualizing and describing the various information asselS and 

their interaction within road safety organ izat ions and other stakeholders. It also 

explained a road safety situat ion based on data and defined an empirically grounded 

architecture as an approach to the managemcnt of road safety information to support 

effective information utilization and management at road sa fety organizations. 

The research followed a Design Science research paradigm employing specific 

mcthods, including qualitative data analysis, data mining techniques. and critical 

literature review. Qualitative approach is used to detennine information requirements 

of the road safety domain, while data mining technology is used to support in 

dctermining information require ment as well as accident data analysis in explaining 

road safety situation through identificat ion of determinant factors. Critical literature 

review is used to define theoretical background and re~la_teioO!~~~uo:lt~t~o the knowledge 
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base in the area. In connection to Ihis, while Zachman Framework was used 10 guide 

the development ofthc Road Safety Informat ion Architecture, the popular data mining 

modeL Cross- Industry Standard Ilroccss for Data Mining (CRISP), has been utilized 

during the data mining experiments to identify important patterns in accident dataset. 

Results have shown that the architectural representation guided by the selected 

framework provides a holistic view to the management of road safety data. This 

Information Architecture can serve as a strategic guide to the review and 

development of the road safety data collection and analysis systems. The 

development of Road Safety Information Architecture (RSIA) in an enterprise view 

in the study and design of a road safety information management is an original 

contribution, which improves and expands the conceplUal framework of the 

research in this field . RSIA is represented in six dimensions (content, process, 

motivation, people, place and time) from three perspectives (contextual, business 

and system). Moreover, in addition to identification of accident information 

requirement, the identified patterns through data mining have proved to supplement 

the previous severity prediction with promising performance. 

Evaluation of the research showed that both the process and result of this research 

are va lid and acceptable. The result of this research, mainly the RSIA, will help 

road safety organizations to revisit their focus of attention in crafting and 

implementing measures to reduce road safety problems. Finally, result of the 

research can also be used as a hypothesis and/or can be replicated to ot her 

developing count ries with similar context. 

Keywords· RSIA. Road Sa/ely. Road Accidem, Data Minil/g. II//orll/a/ioll 

Architecture (IA). Zachman Framework 
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Chapter One 

INTROD UCT IO 

Since the fi rst recorded road accIdent f:lIal ity in 1896, road accident has been a serious 

problem for almost every country (Zhcng. 2007). Consequently, it has led to ensuing 

attempts to research road sa felY issues and address various pertinent issues from 

diverse perspecti ves. Finding a way \0 effectively collect, analyze and di sseminate 

accident data is cri tical in improving the learning process, thereby improving road 

safety. To thi s end, a notable concept, Informat ion Architecture (IA), involves 

describing and modeling how information should be organized in such a way that it 

serves as a foundalion for an informed deci sion. This research contemplates on the 

concepts of severity analysis of accidents and enterprise IA in road safety domain . 

Thi s Chapter introduces the essence of the research and places it in context. Thus, the 

aim of the chapter is to discuss background, problem statement and motivation, 

objectives, and significance of the research. Definition of central concepts to the 

research work is also prcsenlcd in the chapter. 

1.1 Background or the Research 

The transportation sector not on ly fonns a complex systcm with many opportunities 

for economic efficiency and competitiveness, but also includes many externalities 

like accidents, congestions and pollut ions (Bort.acchie llo el aI. , 2009). Among all 

transportation systems, road transport is the major one - at least in the context of 

developing economics like Ethiopia. This has also nccessitated for a growing interest 

in research on tTansportation infonnation system to increase safelY through traffic 

management, infonnalion systems and automation (Bagulcy, 2001 , Bobeva, 2005 , 

Abugcssaisa, 2008a, l'lall, 1995). 

Road Traffic Safety or simply Road Safety is sa fety on the roads - a notion thai 

means to safely drive on road 10 ensure that there is no hann done. In OIher words, it 

I I I' ,I .. t 



can be said that road traffic safelY stands for reduction of causes of accident on roads 

by facilitating proper driving. Though road safety can be affected by different factors 

like congestion and pollution. It is highly associated with Road Traffic Accidents 

(RTA). RTA is also defined as any vehicle accident occurring on a road (i .e. 

originating, tenninating, or involving a vehicle partially on the road). A commonly 

accepted definition Slates that it is "A rare, random, multi-factor event which is 

always preceded by a s ituation in which one or more road users have failed to cope 

with their environment" (Baguley, 2001). 

Many d ifferent tenns arc com monly used in the literature to describe RTA. The 

World Health Organization uses the tenn road traffic injury (RTI), while a motor 

vehicle accident (MVA) is used by the U.S. Census Bureau. Other tenns that are 

commonl y used include auto accident, car accident, motor vehicle traffic collision, 

car crash, car smash, motor vehicle collision (MVC), road accident, road traffic 

colli sion (RTC), road traffic incident (RTI), and road traffic accident. Given the high 

level association between the concepts of road safety and road traffic accident, both 

phrases 3re used contextually as required throughout this research work. 

Road safety is a multi-dimensional issue at the top list of any nation's concern. In 

line with thi s, the United Nations labeled the years between 2011 - 2020, as road 

safety decade. It is also stated that road sa fet y is a prime concern \0 individuals, 

groups and organizations, all of which requiri ng data and evidence about accidents 

(Peden ct aI. , 2004, Moon, 2003). RTAs arc considered to be a major lhreat to road 

safety and arc placed among the top leading causes of deaths and injuries of various 

levels. 

According to Bener et al. (2003), RTAs continue to be major causes of mortal ity and 

morbidity. Globally, RTAs result in an esti mated 1.2 million deaths and a further 50 

mill ion injuries per year (WHO, 2013). It is estimated that 90% of road traffic deaths 

occur in low and m idd le income countries (W HO, 2009 ). It is also predicted to rise 

2 11' it g c 
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by 27% In low and middle income countries while decreasing among hIgh· income 

countries by 83% by 2020. which wlil further augmcni the global gap (Hyder and 

Bi,h,i, 2012): (WlIO, 2009) 

The cost of fata lities and injuries due to such RTAs has a b'Tcal impact on the 

wellbeing and socio-economic development of a society. In connection to this, it is 

stated that RTA is an escalating problem in Africa and deserves proportionate research 

cITorts (Lagarde, 2007). Road accidents have been estimated to cost low and middle 

income countries an est imated US0100 billion every year (Hyder and Bishai , 2012). 

And Ethiopia is not an exception. Ethiopia is onc of the countries in the world 

experiencing highest rale of such accidents, resulting in fatalities and various levels of 

inj uries. As each day passes the extent of loss of life, property and economy of, for 

example, Addis Ababa due to RTA has reached a critical level (AAeG, 2009). 

Simi larly, the rate of traffic acc idents and pollution in Addis Ababa goes up together 

wi th the increase of motor vehicles and population size (Samson, 2006). 

RTAs are a major public health concerns causing thousands of injuries and premature 

deaths each year. Accord ing to Mathers ct 011. (2008), projections also show that RTls 

will be one of the three leading contributors to the global burden of fatalities over the 

next two decades. 

Even though considerable improvements in road safety have been made, the number 

of accidents remains high in Ethiopia . According to a recent report by the Office of 

the Federal Police of Ethiopia, the traffic accidents in Ethiopia claim 2,200 deaths. 

8,000 injuries and a loss of over half a billion Birr1due to the destruction of property 

annually. However, the true RTA fatal ity rate in Ethiopia is greater than what is 

actually shown by the official statistics. According to National Road Safety 

Directoratc of Ethiopia. it is estimated to be ncar 70 fatalities per 10,000 vehicles. The 

, Birr is a local currenc), in Ethiopia WIth currenl exchange Tall.' or I US[)·18.5 BI rr 
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problem is serious even compared 10 Kenya (onc of the developing countries with 

many similarities \0 Ethiopia) and United Kingdom (onc of the deve loped nations), 

where the figure is about 19 and 2 fatalities per 10,000 vchicles, respectively (Persson . 

2008). Thus. it is easy to leam the magnitude of the problem even from this simple 

comparison and the WHO (2013) stati stics which indicates the overall global food 

traffic fatality rate as 18 per 100 000 population. 

The above fac ts correspond to the discussion in the literature, which indicates that 

many countries in Africa, inc luding Ethiopia, have extremely high accident rates 

(Peden et aI., 2004). Based on a detailed anal ysis, the WHO made predictions of the 

situation fo r the year 2020 and the various changes in a rank order of causes of death 

and disability throughout the world as shown in Figure I" RTAs are predicted to rise 

to third place (after ischemic hean disease and unipolar major depression) . Thus, the 

need to attempt to prevent road traffic acc idents using various approaches and means 

is increasingly important . 
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Indicating the magnitude of the problem. it IS also said that RTAs are also 

complicated to analYl.e as they cross the boundaries of engineering, geogrnphy and 

human behavior, hence becoming very complex events (Sabel et aI. , 2(05). RTAs are 

very complex events (Vorko-Jov ic ct al. , 2006, Sabel ct al. . 2(05). 'onctheless, 

RTA s arc predictable and, therefore, preventable, but it necds close coordinalion and 

collaborntion through a holistic and intcgrated approach. In addition the anticipated 

coordination and road safety policies must bc based on evidence as mentioned In 

(Mohan and Roberts, 200 I). 

As to the distribution of the problem, although road traffic accidents are major global 

problems, most of them occur in low and middle-income countries (Persson, 2008). 

Though, road traffic accidents are global phenomena, the numerous success storics 

of the developed nalions cannot be simply imported and implemented in developing 

countries and, as a result, tackling the problem requires context-based innovative 

research (Davis et aI. , 2003). Developing countries tend to seek assistance from 

consultants from developed countries, but it is important to recognize that the traffic 

engineering and safclY solutions that work in onc country may not necessarily 

function well in another with totally different transportation systems charactcristics 

(Kar and Datta, 2009). 

The scenario is not similar. For examplc, in developing countries pedestrians and 

passengers of commercial vehicles are the most vulnerable while drivers ofprivalcly 

owned vehicles arc more cxposed in developed countries. It is also reported in 

(persson, 2008), that in one crash the number of people killed or injured is 30 times 

higher in developing countrics as compared to developed ones. Highlighting on 

marked disparities. ··TIle challenges of improving road safety in Boston are different 

from Bangalore," (Mohan and Roberts, 2001). According to (Lagarde, 2007), there 

is a need to urgently scale up surveillance and research effons in developing 

Sl l' a~c 



countries in order to determine how to build on thesc resul ts, laking regional specific 

issues into account. 

Road safelY problems can be addressed from different perspeclives like education, 

enforcement, and engineering, all of which requiring learning from previous patterns 

which in tum is based on data. In connection with this, through a long history of 

recording, the size of organizational data in business and public sector organizations is 

gcning enormously higger. Road traffic safelY system is one of the various areas 

where critical data about the well-being of the society is recorded and kepI. Various 

aspects ofa traffic system like vehicle accidents, traffic volumes and concentration are 

recorded at different levels (i .e., huge amount of road safety data/information is 

recorded every day). Obviously. the reliabili ty, completeness and accuracy of the 

information and the level of analysis will affect a lot of decision-making and the 

organization itself, and this is where the need for IA emerges. The lA approach will 

provide a platform for effective decisions by enabling learning from data. "The 

infonnation architecture approach focuses, on information followed by teclmology, 

therefore clearly making the point that the lISC and value of information is what 

provides the competitive resource nol the system supporting its use"(Doran, 2007) 

IA is an emerging discipline and catches the eyes of IT professionals (Yunus and 

Rahman , 2008). It is a relatively new discipline that focuses specifically on 

designing the information itself. Information architecture refers to the information 

content ofa system with a due emphasis on the structure (Robbins et al., 201 1). The 

tools, methods and models, and frameworks are still in the gray area in the IT world. 

IA involves the design of organizations and navigation systems that support usability 

and fi ndabilily (Morville and Rosenfeld, 2006). It includes the logical design for a 

specific system or a sct of systems that involves business models, organizational 

models, checklists, process models and data model s. 

The use of the term -' information archi tecture" should nOI be confused with the way in 

which a website is designed or the details required in pUlling together enterprise 
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technology architecture (i.e. components such as servers, networks and dcsktops). 

Rather it denotes a high-level detail of information flows and processing within or 

between applications or systems (Van der Walt and Du Toit, 2007). Through LA, the 

infomlation is beller constructed , organized and maintained. It is much easier for 

organizations to fac ilitatc communication. update their data and lower the cost of 

redesigning their system as years go by (Yunus and Rahman, 2008). By puuing in 

place elTcctivc information architccture as supporting framework for organizational 

strategy, it is belicved that the risk of information overload would be minimized and 

cou ld allow for making max imum usc of hidden knowledge through efficient analysis 

of the data within a domain . It will also serve as a platform for effective information 

dissemination and sharing among stakeholders (Van der Walt and Du Toit, 2007). 

A.xelrod (2010), in his paper '"Quality Data through Enterprise Inform ation 

Architecture", stated that Architecture is one of the most used (and abused) terms in 

the areas of sofi ware and systems engineering. According to the paper, to get a good 

feel for the complexity of the systems-architecture topic, it suffices to list some of the 

most common ly used concepts with " architechlre". Further noting. the author 

mentions some as enterprise; data ; application; systems; infrastructure; Zachman; 

information; busi ness; network; security; and scrvice-oriented architecture (SOA) 

which he labeled as Ihe " latest s ilver bullet". This research contemplates on the 

concept of enterpri se infonnation architecture. According to Malloy (2010), an 

Enlerprise Infom13tion Architecture (EIA) provides a means to describe and manage 

informat ion consistently so that it can be accessed, understood, compared, shared and 

composed in a coordinated and integrated manner across the enterprise at every levels 

of the hierarchy. 
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1.2 Statement of the I' rob lem and Motivation 

1.2.1 !\'lotivution 

The prime motivating factors for this research include the magnitude of the problem 

across the world in genera l, and in developing countries in particular. Road accidents 

as the major factors for road safety problem need investigations from various 

perspectives. The capability and use of Information Architecture to address thc 

problem of road safety from datalinfomlation management perspective is another 

factor, which is also a novel approach. 

In addition, the versatile application of data mining in the analysis and interpretation 

of cumulated data is worth mentioning. Sensing the absence of a foundational 

framework in a road safety information management in a local context is among the 

motivat ions for this research work though there were attempts dealing wi lh an aspect 

of road safety data. 

Thus, motivated by deanh of a systematic view in accident analysis in a road safety 

domam and a high-level architecrural guide line from integrated enterprise 

perspective in the road safety information management domain in Ethiopian context, 

this research focuses on identifying determinant factors for acc idents and 

investigating the potential use of enterprise information architecture as an approach to 

the management of road safety data. 

J .2.2 I)roblcm Statement 

Due to the complexity and high traffic on roads, risk of road safety as a major concern 

is increasing. Road safety can be a ffected by different fac tors. Road traffic accident 

(RTA) being the major, the others arc congestion and pollution. It is evident that 

addressing road accidcnt problems will improve road safety situat ions. At the centre 

of any road safety strategy or effort, there is accident data collection and analysis. 

Road safety is best achieved when all the key groups identified share the same culture 
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about the issue. To thiS end, reliable aCCident information and its effective is a 

prerequisite, as every organization needs to be cognizanl of facts on the ground and be 

information intelligent. The ability to successfully search, assemble, analyze, and 

effecti vely use all relevant available information for any decision and initiative IS 

what we call information intell igence (Evgeniou and Cartwright, 2005). 

Among the many research related needs fOf road safety, the most pressing is a means 

to better collect and analyze data, so as to enable more reliable estimates 10 be made 

of the global burden of RTAs. especia lly in low-income countries (peden et al., 2004). 

Current road safety research is characterized for broad ly using traffic accident data 

col1~ted by different bodies with the main objective of producing official statistics 

and guiding road safety policies and interventions. However, the use of these records 

for research purpose shows serious limitations, of which the prime cause lies in the 

instruments and procedures used. In this context, it is reported that a redesigning and 

modernization of traffic accident data collection and analysis systems arc still being 

considered even in the context of developed nations like Spain (Tonno et al.. 2009). 

In relation to this, most low-income countries are unlikely to have national injury 

surveillance systems for several decades. Thus, national estimates of the burden of 

injuries should be built by collating infornmtion from all existing informat ion sources 

by appropriately correcting for source speci fic shortcomings (Bhalla et ai. , 2009). 

Th is is because police reports would underestimate the magnitude of vehicle injuries 

and distorl any eval uations of preventive initiatives. 

Data completeness and accuracy are also identified as major challenges to make data 

analysis easier for comparison of data from different countries and to contribute to 

the general quality of data (Abugessaisa, 200gb). Thus, the most serious concern in :'I 

road safety research is how to obtain adequate data about accidents in an effective 

manner (Larsson et ai. , 20 10). In many low-income countries, systematic efforts to 



-

collect road traffic data are not well developed and under reporting of deaths and 

serious injuries is common (Peden Cl aI., 2004). Bener (2003), al so emphasized that 

lack of reliable accident data is a serious problem In most of the developing 

countries while Stoop and Thissen (1997) note that biases in information collection 

due to many reasons may lead to misi mcrpret3tion. In this regard, it is imperative to 

note that the accuracy and validity of decisions regarding traffic safety depends on 

how well the information is collected and sharcd, and the quality of the compiled 

general data (Abugessaisa, 2008a). 

It is also argued in the literature that solving the global road safety problem needs 

innovative research and practical measures (Mohan and Roberts, 2001). Effecl'ive 

research on road safety issues is an essential pre-requi si te for better understanding of 

the problem, thereby providing the framework against which effective policies and 

counter-measures can be developed (ADB, 1996). Detailed investigation in to 

accident analysis is essential and wi ll require inter-sectorial collaboration among 

traffic office, as well as health, law and transport authorities (Bener et aI., 2003). The 

most complete information about causalities in road traffic accident can be obtained 

from interlinked police, hospitals, and death records (Vorko-Jovic et aI., 2006). With 

improved collaboration and management of data, signifi cant reduction can be 

achieved in the magni tude of road traffic casualties (Peden et aI. , 2004). 

The basic entities that ex ist and form the information domains in the area of road 

safety arc humans, road and vehicles (Abugessaisa, 2008a). A rapid and signilicant 

reduction of road safety risk can be achieved through a scientific approach to the 

problem; the provision, careful accident anal ysis and interpretation of good quality 

data; insl' itutiona l cooperation across sectors; and the creation of national and 

regional research capacity (Peden el aI. , 2004). In line with this, proper information 

managemcnt on road crashes is among the areas of concern identified by the 

National Road Safety Authority of Isracl (NRSA, 2006). 
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As stated by Persson (200 ), the true RTAs fatality nne In Ethiopia is greater than 

what the official statistics actually show. Therefore, in Ethiopia. there is a high 

tendency for underreporting, as it is also the case in many low income countries. 

However, such case is nOI limited 10 sllch countries; this crucial problem is actually 

common all over the world . In the urban areas, although traffic police and hospitals 

arc available, accident victims are usually evacuated by bystanders who lack the 

necessary skills and/or equi pment in pre-hospital care. As a result, many casualties 

such as these are not reported. Hence, improving the police report system and 

establishing a more comprehensive trauma registry that would include data from 

hospitals and insurance companies should be implemented (Nakahara and Wakai , 

2001). This is because lack of harmonization of data bclween countries, regions and 

sectors limit the capability of analysis and effectiveness of measures (WHO, 2009 ). 

In line with this, onc of the major recommendations from African Road SafelY 

Conference held in Accra, Ghana, in 2007, focuses on the accident data and stipulated 

that: 

"Data collectioll is lIl!cessalJl for road :.-afety II/(ltwgemelll bllt ollly reliable daw 

Ctlll be IIseful for plallll illg pwposes. Accordillgly, effol1S should be made 10 

address Ihe lIoll-reportillg of (l cchlellts allli to harlllollize dl/ ta that originate frolll 

(iifJerelll sources" (Afukaar. 2007). 

Improving data linkages among police, transport and health sectors along with 

increasing human capacity to undertake data collection, analysis and interpretation 

are among the recommendations made by different road safety researches and 

reviews In (WHO, 2009 ), which could be guided by road safety infonnation 

archilecture .. Likewise, in the Ethiopian context, promoting the need to strengthen the 

organizational setup of the traffic policc and assisting with equipment. training and 

accident data improvement system arc indicated as vi tal actions in the coming years 

(NRSC, 2011). Thus, thi s research is in conformity with the national strategy. 
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Thus, addressing problems related 10 accident data collection like incompleteness and 

undcrrcporting, and accident analysis require architectural gUIdeline. Architccrurc can 

be viewed as a strategic plan Ihat defines how an issue of concern is performed and 

controlled (1-1all , 1995). Architecture is somcthing that resides at a higher level than a 

design, such thai while il remains constant, many differen t designs can conform to it 

(Bures, 2009). It is a structure andlor guideline as to how things arc related. It helps to 

fac ilitate communication and describe a system. A system can be software based 

system, an enlerprise or any Olhcr system of interest. As one of the concepts related to 

architecture, IA concerns organization, labeling, navigating in and search for 

information (Dong and Agogino, 200 I). 

Information Architecture (JA) principles aim to create an environment with a logical 

structure that help users to find answers and complete their tasks (Rosenfeld and 

Morville, 2002). Contextually well defined methods in the field of information 

architecture, information sharing and web technologies are needed for road safety 

experts and practitioners (Abugessaisa, 2008a). It is the researcher's belie f that 

effective road traffic accidenl data/information management will improve road safety 

as it facil itates road accident infomlation intell igence and provide a way to improve 

dec ision-making. This is possible by providi ng an integrated way of managing 

accident in formation, which includes determ ining the content, structure, process, 

timing, and participation right from the collection to its dissem ination. 

In the literature, as discussed in Chaptcr Three and Four, there are some attempts at 

both local and international levels, which deal with accident data collection and 

analysis. Each attempt treats spec ific aspects of road safety data and presents a 

specific structure that will be sui table for a specific context. However, practically all 

of these attempts present a common gap: lack of systemic view of road safety 

data/information trealment (collection. analysis. dissemination, elc.). Major problems 

include disintegration , less al1cnlion 10 human factors and variations of determ inant 
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factors in accidcnt analysis. This limmllion is duc to the absence or sound mrormation 

archltecturc, methodological steps and technologica l solution that enable wider view 

or inrormation management within an cnterpri se rramework. ThiS raet IS even more 

imponant in developing countries with limited resource. 

More specificall y, the research hypothesizes that it is not poSSible to develop an 

efficient means to improve sarcty without constructing appropriate platroml ror 

eITective reponing, storage, analysis and dissemination or road sarety information. 

There is an underlyi ng mcthodological problem with the collection, analysis and 

dissem ination of road safety infomlation (Abugessaisa, 2oo8b). This is exhibited 

with the less attention in researches in a local context to investigate human facto rs 

for acc ident occurrence and severity except drivers. The success of traffic safety and 

highway improvement programs hinges on the analysis or accurate and reliable 

traffic accident data (Tiglaco, 1998) 

Thus, proper handling and management of the road safety issues depend on better 

understandi ng or the situation from the existing cumulated data. Defining well 

structured information architecture for the collection and analysis of accident data is 

of paramount importance in order to create conducive environment fo r understanding 

road safety situations and taking appropriate measures. 

Insight into the dfectiveness or injury·rcduction technologies, policies, and 

regu lat ions require a more detailed empi rical assessment or the complex interactions 

that vehicle, roadway, and human ractors have on resulting crash· injury severities 

(Savolai nen ct al., 2011). As learned rrom the literature there wcrc attempts to 

describe and address road sarety problems both worldwide and in Ethiopian context. 

Descript ive analysis orthe magnitude and situation or road sarety in general and road 

accidents in particular is important. but understanding or data quality, ractors related 

with dangerous si tuations and dirrerent interesting patterns in a data, is or even 

greater importance. This gives a big picture or the scenario instead or a rrab'lTlentoo 

eITon to address an aspect of it. 
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This research is inspired by prevIous works on the domain and the versatile 

applicability of machine-learning paradigm and mfomlation architccture, which will 

add on the ongoing effon of reducing road safety problem by providing systemic 

view. To the researcher's knowledge, apart from fragmented pieces of road safety 

researches, there is no foundational work to address road safety problem from 

integrated and enterprise-wide road accident information management point of view 

in developing countries context to date. lliis is supported by Lagarde 's (2007) 

argument which states, as compared to the magnitude of the problem, that research in 

road safety in developing countries is scarce, especially in Africa. Therefore, this 

work is unique in the dimension it tries to address the problem, machine-learning 

approaches used, comprchensi\!eness and the actual observation of the road safety 

related issues. It is believed that identifying determinant factors for accident 

occurrence and severity enables road safety experts to make sound decisions. 

The desired outcome of this research is to lay a foundation, in the effort of 

understanding the road safety infomlation complex as an integrated and open system, 

which then leads to its effective management by developing appropriate mformation 

architecture for a road safety system in Ethiop ia. This work aims investigated the use 

of enterprise information architecture as a way of visualizing and describing the 

various information assets and the interaction of these assets within road safety 

organizations. In a nutshell, this research work focuses on identifying optimal 

attributes that determines accident occurrence in explaining road safety situations and 

developing enterprise information architecture as an approach to the management of 

road safety infornlation. This is novel in that it draws an integrated enterprise 

perspective into the management of accident information. 

Research Questions 

The purpose of this study is to explain a road safelY situation and define an 

empirically grounded architecture of road safety infomlation. The research sought to 

explain the road safety si tuation and found a W:ly for improving road acc ident 
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mfonnation management practices. In particular, the study 3\ms to address the: 

following research questions: 

e RQI· Wh31 docs the road safety Sltuallon in Ethiopl3look like? 

e RQ2· What appropriate analytical models can be developed for analYSIs 

of road traffic accident data? 

e RQ3· What are the problems of the current road traffic accident data 

collection, analysis and dissemination practice on the road safety? 

e RQ4. How should road tra ffi c accident data reporti ng, analysis and 

disseminat ion tasks be organized under a common architecture? 

1.3 Objective or th e Resea rch 

1.3.1 General Objective 

The general objective of the research is to explain the road safety situation In 

Ethiopia and develop information architecture for road accident information In 

support of effective information utilization and management at road safety 

organizations. 

1.3.2 Spec ific Objectives 

In order to satisfy the above-mentioned general objective, this research aims at 

accomplishing the following specific object ives: 

a. To explore the status of road safety situation in Ethiopia, 

i. To explain and predict the ro le of road users' and collision related 

fac tors on possible injury risks 

ii. To explore accident analysis trend on factors affecti ng accident 

severity 

b. To construct analyt ical machine learning models in the analysis of road 

traffic accident data. 
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c. To examine problems rel tlloo to accident data reportmg, data quali ty and 

anal ysis mechanisms in a road safety domain, 

d . To Identify the structure and reqUIrement of road safety data collection 

and anal ysis focusing on road accidents, 

c. To investigate a way to define information architecture based on 

enterprise archi lcclUrc framework 10 establish road safety infonnation 

management, 

f. To define a road safety infonnat ion architecture thaI will faci litate 

cnective ut ilization and management ofrond tramc accidcnI information 

among road safety organizations, and 

g. To evaluate the research process, findings and the resu lling road sa felY 

informat ion architecture. 

1.4 Significance of the Research 

Road safelY is a critica l issue in a society. One of the si!,'1l ificant factors that affect 

road safety is road traffic accident; thus, studies on the data collection and analysis 

of these road traffic accidents have paramount importance. In this research, an 

attempt is made to conduct trend analysis, explore road sa felY situat ions, and 

develop integrated information architccture in support of road safelY information 

managcment. In line wi th this, the major contribution of this rcsearch will be 

explanations of road safety si tuations and the design of an integrated architecture fo r 

effective road traffic acc ident information management and utilization among road 

safety organizations to support informed decision-mak ing and road sa fety strategies. 

The information architecture establi shed in the road safety organizations forms the 

basis of support in delivering future in formati on requirements for the road safety 

domain. 

So far. different approac hes like The Haden's Matrix, Vis ion zero and The Road User 

approaches were used in addressing some of the problems associated with road 

safety. Through the use of data oriented approach to road safety problems, this 
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research identify additional insIghts to the problem. which apply to low-income 

countries, by extending the existing conceptuahzation. It IS also wo"h mentlomng 

the different views and theones that will result from such type of study In different 

context. 

Although thc study is aimed at addressing road safety in particular, the output oflhe 

study can be used as a source of methodological approach for studies dealing with 

the application of information architecture and standards on other societal problems. 

In addition to providing an invaluable perspec tive for road traffic accident data 

collection and analysis, it will subsequentl y improve the efficiency of a national data 

collection system. 

The outcome of the study contributes to the body of knowledge on information 

architecture, road safely, road accident information analysis and management, and 

might (a) help researchers and road safety organizational leaders base their strategies 

and plan of road safety on a complcte and reliable infonnation guided by a wider vicw 

ofthe problem, and (b) provide empirical evidence on different aspects of road safety 

situation, allowing for bener understanding of the problem at hand. An additional vital 

contribution is made by the introduction of the enterprise approach for the study of the 

road accident data management systems. 

Thus, resu lts of this research add on the efforts to understand the road sa fety situation 

in Ethiopia, evaluate the existing road safety data system and/or design a new one. 

I.S SCOI)C of the Research 

The scope of the research is limi ted to exploring the existing situation of road safety, 

road accident information management practices and developing information 

architecture with the ai m of laying down a foundational framework for road traffic 

accident infonnation management. This research would have been morc complete if 

it had included traffic congestion and pollution as well . However, for thc sake of 

manageabil ity and focus. this research is limited to road traffic acciden t as a major 
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threat to road safety at three selected regions of EthIopia: Addis Ababa City 

Administr.ltion, Amharn and Gumbela. In general, the research will focus only on 

road traffic accident information management. 

1.6 Definition of Workin g Co nCcllts 

Understanding of the ideas and contribut ions of thi s research work is grounded in 

understand ing of the key terms and concepts it operates with. To this end, working 

definitions and explanations of the kCY'vords used throughout the study are 

presented below. 

Road Safety 

111.c concepts ' road safety' and ' road accident' arc orten used interchangeably in this 

research, although strictly speaking, road safclY problems include not only road 

accident bUI also congestion and pollution, whilst road accident refers only to 

accidents on the road. Where possible. the choice of which tenn to use is dctcnnincd 

by the preferences of thc cited/referenced author(s). For good understanding of the 

issue at hand the definition by Elvik et al.. (2006) that illustrates the concept well is 

forwarded as follows. The authors attest that ."A road safety problem is any faclOr that 

COl/tributes to the occurrence of accidelll.5 01" the severity of injllries. " On the other 

hand regard ing the objectives of road safety analys is, the same authors state that it is 

the identification of those problems that makc the grcatest contribution to accidents or 

injuries and that are amenable to treatment (Elvik et aI., 2006) 

Framework 

A framework helps people to organize and assess intch'11lted modcls of thcir 

entcrprises. This organization helps ensure interoperability of systems and control the 

cost of devcloping systems (Bahi11 et al ., 2006). The thrce definitions below best 

i11uSlrale the meaning of the tcnn ' Framework ': 

' ·A classificatioll struclUrefor descripti\'C representation of all object. any object. 
All object cauld be (III enlcrprise, (UI information system, elc ... " (Zilchmall. 2003) 

'·A systematic taxonomy of conceplS and their imerrelalions ,. (Zilclmlllll, 1987, 
SOW(l alit! Zachmall. 1992). 
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The Intcroperability Clearing 1·louse (2004) also forwarded the following definition: 
"A logical strllClUre for classifying alld orgOIl/:;lIg complex information " (Bobe\'a. 
2005) . 

Arc hit ecture Fra mework 

There are various conceptualizations of architectural frameworks. Some focus at a 

software level while others try to view at the organ izational level. It is al so sialed that 

most of the classical enterprise architecture frameworks presented focus 

on the sortwarc architecture, rather than on the tOlal enterprise architecture 

(Goetha[s-SAP·Jeerstocl , 2004). A comprehensive definition of the concept 

' arc hitecture framework ' is presented by TIle Open Group (2002) and, is adopted here 

as follows: 

"AlIllrchitecflIrejrolllelVork is a 100/ which call be used/or developillg a bro(ul 
rallge of different architeclllres. It shollld describe a method for designing 
illformation system in terms of a set of bllilding blocks. alld for showing how 
tile bllilding blocks fit together. It shollld cOll/(lill a sel of tools alld proVide a 
COli/mOil vocablilary. It sl,o,tld also jnelllde a list of recommended standards 
and compliant products thai con be IIsed to implemelll the bllilding blocks" 
(Goethals-SAP-Ieerstoel. 2004. Bobeva. 2005). 

Information Architeclure (IA ) 

As the concept is relatively new to both the researchers and practi tioners in the area, 

its definition is still in a gray area. It is noted in (Rosenfeld, 2002), that there is no 

widely accepted definition. Three definitions are selected here for thei r 

comprehensivcness and the fact that they rencet the contcxt of the concept in this 

research. 

"fA generally represents (I higher level of abstractioll. emphasizing an 
awareness of systems ill terms of how critical sllbcomponents lIIay interact 
according to semantic aspects of processes. designs. olld metrics" (Robbins 
elol .. 201l) 

"fA is a professional prtlctice and field of slIIdies f ocllsed 011 solving the basic 
problems of accessillg. amillsing. 'he vast alllOlill'S of illfonll(l(ioll ami/able 
today'YResmini and Rosati. 1011) 

El'emden (1001) olso pili forward the /01/01\1;118 defin itioll "In/ormation 
archilecfllre is (he /olllulalioll for mfll/aging in/anna/ioll in gelleral as a 
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corporale resource. II describes Ihe theory. principles. guicJelines, stalldarrls. 
cOl/ vell/iOlls alUl dimensiol/s Ihal af'(! m!cesslIry to design (III effective 
mlllwgemelll f ramework for informotioll . lis purpose is 10 design illfonlwtiOfl 
StruCIll f'(!S thai help people 10 /lse ill/ormatioll in effective. prod/lcli~'e and 
i"" O\'ol;ve ways " (Bobel'Q, l OOS). 

1.7 Structure and Organization of the Thesi.~ 

The remaining part of the disscn:lIion is organized as follows. Chapter Two is 

ded icated to provide deta ils on the research approach and methodology. In Chapter 

Three, review of litenlture pen inent to the central theme of the research and 

conceptual framework is presented while the foun h chapter di scuses related works. 

Chapter Fi ve and Six are dedicated to the presentation of the findings and the 

resulting Road Safety information Architecture along with discussions, while 

evaluation and validat ion of the results are focuses of Chapter Seven. The last 

Chapter presents conclusion, contribut ions and directions fo r future work. 
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Chapter Two 

RESEA RCH METHODOLOGY 

The purpose of this Chapter is to prescnt and discuss the approach and methods of 

the research. Hence, il covers the methodologi cal aspects thai have guided thc 

prescnt work. The Chapter starts wi th general approach. The qualitative approaches 

of thi s research arc described next, followed by. thc machine learning techniques 

which are mainly used to dC\Cnllinc thc infonnation requi rement of the accident 

infonnation management process .. 11\c chapter conc ludes by thc presentation of the 

methodology used for evaluation orthe research process and results. 

2.1 CCll en l Approach and Thro relica l Frameworks 

2. 1.1 General Approach 

According to Hevner el al. . (2004), IWO paradigms characterize researches in the 

Infonnalion Systems discipline: behavioral science and design science. The 

behavioral science paradigm seeks to develop and verify theories that explain or 

pred ict human or organizational behavior. The design science paradigm seeks to 

extend the boundaries of human and organ izational capabil ities by creating new and 

innovative artifacts (Offennann et al., 2009, I-!cvner, 2007) . In discussing IS research 

trends over the past decade it is cla imed in (Farkas and Weistroffer, 2012) that " IS 

research trend is identified as improving the value of IS artifacts for the organization 

either by tailoring process or improving communication, e.g improved conceptual 

models, broader applicability of architecturc artifacts, elc." "Design Science 

rese(lrch il1 Ill/onnmio" Sysfem is imp0rlllllt (IS fhe dOl1lill(l1ll behavioral science 

paradigm is not sufficiem for m/dressillg the types nf pmhlellu thaI ("all f or hllmall 

creativify and ;/l/lovali\'e (llId " ovel SOlllliolls" (Cllrcll ry. 20 II) 

This research combines literature revic\v, machine leammg and a qualitative research 

approach, in a Design Sc ience Research ])aradigm. in order to explain road S3fety 
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sllu3tions and defines mformatlon architecture for road safety mfonn3tlon 

management. Literature on road safety, mach me learnmg and information 

architccture provides an excellent insight to the concept. evolution. need, gUldtng 

frameworks, usc and appl ication of information architecture. l\.'lachinc learnmg 

techniques arc used to investigate the road safety situations through identification of 

patterns. A qualitative research approach is used to define road safety informmion 

management requirements. 

According to Creswell (2009), qualitative research is a means for exploring and 

understanding the meaning individuals or groups ascribe to problem under study. It 

is employed in thi s research as it enables to bring the researchers to an understand ing 

of a complex issue or object and can extend experience or add strength to what is 

already known through previous research. It is used to identify the information 

requirement of the road safety domain and define enterprise wide information 

architecture. This research is descriptive in method, because its main purpose is to 

explain and define road safety information architecture through conceptual modeling 

by utilizing road accident data collection and anal ysis practices. On the other hand. it 

is fundamen tal in purpose because it describes road safety information architecture 

based on theoretically genui ne, contextual and empirical model s. 

Regarding the general process; with background, motivation, problem statement and 

objectives given, Figure 2 shows major phases of thi s work. As shown in the figure 

the research work commenced with domain understanding and problem formulation 

through literature review, which helped to create a good understanding of the 

research area. The next task was qual itative data collection and analysis, which was 

done in parallel with the anal ysis of road sa fcty situations through machine learning 

techniques including trend analysis. In the next stage. the research follows and uses 

the output of the analysis in designing the meta·model of Rood Safety Information 

Architecture and the subsequent detail architectural descriptions. Finally the research 

findings and architectural art·ifacts were evalumed based on appropriate validation 
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tcchmques. Renccllons on lessons leamed, conclu Ions. recommendal1ons and 

mdlC3llon to future research Ilrc the last Important tasks of the research process. 
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Figurc 2: ConccplUal modcl or thc rescarch proccss 

2.1.2 Design Science Resellrch AI)IlToach 

Design Science research is centered on building and evaluating artifacts in order to 

solve organizational problems (Carcary, 2011). However, Design Science research in 

the field of Information systcm is not limited to IT artifacts in the form of computer 

based systems. According to (Carcary. 2011) and Venable (2006), artifacts or 

solution technologies include IS development methods, tools and techniques. IS 

security and risk management practices, and IS planning and management methods. 

It has to be noted that both behavioral and design science paradigms arc foundational 

to the IS discipline, positioned as It is at the conOuence of people, organizations, and 

technology. 
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As mdicated above, considenng Its appropn3u:nt"Ss to the research agenda of the 

CUfTent work. design science research approach was adopted for the deSign and 

evaluation orlhc proposed architecture. Accordmgly, this research IS 10 lme with the 

seven guidelincs for a design research prOVided In (HcvJlcr <::1 31.,2004). The fi rst 

three guidelines are focusing on the production o f artifacts as an output, the 

relevance of the output 10 the doma in and the need for rigorous evaluation of the 

resulting artifact's. Clarity of the contributions, application of rigorous methods, and 

considerat ion of design as a search process arc the next three guidel ines mentioned 

while effective communication of the research is the lasl guideline 

More specifically, Hcvncr's (2007) three cycle view (Figure 3) of design science 

research paradigm is adopted in undertaking this research. The Relev:mce Cycle 

inputs requirements from thc contextual en vironment into Ihe research and 

introduces the research artifacts into environmental field-testing. In the cOl1lext of 

Ihis specific research, the road safety organizations and expens represent the 

application domain. Thus, they provide the requirements and validate thc results. 1bc 

Rigor Cyck· providt:s grounding theories and methods along with domain expcrit:nce 

and expertise from thc foundations knowledge base into the research and adds the 

new knowledge generated by thc research to the growing knowledge basco In the 

context of this research, use of extensive literature in the study area and the guiding 

framework along with the process and resulting architectural description represent 

the knowledge base. The central Design Cycle supports a tighter loop of research 

activity for the construction and eva luation of design artifacts and processes (Hevner, 

2(07). 
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Figure 3: Design SCience Research Cycles (Ilcvner, 2007) 

As indicated in Chapter one the central theme of this research is the definition of 

information architet:ture for the road safety infomlation management. In line with 

this, the available architectural frameworks were reviewed and an enterprise-based 

framework, Zachman Framework, was selected as a guiding framework for the 

development of the roads safety infommtion architecture. Zachman Framework is 

selected for its comprehensiveness and wider applicability. While Zachman 

Framework is used as a way of visualizing the problem and solution domain, CRISP 

data mining model is also used in the process of data mining experiments to explain 

various aspects o f road safety situations. 

2.2 Qua litath'c Data Collect ion and Analysis AI'proaehcs 

As indicated previously, the research is based on road safety departments and traffic 

office units (road safety organizations) in three selected regional admini strations of 

Ethiopia. The detail of the process is presented in this section. 

2.2.1 Study Population and S;uup lillg 

The unit of analysis is the road safety data system wnh road traffic aCCIdent data 

reporting, analysis and dissemination practice and actlVllles hem!; the phenomenon 
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of Inquiry. Accordmgly, two regional states and one city admlnlstmllon were selected 

randomly from mne regIOnal Slaies and two cllr admtnlSlnlllOns In Ethiopia. The 

selection was made one from four developing regional Slates, one from the 

remaimng five regional stales and one from the two city administrations. 11U5 makes 

the research more comprehensive and representative, though majonty of the 

regis tered vchicles and acciden ts arc concentraled at the capital city. About 64% of 

the lalal registered vehicles in Ethiopia arc found in the capital. Addis Ababa. More 

than 65% of accidents occurred in Addis Ababa (Persson. 2008). 

Within the selected regional stales, the sampling frame comprises all stakeholder 

organizations working on road safety data in Ethiopia. Research population includes 

road safely experts al the National Transport Authority, Regional Road Safely 

Dcpartmcm and Traffic office Units. With recognizable varial ions, literature in the 

qual itath'e research area suggests sample sizes ranging from 3 to 30 (Robson, 2002, 

Creswel l. 1998, Marshall , 1996, Padgett, 2008). Though there appear no agreement 

on sample sizes, based on recommendations and di scussions in qualitative research 

literalurc 17 respondents were selectcd from organizations in the area. The purposIve 

convenience sampling was adopted, which is the most frequent ly used approach in 

quali tative studies (Bumard, 2004 , Creswel l. 2009, Kumar. 2005). These ind ividuals 

were iden tified by the recommendation by executive management of respective 

offices and the researcher and highl ighted as major contributor to the study. 

2.2.2 Da ta Collection Tech ni qu es 

In the effort of addressing the research problem, various cmpirical data regarding 

different road safety data system aspects needs to be collected. In doing so, there arc 

different qualitative techniques of data collection. Qualitative data sources include 

observation and participant observation (fieldwork), interviews and questionnaires, 

documents and tex ts, and the researcher'S impressions and reactions (Myers, 2009). 

Written data sources can include published and unpublished documents like reports 

and newspaper articles. In qualitat Ive study, usc of different dala collection technique 
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IS highly rccommcndl'<i In order to get 11 full picture of the subject ll t hand, which IS 

road safelY in the context of thi s research. 

Accordingly, the preferred data collection tl"ChOlqUCS for IhlS speCific research are 

interviews, observation, focused group di scussion. and document analysis. 

Particularly, interview and focused group discussIOn were used to collect the 

requi red data from road safety cxpcns in selected organizations wh.le observation 

and document analysis helps for closer understanding of the case. 

2.2.3 Data Ana lysis procedures 

As it has been repeatedly stated in qualitative research literature, it is not easy to 

clearl y draw a line between data collection and analysis tasks. The analysis affects 

the data and the data affect the analysis in sii,'1lificant ways. Therefore, literature 

prefers to speak of "modcs of analysis" rathcr than "data analysis" in qualitative 

research . These modcs of analysis arc approaches to gathering, analyzing and 

interpreting qualitative data. Thc common thread is that all qualitative modes of 

analysis are concerned primarily with textual ana lysis, whether verbal or written 

(Avison and Myers, 2002). 

The analysis of this research is based on the principlc of thc hennencut ic circle, which 

suggests that a deeper understanding of a text or tcxt-ana logue (road safety 

infomlation management) in relation to its context can on ly take place through a back 

and forth movement of renewed understandings (Klei n and Myers, 1999). In doing so, 

the interview sessions, repeated observation and focused group discussions helped a 

lot. 

As staled by Darke et aL (199 ). the three concurrent activities in data analysis. 

namely data reduction, data di splay and conclusion drawing/verification werc 

employed. Data reduction refers \0 the process of sclccllng, simplifying. abstracting 

and transforming raw case data. Data display refers to the organized assembl y of 
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mformatlon using tcchmques like narrallvcs. tables. matnces elC, to enable dr:awmg 

of conc luSIons. ConclusIon drowing/\'cnfic3llon Involves dmwmg meanmg from 

data and building logIcal chain of cVldt"f1ce . 

Cross-analysis of the road safety data collccl1on and analYSIs practices 10 the 

organizations was mapped against the Zachman Framework to determine the 

dimensions and clements of the archItecture. With its variety of modeling profiles. 

UM L is chosen as a modeling \001 to document architectural anifacls. UML and liS 

business profile could be freely lIscd for EA modeling based on the Zachman 

framework as di scussed in (Falolahi and Shams. 2006) and (Van def Walt and Du Toil, 

2007). Literature providing conceptual frameworks and review of internal practices 

are also pan of the effort and approaches in the process or the study. 

2.3 Machine Lea rning/Dala Mining TCfhl1iques 

As investigating road sarety situmions through accident data analysis is one or the 

major concerns or this research, data mining techniques were used in the process or 

identirying a novel approach in discovering potentia l knowledge hidden in road 

traffic accident data accumulated. Data mining is the analysis or (often large) 

observational data sets to find unsuspected relationships and summarize the data in 

novel ways that are both understandable and userul \0 the data owner (Hand et aI., 

2001). Researchers tried to prove its applicabil ity in many domain areas and 

organizations. One or such areas could be road sarety system, where very large 

historical accident related data is accumulated. 

In connection to this, apart rrom the analysis previous machine learning researches in 

the selected areas, data mining experiments were also conducted. Though the main 

research covers three administr3uve regions in Ethiopia, this particular experimental 

study used data obtained from Road Traffic Office at Addis Ababa (Central Part or 

Ethiopia), Ethiopia. This is mainly because aCCident data IS in long hand \vrlltcn 

ronnat in Gambela region (South West part or Ethiopia) and illS still in a process or 
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trans fernng accident data to a compuler system In Amharn region orth West Pan 

of Ethiopia). Even 10 the case of Addis Ababa, though all accident types were 

recorded on a computer based file al (1 regional level for about 5 years. falal acc idents 

were the only accident types recorded In a computer chltaba.se dunng the data 

collection stage of the current research 3t a ccnrrallc\'c:l. while ot~r type of accidents 

arc recorded at woreda (lowest admimstrative divIsion) level on (1 flat file formal. 

To confiml to the industry-standard process, the machine learning methodology used 

was guided by the CRISP-DM (Cross-Industry Standard Process for Data Mining) 

process framework. Accordingly, based on the situational analysis on the case study. 

business and data understanding were the first tasks. Thcn, follows exploration of 

data quality issues, pre-processing and featurclallribute selection tasks relevant to the 

data mining goal identified. Model building and evaluation along with a possible 

recommendation to integrate the resuhed pattern or knowledge with the existing one 

was the last stage. 

With respect to the specific techniques employed, predictive modelling methods 

were used. More specifically, five classification techniques namely; CART, T reeNet , 

RandomForest, PART rule induction and J48 Decision Tree were used. They arc 

sclected for their wide appl icabil ity and advantages thai thcy have, which is 

discusscd respl'Ctively. In addition, a paral1cl configuration of combining models 

with a majority vote approac h is uscd as an ensemble technique. A brief description 

of the five predictive methods and the model combination techniques is presented in 

the next subsections. 

2.3.1 CART Method 

As explained by Gey and Ncdelcc (2005) lasslfication and Regression Trees 

(CART) is a robust decision·trcc tool for data mlOlI1g, pre·proccssing and predIctIve 

modelling tasks. CA RT can analyze complex data for patterns and relationshlps 
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and uncovering hidden structures. Moreover. ART IS n nonparamctnc technique 

that can select variables from a large data sct and their mternctlOns that are very 

important in determining the outcome vnrlnblc to be nnalY.led. Some of the major 

advan tages of ART as descnbed in (Steinberg and Golovnya, 2006), include faster 

traim ng times, its ability to usc non pre-processed data (no need to transfonn or 

prepare the data), automatic handl ing of mlSSlng values, automatic handling of 

categorical (nominal) pred iclors, handling vcry large numbers of predictors, and 

ability to handle very large training data files. 

CA RT anal ysis include important features like a sct of rules for splilling each node 

in a tree; deciding when a tree is complete; and assigning each terminal node to a 

class outcome. CART always base on questions that have a 'yes' or ' no' answer ( 0 

split a node into two child nodes; the yes answers to the left child node and the no 

answers to the right child node. Thus CART's method is to look at all possible splits 

ror all variables included in the analysis which is rollowed by ranking the order or 

each spl ining rule based on a quality-or-split criterion. Hence, the common criterion 

usua ll y used is a measure or how well the spliuing rule separates the classes 

contained in the parent node. Having the best spl it, CART repeals the search process 

ror each child node, continuously and recursi vely until rurther splitting is impossible 

or stopped. Aller having the maximal tree grown and deri ved sct or sub-trees, CART 

detcll1lines the best tree by testing ror error rates or costs. With sufficient data, the 

si mplest method is to divide the sample into learni ng and test sub -samples. The 

learni ng sample is used to grow an overl y large tree. The test sample is used to 

estimate the rate at which cases arc misclassiril:d . The misclassi fi cation error rate is 

calculated ror the largest tree and also ror every sub-tree. The best sub-tree is the one 

with the lowest or near-lowest cost, which may be a relatively small tree (Sulaiman 

et aI. , 20 II). 
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2.3.2 TrecNCI Method 

Devcloped by Jerome Fnedman. TrctNet IS a robust multi-tree technology for 

predictive modelling and data processing (Stemberg et al., 2002). In addition to Its 

abiltty to handle both c1asslficallon and regreSSion problems, TrecNet offers 

exceptional accuracy. blazing speed , and a high degree of fault tolerance for dirty 

and incomplete data. (Friedman, 2002, Stemberg et al.. 2002). 

Applying TreeNet model indicate improved. or at least comj:M!titive. prediction 

accuracy Ihan CA RT (Elish and Elisht 2009). TrecNel is an enhancemenl of the 

CART model using stochastic gradient boosting (Friedman and Meulman, 2003). 

Boosting refers 10 the endeavours to "boost" the accuracy of any gl \'en learning 

algorithm by fining a series of models each having a low error rate and then 

combining into an ensemble that may pcrfonn better (Elish and Elish, 2009, 

Sehapire, 1999). Tree et can be secn as a collection of many smaller trees 

contributing 10 a final model. A final model prediction is constructed by summing up 

the contributions o f each tree. As explained in (Steinberg et 0.1. , 2002), the key 

fea tures of TreeNet models includes automatic variable subscl selection; ability 10 

handle data without pre-processi ng; resistance to outliers; automatic handling of 

missi ng va lues; robustness 10 dirty and partiall y inaccurate data ; high speed: and 

resistance to oveHraining. It is also worth mentioning that, according to Salford 

Systems, TreeNet is res istant to overtraining and is over 100 times faster than a 

neural net. 

2.3.3 RandOlllFon'sl ~Icthod 

As discussed in Krishnaveni and Hemalatha (201 1). random forcslls deSCribed as a 

collect ion of tree structured classifiers (h(x, _k). k = I ... ) where the _k are 

IIldcpendent identically d istributed random vectors and each trcc casts a unit vote for 

the most popular class at inpu t x. The algonlhm works as follows: 
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o COlutl1lCI (J booIstrap .lamp/I} of sl:~ n so'"P/~ from Sn _lilt 'he' ,.,plac~Mt'nl and 

grawa ''''e'from this booIslrlJP sompl, 

o When gra"' ;'lg a IrU at ~ach node' sd~ct ", WJrlDbiu at random and WS~ Ihon 10 

find tlte INsI spirt 

o Gro .... Ihe lree to (J lIIa.(l mal utenl aml lhu. is NO pnlning 

• To classify POUlt X collect 1'Oles /rom ' I"('ry IrcII in Iht' for~sl ond tlr"n USe' maj ority ,'Otlng to 

decide OIl lit e class label 

A Decision Tree Forest (DTF) is a collection of decision trees, where the 

combination of predictions contributes to the overall prediction for the forest. A 

decision tree forest grows a number of independent trees in parallel, and those trees 

do not interact unti l after all of them have been built. Decision tree forest models 

often have a degree of accuracy that cannot be obtained using a large, single-tree 

model (Sulai man et aI., 2011). Its ability to handle thousands of input variables 

without variable deletion along with quick teaming process and its effective method 

for estimating missing data and maintains accuracy are major s ited anributcs of this 

algori thm. 

2.3 .4 Uybrid Architect ur e to Combine Models - .: nsemble Approach 

Hybrid architecture adopted for the three classifiers ment ioned before is described in 

this section. Literature indicates thai, combin ing classifiers provide belter result. This 

is ma inl y because patterns misclassified by difTcrenl class ifiers arc nOI necessari ly 

same (Kittler el aI., 1998). In connection to this, lhere arc different strategies and 

configurations of combining classifiers. Cascading, Parallel and Hierarchical are Ihe 

major configurations as Slated by Ranawana and Paladc (2006). Similarly, \Vanas 

(2003) recob'llized two major architectures of ensemble; Cascading and Parallel. 

Cascading is when the output or one is used as an Input ror Ihe nex t in order to reach 

a fina l refi ned classification, Parallel archHeclurc adopted In thIS research. as shown 

In Figure 4, is a way of provldmg same mput to a number of c lassIfiers and combine 

their outpUI using a given deci sion logIC. 
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The deciSion logiC could be hne:af, whIch Includes averogmg and weIghted ll\teraglng 

of the results or non linear. ",hlch could be \·otlng. probablhsuc or rank based 

methods, as explamed In (Ranawana and Paladc. 20(6). For thiS specIfic exprnment 

a \'oted approach IS selected where different classifiers prOVIde their result for 

maJonty vote deCISion logiC to determine the final class. A majority votmg technique 

works very well when all the classifiers are somehow comparable or If therc IS no 

any very bad or very good claSSifier (Wanas, 2003). In case of different results from 

all classifiers the decision logic will conSider the result of the classifier with better 

overa ll accuracy. 
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Figure 4: Parallel Ens<:mble lopology 

2.3.5 PART (IJartia l Dccisioll T rees) Classifier 

PART is a scpar:lIc-and-conqucr rule learner producing sets o f niles called 'decision 

lists ' which arc ordered scI o f rules proposed by (Witlen and Frank, 2005). PART is 

a ru le based algori thm and produces a sct of if-then rules that can be used 10 classify 

data. It is a modification of 4 .5 and RIP PER algorithms and draws the 

divide-nnd-conquer strategy of RIPPER and combines il with the decisIon tree 

approach ofC4.S. To generale a si ngle rule:. PART builds a partial deciSion tree for 

thc CUrTent sct of instances and chooses thc leaf with thc largest CQ\'cragc as thc new 

rule. The trees bUIlt for each rules afC partial. based on the remaining sct of examples 

:md nOI complete as in case ofC4.S (Knshnavcm and Hcmalatha, 20 11 ). 
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1·lenee, PART is II class for gencr:lling decision hst to WEKA, It b\nlds a pamal C4.S 

decision tree In each Itmulon and makes tilt best leaf tOto a rule. Rules or deciSIon 

lIsts. which arc generated using PART Bi gonthm. are more clear and underst.andable. 

Its simplicity and ability to proVIde sufficlcntly strong rules arc Idenufied as Its 

advantages (Krishnavem and Hemalntha. 2011 ) and therefore used for modelling 

this research . 

2.3.6 J48 Decision Trcc CI:tssifi er 

J48 a lgorithm is the WEKA implementation of the C4.5 top-do\\rn decision tree 

learner. The algorithm uses the grcedy technique and is a variant of ID3 (Han and 

Kamber, 2006). The )48 algori thm gives several options related to tree prun ing. 

Pruning or simpl ifying produces fewer, more easily interpretable results. More 

importantly, pruning can be used as a tool to correct for potential over fitting. It 

recursivel y classifies until each leu f IS pure, meaning that the data has been 

categorized as perfectly as possible (Han and Kamber, 2006). 

The basic Algorithm is presented as follows in (Krishnavcni and Hemalatha, 2011) 

• Check for buse cases 

• For eoe;' ollribUie "0 "find Ihe nOl"lIwlt=etl informO/ion gnill/rom splilling 0" ·'a " 

• IAtI "_besl be Ihe Illmbme wI/It Ihe Jrighl'sllIormali:ed il/lomlallOll gUIII 

• Crellie II (lecls/olIl/ode Ihat spills 011 u_best 

• RecOllrse 0 11 lire slIb lists obl a ll1ct/ hy splll/illg 0 1/ u_best, 111111 add /Irose I/odes as 

cMIt/rel! o/Ir(x le 

2.4 Evalu ation Approaches a nd Tech n iCJu~ 

Evaluation is a crucial component of any research, Both the process and end resu lt of 

research undertaking needs to be validated. In the contex t of this research. the utility, 

quality, and efficiency of a dcsign artifact m:eds to be ngorously demonstrated VIa 

wel l-executed evaluation methods (1·lc\rncr ct al .• 2004). It is also recommended that 

the selection of evaluation methods must be matched appropn:lIe ly with the deSigned 

artifact and the selected eva luatIon metncs, 'Inc eva luation method selected from the 
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knowledge base must be appropriate for the arti fact In qut"StIOn (Carcary. 2011 ). 

Hence, evaluation of relevance 10 determine the effectiveness In cOnlnbuung 10 

solve the problem al hand IS :I preferred evaluauon approach. 

Lucralurc shows lhal several different archllcclUre evaluation techmques eXIst and 

can be modified 10 serve in a product hnc context. As tried 10 summarize by Abowd 

ct 31. (1997), these techniques can be categorized broadly as either queslioll illg 

leclllli(Jltes (those using questionnaires, checklists. scenariOS, and the like as the basis 

for architectural investigation) or II/('(Is /lrillg techniqlles (such as Simulation or 

experimentation with a running system). This presentation agrees with the 

classification of evaluation methods in design science researches of Infannalion 

systcms by Cleven CI al. (2009) as (lCl io" research. case swdy. eTperimellls. 

prolol),ping and slIn1ey i"g 

As the study al hand is a design sciencc rcscarch and the subjcct of this study is a 

modcl artifact, appropriate evaluation tcchniques from the paradigm wcre used. 

Models are evaluated with respeci to their fidelity with rcal world phenomena, levcl 

of detail, robustness, and pr.lctical utility (Hcvncr ct aI., 2004, Hevncr, 2007, Carcary, 

2011). 

Accordingly: surveying, descriptive evaluation. experiment and the case study itself 

(Cleven ct aI. , 2009. Hevner ct aI., 2004) arc examined and cmployed for thc 

evalU3I'ion of the design artifacts of thIS research work. This approach IS also in 

agreemcnt with the gcncr.llity, novclty and explanation capability mcasures 

discussed in (Carvalho, 2012) rcgarding validation crilcna for design sclencc 

rcsearch results. Surveying through questionrunrc is an evaluation method to 

confiml thc validity. complctcness and ullllty of a model. According to Clcven et al. 

(2009). by conducting a survcy. informatIOn IS collectcd through interviewing 

representatIves of a ccrtam target group In the process of cvaluatlng deSIgn artIfacts. 
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A descriptive evaluation method Involves mfonned argument using mfonnatlon from 

relevant researches 10 build a convincing argument for Ihc anifact's utility. An 

experimental evaluation method Involvcs thc use of the models or amrae! either In a 

cOnlrolled environment for qualities or In a simulation fonn to test the usability of IL 

The case study, which means thc fact lhal Ihc development of thc archnectural 

models is based on empirical data, itself, IS used to validate thc proposed approach 

through empirical data collected. 

In line with the above discussion, questionnaire items reflecting relevant mClrics arc 

adapted and modified to collect data to confi rm Ihc valid ity of the architl'Ct'Ura l 

model, which is completed by road safety experts. It is basically used 10 conduct 

interviews with road safety experts who arc worki ng directly or indirectly on road 

safety data collection and analysis. In addition, descriptive evaluation technique 

which is an explanation based on literatures is also used as an evaluation method 

(Xie and Helfert, 2011, Herner ct al., 2004). 

Thus, while the modcJs of rood safety in rormation architecture arc evaluated usi ng 

surveying, descriptive evaluation and the case study itselr, accident data analysis 

models are evaluated using experimen tal approach through a train-val idate-test 

method in tcmls or accuracy perrormance, error rate and the Receiver Operating 

Characteristics (ROC) curve. 

Accuracy is a proportion or correctly predicted instances against the incorrcct oncc. 

The ROC curve, also known as the relative operating characteristic curve, is a 

compari son or two operating characterist ics as the criterion changes. It can be 

represented by plotting the rract ion or true positi\'cs (TPR ,.. truc positive rate) versus 

the rraction or raise positives (FPR "" raise posit ive rate). An ROC analysis provides 

10015 to selcct possibly optimal models. The ROC analysis is directl y and naturall y 

relmed to the costlbcnefit ana lysis or dtagnoslIe deCISion makmg (Bcshah and HI li, 

20 10). 
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Another cntlcal Issue In vahd:nmg 3. research work IS II theory suppon both for the 

process and the output of n research. Accordingly. ~ference 10 literature has been used 

to vllhdatc statements. It IS also worth mentlomng that durmg the process of validation 

of statements, the research has stn\'cd to usc muhlple sources. Member checking 

through presentations, and repeated observation at the research site, and participatory 

modes of research were used to enSUfe rel iabi lity and internal validity of the research. 

Last but not least, peer reviewed conference and joumal PUbltC3110ns resulted from 

Ihis specific research as indicated in own work (Bcshah Cl aI., 201 1b, Beshah el al.. 

2012b, Dcshah Cl al. , 20 12a) support the validity of the process and results of the 

research undenaking . 

371 11 .. \' 



Chapter Three 

L1TERAT RE REVI E\ 

The literature review was conducted and organized In three m3Jor areas; Rood nfelY 

and Traffic Accidents. ApplicatiOns of Machmc Leamlng/Oalu l"llnlng. and Enlerpnse 

Information Architecture. The first 5ub·scctlOn covers the theorcucal foundation of 

road safety and an understanding of rond safelY and road accidents. The second 

sub-section incl udes discllsslon orthe applications of machine leamlng/data mining In 

general. The application and theoretical foundation of enterprise informat ion 

architecture compnses Ihe third sub-secllon. The final sub-section summariZes the 

htCffilUrc review. 

3.2 Road Safety and Traffic Accidents 

Road safety continues to be one of the nallOn's most scnous public health Issues. It 

affects everyone, whether you dnve. walk or cycle . Thus, it IS apparent that it IS a 

pnme concern to individual s. groups and organ izations, all of whom require dam and 

evidence about accidents (Peden et al.. 2004. Moon, 2003). In relation to thiS,ll is 

slaled that the major focus of road safety researches should be 10 study the road and 

traffic systcm in any of its aspects to find scientific evidences and suitable solullons 

for reducing the number of road accidents or their severity (Zhcng. 2007. WHO, 

2009 ). 

Infomlation reiating 10 road accidents represents an cssential means to delect and 

control road safety problems, 10 Identi fy priomy and to cVl1luulc the efTccllvcncss of 

the mcasures used to Improve safety. In thiS context, thc study, c\':liuutlon, 

Improvcment and opt imlzallon of the nccldent mfommtlon managcmcni reprcsenl a 

pnon!y objective in the natIOnal and mtemallonnl road safelY programs nnd poliCies 

(Tormo el al.. 2009). 
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Rood traffic InJ unes 3rc eSl lmaU .. 'd to be eighth leading causes of death globally 

(WHO, 2013). In the )'e3r 2020. road traffic InJunes are projected to become the)rd 

largest cause of disabilities In the world. "Roat! traffic injunes are increasing. 

flO/ably in low- (J1Il1 milk/le·income colmtries, where rares are twice those In 

high-income colllllrie.' "(WHO. 2013). The probl em is increaSing In the~ countncs 

at a fast rate, while it is declining in all mdustrlallzed nations of Western Europe. 

Non h America, Japan, Australia and New Zealand (Samson. 2006). 

As indicated in the previous sections, road sa felY has been recogntzed as a major 

concern long ago. However, a good understanding of system complexi ty is lackmg 

as the existing approach has been fmgmcnted . In-depth accident investigation IS 

hardly applied in a road traffic safety analysis (Stoop and Thissen. 1997). Estimate 

oflhe annual number of deaths vary, as a result of limitation of injury data collection 

and analysis (Zheng, 2007). 

In the literature it is argued, thai Ihere is no as such a fundamental research eITort on 

road safety except in few countries like Sweden and the etherlands. Hence. it is 

logical to fo llow an argument by Stoop and Thissen (1997), which states that a 

shift in auent ion to a more integrated approach to the notion of 'safelY' itse lf is 

needed . In addition, as the situations mighl nOI be the same, impro\'ing road safety 

requires appropriate measures for particular problems that exist in particular 

countries or regions (Elvik el al.. 2006). As stated in (Kononov and Janson, 2002) 

one cannot improve sa fety withoul successfull y relating accident frequcncy and 

severity to the causative variables. According to Firestorm (Fridstrom, 1999) factors 

aITecting road accident counts can fall in either of the following categories; 

• Al/tOl/omOIlS fiJClor.f : this includes factors determmed outside the (national) 

social system; weather, the state of the techno logy. s ize and structure of the 

population 

• Socio-ecol/omic cOlldiliollS,' more spec ifically issues related With 

unemployment. taxat ion , Inflallon, publiC education 
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• 171l! s;=e ami stmcluTe of the lra/uport Sf!C10r, complexl1Y of the tnlnSport 

Infrastructure, overall trowel demand. dn vmg iI~nsc penetration 

• S),slem o/daw collection; a case oCace .dent underreportmg 

• 7711! sheer ra/UJOI/Ill es~' of 'he pllenomenon, dI fficu lty 10 predIcting 

In hne with thc abovc·idcnllficd rnelars. one of the focuses of thiS research IS to 

address road safety problem through ctfectl ve food traffic accident data reponing 

and ana lysis. 

In dealing with accident anal ysis, there arc a couple of approaches In usc so fa r. One 

of the dominant approaches ill accide nt analysis is Ihe Haddon 's Matrix . It is a 

conceptual model for the systematic exploration of countcnncasurcs and provides an 

integrated approach 10 accident cOnlrol (Williams. 1999). The Haddon Maim; is a 

conceptual model used 10 eva luate the nature of any type of accIdent panlcularl y 

those in volving repeating occurrences (fire, road traffic, violence ... ). It provides a 

compelling framework for understanding the origins of injury problems and for 

identifying countenneasures to address those problems (Runyan, 1998). It helps to 

shift what was a nearly cxclusive focus on the pre-c"cnt/human cell to a broader 

approach involving evenl and post cvent phases. It has been used as a 100110 assist III 

developing ideas for preventing injuries of many I)']>CS. As a conceptual model it has 

helped gu ide research and the development of interventions (Runyan, 2003). 

There are al so other approaches 10 road safelY analYS IS. The two widely cited 

approaches to road safety analysis and prevcnllon arc Road-Uscr Approach (RUA). 

which is road uscr focuscd approach and ViSIon-Zero Approachcs (VZJ\) which 

assumes road safety as a shared responslblhty of different stakcholders. Recently, 

Systems theory approach is proposed as an enhancement to Vlslon-Zero Approac hes 

(VZA), to road sa fety (Larsson el al.. 2010). Summ:mzcd cval u;:Ulon of the Ihree 

approaches to road safcty problem. IS presented m Table I. Major Issues addressed 

mclude defimtion of the approach, focus and cenlrol ISSue, ullhty, hmllatlon and 

Implication for the current study. 
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T20blr I · E"l lualion or Iht ThrC't ,\ Ilproachtl lO ROJ d SJJt ty frabltm 

Vislon·Zero A"""",h Road·UKf ApprolCh The UlKidon Malnx 

(VZA) (RUA) 

Definition Ongmattd 10 Sweden, Th" " '" approach A conceptU31 modd '''' 
" lukocaics Thai annbulmg (aUK 0' systematic explOl1llllon 0' 
responsibIlity for road :lccldc:nls '0 '" COOMer rntasures '" Ihrec 
safely should ~ shared Ilpproprullc usc of Ihe ph"" 0' '" accident by 

between road users, Irnme system by road consldenng four factors 
designers ,"d users 
admlOistr:lIors 

Focus and Locus l'I( \'(n lion ,od !' rc\'cnuon fOCUSing on Prc\'tnuon and mlllga[lon 

mll1g3110n working on Road UKrs as a locus working on human. Vehicle 
Human, Vehicle ,od o(conlrol and (n\'lronment (technical 

environment (t(chrucal and SOCial) as II locus of 
and SOCial) as a locus cDnnol 

of control 

UulllY VICWS '0'" lf3nspon Enlphuis on road users Mainly for ldenllficallon of 
syslem as a hierarchical '0 enable beUer counlermeasures 
system, which enables behavioral change 

syslemie approach regarding road traffic 

Llmilalion ,"" Tho control ,"d As thc focus 15 on ro3d More ofhlgh-lc\'cl gUldellnc 
Implication for Ihe Icarning process users. less emphaSIS on requiring In\'cstigation '" 
current study betwccn 'ho other factors. No conteKt. Though " clles 

components is not well guidelme regarding "mform:ltion" 0"' 1lSpt.'CI. 

established. how aCCident "0 Instruction as how the 

mformal1on can accident information Will 

contribule '0 address help addressing the problem 

road safelY Issues 

Seminal references Larson (2009) (WHO, 2(04). Larson Runyan (1998); Runyan 

(2009) (2003); Wllllam5(1999) 

Assessment of existing practices and literature in the area ind icated that police 

reports attribute more Ihan 9()01o o r rood tromc accidents 10 driver errors worldWide 

and these lead \0 incorrect concl usions like changing driver'S bcha\,jor WIll enhance 

road safety. In Ethiopia, this is reported as 81% (Gidey, 2010). Such '·slmpll stlc 

representations" of traffi c safelY disregard the dynamic interactions among the road 

environment, the vehicle, and the road user (Zem and Navin. 2003). Systems 
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approoch In road sa felY acknowledges the morc complex nature of road traffic 

accidents where multiple factors Interact resuhmg an aCCident (u rsson ci a!.. 20 10). 

According to systems approach. acc ld(.~nts occur when the components mu~mct and 

those interactions viola Ie the constr.nnlS (Lcvcson. 2002). 

One of the prominent works cited in the afea In line with a system approach IS a road 

sa fety strategy in (Bagulcy. 200 1). According 10 the author, contextually appropnnlc 

measure should be selected, in the elTon of improving rood safety. In connection to 

this. the fi ve ways of road safety improvements known as SE's (educat ion, 

enforcement, engineering, encouragement and evaluation) 3rc well known approaches. 

As illus trated in Figure 5, road safelY can be improved through two broad strategies; 

(lcci{lelll prevelllioll and accitlem redllctioll ami mitigatioll. The research illustrates the 

ract that the accident data collcction and analysis should be attne heart or planning ror 

improvement in all thcse scctors and should be used ultimately as the rundamental 

measure in evaluating now effective the various actions that are taken have been . 
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As dl scussed In litcmturc, (Oaguley. 2001) there are a number of areas where road 

sa fet y data are often problematIc. and these mclude but nOt limited to source of data 

(whether from police or health centers), type: of data collected, tnappropnate usc of 

indicators, non-standardIzat ion of dala. dcfimllon problems. underreportmg and poor 

harmonization and linkage between source of data . As noted In (peden CI al.. 2004) 

Improving road sa fety also involves idcntif)'lng the ri sk factors thai contribute 10 

crashes and injuries, along with Identifying the interventions that reduce the risk 

associated with those factors. Regular and standard information 31 a national level 

would assist in direct ing the work on improving safely within the government's Road 

sa fely strategy (Moscdalc el al.. 2004). 

Information about accidcnts is a prerequi site for improving road safety. It also helps 

assess the current si tuation and give a good indication of ilS severity (Abugcssaisa, 

2008a). Data relcvant to road safety are collected every day in most countries. but 

for these data to be useful for inform ing road safety practice, they must be properly 

coded, proccssed and analyzed in a computerized database system (Pedcn ct aI., 

2004). In relation to this, it is stated that many coumrics have definition problems, 

there is no clear data collect ion process or simply the quality of accident data is low. 

On the othcr hand complctc and qual ity accident data arc important for auditing road 

sarety and supporting international comparisons. In many countries, underreporting 

of road accidents, deaths and injuries arc also common (Peden ct aJ.. 2004). 

International Road Traffic Accident D:lIabases (IRTAD) reported that earlier studics 

have estimated that onl y 50% of road tra ffic accidents arc reponed worldwide (Hal, 

2009). 

Afukaar et 31. (2003) noted that, in developing countries like Ghana, the data sources 

are fragmcnted and collection is not standardized. 'Ibey al so stressed that the 

tnadequacy in a data analysis affected the effiCiency of cstabhshtng crash and tnJury 

rates. On the other hand Yannt s ct 31. (2009) developed a common road traffic 

aCC ident data framework (CADaS) for effective harmonization of aCCident data at 
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both national and EU countncs. They used a holi stic approach based on thorough 

examination of both data and system avai lability, and usefulness to meet the needs of 

the different stakeholders for accident data analysis. 

As slated by Sohn and Shin (200 I) the effectiveness of data analysis highly depends 

on the quali ty and standard of the accident data collected. With respect 10 the 

va lidation of road acc ident data's acc uracy and re liability, underreport'i llg, missing 

and low qual ity of data arc idcnt ifi l'd as major data limitations (Yannis CI aI., 2009). 

This impl ies that contextually framed empirical stud ies arc required for thorough 

investigation and analysis of the problem. 

3.3 Machine Lenning/Data M.ining approach 

Data mining with the intent of prospective and proacti ve infonnation delivery is the 

current trend (Thearling, 2003). In this Section allempt has been made to present a 

review of literatures on the basic concepts of machine learning/data mining 

technology, techniques available and their applications. 

3.3.1 What is Data !\lining I Machine Learning 

Various definitions for data mi ning ex ist in the literature. In (Han and Kamber, 2006) 

data mining is defined as 'Ihe /ask of discoveril1g imereslillg pallems from large 

{11110/IIIIS 0/ daw where the da/a call be stored ill dflfabases. dMO warehollses. or other 

ill/orllla/iOIl repositOries '. It is also defined as the extraction of implicit, previously 

unknown, and potentia lly useful infomlalion from data (Wi nen and Frank, 2005). 

Though in some literature, the conccpts data mining and machine learning oflen used 

interchangeably, according to Venkatadri and Rcddy (201 I) the building blocks of 

data mining is the evolution of a ficJd with the confluenecs of various disci pl ines, likc 

database management systems, stati stics, artificial inlclligence(Ai), and machine 

leaming(M L). 
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As ind icated In (Berry and Lmorr. 2000). the three core areas o f competency thai a~ 

nceded 10 be successful In data mmmg are; d a ul mmlng techmques, data and I~ 

modehng of data. DaHl nllnmg Ilochmqucs refer to the conceptual approach 10 extract 

mformation from the data. Dala refers to the collecllon o f daily transaction or any 

sort o f information kepI from day to day ac tlv lllCS. In relutlon 10 Ihls commg up wllh 

a precise formulation of the problem to be solved and usage of the right data are the 

IWO important keys to success in data mining. Modeling is a process of applymg 

algorithms on the data with a certain specifications. 'Ibus, building models is only 

one step in knowledge discovery. It 's important to properly collect and prepare the 

data and 10 check the models against the real world (Two Crows Corporation, 2005). 

Literature agrees to c lassiry data mining technology mto either predictivc or 

descriptive modeling. The goal or a predictive modeling is to predict the value or 

one column based on the value or other columns. 11 rerers to the process or building 

a model that will pemlit the value or one variable to be predicted rrom the known 

values or other variables (I'land et al.. 2001). Classification and Regression are the 

tWQ IllQst \;ommon tasks in predictive modeling. Ir the label IS dI screte (conlammg a 

fixed sel or values), the task is ca lled classification. lr the label is a cOnlinuous value, 

the task is caned regression. 

Descriptive modeling on the other hand deal s with describing 011 or the data and 

di scovering patterns and segmen ts or the data (I'land et a1.. 200 1). Thus. it is also 

called unsupervised technique. Being unsupervised task, it helps us to sec patterns 

and segments that behave similarly. The IWO most common descriptive modeling 

tasks are association and clustering. 

Differenl problem types in a data mining process 10 the effort or solving the bus mess 

problems are often also called data mining lasks. The most widely used tasks a rc 

classi ficat ion, association, clustering, dependency anal YSIS, predictIon, segmentatIon 

and descnption (Witten and Frank . 2005). 
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3.3.2 Applications of I)ata Mi ning 

r.·lany organizations are usmg data mmmg to help manage their specific tasks. 

Ident lrying customers who arc most IIkcly Interested m a new cre(ht product IS one 

Instance or data mining application. Detectmg fraudulem use of servIces usmg data 

mining technologies is also another area that Interests a credit card company 

(Thearling, 2003). The 3pplication of data mill ing in biomallcal and 0 A data 

ana lysis is also discussed in (I-Ian and Kamber, 2006). In line with this, dlscovenng 

large-scale sequencing pattern, in identirying and study human gene for the 

development or new pharmaceutical s and cancer in cancer therapies is a recent rocus 

of data mining. 

According to Hong (200 1), data mmmg In general and predictive modeling in 

panicular , which is perhaps the most-used sub field of data mining, has got great 

attemion in insurance, fraud detect ion and text categorization. In addition, data 

mining is being used for many other purposes, such as analyzing coun decisions. 

discovering pattern in health care, accident ana lysis, pulling stories about 

competitors from newswi res, resolving bottlenecks in production process, and 

analyzing sequences in human genetic makeup. Thus it is easy to learn that data 

min ing can be used in various areas. 

In (Han and Kamber, 2006) it is suggest that, since data mini ng is a relatively young 

discipline with wide and diverse appl ications, there is still a nontrivial gap between 

general principles of data min ing and domain spec ific, e1Tective data mining tools for 

panicular appl ications. 

3.4 Enterp rise Information Architect ure 

This subsection covers researches exhibiting the applicatIon of inronnation 

architecture and enterprise architecture concepts. 
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3.4.1 Information Architecture ( lA) 

ecdless to say that informallon IS now recognized ns a valuable resource In day to 

day management of any govcrnmental, soc ial , economical or pnvatC!' businesses. As 

Information Architecture is a theme In this research work, II requires due attention In 

both understanding the concept as well as pullmg II to the domain area of the 

research. Accordingly, attempt has been made to review relevan t research 

undertakings, viewpoints and whi tepapcrs. 

3.4.1.1 Definitions and Evolu tion of In formation Arc hitecture (IA) 

There are a number of definitions, views and conceptualizations of information 

architecture in the literature. So far many researchers and pr3ctitioners provide 

definitions of lA from various pcrspt"Ctives (Morville and Rosenfeld, 2006, Van der 

Walt and Du Toit, 2007, Evemden and Evemden, 2003, Downey and Banerjee. 2011). 

However, no single teml universally describes an encompassing framt:work for 

managing information as a resource. It is defined in (Resmini and Rosari, 2011), that 

Information architecture (IA) is a professional practice and fie ld of studies focused on 

solving the basic problems of accessi ng and using, the vast amounts of information 

available today. In thi s context , the focus is clearly on managing information for better 

enterprise-wide consumption and usc. IA includes descriptions of uses, users, physical 

properties, and constraints. As explained in (Robbi ns et al.. 2011), it gcnerally. 

represents a higher leve l of abstract ion, emphasizing an awareness of systems in terms 

of how critica l subcomponents interacts according to semantic aspects of proccsses. 

designs, and metrics. 

In the same line, it is also stated that IA is n high Icvel map of the infom1311on 

requirements of an organization showing how the major classes of information assets 

arc related, 10 each OIher and to other components of a system (PicllImllkl, 2005). 

Thus. Infonnation Architecture is used to define the data and IOformatlon that need 
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to be madc avallablc to accomplish thc miSSion and to provide 10 other agencies 

(Mahmood,2oo6). 

Accordmg to Xic and Hdfen (2011), Informntlon Architecture (IA) IS used to 

organize information about a topic in order to manage It 10 a slructured way. The 

aUlhors also extcnd Richard Saul Wurman 's eonceptualizillion, that IA IS used 

whenever a high-level overview of interrelated informatIOn components Wllntcd to 

be defined , and when the relationships among them arc complex and difficult to 

understand. It is also stated that IA combines the background theory, design 

principles, and diagrams representing the meaning of gaining insight from 

in formation (Evemden and Evemden, 2003). As can be seen in various literature, an 

Infomlation Architecture has been descritx:d in many ways. each tackling thc 

question from onen slightly different perspectives. 

Whi te (2004) also reeogmzes the difficulty in describi ng what '· infom13tion 

architecture" exactly is. lbrough his discussion of the historical de\'elopment of the 

concept the author emphasized the different views in approaching the concept, like 

from information dcsign , web design and con tcnt managcmcnt point of views. In 

connection to this, attempts havc also been made in literature to prescnt the analysis 

of all the definitions of IA to get a complete picture of the concept. From thc analysis, 

IA is the science of structuring, organizing and managing the infonllation where the 

art of labeling and findability and usability is also important. IA is implemented in 

shared environment wi th the data colleclion, analysis, exchange and data industry 

standards being important to make sure the data flow is transferred with agreement 

between the users (Yunus and Rahman. 2008). 

Basically, information architecture can be seen as the construction of a structure or thc 

organization of information. It dcfincs what data to store. how data is stored. managed, 

and used in a systcm. Panicularly. IIlfOmlal10n archlte<:ture describes how data IS 
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persistently stored and how components and proce~s reference and m:l.mpulate this 

data. Moreover. il describes how external or other systems will access the data , and 

Includes descriptions or diagrams of Interfnces 10 data managed by other syslems. 

According the d iscussion in (Van der Walt and Du TOIl, 2007), It Incorporates a 

variety of techniques drawn from diversity of disciplines such as information SCience, 

management theory, artificial intelligence, knowledge m:magement and obJcct 

oriented modeling. 

Regarding the evolution of IA. it is common to get discussions on the change on its 

focus. One such cla im is made in (Evemden and Evemden, 2003) mdicating 

remarkabl e change on lA, becoming a sophisticated, multidimensional tool for 

managing information as resource. In connection with this in (Evemden and Evemden, 

2003) the three generations of Information architecture is summarized as shown in 

Table 2. The three parameters used in describi ng the three distinct generations of IA 

arc the " focus". "drivers" and more importantly the "contem" of lAs. 

As it can be learned from the summary, the first and second generations emphasized 

technology solutions rather than at organization's usc of Infonnmion. In the second 

generation. as mentioned by the author, the di scussion became more about 

infomlation content and content management. This is mainly because of the 

emergence of knowledge management during the 19905 as a key business func tion 

and the availability of a broad range of infonnation via the Internet. Today, the third 

generation re neets the need fo r separate technology and information archltcctures 

(Evemden and Evemdcn, 2003). 

In Ime with this, by reviewing related researches (Xle and Helfen , 2011) stated that 

the emphasis so far was on data structure aspect. while the behavioral perspcctl\'C of 

how infom1ation is viewed and used/interacted among all the actors is laekmg. In their 

work, they describe lA as a collectIOn of Objects. which are representing/defining the 

49 j ".1 c: 



= 

structure of infonnallon. Infonn:lIIon structure, accordmg to the authors, Includes 

techmcal aspects as defimng and standardizing the information elctnClts, the 

Interfaces and relationships between the vanous mformatlon elemcots, and behavioral 

aspects thaI the relationship of how the mformatlon IS managed for exchange and 

share processes among multiple parties (Xic and Hc:lfM. 2011). 

Table 2: The Three Gcncrauons of Infom\allon Archllttlurc (Evcrndcn and E\l:rn<!cn, 2ooJ) 

Grnerlilion Focus Ori,'(' !! U)' Conlt nt 
I" Ceneralion System as 51andalone IncreaSing funcllonall ty Explanallon of.he need 
1970s and 19805 appl icalions wlIhin and SOphlstlc:won of for an architectural 

individual slllndalonc apphcauons approach; Analogies y,;lIh 
orgam7.l11lOns building archuecture, 

Smlplc2D diagrams or 

fra~work$ pro\·tdmg 

O\'ervl~W5 OftM 

archlt~etUI~ 

2 .... Generation System as integrated GrO\\1h In syslem ExtenSIOn and duphc3110n 

I."" SCt of eomponenlS complexity and of diagrams from lh~ I-
within mdlvldual InterdependenCe": genC'l1lllon archllectures, 
organir.3tions Demand for sonware Populallon of frameworks 

r~usc With Industry [ef('fence 

models. 
J.d Generation Information as a Emergence of the ExpliCit definitiOns of 
LaiC 19905 "d eorpor.IlC resource Inlemet. c-commcre~ , PrinCiples lind background 
20005 with support ing IT and an mcrease in Ihcory: De\'elopment of 

tools and techniques. busilless-to·busmess multidImenSIonal 

appl ications; Adopllon architectures; 

of knowledge customtzallon of 

management, systems Informalloo frameworks to 

thinking. and II mor~ thc nttd of m(hndual 

hollsllc \'lew of Org3I11ZUUOOS; g~oenc 

,"formallon 3$ resoUI~~ . InfOfTTl3I100 p;lll~m$ and 

~" 

Regarding the importance of IA. Darker (2005) nU.'T1 tloned that most people only 

notice information architecture when it is poor and SlOps them from findmg the 

Informat ion they require. The author further elaborated the dISCUSSIon by mdlcatlng 

thai Information architecture is most commonly aSSOCiated \Yuh webslIes :md 
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Intranets, though it can be used In the context of any information structures or 

computer systems (Barker, 2005). Thus, II follows that unless organizatiOns 

recogmze the importance o f In fOmlatlon architecture, they will face a problem of 

Information access. 

It is also worth mentioning that, effective Information architecture enables people to 

navigate through a system knowing that they arc geuing closer to thc information 

required (Jafan et aI., 2009). Besides, information architecture addresses key 

considerations for both the current and future Slales of infomlat ion processing. It 

makes it possible 10 articu late the needs of stakeholders, as well as the semntu ics of 

behavior of the system and its parts in common lemlS. It is also mentioned In 

lilerature that, sound information architl'Cturc allows for full support of distributed 

processing, interoperability across heterogeneous systems and departments, and 

mternetworking between systems (Barker, 2(05). 

Extending the idea it is stated, that effective infom13lion architecture comes from 

understanding business objectives and constraints, the COntent, and the requirements 

of the people that will use the system or the site (Jafari et al ., 2(09). Information 

architecture can also be used to guide application development and to facil itate the 

integration and sharing of infonnation (Pienimtlki, 2005). Some major advantages o f 

enterpri se infomlation architectures are summarized in (Pereira and Sousa, 2004). It 

enables an integrated vision and a global perspective of informational resources 

(NIederman et aI., 1991) in addition to serving as the bridge between the business 

and technical domains (Young, 2(01 ). It also contributes to having information 

systems that reflect common goal s and performance measures for all man3gers, to 

encourage cooperation rather than confl ict, and competition withm orgamzatlons 

(Stata, 1989). 
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3.4.1.2 f\ pplicalion and Imporlance or 11\ 

Though, thc concept of IA is usually associated with web dcslgn. Its apphcatlon IS 

diverse. Advancements In organl7.3tlonal interdependencies, e-<:ommcrce. knowledge 

discovery. information management and systems thmking have helped dnve the view 

of mformation as a critical organi7.3tionnl assct. as discussed by Evemden and 

Evemden (2003). In line with Ihis. there are dlffcrent attempts c;thlbltmg thc 

application of IA in diffcrent domains and context. 

Van der Wah and Du Toil (2007) approached the concept of infom13tlon architecture 

as a way of visua lizing and describing the various information assets and IIIteraetions 

of these assets withi n an enterprise. The establishment of information architeclure is 

Illustrated through a case study with in a large conglomeration of compamcs 

requiring scalable information architecture in order to address its information 

requirements. Another attempt is a research conducted to dcsil.'ll information 

architecture for Malaysian Natural Product Repository by (Yunus el aI., 2(08). 

Extensive and critical literature review and a five phase lA development approach 

were used in the process of designing the said architt'Cture. 

With respect to the importance of lA, in (Yunus and Rahman, 2008) it is stated that, 

the need of IA caused a debatc in the in fonnation technology world. It is argued, thaI 

it is very difficu lt to calculate the return on investment of IA. In the shon term, it IS 

not easy to see the need of IA but they argue thaI in the long term where mnmtcnance 

work is nceded, we could sec the importance of IA. The authors go funher 111 

categorizing the imponance of IA inlo 8 major categories that arc from the pcrspt.'Ctlve 

of user, development, cost, organization, guideline, c..(;ommcrce, value and time. 'Tb:y 

reponed that all the imponances of IA are extracted from literature revi ew of different 

resources and combined in onc table to make it caslly understood. The catc!,'Ones are 

chosen by extracting Ihe main issues thai itteralures Iry to POint out from the 

deSCriptIon in each resource. 
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Imilariy, some of the major Importances of Infonnahon architecture are highlighted 

In (Van der Walt and Du TOIt, 2007) as follows: 

• "In/ormation Architecture helps e\'el ),olle • information as a resource IS the 

responsibility of everyone wuhln the enterpnse :md nOI the preserve only of 

the technology department. IA provides practical lools. Improves efficlcncy, 

e ffectiveness and producllvity and supports the orgamzational slrategy, 

innovation, creativity and fl exibility" 

• "Architecture is a lIece:1'S(lry /Ollll(/(Itioll - by making the archilctturnl 

foundation more expl ici t, the importance of information as a resource IS 

further reinforced. It is especially useful in the understanding of more complex 

infonnalion structures found in managing large enterprises." 

• "It applies to alllypes o/in/omlll/ion- IA docs not apply only to the desIgn 

and navigation of web sites, nor is it only for the development of infonnatlon 

technology or software. It is a universal discipline that applies to usc of 

information in general." 

Emphasizing on the imponance of lA, a study on health sector, by Brm et al., (2007), 

recommends focusi ng on data/information standard is priority than technical 

standards which will be achic\fed through Infomlation Archi tecture. 

As to the process of developing an lA, in line with thc design science research 

paradigm, there are difTerent types of research methodologies for the development of 

IA. Two of the most widcly accepted approaches arc described here In brief. 

Evemden and Evernden (2003) provide a guidelinc conSisting of four steps namely; 

deciding infom13tion management requirements, creating a management toolkit. 

defini ng an information map and using the infonnation resource. The output of the 

fi rst stage includes principles, infonnation deSign gUJdc1l11cs. standards and namlllg 

conventions. II also decides which dimensions are III fact parts of the architecture. 

Requirements delcnninc which architectural d1mens10ns arc relevant and III tum 

govern wh1ch tools arc needed. A 100lkll IIIcludcs checkhsts. charts and d1agrams 
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denved from uSing the dImensIons. A common 1001 IS a gnd SlrUCtun= companng onr 

architectural dimensIOn wnh another. But, mort sophistIcated architectures. based on 

thlrd-gcnt..-ation design pnnclplcs. arc multldlmenslonal. usmg a SCI of IOlarelated 

cham and diagrams showing the archltccture from different vlewpomts. 

Wi th somehow similar approach, Morvi llc and Rosenfeld 's (2006) methodology tncs 

to address the three major aspects of an infonnallon Archll(:cturc (lA); Content, 

Context and Users. There arc five phases In th is methodology namely; Research, 

Strategy, Design , Implementation and Administrat ion. 

3.4.2 Entcqlrise Architecture "ramcwo rks 

In the process of developing an IA within a given context. there arc a number of 

reference architcctural frameworks including; The Open Group Architectural 

Framework (TOGAF), Depanment of Defense Architecture Framework (DoD Airy, 

Federal Enterpri se Architecture Framcwork (FEAF), Treasury Entcrpnse 

Architecture Framework (TEA F), Zachman Framwork and The In formation 

Framework. 

TEAF is developed in response to the need for estabhshing common enl'crpnse 

architecture, consistent practices and common tcnllinology within the various burea us 

and offices at the Depanmcnt of Treasury. 71,e TEAF describes fOllr ','jews ' 

(coli/parable to Ihe COIIlIl/IIS in rhe ZllcJlllwn framework) amI fOllr 'perspecliw!s' 

(comparable to the rows in the Zilchmallframell'ol'k), crcarillg (1lIIotrix (comport/ble 

to the one slIggesreti by ZtlchlllCIII) (Gocthals-SAP·lcerstocl. 2004), TOGAF IS a high 

level and holistic approach to the dcsign of enterpnse architecture. It covers four 

archltcctural domains; Business, Appl ication. Data, nnd Technology, which can be 

seen as views. It also provides architectural development methods with respect to 

archI tectural domains mentioned (Urbaczewskl and Mardnl) , 2006). 
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FEAr was dcvelopt-d to promote Intcropcrablhty. the sture<! devdopmall of 

common federal processes, and the shanng of Informallon. hs focus or dlmcn Ions 

arc cnulles (wh::II), aClivltlcs (how) and locallons (where). With rt5pC'Ct 10 the \'le"'S It 

provides five level perspectives 10 order of dct3lls (Gocthals-SAP·lcemocl. 20(4). 

DoOAF builds on three sets of views; operational. system and technical standards 

Operaliollal vh,,,,v describes/illlerrcllIIcs Ille openlliollal elemcllrs, /(uks allli {Jctivilles 

10 accomplish missiOIl openlliolls. Sysrems vh,,,,v (Jescribes s)'srcms {J1Il1 

imcrcoll llecriolls lu sllpporr fhe Op<:r(l/iollol View. Tee/Ill ial l Stamfllrds describes 

rules governing fhe (lrra llgcmCIIf ,imcraefioll (Illd i lllerdepclldellcc of system 

compol/elllS fo (lugmellllhe Systems View (r..<lahmood, 2006). 

Anothcr foundationa l archi tectural framework wonh mentioning is the Information 

Frame Work (1 FW) created by Roger Evemden during the 19805. lFW remams the 

foundation for IBM's strategic solutions in the Imponant financial services sector. 

J.FW is a tool for analYLing and structuring information. It is organized under three 

views namely; organizational, business and technical. It is used 10 help structure 

information change and business flexibil ity or agili ty. The dclivcrables from IFW 

includes a sct of mode ls that prov ide chccklists to business requirements, templates 

that embody industry standard design principles, detailed designs for specific 

solutions and appl ication build ing blocks and code. These all can be combined to 

provide customized solutions to infom13tion-related problcms (Evemdcn, 1996). 

Urbaczewski and Mardalj (2006) conductl'<i a study that provides a comparison of 

enterprise architecture frameworks. The purpose of the study was to present a direct 

comparison of the frameworks, based on their views and aspects. Accordmg to the 

authors they studied several cxisti ng enterpnse archItecture frameworks which helped 

them to establish a common ground for the fmmework companson. Companson was 

made based on the perspectives of thclr stakcholders and abstractions. Fmally the 

research concluded, that Zachman framework appears to be the most comprehensl\'e 
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uSing a. number of vlewpomts (dimensions and JX't5pettIVCS) rel:ue to dlffetall 

aspects. ·'Zt,chmall framework is a gel/eric reference II/cx/el. k'hi h serves as the barls 

! orIllU1Iero/1S other mOl/cIs ego TOGAF, Ft."AF Ulld TEAF"(Mahmood. 2006), 

Accordmg to (Goclha!s-SAP-]ccrslocl, 2004). many of the classIc entcrpnsc: 

archItecture frameworks focus on the software architecture. mther than on 

the lotal enterprise archilL"Cturc while Zachman Framework is most comprchcnswc. 

The author claims that, the lOp twO rows of Ihe Zachman Framework arc neglected 

100 often though, they arc very much imponant especially if integration is an 

objective. 

The Zachman Framework is ccnainl y the most widely kno\\'Jl framework In the 

Enterprise Architecture context. The rcason for ils ex tensive use IS due to the (net 

that it is a very ncxiblc framework. The Zachman Framework does not impose a 

method and it does not restrict any user to a set of pre-defined anifacts (Pereira and 

Sousa, 2004, Goetha ls-SAP-Ieerstoel, 2004). 

The Zachman framework provides a logical structure for classi fymg and orgamzing 

the descriptive representation of a given domain. The framework is structured 

around the vicw of different users involved in the planning, designing and 

main tain ing an enterprise 's infornl:ltioll system. [t provides n two dimensiona l matrix 

representation generic framework (sce Tab[e 3) where user's views are represented 

through Rows: Scope, Owner, Designer. Budder. Out-of-contextllnd I)roduci. while 

the data (what), function (How), network (Where). Pl"Opie (Who), lime (When) and 

motivation (Why) dimensions arc represented through olumns (Zachman. 1999). 



-

Wlo" lIow W"" ""'" ""'" ~'"' (1).111) ( rUncllOll ) (PCIOpIc) ("""-.... ) (TlIn~) (Mob,...) 

Scope (Contcxtual) 

Business Enlcrpnsc 

(ConccplUal) 

Sysu:m (Logical) 

lnfOnTIOl ion Systems 

Technology (Physical ) 

Component 

(Detailed 

Specifications) 

Opcrnl ions 

(Functioning 

EnterprlSC) 

Though, the Zachman framework is a 6 x 6 matrix representation, in (Bahlll CI a!., 

2006) it is Sialed Ihat '; \IIh31", "who", "why" and "how" dimensions are the most 

widely used while the designer and the bUIlder user vIews gel morc emphasiS by 

researchers and practitioners. The framework comes with the following sct of rules 10 

keep in tegrity of architectural descriplions; Rule I • The COIIlIl/IIS have 110 ortier, 

Rille 1 • Each COIIlIllIl has a simple gel/eric IIIm/c/. Rille 3 - n,c basic model of C(l c h 

co/ullin mliSi be ull iq l/e, Rille 4 - cach row llescribes (I {/islil/CI, IlIIiqlle perspeclive, 

Rule 5 • Each cell is ulliqlle. Rille 6 · 71te cQmposile or illlegrlllioll of (III cell models 

in olle rO\\l conslilllies a complele model /rom Ihe perspeclive of Ihm rO\\l, Rille 7 

• The logic is recursive. 

The Zachman "Framework" is also considered as a ta..'(onomy for orgamz.mg 

architectural artifacts likc specifications. and models that take IOtO account both 

whom the artifactlargcls such as busmess OV.'YlCf and budder and "hat particular Issue 

li ke content and funclionahty is being addressed (bchman, 2003). nus entails that. It 

can be used as a guidc in desib'lling a mechamsm to ciTccU\'cly and cmclcntly collect, 

anaiYlc and disseminate road aCCident data which IS bemg cn llClzcd for Its 

mcomplctcness and unreliability. 
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Zachman Framework has been used as a referencc model In vaned domains for 

vanous purposes. Razak and Dahalm (200 ) studied Entcrpnse Architecture (EA) 

practices in Malaysia through a qualltatlvc approach. Purposi ve sampling was 

employed to select 10 enterpri ses from public and private sectors. Interview and 

document analysis were major data collection tcchmques while pattern-matching 

techniq ue was used to analYLc the qualitative data collected. The Zachman 

Framework was used to eval ua tc the practicc of EA in these enterpri ses. Accordmg 

to the authors, the study rcveals that some aspects of the framework wcre not 

addressed at all; whilst other aspects, which were addressed, vary in tenns of 

perspectives. Finally, the authors reported that idea of EA is relatively new to 

Malaysian enterprises as none of thc ten participating enterpri ses made reference to 

Zachman Framework or any other EA framework. They also reported on the extent 

of EA practice based on thc mapping of the Zachman Framework, and it IS stated 

that most of the enterprise'S work focused on all dimensions except fornM E across 

all perspective. 

An integrated process for developing data architecture views in Zachman framework 

was investigated and proposed in (Rezaei and Shams, 2008). The authors conducted 

a case study in one of the Ports and Shipping Organizations of lran namely shipping 

and marine affairs authority to build on the credibility of their approach . Some 

questionnaire items were also used to evaluate the accuracy and correctness of the 

proposed method for creating integrated data architecture by architects and designers. 

Fmally, the authors concluded that the presented approach using Zachman 

framework was well acceptable. In another work. (pereira and Sousa. 2004) 

proposed a method, focusi ng on Business and IS persPl'Ctlves. for achlcvlIlg an 

Enterprise Architecture Framework, based on the Zachman Framework. Through 

their study the authors identified artifacts for each cell. and a method, which defines 

the sequence of filling up each cell III a top-down and IIlcremcntal approach. 
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Fazd <:1 al. (2010) studied application of Zachm:m framework to content orgo.mznuon 

10 a hbrary envi ronment . The focus of the research was on creating content o f 

semanllc theses digllall ibrary by applying the Zachman Framework data di menSion. 

In hne with this, the goal of the study was to deSign a formal framework In 

managmg theses and dissertations collections and specifically focused on the contcnt 

organization based on the Zachman Framework for the Entt"rpnse Architecture. The 

study involves case study approach with document anal YSIS and questionnaire as a 

means of data collL'Ction. 

A Study of Implementing Zachman Framework for Modeling Information Systems 

for Manufacturing Enterprises Aggregate Planning (Radwan and Aarabi, 2011) IS 

another work to structure aggregate organizational plannmg using Zachman 

Framework. According to the authors, a need for adcquate tools and methodologies 

to model the systcm structure and to define integratcd requirements in manufacturing 

enterprises is a major motivat ion for the study. And il is stated thaI such modehng 

will address a major problem of lack of strategic pcrspct:tl\'C of informalion systems 

which will in tum help 10 improve response ti me on orders of customers which IS a 

crit ical issue to achicve a competitive advantage. 

In (Ertaul and Sudarsanam, 2005) an overview of how Zachman's Framework help 

de fine, design, and create tools for effectively securing an enterprise is provided and 

d iscussed . According to the authors, the research work exhibited that Zachman 

Framework best fits to plan security architecture for an enterpnse as any evolVing 

changes in technology can be implemented onlo the Zachman Framework without 

affecting the direction of Ihe enterprise. They also stated that, the security planning 

using Ihe Zachman Framework applied to enterprises is helpful for sorting OUI 

complex technology and methodology issues Ihat arc sigOlficant both to general and 

(echnology management. 
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Similarly another study (MohaJcram and Moelnl. 2(04). "Using Enlcrpnse 

Architecture Framework to Design Network Security Architecturc" presents nn 

approach to use cntcrpnse architecture models as a framework to design network 

security architecture. The authors discussed network security architecture of 

academic centers as a case study to show how a conceptual model can be opplled to 

a real organization. The study used Ihe lOp three levels of Zachman hierarchy along 

wllh the data, function and network dimenSions to develop descnptwe secunty 

architccture. 

Mahmood (2006) in a study "Architectural Represelltations for Desc ribing 

Enterprise Infomlation and Data" discusses a range of architectural representations 

from various perspectives, and presents a basic model for the development of an 

enterpri se architecture cmphasizing on information and data architeclUrcs. The 

author proposed to view each architectural rcpresentations from the wiull. how, who 

and why perspectives since EA is baslcal1y the what. how. who and \\'IIy of the 

business at every levcJ of the organization. This rcsearch work is based on one of the 

foundationa l frameworks callcd Zachman Framework. 

Thompson (2006) studicd thc scalability of Zachman Framework to determine how 

it can be used to provide a development stnlcturc for a non-Enterprise Application. 

Through the study, the authors confirmed Ihat the Zachman Framework is scalable 

however as a project becomes morc complex , the fi rs t three rows of lhe Zachman 

Framework become more imponant . According to the author, this Framework 

provides a one stop solution and would be a superior methodology for the architect 

or engineer of systems both large and small. 

Jafan el al. (2009) conducted empirical study based on the Zachman framework nnd 

developed conceptual knowledge architecture model that cnn be applied to lraman 

orgamzallons. The objectIve of the paper wns to explore the role of knowledge 



architecture in an enterpnse and to provide a model to archllect enterpnse 

knowledge based on the Zachman Framework. In the process of the study. the 

authors discussed scverol perspectives from the knowledge management (KM) POint 

of view and in formation technology. A questionnaire was used to poll opinion of 

knowledge architecture experts as a means of validating the archltecrural model. 

According to the authors, the paper IS of high value to researchers In the knowledge 

management fie ld and to practitioners involved with KM adopllon in the 

organizations. Moreover, il is stated that the result of the research gives va luable 

infom13lion and guidelines that hopefull y will help the leaders and the senior 

knowledge management managers to accomplish KM through their organization 

success fully. 

The discussion so far in this sub section provided sufficient theorct lcal background 

regarding in formation architccture and its application along with a gUiding 

frame work in the development and application of an enterprise informallon 

architecture. The discussion exhibited a wide application of information architecture 

as an approach, which can also be helpfu l in a road safety domain. In addition, 

enterprise view, specifica lly using Zachman Framework, in using information 

architectllre as an approach is shown appropriatc. By ex tendi ng knowlcdge in the 

literature thi s research is based on the discussion made so far and an empirical data 

collected from road safety organizations to de fine road safety inform~lI ion 

archi tecture. 

3.5 Summary or the Chapter 

Ttus Chapter presented research works and Viewpoints re\'olvlng around the main 

theme of the research. Accordingly, literature on the "cry conccpt of rood S3fcty and 

road accident, machine-learning approaches and the apphcablhty of enterpnse 

Information architecture werc discussed. 
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II IS learned from the discussion that road safety IS nn escalatmg problem for the 

SOC iety thai needs muhl-scetonal and conSistent research elTons. In addition, It IS 

mentioned that there are different eITons from dlITerent perspectiVes so fnr. Data 

mmmg/machi ne learning approach was also discussed to get an understandmg of ItS 

appl ication, which exhibits its versatility. 

Ii IS al so exhibited that efforts to tackle road safety problems hinges on proper 

collection and analysis of road accident data. Review of the literature presented 

above provides sufficient theoret ical base and evidence for a wide application of 

Zachman Framework, the selected enterprise infomlation architecture framework. 

Its robust nature and flexibi lity lends itself to an application or system of any Size In 

vanous areas (Thompson, 2006). It is evident that Zachman Framework can be used 

to define architecture for any object or system of interest. Accordingly, this research 

stnves to employ Zachman Framework to study and describe accident data and Its 

management. 
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4.1 Overvicw 

Chapter Four 

RELA TED WORK 

'1'1115 Chapter is dedicated to the discussion of related attempts In addressmg road 

s..'lfety problems in general and accident data collection, analYSIS and dlsscmmallon 

In particular. The process of reviewing related works revea led some mteresting facts 

which provided useful insight in the consideration of the proposed architecture for 

road safelY infonnation management. Key ilnd important findings arc presented here 

In summary. 

4.2 [ \'a luation of Lit erature to Address Road Safely Problem in General 

There exist various attempts to address the road safety problem in different part oflhc 

world. Vasconcellos (2000) conducted a research on strategies to improve traffic 

safety in Latin America. The author started by recognizing the difference in the type 

and magnitudc of the problem in developed and developing countries scenano. 

Accordi ng to the author, un like developed countries - where air pollut ion has long 

surpassed traffic accidents as major policy concerns - in developmg countnes, traffic 

accident is the worst transport external ity and descrves proper priority treatment. It is 

al so stated in the research that prevailing traffic plann ing appro:lchcs to this problem 

have followed traditional methods utilized in developed countries. However. the 

persistence of poor traffic safelY cond itions attests 10 inadequaCies of available 

techn iques and dominant approaches. 

Through the study the author constructs a new appro.'leh and proposes actl ns to 

change curren t cond itions towards improving road safclY. Inste:ld of consldenng 

Isolated factors namely; road uscrs. road and vehicle II is proposed thnt lruffie 

aCCident's in developing countries can be beller understood If the phYSical, pollllcal. 

mstltutlOnal and technica l and enforcement enVironments art nnalyted With respect to 
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theIr mnuence on traffic safety conditions. Thus. hIghlIghting on the ddiclency of the 

eXlstmg systcm through critica l analysis, the author proposed I'en aCIIOns. one of 

whIch is aboul the gathering of rel iable dun and mfonnatlon on accident profile and 

costs. 

In another study, (Larson et al.. 2012) in the paper "TIle Impor1ance of Data for 

Gl obal Road Safcty", presented a discussion on Road Snfcty in 10 Countries project 

(RS-l0), which is focusing on Brazil, Cambodia, China, Egypt, India, KLilYB, MexIco, 

Russl3, Turkey and Viet Nam, The authors tried to compile thc first two years of data 

collection and analysis during RS-IO, and they claIm that it represents Imponant 

strides in road safety rescarch. 

SImilarly (Elvik, 2010) studied why some road safety problems arc more dIfficult to 

solve than others and presents a discussion on factors that can make some road safely 

problems difficult to solve. These problems. as stated in the work include the high risk 

of accident's and injuries involving young drivers; the high risk of injury run by 

unprotected road users and speeding. The author provides a frnmework for 

categorizing road safety problems according to their basic charactenstlcs and serves 

as the basis for the di scussion . In line with this, it is argued that if the mam source of a 

problem is incompatibility of different groups of road users or if solutions involve 

overcoming social dilemmas, then problems are likely to be difficult 10 solve. The 

research also finds out thaI, problems to which biological factors contnbute arc also 

likely to be difficult to solve, The author also slated that, it is unfor1unatc that these 

problems all make major contributions to road accidents, uggesllng that we may be 

approaching a poin! where making fUr1her progress in Improving road safety WIll 

become increasingly d ifficult. 

Another work approaching road safety problcm Ihrough Improvements In mfonnatlon 

sharing is a dissenation by Abugessa isa (200 a). The thcsls presents a three-tIered 

conceptua l model to support the sharing of road safcty-rc lmcd information nnd a SCt 

of apphcat ions and analySIS tools. Accordmg 10 the author, the overall 31m of the 
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research was to bUild and mamtmn nn mfonnatlon-shanng platfonn. and 10 construct 

mechanisms that can suppon rood safety professlonais and researchers which will In 

tum help the efforts in preventing road accidents. The author used several approaches, 

Including requirement elicitation techmques, iterative prolotypmg, systems thmkmg, 

visua l data mining and Technology Acceptance Model (TAM), In bOlh the process and 

evaluation or lhe research idea. 

In the effort of improving road safelY, (Eksicr. 2007) conducted a research that mms 

at provid ing beHer taxonomy and descript ion of the different underlying factors 

hidden behind road safety outcomes at country or regional level. Accordmg to the 

author. the evidence is given on the exi stence of various structural factors based on 

two European countries, for which a Full Bayesian (FB) ecological regression model 

IS applied to study different road safety outcomes at regional level. Through this 

:lpproach, the author combines spatial and time variation within one modelmg 

approach and investigates existi ng sp:lti:ll relationships. The model in which a scnes 

of structural explanatory factors was tested within road fatality risk model scllmg, 

using 2000-2006 dala of 3 regions in Belgium. is presented. It IS also Slaled that, 

Improvement on structural factors which could be conveniently innuenced by pohcy 

related measures would result in more encctive road safety management. 

A study on 'The Impact of Localized Road Accident Infonnation on Road afelY 

Awareness' by Yunan Zheng, a thesis submitted for the degree of Doctor of 

Philosophy to the University of Glasgow. is another related work examint.-d In the area . 

Zhcng (2007) claims that, existing road safety campaigns do lillie to address thiS 

problem: they focus on national and regional statistics that often seem remote from 

the local ex.periences of road users. The paper argues thai localized road accIdent 

mfonnation would havc better impact on people's safety awareness. 

The research used a three stage methodology, where the first stage IS the usc: of a nsk 

perception assessmcnt techntque to find out how e,ostmg on-hne rood aCCidents 

IOfom13tion affects the general public's safcty tlttltudcs. It IS followed by the deSign of 
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a map based accidcllI infonnatlon system and psychomc:tnc tc:chmques to assess tM 

Impact of our system on people's safety attitude. 

TIle thesis describes the design and development of a sof'iwarc: tool to proVldc the 

general public with access to mformatlon on the laeallon and circumstances of road 

accidents in a Scottish ci ty. The resu lts of an evaluation to determine whether the 

mformation provided by this software has any impact on mdlvidual risk perception 

was also presented in addi tion to a roule planning experiment camed oul. Aecordmg 

to the author, the results from the e."periOlen! give more positive feedback that road 

users would consider accidenl infonnation if such mfOm13t lon IS avai lable for them. 

Simi larly, Menon et al. (2010), stud ied a mult i-sectoml approach to capture 

mformal ion on road traffic injuries. The study was undenaken in the hospita ls of 

Banga lore and Pune, to examine the feasibihty of gathering information on inJunes 

using multiple sources. The research used a formally arranged stakeholders meetmg 

and training programs for the hospital stafT. police personnel. and traffic and transpon 

stafT, to identify their roles and responsibi li ties. In addition, pre-tested questionnaire 

was also used to collect prospective data on morbidity and monality due to injUries. It 

IS stated that the information gathered was cross-checked with the hospital and pollee 

records to keep the validity of the data. 

According to the results of the research, the stakeholders meeting and trammg 

programs were able to moti vate the depanmcnts to prOVide the correct data. The 

authors concluded thaI il is possible to improve the data on injuries by adequale 

traming and a data linking mechanism between the Police, Hospital. and Transpon 

Depanments. Finally, the rescarch emphasized the Importance of a good daUl capture 

mechanism in the effort o f addrcssing the problem of road traffic InJuncs. 

Baguley (2001) studied the importance of rood aCCident data system and ItS ulIilzollon. 

Through the research work. the author presents road aCCident fntahty statiSticS of 

developi ng countries. The research dIscusses worrying trends, under-reponing. 
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SOC ioeconomic aspects of rood accidents. and also common pracllces In safety 

Improvement. The main focus of the research, however, IS the Importance of 

establishing a rel iable road accident database and analYSIS system; rood 3CCldC'tlts 

bemg the fundamental measure of safety. loe author claims that, access to the 

database is an essential pan of identifYing. and hence targeting, specific safety 

problems and in evaluating the effectiveness of any measures Introduced. The 

research also identified and discussed most important data Hems for aCCident 

recording and various examples of analysis systems arc presented. 

To summarize, it is easy to learn from thc discussion above that road safety IS 

recognized as a global issue Ihat deserves comprehensi vc. multifaceted and detail 

research. It is also worth mentioning that road sa fety problems can be tackled from 

different perspectives. Rigorous researches invesllgating Improvements on the road 

design and environment. accident information management, behavIOral change on 

road users, revi sion of road safety policies and measures arc required. In Ime With thi S, 

this research focuses on accident information management. Summary of some 

selected researches addressing road safety problem is presented in Table 4. The 

sum mary includes methods used, approaches the researches will fall in (though II not 

explicitly stated so), key findings, context and perspective of the research. 
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Tablt 4-Summary or Ml llIt ,Wltfltd rOl tl sartJy rnnrthn 

,\ lIlhor Apl'r03rh M~hod Kr)' fl ntlinc Conln t P~hr 

rnurth~ 

will f311 1n 

VlLKoncdJos VisIOn Z<n> l.Itenoll.lre Afcldmlli can be .... "" (2000) Approach renew Inti befIt!' undenolOOtllfw 

clllical phYSICal . pollllall, InstllUllOlI3I, 

analySis lechmcalilld enfon:cmenlafC 

analYlcd 
~ 
5 
~ 

wllh rcspccllO Lhc,r InnutntC 2 , 
011 tramc 5:lfC1y ~ 

Elvlk (2010) Rood U'" Sur."ey C"Clor1llnl rood safdY Po''''' .,., 
Approach ,,., probkms ICtOlthnllO thm ~ 

1kho!\"tOraI ~ 
li ter-lIun' ~k: Ch:lIl1CttnSl1t5 2 

~ re\"lew 

Abllgcss:uS:t Systems 3nd Design "11ln:c hred tOncepluoal rn.>tltl InilOn:1I1011 

(2008) Vision-ZtfO RC$tarch suppa",n, InfOllT"QhoTl ~ 

~ 
Approaches ,,., sllann, pl~tlOnll and anal YSlt ~ 

8 Sur."ey 000" 
Eksler (2007) Systems Dcsian In~f()\mlC"Tll '" structural EnJ.lI1«l1T11 

Approach =Kh fKIOfS mnutnCcd by pohcy i. and Pohcy 

"" mabie effl"'ChH' .... 2 
0 

safl'lY!11.1Mgcmenl ~ 
Zheng (2007) Rood U'" Sur."cy Locall1.cd KcKicnt IleNvlOI"1l 

• Approach ,,., ,nfOm\lhOfl "" Iuvc beller 5 • ,"" 
Design inl'J(:l '" peoples u.rtty ~ Inbm,lIJon 

=Kh awareness ~ 
Menoll " ,'. Vision Zero Survey 1}.aU! quahty c~n be 1I11proVoJ Pohcy .,., 
(lOIO) Approach ,., by adcqU3tC tramtnl alld dau ~ InlOrmolllOll 

~ 

(lanlc.p;ilO hnkmg mcch,uusm "".= ~ 
ry research s t:lkcholdm ~ 

IJaguley System l,lenllllTC Ihghhghl5 the 1"1lOfUn« of In~tlOn 

• (2001) Appn»eh Rcvtcw csubhshlnl wxKicnt d:lu kK 5 
~ ,,., on-dqlth llnalysu or ~ 

~ accidents \bIOI 

4.3 113la Mining Approach in Road Safety Domain 

As discussed in Chapter three data minmg has vcrsnilic applicability. A number of 

data min ing-related studies hnvc tx.'cn undertaken 10 nnniyl.c road aCCidents data 
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locally and globally. \Yuh results frtqucntly varYing depending on the 

soclo-cconomic cond itions and IOfmstruelurc of n given locallon (Beshah and 11111. 

2010). 

As Ind icated in (Sohn and Shm. 2001 ), the trend m aCCident da ta analysIs IS 

changing from cross tabu13tion to mulllv3ri3tc an31ysiS and data mining especially 

variable selection 3nd cl3ssification to inveslig3te the rcl3tionshlp among a large 

number of variables in traffic accident records. Various researchers from diOcrent 

pans of the world have been tryi ng to study dlITerent aspects of road traffic aCCidents 

or car accidents. Chons, et al (2004) categorizes these researches 11110 Ihree baSIC 

areas n3meiy; 

;... Prediction of injury severit),. 

;;;. Establishing the IIIOsl imporlont fac/ors influencing Ihe Sf!\'el'iry of Ihe injllry 

;;;. Miscellaneous works related 10 lraffic accitlellls. 

II IS also mentioned by Zhcng (2007) Ihal, solutions to road safety problems are 

changing all the time and road safety research involves a very large sclenllfic area. 

According to the author, it can be divided into the following four fields: 

;;;. The stlldy of occllrrence of (lccidellls; 

;;;. The detailed sllldy of (IllY (lspect of the (lccident process which fIIay be a 

fi,e/or ill (lcc:illellt prodllction: 

;;;. The conseqllences of (lccidents. i.e. injury mltl damage; 

;;;. The eeonOlllic aspec/s of accitlellls allll safelY meaSllres 

Allempt has been made to assess the eXlstmg accldtnt analYSIS prnctlce at the three 

selected regional admini strations 111 EthiopIa. Generally. the resuh revealed. that 

currentl y no such analysis is actually being done 111 the Gambcla regIOn (South West 

pan of Ethiopia) while limIted descrtptlvc analYSIS IS pract iced 111 Amhara (Nonh 

69 111 " C" 



West part of Ethiopia) and Addis Ababa (Central Part of Ethiopia) regiOns. In 

addition, the data quality issues arc not yct addressed. 

However, though they lack syslCrnalic approach, there were some fragmented en-orts 

10 show the application of data mining techniques on road safety analYSIS domain. 

(Tesema et ai. , 2005) used adaptive regression trees in their research on rule mining 

and classifica tion of road traffic accidents, which provides a foundational work on 

severity analysis in the Ethiopian context. Important variables determining severity in 

Identified in the study were accidellilype and accitlelll calise. The results, according 

to the authors, showed that the developed models could classi fy accidents' severity 

within rea sonable accuracy. The besl accuracy exhibited was 87%. 

In (Regassa, 2009) classification algorithms for the study of accident scverity and 

driver characteristics were explored. The study focused on predicting the degree of 

drivers' respons ibi lity for car accidents. The research used WEKA, data min ing 100 1, 

to build the decision tTee (using the 1D3 and J48 algorithms) and ML P (the back 

propagation algorithm) predictive models and identify important relationships 

between variables that influence drivers' degree of responsibili ty such as: age, 

license grade. level of education, driving experience. and other environmental fac tors. 

Accuracies of the models were 88.24% and 91.84%, for decision tree and MLP 

respectively. In add ition . the research reveals that, the decision tree model is found 

to be more appropriate for the problem type under consideration. 

With regard to accident occurrence, Kine (2009) explored the application of data 

mining to identify dangerous locations in Addis Ababa. DeciSion Tree (J4 

classification algorithm) was used in conducting a couplc of expcnmt:nts wtth 10 

variables. The research identified school areas, whi le the weathcr IS ratny ns the I ~ 

ranked death locations followed by institution nreas dunng ntght timc and cloudy 

weather conditions. After providing deta il results in identi fytng dangerous locations. 
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the research recommends exploration of the ease for funher researches by mcludlng 

propeny damage as It was only focused on fatal. senous injury and shght Injury cases 

only. 

In another s tudy, Moss ie (2009) demonstrates data mimng models for accIdent 

severity analysis in support of reducmg road traffic accIdents by Identlfymg and 

predicti ng the major vehicles and driver's determ inant risk factors (attribUlcs) that 

cause road tra ffic acc idents. The researeh uses WEKA, version 3-5-8 tool to build 

deCision tree (using j48 algorithm) and rule induct ion (using PART algonthm) 

techniques using II input attributes. The result of the rescarch proves that the 

performance of J48 algorithm is slightly better than PART algonthm and II Identified 

that License Grade, Vehicle Servicc year, Type o/I'chicle (md Dril'er Experiellce as 

most important variables to predict accident scverity pattern. 

Bayesian Network power predictor and constructor was employed by Tabor (2009) 

for prediction and model construction purpose respectively in the process of two 

experimcms which were made before and aller the elicitation of the domam 

experiments. According to the firs t experiment, type of accident IS directly 

mfluenccd by four factors namely; license grade. time of accident and cause of 

accident and driver ex perience with the accuracy of 87.96%. tn the second 

experiment (after elicitation of domain experts) the best accuracy was 80.28% and 

type of acc ident is high ly inflm.'l1ced by weather condition, rood joint and type of 

vehicles. Beshah and Hill (2010) utilized DeC ision Tree (J48). Naive Bayes and 

K-Nearest Neighbours algorithms to explain lhe role of road related fnclor'S for 

severity. The result shows thaI, all the three claSSi fiers pcrfonn well SImIlarly WIth 

respecl to correctly classified cases. A PART algonthm was also used to generate 

user understandable rule, with the accuracy of 79.94%. The rules presented to PART 

fomlat indicated Ihat accident seventy (fatal, sever inJury. shghl injury and property 

damage) vari ed with different combinations of road-related factors . TIus IS exhIbIted 



Wllh example cases were more scenariOS for sc\'ere injury on Str-lIght plain roads 

than other oricntations of roads 10 the same sub-cIlY. The research also Idmtlfied that 

K-nearest neighbor exhibited bener accuracy ( O. 182%) and ROC (abo\!e O. ) In 

predicting new instances. The authors propose funhcr In\'esllgatlon by combining 

different factors like road and driver relatt.'d var13bles. 

Based on the recommendation in (Beshah and Hill, 20 10). Ante-neh (2011) studied 

the role of drivers and road related factors in dctennining accident occurrence and 

severity. The aim of the research was to improve public health through Identification 

of determinant factors. Accordingly, through a number of expenments uSing 

predictive modeH ing techniques, Licellce Gmde, Slib City. ROlld Jllnction. Type of 

ROlIt/, (llId Ug/II Condilion arc identified as determmant factors. The research also 

shows that J4 slightly outpcrfonns II)) and PART algori thms. 

As these studies arc conducted in a simi lar context wllh the current research. a detatl 

evaluation is made by considering their objcctive, methods and techniques, attnbutes 

used and key fi ndings. Accordingly, Table 5 presents th is assessmenl. 

Table 5- t:\'a luat ion of Data Mining Expt rimt lllS Contlu tlcd in I Loul Con lU I 

AUlhor Solut ion OM Methods & VIlf1ablcs Kc)' FHI(hngs 

Objeetlve anal YSIS Type SUKhcd 

Tescm3 A(;eident PrCd,Ch\'e t6 a\'311ablt Accident Cause and 

el al. SC\'erity modelling usmg Vllnablts rclllltd 10 accKientlypt as major 

(2005) AnalYSIS adapm'c rcgresslon road. dnffl, \thlck dClcrmll\ants. 

Irccs Ilnd cn,"Ironment 

RegaSS:l IdentlrYlng CiaSSlfic3110n and DrI\tr rdaled Dn\·tr IIgc, LIttn5C 

(2009) dnvcr neul1ll nelworl: foetor. gride, !e\'cI of 

responslblllt)' educallon. and driver 

exptTltnCe are found to 

be mort unponllnt 

Kine IdentifYing DeciSion Ifte bas«! Tcn Road and School arta dunn, rain 

(2009) dangerous classl lk:mon tll\ ironmenl related IS found mou dan,m 

locallons attribuTe. Iocallon 
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\l0$S1f: Identlfymg D«ISlon Ir« and EIe\ en drl\'n and Lnnc~ pwk. vchKk 
(2009) delermmanl rule Induction \ehlcle rebled Irn'Ke )'01. type: of 

facton related techntqlK'S (acton nhlcle, and dm"Cf 
(0 Om'ers and upenm« att (ound 10 
H~hlclcs be mcKt dccmnllWlt 

Tabor Ortcrmmmg Bayesian network Van abies rel:lIIed 10 WaM condmon. 
(2009) factors f., power pledlCtOf road. drl\'er. vehicle road JOlntlypc, type of 

accldcnt and en\lronmenl vehicles. 1ltt found to 

be /NJOf (iKIOfI 
Ocshah Explain role of CiaSSIficll110n usmg Road related faclors $t\ ere accidenlS on 

,,'" Hill '.00 relaled DT, Navleba)'es, (IInnbutes) Slnughl pillm ro~b 
(2010) factors and K' llleans th3n other Iype of ro:.cts 

algonlhm 

Anteneh Identifying Predictive Omn IlIld road Licence grade. road 

determmant classification related factors Juncllon, sub Clly, type 
(2011) Driver ,,'" tcchnlques of road, and light 

,.00 related cooomon art foond 10 

factors be- dctmmn3nt facton 

As can be secn from the Table 3, data mining experiments made so far didn ' t 

consider road users factors except drivers, They tned to address acctdent 5e\'crlty 

from one or two aspects focusing mainly on drivers and road factors , overlookmg 

human factors like pedestrian and victim related attributes, AnOlhcr important issue 

wonh mentioning is limi ted number of attributes considered in the experiments. The 

less the number of attributes used the less the experiment explams the situation well. 

Whi le the above were specifically targeted auempts in applYing data mining tn a 

road safcty domain in a local contcxt. it is also worth mentiomng other efforts In 

employing different methods and tool s for beller unde~tandlng of the domain nnd 

Improved accuracy worldwide, In (Janccka and I-iulovn, 2011) an expcnment IS 

conductt.-d using spatial data mtning to discover the hidden rules In the cnme data 

happened in Czeeh Republic In the year 200 , Oracle data miner 310ng with Apnorl 

algOri thm was uscd for identifYing hidden rclallOnshlp nnd aSSOCiation rules to the 

cnme data tn the fonn IF A AND BTl-IE I , The result shows that the $ltu3tlon 

about the cnme perpetrated by youth differs from region 10 region, 
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Dmgavanc and BaJaJ (2009) analy~ed road troffic accident <btu ~nd Identified th2t 

the causes of accidents stem from ddTerent eicmenlS nnmdy. the vehIcle oper.llor, 

weather, poor road condJtions. age of vehicle. lime duration and mechamcal faIlure 

The introductIon of driver and traffic safety cducallon Into the school system \0011.5 

suggested as a major measure to be taken. Ihghwny p:nrol With a cham ofTruffic 

Aid Centres at interval s of 30-50 Km on highways eqUIpped wuh ambulance. crane, 

patrol vehicle and enforcement stafT with their cqulpmtnt to regulate trome and 

prOVIde medical assistance to victims of accidents Within the fi rst hour of accident 

was also another recommendation made. Moreover, a suggestIon m the deSIgn of 

vehicles so th:n they include lnbullt warning system for mmimum dIstance between 

two ,'chicles to avoid coll ision is also wonh ment ioning proposal made by the 

researchers. 

In (Hongguo et al.. 2010) the applicability of Bayesian Network m trnffic accident 

causality analysis is explored. In undertak ing the research Ihe structure and 

parameter of the Bayesian network was learnt wilh K2 algorithm and Bayesmn 

parameter estimation respectively. Accord ing to the authors, the results show thaI the 

Bayes13n Nctwork can express the complicated relationship between the traffic 

accident and their causes, as well as the correlations among the facton; of causes. It 

IS reponed that the results of the anal ysis provided valuable infom1atlon on how 10 

reveal the tra ffic acc ident causality mechani sms and how to take cfTccllve measures 

to Improve the tra ffic safety situations. 

Kri shnavcni and Hemalatha (201 t) al so conducted a perspective analysis of troffie 

aCCident data using data mining tcchniques. The study deal s With some of 

classificatIOn models to predict the severity of injUry that occurred dUTIng traffic 

aCC idents. N'lIvc Bayes BayeSian classifier. AdaBoostMI . Meta classdier. PART 

Rule classi ficr, J48 DeCision Tree classifier :lIld Random Forest Tree claSSifier were 

compared for classi fying the type of injury scventy of vanous traffic accidents. 
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According to the authors, thc final result shows that the Random Fortst outpnfonns 

the other four algonthms. 

Another study (Chang ct al ., 2012) applied nonparametnc muluv:lnau: adaptIVe 

regression splines (MARS) model ing techmque to explore the effects of non-bemwlor 

factors in Taiwan . The factors considered in the slUdy include highway geometncs 

characteri stics. traffic factors as well as environmental conditions on freeway 

accidcnts. -mc authors indicated lhat, that horizontal alignmcot, vertical alignment, 

average daily traffic volume (ADT), hcavy vehicle ADT and annual precipitation 

have nonlinear effects on freeway accidents. It is also indicated, that the- rtSCarch 

revealed underl ying relationship between risk factors and vchicle aCCidents. 

An application of Factor Analysis on Road Traffic Accident was explored m (Halxla 

and Zhihong, 2010). The paper analyzes the causes of 372 traffic aCCidents that 

occurred in China by factor anal ysis. According to the authors. fivc maIO factors arc 

extracted through the research process and corresponding explanations arc gIVcn. 

which can provide not only strategic support for traffic control department. but also 

some warn ings to perpetrators. Li et aI. , (2011) analyzed road accident data to 

partition highway roads to avoid the occurrence of accidents. They employed fuzzy 

k·means clustering 10 classify numerical data of accidents for producmg numencal 

clustcring membership, and produce categorical memberships using values of 

correspond ing categorical attributes, which was followed by uSlOg clustenng 

ensemble to merge all clustering memberships to solve the sole clustenng. 

Accord ing to the authors the results showed that cluster ensemble IS effective nnd 

could be used to avoid occurrence of traffic accidents. 

Another s tudy by Nayak et aI., (2011 ) presents a data mmtng methodology using 

decision trees for modelling the crash proneness of road segments u5tng =w31lable 

road crash data. The models quantify the concept of crash proneness nnd 



demonslr.He that road segmenls with only 11 fcw crnshcs havc morc 10 common With 

non-crash roads than roads with higher crash counts. They also examlnC "''lIYS of 

dealmg With highl y unbalanced data sets encountered In thc study. 

Jmhn et al. (2008) proposed a three-layer analYSIS system based on spatml data 

mmmg o f G IS. Through the paper, the authors Introduced the method of dcvel0plng 

tramc accident analysis system by using ArcG IS Engine and C#.NET and gave thc 

class realization of system main functions. Pakgohar et al. (2011 ) explored the role 

of human factors on incidence and severity of road crashcs m Iran. The study 

ex plai ns driver's responsibility on an occurrence of an accident. ,\ ccord ingly. thc 

result of the study ind icates the important role of human faclor such as "Driving 

License" and "Safety Belt .. in severity of acc idents III Iran. The study employed 

descnptive analysis; Logistic Regression. Classification and RegreSSIOn Trcc. Chang 

and Wang (2006) used classification and regression trcc (CART) to analyze the 2001 

accldenl data for Taipei, Taiwan. More specifically a CART model was devcloped to 

establish the relationship between injury severity and driver/vehicle charactcnstlcs. 

hIghway/environmental variables and accident variables. It IS reported that thc most 

Important variable associated with crash severi ty is the vehicle type. Pedcstnans. 

motorcycle and bicyc le riders arc identified \0 ha ve higher risks of being inj ured than 

other types of vehicle drivers in traffic accidents. 

Computational intel ligence methods fo r infonnation understandmg and management 

were presented in (Duch et aI., 200S). The major softwan:: tool used W3S DauMmer. 

In add ition to that, a large library wri nen in C++. called InfoScI++. Implemenung 

different methods for feature selection, havc been dcveloped. As reponed by the 

authors. the methods arc based on infonnatlon theory. distance between probability 

distribution and stati stical approaches. The authors also mdlcated that dlmenslonnhty 

reduction based on multidimensional scaling (MDS) IS llnether unexplored techmque. 

It IS an algorithm basically for data vlsuah7Jl.llon. Besides. fealUrc selcctlon. the 
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authors also expcrimemed different algonthms like suppon ,,«tor for c1uStmng the 

breast cancer data and Principal component an3IYSIS (PCA) for \'Suahzallon. In (dc 

Ona et aI. , 2011) the possibility of uSing Oayesum Networks (0 s) \\'llS explored In 

classifying traffic accidents accordmg to their injury scventy. Accordingly, they 

presented an analysis of 1536 accidents on rural highways 10 Spam. \\'hcrc I 

vanables representing contributing factors used to bUild 3 dlffettnt ONs that 

classified the severity of acciden ts into slightly injured and killed or severely injured. 

Finally, Ihe variables that best identify the factors that arc aSSOCiated With a kIlled or 

seriously injurcd acc ident namely accident t)'pC. dn\'er age, lighting and number of 

Injuries, were ident ified by inference. 

Using 5-year data from interstate highways in Indlan3. another researeh 

(Anaslasopoulos and Mannering, 2011) explored fixed and random pal"3metcr 

statistical models. The study used detailed crash specIfic data and data thai Include 

the Injury outcome of the crash but not other detailed crash-specific data (only more 

general data are used such as roadway gl'Ometrics. p3vemcnt condition and general 

weather and traffic characteristics). The analysis showcd thai, whLle models that do 

not use detailed crash-specific data do not perfonn as well as those that do. random 

parameter models us ing less detailed data still can provide a reasonable level of 

accuracy. Another rescarch by Pei Liu (2009) investigated a self-organizing fcature 

maps and data mining based decision support system for habil ity authentications of 

traffic crashes in Taiwan . Through the study, the author develops a deciSion support 

tool for liabi lity authentications of two-vehicle crashes based on generated 

self·organ izi ng feature maps (SOM) and data mining (1):-.1) models. Accordmg to lhe 

author, although with small data s ize, Ihe deciSion support system was conSidered 

capable of giving reasonably good linbilllY attnbullons and references on gl\'en 

cases. 
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In (Delcn C1 aI., 2006) a series of anll"iclai ncurnl networks were used 10 model 

potentially non-linear relationships between the injury sevcnry levels and 

crash-rela ted factors. In the process, the authol'l conducted sensitivity analYSIS on the 

trained neural network models to idcnlify the priori tized Imponance of crash-related 

factors as they apply to differenl injury severity levels. Accordmg to the authors. the 

resulls, mostly validated by the findings of pre"IOUS studies, provide insight mto the 

changi ng importance of crash factors with the changing injury sevemy levels. 

A study in Iran (Kashani and Mohaymany, 2011) identifies factors influencing crash 

injury severity on two-lane, two-way roads using 3 years data. The research used 

Classification and regression trees (CART), which is one of the most common 

methods of data mini ng. According to the. authors, the problem of three-class 

prediction was decomposed into a set of binary prediction models, which resulted in 

a higher overall accuracy of the predictions of the model. The research reported Ihal 

the prediction accuracy of the fatalit y class. which was ncarly 0% in some of the 

previous studies. increased significantly. As per the objective of the research, the 

findi ngs of Ihe experiment indicated that improper overtaking and not usmg a 

seatbelt are the most important factors affecting the severity of inj uries. In another 

study. Savolainen et aI., (201 1) assessed and summarized lhe evolutIon of 

research and current thinking as it relates to the statistIcal ana lysis 

of motor-vehicle injury severities, and provides a discussion of future 

methodological di rections. 

1\'lorgan and Mannering (2011) used a mixed logi t analysis to assess the effects that 

age, gender, and other factors have on crash severities by considcnng Single-vehIcle 

crashes that occurred on dry, wet, and snow/iee-covered roadway surfaces. The 

results showed that there were substantial differences across age/gender groups 

under dinerent roadway-surface cond itions. Some of the interestmg patterns from 

Ihe research include, for all females and older males, the likelihood o f severe InJuncs 
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Increased when crashes occurred on wct or StIowhce surfaces but for male dn\'ers 

under 45 years of age, the probablltty of severe mJunes dccrtased on ~et and 

snowhce surfaces relatIve to dry-surface crashes, as reponed by the authors. "The 

authors argue that, this and many other slgll1ficant dIfferences among age and gender 

groups suggest that dnvers perceivc and react to pa\'ement surface condllions In very 

different ways, and this has imponant safety Imphcallons. Furthermore. the 

empIrical findings of the study hi gh lighted the value of consldcnng subsets of data 

to unravel the complex relationshi ps withm crash-injury severi ty anal YSIS. 

With respect to data qual ity. Januzaj (2009) presented an appl ication of data milling 

technologies based on clustering, subspace clustering and classificatIon In 

Identifying data quality problems. The authors claImed that the proposed approach 

was efficient in data qua lity problems in a case study of a financial data. The major 

quali ty problems identified were wrong entnes, zero and empty fields and doublets. 

In another study, Chen et al (2009) studied the data quality of Chinese Mat(..'r1a 

Medica (Cmm) data warehouse by focus ing on the problems of data mtegnty, 

accuracy and proposed the method o f workflow control. As per the authors, data 

quali ty control should be carried out from three aspects such 3S management, 

work now and technology. 

Farzi and Dastjerdi (2010) examinL'd the usc of data mmmg fo r measuring the 

quality of data . The authors introduced a method. which uses data mmmg to extract 

some knowledge from database, and th(..'O uses it to measure the quality of IOput 

transaction. Accordingly, an a lgori thm wIth threc s teps was proposed. which 

ca lculates the data quality of transaction; e,~tract asSOCIation rules, whIch depend on 

mput transaction (1) and arc adapted by the functIonal dependency. separate 

compatible and incompatible association rulcs and finally calculate the quality of 

IIlput transaction. 
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In (XIong et aI., 2006) nOiSC removal tcchmques to enhance data analYSIs 10 the 

presence of high noise levels was studied. Accordingly. they C'xplorrd four 

techmques, three of which arc based on tr3ditlonal Out Iter detection techmques: 

distance-based, clustering-based. and an approach based on the Local Outlier Factor 

(LOF) of an object. The fourth technique was hyperchque-based data cleaner 

(HClcaner) . The techniques were evaluated In terms of their Impact on the 

subsequent data analysi s, specifically, clustering and association analYSIs, Through 

the experiment, the authors reported that all of these methods provide better 

clustering performance and higher quality association patterns as the amount ofnolsc 

being removed increases, although HCleaner generally leads to better clustering 

perfonnance and higher quality associations than the other three methods for binary 

data. 

In another study (Saunier et aI., 201 I), collision factors by mining microscopIC data 

(road user's trajectorics) about all tramc evcnts with and without a collision were 

Investigated. A free and open sourcc tool , T A AGRA. was used to conduct the 

experiment on video recordings of tr.lffic connicts :md colliSions collcc::tcd at one 

signalized imerscction. Decision trees, the K-means algorithms and h1C:mrchlcal 

agglomerative clustering methods were employed to an:llyze the dat:l . Thc resc:lrch 

revealed that decision tree confirms the importance of the evasive action III 

IIIteraction outcomes. 

To summarize, given the magnitude of the road safelY problem, researches on 

accidem data analysis are limited at least in a 10Cll1 context. This IS true cSJX.'Clally In 

the case ofrescarches related with data quality and combmlng model s for better resul t. 

Empirical studies considering data quality and understandmg are tllllllsufficient. On 

the other hand, there is an understanding that 0\1 counter measures should follow from 

data analysis. In connection to this, again, even the data collected IS not complete 

enough to explain all nccess:lry p:lllcms. Thus. Ihls Implies that more works are 



reqUired on how better to collcct accident dall and o.nalyl.:c It, willeh IS a rcscarc:h 

problem that this work addresses. 

Thus. from the survey of literatures made and to the knowledge of Ihe rtSearCher, 

there IS no other research made 10 disclose the role of road user's (drivers. ~deslrians 

and vicl'ims) behaviour in accident severity to expl:lln the road sa fety sltuallon m 

Ethiopia. Moreover, no model ensemble and trend analysis was conducted so far to 

explore Ihe variance in thc detemll nant factors and improvements in accuracy of the 

analYSIs models in Ethiopia. It is al so noted that pre(hctive data mming usmg 

classi fi cation is accepted and appropriate approach in thc domam understudy. 

Accordingly, this research investigatcs accident data m explicating issues In the above 

memioned gaps. The research also go funher defining road safety information 

architecture in addressing issues illuminated through these experiments, 

4.4 Accident Data Collection, Analysis and Dissemination 

In addition to researches using a varied approaches and perspectives discussed abovc, 

there ex ist also research cffons addressing road safety through improving acc ident 

tnfomlation management. After a thorough analysis of the existing accident data 

col1ecllon and analysis practice in Hanoi, Vietnam (~I ai . 2009) suggested methods to 

Improve the practice. Some oflhe major problems cited were; 

"illsujjiciem (lccidell t data caplllre ami IIlIestablished (l lIal),sis criteria. 

fragmental Iraffie safety managemelll bodies ' f llnctions (distribll ll.>d to mUlly 

entities) am/ llot cOt/verged resllltillg ill dMdl!l/ responsibilities for safety utili 

accidelll statistics. lIf1derreportillg of mall)/ of traffic accidems l\Iith above 11% i/l 

damages. delayed facility establishment . .. 

Whi le the above listed problems are major ones identified. Improvements suggested 

and implemented include; establishment of accldenl dntabase, ImproYlng the wla 
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colit.'Cllon fonn by Including more deta ils and provIding conunuous tnurung on 

Importance, understanding and interpretation ofaccldcnt data for responslb~ paniCS. 

Finally, the author stated that the most Important nchlC'vemcnt of the research project 

was to nctivate a cycle process whIch Includes: scene investigatIon. data capture, 

update data among police teams and store data In Traffic !lohcc DlvislOll. analyze 

collected data and implement m .. 'Cded tasks. Thus, at the Simplest sense this prO\'wcs a 

general framework of accident data collectIon nnd analYSIs processes. 

Ii is also indicated that future work should address mechamsms and frameworks 

undcr which accident database can be analyzed in detail and analYSIS resuli be shared 

among relevant agencies as important foundatIons for traffic safety measures. 

Moreover, the author stressed that periodical revision of lhe data collection fonn and 

establishment of analysis requircmt.'JIt and criteria should also get more allcnlion. 

In another work (Jarvis and Kamal , 2009) proposed a soflware solution, Crash Data 

System, for improved national systems based on a crash data reponing framework. 

The major problems they tried to address includes, under reporting, ti resome aCCident 

Investigation and data collection proccss. Regarding the issue of data on road crashes. 

the authors recommended some basic act ions. Establishment of a procedurc and 

methodology for multi-sectoral accident investigation, data collection , reportmg. 

analysis, transmission and define the roles of agencies involved in Ihe process IS thc 

major recommendation forwarded. In addition the need for the cstabh shmenl of 3 

reltable database to define the problem and measure progress through annual 

pcrfonnance benchmarking was al so emphasized In the research. 

Another work (Afukaar, 2007) presented al the Afnean Rood Safety onfen:nce. 

explained road traffic injury data system In Ghana as :1 key to safc:ty Improvement 

and control. In his work the Buthor Ident ified three (set Figure 3) esse.ntual 

components of a crash/casualty data system as; tandard aCCident report fonn for data 
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COIiCCIlOrl, a means of data storage and retneval, and a means of dati: analYSIs and 

dIssemination . The argument IS that attentIon should be given to these three aspects 

for Improvement in a road safety. Accordang to the author. In Ghana. road traffic 

crash/casualty data arc managed us ing a MIcrocomputer Accident AnalYSIS Package 

(MAAP) developed by the UK Transport Research Laboratory (TRL). The maan 

sources of road traffic crash/injury data In Ghana are, pollee data. hospual and 

medical data, Insurance da l>! and special surveys. 

Sltmdard Accidont Ropon Form 

(Oala Collection) 

Data Slor390 Dala Analysts and 

L.,"~d,",R~.""'~·~.~'~I _-,r-------l Dissemination 

Figure 6 : A Simplified Traffic Injury Dat:l S~lem (source; (AfuKaar. 200m 

The data content includes: general information regarding where, when, how dId the 

crash/inj ury occur; road users involved including who was involved and why dLd the 

crash/injury occurs; road en vironment which consists of where and under what 

circumstances did the crash/injury occur, and vehicles in volved how dId thc crash 

occur. With regard to data anal ysis and applications, basic analYSIS eritcna Includes 

fatality trend, road users involved and at risk, place and lime of trnffie '"Juries and 

major risk factors . Fin>!lIy, the author concluded thaI rood tra.ffic Injury dalD systems 

are thc key to safety improvemcnt and control III Ghana. 

Realizing the absences of road safety data system, al a national level. due 10 the 

current system structure where cach police station an the 145 dlstncts of the country. 

mamtaming indi vidual database, (HI7.n1 1·laOis and Shanfah Allyana, 2009) proposed 

a comprehensive database system for Malayslll.O accident data management. "The 
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major problem identified through the process were data quality problem, a1>scnct of 

data iOtegrity and checking at the dlstnct level thus making the compilation at the 

nntlona llevel troublesome and difference In reporting style. Accordingly, the national 

aCCident data system which is developed uSlOg MySql datnoo.sc: management $}'Stem 

enables the integration of the data from different dlstnclS which nctually pro\1de an 

environment for data quali ty check. Moreover, a lightwclght analYSIS system was also 

developed to support thc analysis aspect of the data . 

The main analysis function supported IS cros!Habulation which will display the result 

of two accident variables simultancously with optional SCt condition capability. The 

authors finally concluded that, the result of the new development of road aCCident 

analysis and database system in Malaysia has shown tha t accldlTlt data can be used as 

the primary source for road sa fety authorities nnd profesSionals to understand the 

accident situation and its causation. According to the authors. focus or targeted 

programs can be planned to give effective treatment to specific rood safety ISSues. 

Moreover, the road accident data can be used as evidence in evaluating the progress 

of road safety intelVention as well as for performance monitoring. It IS also mentioned 

that, by having a well established and comprehensive sct of road accldl'1lt database 

system, it will aid in the formulat ion of errective road safety research and 

intervent ions thus providing a more promising result in reducing both road accidents 

and fata lities. 

Another study by Bener et al. (2003) reviewed the road safcty sltuallOns In developed 

and devcloping countries compared with the ArabIan Gulf countnes and suggests ;1 

strategy to improve il. The strategy stresses the Importance of Improvmg systems for 

data collection and analysis: establishment of officl3l, nallonal coorclinntmg 

commiuee and a small team workmg on full lime on ro::ad safety. training traffic 

engmeers to ana lyze accidents, conduct safety studies to Idenllfy most Important 

problems; convince offieHl.ls to take actions and deSign and evaluate counter 

measures. 



A proposal and fonnulalion of a common framework for rood accIdent datil collcctlon 

across European countries In (Yanms et aI., 2009) was another worth mentlonmg 

practIce regarding accident data managemem. Mcntlomng data quality. 

mcompletcness, underrcporting and lack of standard. and a need for harmonization of 

accIdent data, the authors proposed a common rood aCCident data Stt (CADas) for the 

European countries. According to the authors. thorough analYSIS of practices m 

member countries and needs of stakeholders were considered In the formulallon of 

the accident data system. The authors stated that national data collection systems 

from all EC member stales were analYled. It is indicated that, through an ItlTallve 

process and the feedback received from several national road aCCident data CKpc.-ru, 

Common Accident Data Set consisting of 73 vanablcs and 471 valul'S, grouped into 

four basic categories namely accident, road, traffic unit, person were defined along 

with the structure of the Data Set. Finally. the authors recommended a pilot phase for 

the implementation of the CADaS as a further step to be consIdered in addillon to 

directing CADas as a possible basis for the development of the respecuve common 

data set to be used at globallevcl (World CADaS). 

As can be seen from the di scussion the focus of eKisting researches and development 

effort s tends to technological solution through developing databases to the aCCIdent 

data system. Without denying the imponance ofH..'Chnological solUlions this rcscarth 

contemplates on employing a wider enterprisc perspective on accident information 

management. 

4.5 Sum mary of the C hapter 

The survey of literature in this and prevIous chapter exhlblloo that systematic and 

enterprise view is lacking in accident mformat lon management Though. there IS good 

understanding of the imponance of road snfety mfomllillon S)'Slems by \'3nous 

authors their focus was limited to a single aspect of the whole system. Systemic and , 
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mtegrated vicw is lacking towards addressmg the probl~m and It sull IS shon of an 

architectural framework thai gUides the development and management of accuSenl 

data collection and analysis systems. Hence, the current r~rch inVestIgates 1M usc 

of Zachman Framework to improve the managcmcm of accident data 10 the local 

context. 
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Chapter Five 

DATA A NALYSIS AND EXl ' ERIM ENTATtON 

5.1 Ovcr vicw 

The purpose of this Chapter is to explore and mvcstigate road accident data. and 

detcnnine infomlation requirement of road safety IOfonmltlon management. 

Accordingly, data mining experiments helps in identifying optimal aunbutes and 

exhibit magni tude of data qua lity problems wh ich mfonns the content and proctSs 

dimensions of thc proposed architccture. A qualitative data collection and analYSIS 

also helps in detennining the infonnation requirements of the domam. In hne With 

thiS, the second section presents machine learning experimentation and results. The 

thi rd section discusses the result of quali tative data ana lysis and findmgs. The fourth 

section presents interpretation and conclusion fonned from the data analYSIS QJld 

experi mentation. 

5.2 T he Road Safely Situation: Expcrim cnt at ion a nd Kcs ults 

5.2.1 Introdu ction 

This sub~seclion discusses find ings of machine leamlllg experiments and trend 

analysis on Ihe accident infonnation as presented in (Beshah et at.. 201lb, Beshah ct 

aI., 20 12b, Beshah et al., 2012a). The purpose of this expenment IS thn..··crold . Firstly. 

II helps 10 reveal interesting pallems in tenns of detennlnant factor Identification m 

the process of explaining road safety si tuat ions and model compansons. It also 

empirically supports the assert ion that there IS II need for IOtegroted road S3fety 

mfonnation architecture to address the data qU3h ty. analYSIS reqUirements and related 

Issues. Last but not least, it hel ps to c,(plicatc the vanlllloo m the determmant fllctors 

of accident occurrence :md seven ty. 
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Accordmgly. two research questions of this thCSIs., m~uoned below, an: addressc:d 

through the analysIs of aCCIdent data and synthesIs of previOUS cxpenmcnts. 

RQ / -What does 'he road safelY sitlllltiofl ill Ethiopia look like? 

RQ1-Wltat approprillfe allal)'tiealmodels call be lIet'e/opedfor ana/ysiJ of 

road traffic accidelll dllfa? 

In addressing this research question, we define two objectives With sub-obJettlvcs as 

presentcd below. 

> 70 explore the status o/road safelY situat;Olls ill Ethiopia. 

i. To explain tlml predict the role of road IIsers ' and collision re/(Jled 

fllClors on pOl'sible inj/lry risks. 

ii. To explore aecidem analysis Treml 011 foclors affecting accident 

seller;ty 

-:;;. To cOl/strltet (moly/ieal machille leamillg models in the ollolysis of road 

traffic aeeiclelll lima. 

Though the main research covcrs three administrative regions in EthiopIa, thiS 

particular experimental study used data obtained from Road Traffic Office at Addis 

Ababa, Ethiopia., The total dataset for the study contains traffic accident records from 

2004/5·200819. Based on the avai lability of the data, for this specific study a t01al 

number of 14,254 accident cases described with 48 attributes arc used. According to 

the vari able definitions for datasct, this dataset has infont'l:ltlon relnted to rood users 

(drivers, pedestrians and passengers), vehicles and rood environment. 

Road safety can be explained from various pcrspcctl\'cs. Jdt"lificatlon of problem 

locations through the analYSIS of accidt'fll data IS Identified as a first Step In an accident 

reduction program (BcnlT el al., 2003). In connectlOll to thiS, one of the maJor aspects 

as mcolloned in the introduction part of the theSIS IS road :lecldent occurrence and 

scventy analysis. In such type of work. the enlU:al Issue IS Idcntlfytng dctcnt'lln3nt 

factors. Factors could be dnver, road, environment. colliSion. pcdcstnan or p35SCngcr 

related. II is indicated in lIterature that, ldenllficatlon ofmllJor problems contnbutmK to 
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accidents or injuries, which arc amenable should be the major objective of road Sllfety 

ana lysis. This assertion is also in line wllh a diSCUSSion In (Elvlk et aJ.. 2006) Cited In 

(Eksier. 2007). 

In the process of addressing the objectives of the rescarch Indicated above, two major 

phases of eKperimcnts were conducted . In the first experiment, attempt has been 

made to use two of the available predicti ve modehng methods; claSSi fication and 

regression tree (CART) and RandomForesl. The objcctive of this machine learmng 

experimental research is, to explore and predict the role o f road users ' relaled factors 

on possible injury ri sks wi th two target class labels. MOfCO\'er, addresSing role of 

collision related fac tors and getting sense of the data are also olher motIVes for the 

first experiment. In the second experiment, allempt has been made to use three of the 

available predictive modeling methods, classification and regreSSIOn tree (eART), 

TreeNet, and RandomForest with three target class labels. In addition. a parallel 

configuration of combi ning model s with a majority vOle approach is used as an 

ensemble technique. 

5.2.2 Exp loration of Data Quality Issues 

Data quality is one of the major concerns In orgamzational deciSIOn making. 

Especially, from machine learning and data mining point of view, Whl-TC extracllng 

pallcm and knowledge discovery is a major lask, It is an issue that needs closer 

attention. Though data quality can be seen from different pcrspcctl\·cs, the focus of 

this experiment lies on data quality issues at the :mal)'Sls levcl. affcctmg knowledge 

and pattern discovery. It is explained based on the road safety as a case study. 

Accordingly, in (Tan et al ., 2006) three major problems related to data quality In 

machme learning environment; nOise and outliers, mlssmg values and duplicate data 

arc identified . Noise and outliers nrc data obJeclS WIth charactcnsllcs thai are 

considerably different than 01051 of the other data objects In the data set like 

"unknown" va lues. "Unknown" val ue IS usually used 10 fill an 3ltnbute value with no 

actual data. On the olher hand, whi le the major reasons for mIssing wlues are 
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mapphcabilily of an attnbutc for all thc cases or due to inability to collect 8 specific 

value for an atlnbule because of dlO'crenl reasons. duplicate data c:m OCC'urd~ 10 the 

lack of effective design of allributes for data obJccts. 

The process of handling these data quahtles In generolls referred as data cleanmg or 

preprocessing. However, data clean ing or preprocessing Will depend nnd be: 

restrictive as per the data mining or knowk-dge discovery task at hand. Thus, thiS 

work argues that data quali ty issues should be addressed at a different level nght from 

the collection to the di ssemination , This is reflected on the infonnalIOn architecture 

proposed as a final deliverable of the main research. However, the magninxl.c ofd3ta 

quality issues al the analysis level, in a road safelY data management arc explored and 

presented. It is easy to learn from the details thaI the three major data quality 

problems mentioned above arc prevalem in the road accident dataset. In connection to 

thiS, though there arc different noises and outliers in a given data one of such 

examples, the "unknown" value is picked as all example to show the magnl1ude oftht 

problem with respect to noise and outlicn. In the process of explaining dala quahty 

issues, variables exhibiting 0.5 % and above mi ssi ng values 3re presented In Table 6. 

II can be seen that variables related with road users show consldcroble missing values, 

which can affect thc size and qua lity of pallcm to be discovcred. 

Table 6- Pcrccmagr of r. ' lssmg Villucs 

S.N Variahlt % M ining 

I Jlf:'llfCU:T/:XIISfA Tu:i ,,% 
2 n crIMAG£ 074% 

J ncrIMCAT/:XJOR " 0'''' , l'ICT'IMIlEAL1IIsr 0 .... 
, I'ICT'IMOCCUI' 064% 

6 WEA TlfF.RCOli/DITIOS$ '" 7 I'F.DSTRIANMOYEM 8'" 

8 ROADCONDmON 0 41 '-

9 JI£IIICLEPLATE I), 
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As to the unknown values, variables with their pttcental.'C of unlcno".,n \'1lucs ~ 

presented in Table 7. It is easy to understand that by Improvmg lhe data quaILty v.hlle 

collecting accident data through quality checks. It I possible to achln'e bettO' 

prediction and more relevant knowledgc. It IS vIsible agam that properly addressing 

these issues add on the performance and accurncy of data analYSIS. In adduIOf'l to 

missi ng values undcr existing variablcs, another Imponnnt attribute missing IS use of 

scatbcltlhcJmcl. Though the use of scathelt and/or hclmet IS considered to be one of 

the lI11ponant measurcs in reducing accidents and fataltty, It IS not Included m the 

accident data. The duplicat ion issuc is exhibited wi th variables relatcd with accident 

date. Thcre arc three attributes: year. month, week, which can be expressed only by 

proper data structure of dalc variable itself. 

Table 7· PercenUlgc of Unknown Values 

S., Variablt % UnknOlOn 

I VICTIMIIEALTIIST 060% 

2 VICTIMOCCU/' 072% 

3 DRII'INGLlC£NS 882% 

4 1'£f)STRIANMOVEM 027% 

5 VieT/MAGE 001% 

6 I)R/VING£XI' 9.11"_ 

7 IIICTIMCAT£GOR), 001% 

8 ACCUf)RIV£IIIH£I.A TION 9.32% 

9 fJRIV£HAGE 939'A 

10 VfXIIIL£MOII£M£NT 0.06% 

" DHII'£HSf;.r 9 74% 

12 AC(UDHII'£DULEI'EL 9.30% 

In data mining, some levcl of missing "ales arc common and tolerable (less than 1%) 

and managcable though it affects the result (up to 15% ), however mlssmg wlues 

above 15 % impact the analysis and interpretation (Acuna and Rodnguez. 20(4). 

5.2.3 First IJhasc Expcrimcnls :l nd Rcs uJIS 

Data preparation or preprocessing IS always Important In maehmt: learning and 

pattern recognition process. Though. there arc vanous type of prt'pl'OCe5Slllg tasks 
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like handling missing values, minimizing nOises, dimensionality reductiOns., attnbutc: 

aggregations, feature creallon, dlSCrtlizatlon and hneanzauon. Illtnbute 

transformation, sampling and fcature selcctlon, glvcn the motlv3!lon ofttus p3l1lcular 

experiment the first allcmpl is to expose the data for pattern Identi fication and 

knowledge discovery wi th a minimum pre-processing tasks. 

Accordi ngly, the data, which was in a relational datalxlse format IS first exported In to 

a single table format of excel shcct. In addit ion, it is a lso necessary to translate the 

data from local language, Amharic, in to English for bener readability using the filler 

facility of Ms-Excel application. Moreover, removal of some allnbutes for ethical 

reason and their unnecessary nature in the process of pal1em Identification and 

attribute creation through aggregation of al1ribute values of Injury seventy was done. 

5.2.3. 1 Model BUilding - Role of Road Users Factors 

The first task of the experiment is to understand and heuristically Idcnll fy annbutes or 

features related to the goal of the machine· learning task. which will obvIously be 

evaluated by the machine learn ing process through al1nbute selection. The best 

explanation of the data obviously depends on the t)1>C of the problem, intention of 

users, as well as the type of questions :lnd explanations thm arc commonly accepted 

in a given domain (Ouch et aI. , 2005). Thus, given the data mming task menllOned 

above 12 road user related attributes were selected mitially as poSSible predIctors, , 

where accident collision result being a target class. 11l1s is to mean that tnc obJcctlve 

of this speci fic experiment i.e. identifying role of road users factors. ncunstlcally 

gUIdes the al1ribule selection. For better undersumdtng of the result, the values for 

target class were aggregated in to ' injury' and ·non-iTtiury'. Descnpllons of the 

annbutes arc presented in Table 8. 



Tablt 8· Lisl and [kKnpuon of Possible PredlClOR 

S.N }\ lIribLllrs I)rscrlpl lon 
1 PcdstrionMo~·t'm Pcdcslnan mo\emrnt dunng tAt lCe.dan 
2 Vic/mll/culll/Sl Ile:ll th eondmon of VlCllms 

3 l'ic/lmOccup OceLlp:mon ofVlellms 
4 Victmlltge Age of \ lellms 

5 Dril'mgLICI:/Is Drivi ng license It\d ora dmcr 

6 Vicl imCo/egor)' Calegory of vlehms 

7 Vcchi/cMQI'CmCII/ I-low thc dm'cr was drlvmg Ihe \chlc-1t 

8 Oriv;/lg£.fp Dnvlng experlcnce of Ihc dfl\ct 

9 AcclIDri VeMRelatioll Rclallonshlp bin II vehicle and a dnvcr I. AccuDril·£du/.c I'cl Ed Lle:lhonal [evcl ora drIVcr 

" Dril'crAgc Age ofa Dn\'er 

12 DrilwSe.r Sex Ora drll'er 

13 AccidemRcsil ll (lurgel Whelher II collision cnded with InJLlryor non-InJLlry 
class) 

5.2.3.2 CART Analys is Result-Role or Road SetS Faclors 

Whi le running the CART analysis, the ann bute selector module Identi fies 

PetlslriallAiol'em, VictimCategOlY, VehicleMol'emel/l, VictimOccllp, ViclimAge, 

DrivingLicellse, Driving£xp and ViClimll(.'ll ISt variables as important predIctors of 

the larget elass injury result (risk). With the intent of fi nding the best predIction. a 

number of expcriments have been done by trying dio-crent conslrJtnts and pammete:rs. 

Accordingly, given the purpose rul low level or preprocessing done, using these 

variables with major model speeific31 ion like 10 rold cross valldallons for tcstlng. and 

automatic best predictor discovery, the accumcy of the predict ive model is promlsmg_ 

As this experiment uses a rcal world data where target class Imbalance IS common, 11 

ml'Chanism called Priors Equal is used In this specific experiment (Stcmbcrg and 

Golovnya, 2006). This is a faci lity to provide equal probability ror all eatcgones. 

Road user factors like pedestrian movement. vict im 's category and \ic lim age arc 

found to be detcnninanl \vhethcr an accident ends wnh injury or not. and It can be 

seen from major splil1crs as ill ustrated In Figure 7. 
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11le overall prediction Success, whIch IS a percenlage of COf'T'C<:tiy cla.sslfiro apu~ 

lhe tota l data SCI, is 92.11% for learning SCI whllt' 91.SI % LS for lestlng set. It If alJO 

visible lhal Ihe prediction accuracy for non'lnJ ury class IS betta than the IllJury cI 

In both learning and testing selS. As can be SCl"fl from the details the performance LS 

good as the usual goal is 10 get as close as 10100%. On the other hand hcun.5llcally If 

the classi fier has an accuracy of less than 60%, thl"fl It can be snld undesu"Bble. 1bc: 

detail is shown in Table 9. It is obvious that in such kind of experiment, the accUr.lC)' 

of leami ng process is beller, which also have btcn the case for thiS specific 

experi ment. 

Figure 7; Splilter \'lInables 

Table 9· Learning and tesllng pre<hetlOn IUCCCU 

Prcdletfil Ctw 

TOIOI Class I'tra nl Com>ct No" .I,,}u,., '''}II" 
uarn T,,, ""'" TUI 

N~lIm N- II1/6 v- l r 6 ' ." )8 
Tesl LearnfT'tSl l.earn 

NOI/ .llfj ury 10,970 98.56 97.89 10,812 10,738 '" m 

II/j ury 3,284 70J. 70.22 966 978 2)18 2.lO6 

84.57 84' 
Ol'erall Cor rff.1 92.11 91.51 



1I0\\ever. accuracy alone does not completely descnbe the predlctK>n cffiC::ltnC)'. and 

hence, other means of evaluating our pn..'(ilctl"C' I1lOdels arc necessary. ~ 1'C'CC'I\eJ' 

operating characteristics (ROC) curvC', also known a • the relau,'C' operating 

characteristic curve. is a comparison of two operating charactens1Ics as the cnlmon 

changes. The area under the ROC curve (AUe) quantifies the overull dl.scnnunall'·c 

abLhry of II test. An entirely random test (i .e" no bcuer al Identifying tNe POSItives 

than flipping a coin) has an AUe of 0,5, while a perfec t test (I.e .. onc with lao falSt: 

positives or negatives) has an AUe of 1.00 (Dcshah and I iii !. 2010), 

Accordingly. with respect to the ROC in this specific expenment. It scored O. 873 for 

Irai01ng and 0.8827 for test scenario. ROC charts for both Injury and non-Injury lirc 

presented in Figure 8. 
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Figur( 8: ROC: tnJury (kfi) and non-tnJury (nghl) 

Another important concept regarding the perfonnnnce of a prt'dlctl VC model IS 

mlss-dassification rate in terms of error and cost. ~hsclass.ficallon cost IS a fraenOCl 

of product of cases misclassified and cost assigned for mlsclasslficallon. Wlule t~ 

defauh is one, it is also possible 10 vary the assIgnment based on the recommcndnuon 

of the domain experts. 
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As It can be seen from Table 10. the modd IS beller In pn:chctJRg non-Injury results 

than inJury. This IS clear from the error pa-cenUlge and cOSt \'3lues In the table 'PIn)l 

both classes. 

Tablt 10- M ISCIUSlrlCillIOf\ of CART modtl 

1I1bcliusiOcaiio n 

N N I'n e rror CtUI 
Class Cases Mij'-CluSl"r d 

Le(lrIv lhl I.earn Test Lear/! T", 1.<0" T<SI 
lI.jury 3.284 966 978 29.42 29.78 0.29 OJO 

NO Il -illj .try 10,970 " 8 2J2 \. .... 2.11 0.01 0.02 

5.2.3.3 Random Forest Allal)'sis and Result -Role of Road Users Factors 

SImilar to thai ofeART experiment. a model Ivtth 12 attnbutcs selected \\.'llS exposed 

10 Random Forest analysis. In the process of model butldlng. attempt has been made 

to specify a balanced class weight option to conlrolthe data Imbalance of the target 

class. The experiment identified 8 aunbules namely; Viet/mAge, VictimOcclIp. 

VicrimCategOlY. Pel/slriltllMol'elll. Dril'i /lgUcelise. Dri\"i/lgExp, ViclimNeollhSl, 

VehideMol'emell1 based on thei r predlcttng poWl'f' In descending order. Thus. usIIIg 

these variables, a RandomForcst analysis IS done, which results In error rotc closer 10 

o (zero) in the case of non-injury class and error rale closer 10 0.3 for injury class. 

ThiS implies that, this method is bener In claSSifYing non- IIIJUry class than injury 

class. The performance of a predictive model error rotc itc:s bct~ecn 0 and I. The 

average error rale is presented in Figure 9. 
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Figure 9: Error Rille Result (o~cralt) 

With respect to miss-classification. somehow si milar to thaI of ART 3fUllYSIS result, 

mndom forest analysis is also less accurate In classifyi ng Injury cmegory, while the 

miss classification rate is by rar less for non-Inj ury category. ThIs IS sho .... 'Tl with 

26.55 % classification error for injury class while IllS 0.26 % for non Injury class. It 

IS also wonh mentioning that the cost. whIch IS a fmcllon of cases mlsclasslficd. 

multipl ied by cost assigned for misclassi fication in Ihi s case I, IS higher for Injury 

class than non-injury. The detail is prescnu..-d in Table II . 

Table II -Mlscl!lSSlficallon Resuh of RandomForcsl 

Internlll Ttsl/Oul of Ihl: 

'\cllJlI l N N I'd. elm 

Class Oun oIIil'-ClllJs,d 1£"11' 

Injury 3,284 872 26.55 872.00 

Non-Injury 10,970 19 0.26 29 00 

Pred iction success and ROC results are al so Important lIl(hC3tOrs of a given predlctl\1: 

model. Accordingly. perccntage of correct pri,,"(hClIOO for non-Injury case IS 99.74% 

while 73.45% is for injury cascs. The dCl!ul ls prCSt"flled In Table 12. In the: $3mt' 

token, the ROC integral indicates, 0.90070. which IS closer to one and II mdJ ales 

mmima l zero positives and negatives. " .. h,ch cnulI ls good performance. 
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Table 12·lntc:nul TtsloOut of Baa PrtdldlOn SIKttSI 

" rrdicltd dan 
,\ ('lual T%f Pt!~t!"/ III}''',- 1'10111,,)11'7 
Clan Class C"''''' 1'1- 144 1'1- 11811 
In jury 3,284 7J 4S 9881 738 

Non.injul1' 10,970 99.14 119 92.62 

5.2 ,3.4 Discussion - Role of Road Users ."actors 

As presented in the previous sections, lhe purpose of this I" phase experiment IS to 

Iden tify some new pallcms and gel an ovemll underslandlng of (lccldent data, To IhlS 

end, one of the patterns that require empi rical investigatIon IS the Impact of rood 

user's related factors on accident injury risk. II has been learned that road usn- rdated 

factors need more investigation, so (IS to guide proacti ve methods In redUCing rood 

accident and improving road safety in general. In hne with thIS, the su~uenl 

experiments resulted in more patlems. 

Though, the emphasis by domain experts is on dnVl'rs as a major contnbutor for 

accidents, pedestrian behavior and victims features like their category and age tell 

signi ficant infonnation about the possible result of a gIven accident occurrence, 11us, 

along with the subsequent e:.;pcriments. will be Ust"<l ;n the deSign of educatIon and 

law enforcement measures in road sa felY domain . Moreover, CA RT and 

RandomForest predicti ve miners arc found to be promismg In the IdentificatIOn of 

patterns in a road safety domain. While comparing the two. they both perfonn less 10 

thc case of injury class, while their perfo nnance 15 \'t'f)' good 10 dctetlmning non 

inj ury ri sk of an accident. However. RandomForest Pf\.-dlcllve modeling technIque 

pcrfonns better by exhibiting lower error rate, higher R 

predIction accuracy than CART. 
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5_2.3.5 Role of Collision Related Fachlrs· J48 and I' RT Analysis 

In the process of explaining an aspeet of the rood safely SHuntlon, a couple of 

cxpenments arc conducted. Given the data mlOlOg task menuoned above, 10 colliSIon 

related fac tor attributes are selected to be used as predictor \'3nables, ACCident 

Seventy being a target class with three values; 'filial ', 'injury ' and 'no'H'!lllry' , ThIs 

IS to mean that the goal of this speci fic experiment I.e. Identlfymg role of collision 

related factors, heuristically guides the allribute selcctlon. Descnptlons of the 

attributes are presented in Table 13. 

Table 13- Lis! and DeSCnp!10n orPrrolc!or \ 'anllhtes 

S.N Allribules Descrlplion ., AccAnm Specifk ure" of an uccillent 

2 WeatherCon Wco/her romliliOIl at the time of accident 

J Ligh/Coll LiXht COlli/ilion ..... hile accident occurs 

4 VechMOIremenl 1I0K' 'he dril-er ..... as drl\'inx the l-e/l/clt' 

5 AeeTrpl! Auident rollision Iype 

6 AccCouse Illimellimc ellUse of all oceldcn! 

7 AecKIK Sub city ... here all uceidenl Mcun 

8 AeeTime Tillie of atl lIrridcnl 

9 AceDay D(IY of accidelll 

10 AceSel"eril)' Wlletller II rollisioll ~'lIllell Wllh fillolllY, Inj ury or 

(target class) IIOll -il/j ll ry 

As stated above, with the intent of find ing the most interesting pattems and rules In 

explaining the road safety situation, a number of experiments have bcal done uSing 

J48 Decision tree algorithm and PART rule mduction algonthm with different 

constraints and parameters. J48 algorithm IS ;1 top-down dcclSlon tn:e leamcr 

that uses the greedy tcchnique (Daud M.N.R .. 2(07), PART IS a separ:uc-:md-<::onquer 

rule learner producing sets of nI les called 'decision lists" \~hich are ordered .set of 

rules proposed by (Winen ct aL, 1999). 

The firs l experiment is done usmg J48 deCISion tree approach With major modd 

speCification like 10 fold cross validations for testmg. Ilnd prunmg apphed As II 
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result a 60 tree Si7.c with SS number leaves were Identified best With the ovenll 

accuracy of 92.21 % which IS a pcrct-'llinge of correctly classified ag'lInst the loW data 

set. It IS also visible thai the predIction accuracy for non-Injury class IS bdltt than 

the injury and falal classes. It IS also worth mentlorung that, accidenl t)'fW. ocadi!1l1 

ctlllse and accident sub-city arc found to be the three top ciclcmll03nt factors an 

predicting severity. This echoes the findmgs of prevIOus research (Tesnna ('I aJ., 

2005). 

As staled in the methodology section, the second approach selected 15 the PART Rule 

Induction algorithm. Consequently, expenments have been conducted using the same 

data sct with \0 fold cross validation and prumng. I)ART has gem • ."rnted 91 rules 

within 0.64 seconds. The accuracy (corrcctly c1assl fil'd Instances compared 10 lhe 

10lal data set) of the model is 92.30010. The weighted average ROC area co\'ertd was 

0.994. A screen shot of the PART result containing some of mtercstmg rules IS 

presented in Figure 10 . 
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Figure 10: S:lInple Result of PART cxpcnmcnl 

The finding that highlights denymg pcdC5trtntl pnonty as ont: of the major aCCident 

cause in determining fatality and injUry IS In disagreement wllh 5('\'c::nty analYSIS 

research in Iran (KashaOi and Mohaymnny, 20 1 I) "here Improper o\ertaklng and not 

uSing a scatbclt are the mostlmponant factors affcctlng the 5e\cnty of InJuncs_ Thl 

could be taken as an additional argument for the need ofeonte:<t sp«lfic c.:~pcnmaus. 
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As eVident from the details above, though both approa hcs ~cd good result., 

PART is better in both accuracy and ROC area. Table 14 shows model comp:mson 

uSing accuracy and ROC area . 

Table 14 • LISI and descnplloo of pr«helor \'arJulcs 

Arrunc), I{OC Uri 

(\\tlehl t ll ll\tr.lgt) 

J4S 911J1j'J(, o 9J1 

"ART 91.J071 % 09.14 

5.2.4 Second Phase Experiments and Results 

The main moti vation for the second phasc expcnmcm is the need to Include more 

number of attributes and address add itional issues to the III cxpcnmcnt. Expandmg 

the target class labels into three, which is more pragmatic than the first cxpenment. 

was also another important factor. 

Thus, in this part of thc thcsis a detai led description of data e."<ploratlOll task and 

results of different expenmt'llts arc presented. Accordmgly. the data which was m a 

relational database fonnat was fi rst exported into a si ngle table format of an exeel 

sheet. Moreover, removal of sOllie allributes for ethical reason and their unncccSS3ry 

nature in the process of pattcrn identification exposed a IOlal of 38 features for many 

sldcd anal ysis. A screen shot o f sample data is prcsented in Figure 11 . 
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5.2 .04.1 I)re-proccssin g and 1\lodelBuilding 

Data preparalion or preprocessing is always Important In a machlnt" Icanung and 

pattern recognition process. There arc vanou types of prc.."processlng tasks Iller 

handli ng missing values, minimi7jng noises. dimensionality reductIons. annbulc 

aggregations, feature creal ion, discretization and bmanzallon. attnbutc transformllllon. 

sampling and feature selection which mainly arc gUIded by the data mmmg goal at 

hand. In light of the whole objecti ve oflhc expenment, the preprocessmg tnsk for thiS 

research can be considered as lightweight preprocessing. The main reasons art the 

tool's capability of handling data quality issues like, missing data and the need 10 

expose the actual data as it is. 

Preprocessing tasks undertaken for this specific expmment mcludes; dlmenslonahty 

reduction by removing records wi th signi ficant vanablc values missing and removmg 

of anribules that do not contribute to the analysis like serial ""mber, time, )et1r and 

11/011111. In addition, generalization of seriOIlS iI/jury and slighl ilrjllry into injury class, 

and replacement of blank cells by "not applicable" (N/A) value for variables that do 

have such features when seen from the target variable respect, are also done. 

Categorizing some variables like lIge and hOllr 1010 manageable catcgonc:s was also 

done for better understandability of the pattern. 

111c next task of the experiment was to identify attnbutcs or features rclntcd to the 

goal of the mach inc learning task which obviously be evaluated by the machme: 

learn ing process through attribute sclecllon. The best expl:l.Ilatlon oftlle data dc:pends 

on the type of the problem, mtentioo of USL"J'S. as well as the t)'J}C of question Ilnd 

explanations that are commonly acceptL-d 10 a 81\'e:n domam (Duch e:t aI., 2005). 

Il owevcr, given the data mming task mL"f'IlIoncd above, allcmpt has been made to 

Include more 311ributcs whenevcr possible:. This IS mamly. to sec: lhe role: of rood 

users related factors ovcr the othcrs on accldL"Il1 sevcnty nsk. and which road USCT 

related factors arc more important In addition to asscss:mg the trend of ImpClcu of 

factors to severity. Accordmgly. based on nonn rcfLTcncc cnlma IAhleh ~ns by 
t02 11'1I t 



Improvmg Ihe number of allnbUies 10 be used, 31 attnbutcs art selected as possible 

predictors, accidelll collision resllll bemg a target \'aJ1able. The targtl \'If1able has 

three classes namely: fatal, mJury and non-inJury. DescnPllOOS of the: annbutes are 

presented in Table IS, 

Table IS, LISI and descnptlon of posslbk prrd lCtOfI (r- phase Upmml.'DI) 

SN AtlributtS OtScrilll ion 

1 ACCCOUISIONTYI'£ Accldenl col1l51On type 

2 ACCSUHCITY Sub Clly where an accident occun 
] VICTIMAG£ Age OfVIClHll5 , VICTIMOCCUP Occupation ofVlctultS 

l V£IIICLEITI'£ Type of Vehicle Invoh'ed 

6 VICTWI/EAI.TIIST II t:lhh cOnthllOn of ViCtims 

7 ACCJDENTCOUS£ lmm«hale cause ohn accldcnt 

8 VICTfMCATEGORY Category OfVICllms 

• IIOURCATEGORY Calegory of Kcldcnl hour 

10 ACCAREA Spttlfic area of an acrldenJ 

" DRIVINGUCENS Orlnng hcense le\d ofa dn\Cf 

12 DRIVINGEXI' Onvlng upencnce of the dmer 

13 A CCUDR WE/IIH ELA TION Rd3110nshlp bin a \ehlck and a dmCf 

" ACCDAY Day of accldcnt 

IS L1GIITCONDITION Light condmon 'While Qccldcnt occun 

16 VF,.IfICLEI'I.ATE Vehlclc Plate Clillegory 

17 HOII DS£I',IHATION Road Separnllon 

" f)HIV£HII G£ Agc ora Dn\'cr 

I. ACCW££K Specific week of a monlh 

2. V£IIIC/.£SF,.HVYEAH Servlcc )'Car Oflhc I'chlcle 

21 V£CIIII.EMOVEMENT How the drl\'cr wudmlng the I'ehlele 

22 V£IIICI.£OWNERSIIIP Vehicle Ownership 

23 ACCUDHIV£DUL£I'£L EducltuOlUllel'el of. dn\Cf 

" ROA DJUNCTION Type of ro:ad JUnctl()l1 

21 DHIV£RSEX Sex ora dfl\'tr 

26 ROAI)ORII:."NTATION T)llC ofro:ad onenliUlOn 

27 1'£DSTRIANMOl'F.M Pedeslnan molemcnt dunn, lhe accMknt 

28 JI£IIICL£T£CIISTATUS Tcchnlcal J(alus ofltlc \ehlCk 

2' ROAOCONDITION The condmon ofille rNd 

]. WEATlI£HCONDlTIONS Weather condillon 

31 ROADSURFAC£ RNd SUfrlCe type 

32 Acc;denlR~sult (targl't) Whelher I COIlISIOI'I cnJcd wllh raul, ItIJ\Jt)I or non-nulif)' 
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5.2.4.2 CART Analysis Result 

The first experiment of the second phasc m classlfymg the class atUlbutc 

accidelllreslill was usi ng CART technique With 31 prc."(ilCl0r vanablcs. W}ulc, 

running the CART analysis, the classification method uS«! was entropy. Entropy IS 

one of the different splitting rules in growing classificat ion trees. Regardmg dntaset 

usage, 80120 percent of the data is used for traini ng and testi ng respectively. With the 

IOtent of finding the beSI prediction, a number of experiments have been done by 

trying differen t constrai nts and parameters. This includes but nOI hmlted to, Glm and 

class probability were tested as a method for classification while 10 fold validatiOns 

was also used as a testing mechanism. With respect to best tree selection. the CART 

default besllree setti ng, which is a minimum cost tree is employed. 

The best model identified indicated that victim related features namely, VictimAge, 

f/iclimCOIegory, VictimOccllp, and VictimHelllSI followed by AccidelltCollisiolltype 

AccillemCollse, AccidelllSubcity. Vehicle Type. HOllrscategory. Accid(!IItAretJ and 

DrivillgLicells are the top ten imponanl predictors of the target. class injury result 

(ri sk). On the other hand, road and environment relatL'<i factors like Rom/Ser/ ace. 

If'eatherCollditioll {Jlld RomlComJitioll arc from the least significant factors compared 

to human related factors. Accordingly, given the purpose ful low level preprocesslOg 

done, using these variables wi th major model specification and automntlc best 

predictor discovery, the accuracy of the pred ictive model is promIsing wllh a general 

claSSi fi cation elTOr of 0.300. Road user factors arc found to be detcnlllnant whether 

an accident ends wi th fatal , injury or non·injury, and it can be seen from major 

splitters as illustrated in Figure 12. 
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The ovcrnll predictIOn succes . "hlch IS a percentage of corrtttIy cI rted u'" 
the lotal data set, is 95 .61 % for learnmg 5C1 "hl~ 9J..sr4 for testing tct.1t I abo 

vIsible that the predict ion accuracy for non'lnJury cl IS better than the Injury and 

fatal class In both learnmg and testmg sets. The detnlllS shown m Tablo 16 and 17. 

It IS obVIOUS that In such kind of cxpenmtnt. the accuracy ofltamtng Pf()CC)S IS better, 

which is also seen In this specI fic cxp<.'T1mcm. 

Table '6-TnllnlnK Predlcllon succw (CART 2nd phaK £.\pmmml) 

l\ clll~1 CbS!> TOIl' Cl~,s ,', rcrnl Cornel fll:ll ' "Jllry ,' Ul llilll) 

' · 865 ' '' 11''1 ~"17" 
Fllal ll8 87U1 ." 67 0 

Injul')' 2.11J 79 SI 'I' '.610 " NolnJur), 8,770 '0000 0 0 I."" 
TOIII; 11.40100 

Anragr. .... 
o-"fnll % COI' l'f(l ; 9S61 

Table 11- Testing PIC~dlcuon Succw (CART 2nd phaJC E\pn'llTICnl) 

" <11I31 0 a ... T"~I ",u <nl f' I ~ 1 IRJ •• ) M I_I..., 

O U ) C.rr«1 ,,·u, '~Il , .on'! 

r.t.1 '" .. " '" .. 0 

InJu r), '" " .. ,u 7l. , 
Nolnlllr)' 2l" , .... 0 0 .., .. 
T~ I.I : I.moo 

"",nl" .. " 
O •• rllI % C.rrtrl: 'H2 

Ilowevcr, accuracy alonc docs nol complctcly dcscnbc the prcdlclIon efficlCIlcy, and 

other means of cvaluallllg our predictive models arc necessary. Accon:bnsly. R 

analysis is used wherc, the best model scored 0.97n for tnunmg and 0.9-10 for tCSt 

sccnano In case of fala l class. 0.9881 and 0.9121 for mumng and IW stlS In case of 

InjUry class and 0.9964 and 0.9962 for tnumng and Icst 5(15 for non·mJury cI In 

ROC analYSIs. an ent irely mndom test (I.C.. no betler IllldenufYlng true POSIU\CS than 

fllppmg a COlO) has 3n AUC of 0.5 , "hlle II perfec1 test (I C' . Of\(' with ZCf'O fal.sc 
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POSIU\'CS or ncgalives) has an AU of I.()() (lkshah and 11111. 2010) R chaN for 

all the three classes contammg both lnunmg and lest C&5CS Irc preKnlC.'d In Flpn: I) 
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Figure 13: CA RT ROC chins (rata!. InjUry and non'lnJury) 

Another important concept regardmg the performance of a predlC!I\C model IS 

mlss-classification rate. As it can be seen from Table I . the model IS bellCT m 

predicting non-injury results than injUry nnd falnl. 

Table 18-mlsctasslfieallM nue ror \eSI dolla (CART 2nd pMsc npmmml) 

Clb' , I'o Mh- ,,, eN 
r.~ Clb,tiI ,,-

.' 11 31 '" " JJJI OJ) 

InJur') '" '" lUG ." 
l'I'alnJurr 1m • GO • , .. 

5.2.4_3 TreeNe( Analysis and Res ults 

lhc second experiment wns done usmg the TrccNet 1lJ\31)'5ls method. In (hi 

expcrimt.1lt 31 predictor vanablcs were used to prrolct the: tar'get class, acctdenlrrsull 

(nsk), The analysis w:as done by spctlfYll1g baSIC paranlCtC1'S hke bobnccd 

weights to up weight small classes to tqU31 IU of Inrgest targct cl '20 

percent for training and test setS rcsJX.'C1I\'cly. :and cross rntropy or hkellhood as a 

means of selectmg optllnalloglstlc model. Out of the local 31 \"3t1ablcs.. ttus method 
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Identified 29 of them as Important prtdlCtor1 by ttc1udlnl 1VtJdswja« and 

roodcom/irioll which scored 0.00 Impo~ 

It was also tnt('Tcstln8 10 see thaI AcddentSubc"y. VlctllPvtge. I'dl /f!7}~, 
AccidelllCoflisiol/Type and Vicrill/Occupatlo,,"tre the lop fi"c= factors for F,taJ c:I 

whi le VicrimOccllpmioll , ViCtiIlWClIl("gOry. VicllItlllealthSi. AcddertlSubcllY and 

VelticleType were for average of alllhrcc classcs. 

On the other hand, Driw!rSex, lfIemilerComlufOil. R(}(uJ&paruriOfl. 

VelticleOwllersllliJ and VelticleTechSUltI1S were found to be:: the least unpoC'bnt to 

determine fatality, while wemherCOfldil ioll, Driw!rSer. VehlcleTechSlaru.r. 

RoodSeptlrmioll and ROlll/Oriell/lIIio" were the least Imponam flleton for a\'entge of 

all classes. In the process of th<.· cxpcrnnent the total trees grown "crt 200 and the: 

optllnal number oftrcc was found to be 59 with classifica tion ttror of 0.204 and cross 

entropy of 0.399. The Tn.-eNcl result In Irnns of emropy and Classlficalloo error I 

prescntl-d in Figure 14 and 15. 

Figure IS Trt'CNcl CI~",rlCllllon t1TOI' (~pfI~ npmmml) 

• • .. 



Entropy IS a measure of dlSperslOn In 0. matnx o( mformauon. roil Entrop)' _ • 

\'CfSlOn of entropy that IOcorponllCS lhe mode~ nature of the m(onrattOn COnItnt 

The process ofbUlklmg II good model, hence can 5ttn II1l1llhzll1la model ~.h 

II random parameters followed by mtasunng the cros.s alZtOpy and then II JUC'C I\'t' 

adjustment and measurement of thc mode until the cro C1llropy IS low CTIOugh. 

According ly, the Tree ct model exhlbtts cross entropy of 0.)99 at 59- tree. v.-hlt'h IS 

referrcd as opt imal number of trcc. Similarly. a class.licallon mor 1:$ II pm:mtaia,oc 

of wrongly cla ssified instances from a total numbtr of prc<ilCtlOns. In .... hleh 15 

TreeNet model showed II mimmum resuit , 0.204, .... hlCh IS closer to O. As to the 

prediction success, TreeNct I1lCthod exhibits an ovc:roU pttfonnance of 95 40"/. for 

training and 94.15% fo r leSling sets. The delailis presented In To.bk:s 19 and 20. 

Table 19-Tr.llnlng Prediction Success (TREENET 2nd pN.~ ExpcnmCnl) 

ActuII.1 C lau Tolal CJau I'tretnl Corrttl .-. tal Inlll l") NolnJII!"} 

N- 2I S N"'J8 ~ ·HOO 

Fata l 168 64.29 .08 60 • 
Injury 485 77 <).1 •• 7 J78 • 

Nolnjul")' 2,200 10000 • • Uoo 
TOlal: 2.853.00 

A\·cral!t: 80.74 

On' rail ·f. Corrrct: 94.15 

Table 20· Test Predlcllon SUCCt'SS (fREEN ET 2nd phuc fupcnmmt) 

,\ Cl lllli CJ:us TOlal Clus "trU nl Corrrci ".1:.1 InJur) Nolnl"!"} 

N- S6J 1' - 1768 ~-8nO 

FIIIIII S18 826J '" go • 
Injury 2,1 lJ ,." 4Jl 1.678 • 

Nolnjury 8,110 ' 0000 • • 1 L770 

Total: 11.401.00 

A\tnlgt: 81.3.5 

O\(rall % Corrtfl : 9.540 

Misclassi ficatto n role IS another p01rnmC:tcr conslckrcd 10 measure lhe pc:rfomwntt of 

lhe model. Accordmgly. lhe mlsc lasslrlCallOn nle IS p~St'nlcd In Tobit' 21 (or 
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trammg and Icsung sets respecuvely. As II can be Ken from the tabla tn both 

learnmg and Icsting scenano mlsclasslficatloo In case ofnon Injury d 
1 """" 

ClUJ , I N MIl- 1'('1. CO!I 

Cuu CI.~nd t: rror 

.'ata l 168 60 35-71 60.00 

Inj ury .:ISS 107 2H16 10700 

No. lnjury 2.200 0 000 000 

When it comes 10 the ROC measure. Tn .. 'CNcl nnaly IS method showed 0.96372 for­

trammg and 0.95097 for ICSI scenario In elise: of fatal class. 0.9 905 and 0.97 2J for 

traimng and test sets in case of Injury class and 0.99374 and 0.99395 for munmg Wld 

lest sets for non,injury class. ROC chans for aU the thf'C(: classes for ttst cases arc: 

presented in Figure 16. 

10 10 
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Flgur(' t6 : Trn:Ncl ROC chartS «(:11:11. InjUry and non·lnJury) 

5.2.4.4 Randolil fores l Analys;is and Resulls 

Similar 10 that of the other two models wIth 31 altnbutcs selected. the: accldenl datA 

was exposed to RandomForcst anulYSls. The analYSI wa done by Sdtmg basiC 

parameters IIkc balanced closs weIght 10 up \\.Clght mall c1l15SC:S to equal 11% of 

largest targcl class and tcsnng out of bag data lcduuquc for testing the model 

Accordingly. with 500 trl'CS grown. the melhod CXhlblled O\ CT all error I'1te 0(0 22.J, 
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while the error rate for fatal. InJWY and non- Injury ~ 0226. 0 ond O. 

respectively. The pcrfoll1l.3nce of:l; prC(hCIIVe model mor rate lies bd .... em 0 and I 

The overall error rate is presented In Figure 17. 

"r----------------_=i ""' • .. 
" I'------------~I ---~~----~ .. ~----------------------------------------~ o lOG 201 ,. ... .. 

__ .t'rea 

Figurc 17: RlIndomForcSI Error nne (2" pb:asc upeflmtm) 

With respect to variable importance. ViclmOccup, Viclim/-leallhSJ. VictlmCalegor)'. 

ViclimAge and ACci(/elllcollisioflf)1Je were the top Important factors selected based on 

their predicting power in descending order. respectively. On the other hand. fac tors 

related with road and environment namely ROlllls l'ifillcW!. WMtherCondllion. 

RoadOriellulliol/ , VechileMo\'emelll and Accit/enlArea arc found to be the least 

Important in determining the risk of fatality. 

As 10 miss-classificat ion. somehow similar 10 the res ul1 of the other t"O methods 

result, RondomForcst analYSIS is also less accurate In classlfymg Injury category. 

while the mi ss classificat ion rate IS by far less for non-tnJUl)' category. thIS I shown 

with 22.59010, 44 .61 % and 0.04% claSSificatIon error for fatal. Injury and tlOO '"Jury 

classes resJX'Clively. l11e detail IS prtSCnted In Table 22 . 

Tabl" 22. ~'h$dasslficauon R:Iolc (RandomfOfCM 2nd phaIc upnllntfIC) 

0 •• , , \, .. .... Co< 

(.~ n .... ,~ 

... t., ... '" 
,,,. moo 

la/II,., ''''' 1.1" .. .. I . I~OO 

'el ~J'" '0,910 • ... ... 
li t II' 
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Prediction success nnd ROC results art also imnnn. nd r .. ,,~ _ni l Itaim 0 al1\'Cn prah(1I\~ 

model. Accordingly. percentages or COITt'Ct ........I1c:t r. r. ) t" ..... lOn.or Illli • Injury and nQn..U1JW)' 

case: are 77.4 1%. 55.39010 and 99.96% res ........ uvely The ._- ) ._ • .. ~~ . Ult'1.iI1 IS prcscnK'U In Table: 

23 . By the same token as shown in Figure 1 the R Integral IIXhCltc:s. o. 260. 

0.9767 1. and 0.98941 ror ratal, injury and non Injury cl~ rcspectl\'tly. 

• 
~ 

1 
! 
" 

Table 23· Randomcf'oru\ PrctilCtiOn Succw 12nd phase upmmml) 

Ari lia l TOla l !'rr(f ll l Fllal ' nl ll l')' ' olnlu" 
Clus Clan (orlff l ;0. "'16.).1 ~ · 1 5' 1 ' '' 11029 

Fall l 686 n 41 '" '" ) 

Inj ury 2.398 j5J9 ' .... 1,09 .. 
NolnJ ury 10,970 ",. , 0 10.966 

A Hr.IIgt 77J8 

(h't'n1l 907S 
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Figure 18: RWldomcForc$! ROC chans 
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5.2.4.5 Scoring and Ensembling 

According to (Steinberg and Golovnya. 2006). predIct Ive modeling process ",ould not 

be complete without the ability to opply the model 10 a data. 11lc cbtn could be II ~ 

oo. to or an existing data ust:d for tl1umng and tesung the. model • 11\1 procc:» I 

termed as scoring. It can be done externally by trnnslallOg the. model mto any other 

supponcd language or in\l..mally by a bUIlt In faclhty of the tool being used. In Itnc 

wIth this, internal scoring is employed on the ",hole tnlln1na and te.sung dlua to 

pn .. '<iict the target class of injury nsk. The result show th:l.t the: models \\Ofk wdl and 
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liS result IS used for the final slage of comblmna cb ,fH:TS. 1lus II edublled .lIh the 

95.19010. 94.55% and 95.15% o"er all predlChon success of ART. RandomFot'eM 

and TrccNct, respectively. 

The final stage of lhe cxpenmcnt IS to COmblOc models 'Thttc arc dlfTcrcrd. 

configurations and Icchmques to combme classltim. d""us!<d by (lIanow.,.. 

and Palade. 2006) cascadmg. parallel and I herarchtcal arc the majOr configurallOM. 

[n this specific experiment a parallel combinatIOn of cbsslfiers. ",htft~ the result of 

each classifier is exposed 10 a gh'en dcclslOn logIC, votmg tcchmques. IS CJl1)Io)'N 

According 10 Hall et aI., (2000), votmg is an aggregatIOn techl1lque: used 10 OOmblOC 

decisions of mult iple classifiers. In liS sImplest fonn. \\ htch IS based on plurahty or 

majority voting, each individual claSSifier contnbutes a smgle VOle. n.c aggrqallOn 

predIction is decided by the majority of tlle VOles, I.e .• the cia With the moSi ''Oles 1$ 

the fina l prediction (Paris et aJ.. 2010) 

Accordingly. it was possible to exhibit an o\'erall prc(hcuon success or95.4~" while 

II IS 87.61 %, 78.41% and 100010 for falal. Injury and non IOJUry classes respectl\'~ly. 

The detail is presented in Table 24. It is easy to see that II IS by far better than ART. 

RandomForcst and TreeNc! predictions Independently. h IS also IOlpOrt'nnt to notc: 

that TreeNet is closer than other techniques to the ensemble or I,:ombmed classifiers In 

terms of accuracy especially in case of non Injury. II1JUry and overoll accuracy. ThIS 

exhibits thaI combining different claSSifiers outperformed Other smgle: cbsslflCtS for 

predicting injury risk. 

Table 24 · pttronnancc orEnscmbltna 0'Ic:f ocher Modell 

,\ todd fomplriSM In rwrrrnlll!' 0( pntWnlCIII SII"U" (00' Ir" ..... 11 

CA RT tbndemfOO'f\1 Tn-f'ri [IIM~ 

Q,ullI 9l Sn.. 901S~ "j<'" " .'" 
hUll 66'''' 1141 .... .. ,... 1161, 

InJll ry ,,- """ n ..... 714t' 

1'00 Injlll") 100 ..... ...... 100 .... 100 .... 



5.2.4.6 ~ I od c ls CO lTlparison, DiStussioli and L SOli.) learned 

As menuoned In pre\'lOus Stetlons, the e~pmment was done US'"& ART. Trcc.'d 

and RandomForcst pre<hctn'e modchng tcchmque With the mtent offln(hna the: best 

model. the predictive performance of these Icchnlques art co~arcd basal on l .... a: 

Important performancc measures namely; predK:tlon successes. predICtion aror nile: 

and ROC. 

Onc of the major objectives of this empil'1cal research IS KlenllfYlng human rebted 

determinant factors for accident seventy. AccordIngly, the: search and tcstlJ\g methods 

along with the top 10 important vanables Idenllfied by the three ITIO<khng Icchrllques 

are presented in Table 25. It is learned trol. road user related facton arc found to be 

more Important in determining accKlent f~lahlY or injury On the other hand.. (acton 

related to road and environments arc found 10 be lhe le35t Important. nus e;ln be seen 

from the table as thc)' arc listcd against "least important llttrlbutcs" under e3ch 

method employed. 

Looking in to the detcrmin::mt fac tors. 11 bOlh phases of e.~penmcnls. rood users 

fea tures like their category, occupation and age tell significant Informauon about lhe: 

possible result of a given accident co llision. Thus. IhlS research argues that the focus 

of attention in reducing accidents and nsks should not be only driVers. 

As can be seen from the experiment, for an accident 10 cnd In ellher fatal. mJUrY or 

non mjury sccrorio the most detcnTnn:mt factors arc the nature or \lclm'15 1n\"OI\"Cd 

On the other hand, time, road and environment related rOlctars ~ found to be 

IfTclevant in determin ing lhe resuh nsk of an accident. A good c.u~1c ofth could 

be the splitter variables and vunable mtp(lr1ance results of the abovc e."Xpc:nmc:1llS. II 

IS learned that road USt'r related ractors need more investigatIOn 50 as 10 auidc 

proact lvc methods In redUCing rood acc ident and Impro\'mg ro~d felY 10 Icnawl 



CART Tr"'ET .. -..... 
.:"lI lulItion Pn.'c,l u;uQn Svcau. ROC. Error PmIKuoa s-.. ROC', ~s-u.. ROC" 

~. """- """-Surrh Entrop), .... ,llh 8000 pnttnI IiJr crou muopy or Illclthood 0.101' ... 41&1 ........ 
Intllt.sling Ir.IJrunl and leU &tt5 rcspeclI\-eI)' .. ,It! 8MO pnCftII b 

\ltthod \BINn, Md lal"" 

TOIl ltn 1'1C11.\fcxx:tlP VICT"m rxx:t/ps f/CTlVocn'/'J 
':'-a lualinl: V/ClUflffJil.nm VICT/.'/CATEGORYJ nCTnf/(EALntrTJ 
allrlhul('S nC11.I/AGf;J "/C"I"'f~L TlIS1J VlCTm CfTEG<MrJ 

l'IC11.lfCATf.."GOR)'l ACCSUBe/ITJ r,CTUfAGfJ 

ACCCOUlSlONn'/'El VEIfICI.t.TfPF.J ACCCOWS/O.\'n'PEJ 

ACC/D£NITX1USJ:J VICTIJfAGEJ V£JI/Cl.£PUreJ 

ACCSUH01l1 ACCCOIJ.lSJO.\TrPF.J OOV/'I"G£XPJ 

''£1llCUn'I'ES ACClot."l,"COUSEJ ORiI"/\'GUC£XSS 

IIOURCAnIGQRI] l'EIfICLEPUTtJ A('(lJDAII"lD(JUf'W 

Aa:::.tRLtJ flOURCfTEGORYJ tlCCI~J 

Least P£lXiTRItLXl fOl'EAfS 1'( IfICLET£CJlsrA mSJ KEAnff~ 

il11 lKN'tanl ''ElliO..E1l"C/ OTtlTUSJ DR" F.RS£Al RO.~DORI[''\7UJ(J'' 

I llrihutr:!l RO.~rx:o.\'I>mONS "1'~ ntERCO,vDlT10NSJ . cr:.<1!£< 

UEAntERCONDfT7().'8$ ROADSURFAC£S ~TJIX1.DIO"fDIr 

RQAf)S{JRFACES ROADCON/)fno:~S RCW1SIJUACEJ 

With regard to the performance of the models, all the three models perform less In 

case of fatal and injury class, while their I>crformancc IS "cry good In dctcrtmmng 

non injury risk of an accident. In addition, Ihey all cxhtbll bener ROC scores for non 

injury class than the others. Howcver. TreeNet predictive modehng IcCtVlIque 

pcrfomls better by exhibit ing lower error mtc of 0.204, whICh 1$ closer to 0. ~.S4°4 

ovcr all prediction success and bcucr ROC score whICh IS closer to 1. tOOn CARr and 

RandomForest. The detail IS presented 111 Table 26, 

It IS to be recalled from preVIOus sectIOns that another majOr purposc of llu 

experiment is 10 get an overall underslandlllg of accident data and gculIlg 5oCt1!C or 

data qua !tty lSSUCS. In COlUlcctlon \\ Ith this, lestmg the: d3ta for tdcntlrauon of 

pallems without makmg much preproccssmg proVlcks a boood Insight III to the n:llurc 
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of the data. This guides the subsequent anal)'KS IUld st1cctlOn ortx:ucr tooa for u. 
specific domam In a specific context. 

Tablt 26 ·(her aU Moods ClOmpInton 

e nema pa- PmktJ~'C MdlQb/T edIIIq-. 
T.fld el .. CART ............ , T~"" 

Prtdicuon SLlCCaS FI~I ... "" nAt' .. -(Test SCI) Injury 
7J "'" ,,- no." 

Non.lnJUry 100~ .. - 100","" 

o-.·CfllI 9)j~ 90 7j", I"", 
ROC FIUlI .... 094260 .. "'" 

(T1:J1 5l1) InjUry 09nl 097671 ."'" 
Non-Injury "96' 0989011 099195 

ElTOI'roue OIl~l1I n "00 o 22A "00 

Moreover, though. all the three techmques arc found to be promlSmg In KlenllBeauon 

of paltcms in a road sa fcty domain, TreeNet IS shown to be the best method to be 

used In the doma in under study, if the deciSIOn IS to ust a single mt'thod. 1I0\\,'c\'CT. 

ensemble result provcs 10 be the best of all individual mode:ls. 

5.2.5 R('ncctions on Accident Data Analysis T rends a nd its Iml"icJl liolls 

As discussed in Lilerature Review seclion, there were: re:sc:u ch attempts on a cklcnt 

data analysis in the pnst rew )'ears. A closer look to these sdectcd data nllnlng 

researches revca l that road safety :analysIs from accident occurrence and SC\'CTI()' 

perspective requires due ;lIIcnt ion as varml10ns In resuhs 3rt c:..'(hlbltcd 1)11111),. 

Yanatlon is duc to the techniques and data input used. 

As per lhe objectivc (speC ific objCctlve "n") sct for thiS ~Iflc $Ub 5«UOn. 

cxpenmcnts in the current research also cxpblns the \'tIrI:lIIORS, as road users fik:ton 

arc idcmified as opwTlal In determining aCCI(:lenl OCClII'mlCC o.nd St'\'ml)' The 

identified atlnbulcs arc used as 3n Input to the content dUTlc:nslOn of the road Arel), 

mforrn:ltlon architecturc. Magmtude of the data qu:.hty problems"'U abo acSdrc::ued 

to emplrtcally show the extent oflhe probkm 300 the need for :an:hrtccturtl audc hne 
11 6 1 "'~ 



In managing accidcm information In addrC:SStn& tIY second sptClfK obJCdl\~ 

(specific objCCtlvc "b") , predICtIOn models USlf1& TrttNct decUIOn lree Iccfwuquc: and 

ensemble c lassifiers through \'Oll11g tcchmquc arc found to be clTcctl\'C uta""l), a of 

road traffic acc ident dala. 

The Insight gained so far in the process of the rcSC3rch. revealed that road accdent 

data should be complete with malO emphasIs on road users factors for the analysIS \0 

rcnect important patterns and knowledge. There should also be a mechanISm for data 

quality checks about each acc tdcllI thai reqUIres Ilrchllectu.rnl guidehne. Once data IS 

organized. machine- learning approaches to periodiC analYSIS of the accident data IS 

requlJ'cd to sec changes through time and adJusllhc counter measure nccordmgly. 

These findings and lessons arc renectcd on the mformatlOn architecture proposed as n 

guideline for accident data co llection and analYSIS. 1bc design of the archItectural 

gUIdel ine will create a platform fo r the analYSIS of road accidents In supporting efforts 

to Improve road safelY. This research perceives accident data collectIOn and analYSI 

as a system that requires a special VleW towards understandmg the whole and makutg 

sense out of it for improved decision makings m the effort ofreducmg the problem of 

road safety ult imatcly. That is why thc Issue of data quality and understandmg gets 

attention in addition to prcdictive modelmg of some mteresting patterns 1101 3ddresscd 

so far. 

S.3 Analysis of Acci iJ r nt Information M:.nagl.' lIIclil in Eth iopia 

5.3.1 Inlrodu ction 

Th is sub-section presents findmgs or qunhtntl\'e data analYSI mtO the aeeldent 

mrormatlon manngement. ,\ ccordmgly. one orthe research questIOns ofthlS IhellS. 

ment ioned below, is addressed through the analYSIS ofqunhlatl\~ data coll«lc:d 

RQ3. Whal (1I"e life problems of Ihl! Cljn\'nt rood lruffic amdcnt dma 

collecliol/, al/alysis (l1It1 dissemln(ltlOn practice 011 the rood sa/rty' 
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In addressmg thIs research qucshon .... e define two ObJcccl\CS IS pQtr'kd belovo 

./ To examine problems re/meJ 10 accldenr dOlO rrportmg. (£J'll qUdIll) and 

(lIIo/),si$ mechanisms III a roud safel)! domam 

./ To idemi/y Ihe SIn/CIIlff! al/dl\!qlll~menl of rood safay doll" coIl«tIOlt 

alltl allalysis fOCl/S/ IIK 011 roml accldems 

5.3.2 I)a ta Collection a nd Ana l)'s is Process 

In dea ling with the specIfic research objectIVes menllonc:d thIS rescan:h lO\ohcd 

research partic ipants from road S<lfclY dOn13lM. li enee, the scudy IS conducted at 

organizations operating on a road safelY data collechon lind analysIS system 10 

mvesttgate practices. contents. tools and 1t."Chmque m road accKient data collechon. 

analYSIS and disseminatIOn. Accordingly, road safelY c.'(PCrts. tramc pollee and 

traffic data analysts who arc constdcred to be central In the o\'enll road safety 

systems were interviewed. PurposIve convemence safl1>llng approach .... ':15 adopted, 

whIch is the moSI frequently used approach III qualitatIve sludl( (Bunwd. 2004. 

Creswell, 2009, Kumar, 200S).Therc appears to be no gC'Oer.ll agreement about 

sa mple size in qualilative studies as the data collection contmues unlll reaSOJ\3ble 

salUration. It is statcd in (Kumar, 2005) thai : (IS lire lIIai" focus is 10 e:cp/ore or 

describe a si/liarioll. issue. IJl"ocess. or phenomenoll, Ihe qllestiOn of sample li:e &S less 

importtllli i/l qIUllilflli .... e. resew'ell , LIterature In the qualitatIve research IlrcU suggtSt 

sample sizes ranging from 3 to 30 (Robson. 2002, rcs,,"cll. 199 • Mllrsh:tll. 1996. 

Padgett. 200 ). 

Literature also suggesls mUlUllUIll 3mplC' size (or qU3htam'C slud~ b:lsc:d on Ihc 

research design. The n13Jor ones mcludes. J·S partJCtpants (or esc s:tud~ (Cres .... C'II. 

2002) ; less Ih:ln or equal to 10 mtCT\'IC'WS ( rtSwC'lI. 1998): 15·20 paruc~nI. (Crcs .... dl. 

2002) and 20·)0 partICipant (Cres .... ell and lart. 2007) (or Grounded Theory 

(Onwucgbuzlc and CollinS, 2007). Ilow(!\'ef. a su'C'.sscd III (On .... ~ibuzlC and lttch. 

2007) sample SIzes should not also be too sm.1U for II IS dlfflCUlIlo IChtc\'C theordacal 

and/or data saturntlOn 



. , 

II was felt that 17 responden hould be able to supply \'1l1cd and dtiaJlc:d ICCOUnb 

for the purposes of this study with a rtnsonable saturation. It lS sutcd In (Marshall. 

1996) that: '·quaflfiwtil'(! researchers ofte" fail 10 wliJusland 11t~ u.u/ul"ns of 

.<Ill/dying small stili/pies. n,is is re/UlC:d 10 the nllsappreht.'nslon Ilral generall:lJblllly IS 

lhe IIltimate goal of (III goO(I research ... All approprime sample s,:t/Of' a qualllaln~ 

stlldy is one 111m (uJCtl llalely mu'Wers the research questlo" For simple ques/lOns or 

I'ery derailed studies. this mighl be ill sillglejigllres 

The data collection protocol incorporates procedures and general gUIdeline Wt hould 

be followed in conducting the data collection phase of the quahtatl\'c study. The 

design of the data collection protocol was divided IOtO 3 tasks: prepMlng Intcnlew 

and group discussion questions based on Zachman framework dimensIOns. 

detennining the subject to be interviewed and IOllial scheduling of field VISI!. 'The data 

collection protocol was constructed to ensure conslslency across multiple diSCUSSions 

and interviews. 

The research followed the Zachman Framework as a theoretical base 10 n structured 

way for acquiring the necessary knowledge nbout road safety orgamzatlons pracllce 

With respect to the accident information management. 

Thus. in the process of collecting data for the study and m order to ans","cr the 

questions triggered by the intersecting factors (cells) from the top three rows and SIX 

columns of Zachman Framework, qualitatIve data-gntht..'11ng techniques mentioned In 

the methodology section were used. Accordtngly. the tnlCfVleW quesllons (sec 

Annex B) were designed in such a way that they enable 10 collect rclcVllrIt f3Cts 

regarding the three aspects of the research; aCCident data eolleclton 3Jld rtpOrtJng. 

data handling and infomlatlon shanng. dnta analYSIS and dlss(11un:mon from the SIX 

dimensions of the Zachman framework namely; "hy. "hat, how. \\he. "hen and 

where. 
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Questions askcd probed dam content and process rtqUlft:rncnlS. people. net\l,on: and 

time of the process, dlflicultles faced by the road safety expcru and lt1ffac: data 

analysts, and the supportmg architecture for fo:ld saretydua tollCC1JOn and anal)'1 

The IntervlCW queSlions were open ended to gather as detailed mfonnahon u 

poSSible. The questions were catcgonzed Into gmenl and specific 11k gmenJ 

questions were about the magnltudc of the problem In general and practlcc:s related 

to accident infonnation management. In the second catcgory. SIX l.$SueS related to the 

SIX dimensions of the Zachman rramework wcre covered through a sct or 

moti va tional questions. Accordingly. the first set of questions was related to tht 

structurclcontent/data "wlw(' reqUirement of the domain. The second sct or 

questions guided the discussion about the required functions and process. "no'" ", of 

the domain under study. 

The third set of questions was about the prime motivation, ""'hy". or accident daUl 

management. In the same hne, the fourth sct of questions rocused on the: 

geographica l location "lI'here" or aecidcllI data reporting. anal)' i and dlS$ellunauon 

while the fifth set of questions were about the timing '· I~he,." of the processes and 

services in the doma in under considernlion . The last sct of questions \\-ere related to 

the stakeholders or people "",ho" in the accident inronnul ion l1IunngcnlC:nt 

In the process of data collcction, Ihe rcse:lrcher first exphuned the purpose of the: 

research and gOI Ihc respondents' agreement to particip.1lc in tht rt ellrth . All road 

safelY expert's were interViewed by Ihe researcher. for bct"'Cen 30 and 4S mmutes 

All Interview responses were short noted. wnh til<: consent of the respondents. Arter 

the mlervlcws the shon notes were Irnnscnbcd IlltO computer files . are WJ talen , 

to consIder all eth,ca!lssues. 

Accordingly, respondents were Illtl,.'1'\ lC"'cd on u one-to-one basiS and JrOUp 

diSCUSSion ronnal . A focus group d,SCUSSion "as conducted (or Ihrtt hours with SiX 

road safety experts who W("'fC drnwn from the pool of partlCIp:tnts ldentllied (or thiS 



research .. The purpost of a group discussion ..... 15 to support and aoss-check 'A-,th the 

data collected through IntcrYle . I)rofile of the 1nla'Vlt\Io and (0C\.Iscd poop 

partiC ipants IS presented as Annex D. The: Intm'ICW focused pnrnanly. on ua 

rclated with road accldcnI data reporting, analY:!i15 and dlS5Cmlnatlon .. inler"-I('\\, 'Acre 

recorded on a notebook and tr.:lnscnbcd. 

As indicated in the methodology section interview r~ults arc also supported by 

repealed observations. The type of observatIon adopted I non·partlclpant or p:wne 

The purpose of the observat ion was to best undcrst:tnd the central theme of the 

research i.e accident informa tion manBgcml'flt practice In hne with the diSCUSSion 

made In (Creswell, 2009). In addition to n .. -pcatcd obscrvallon made on rc:~h Sites, 

relevant documenls namely strategic plan (National Rood Safety trateglc Plan-

2011 ·2020), accident data collecuon and analYSIS fonns were also con ulted.. "The: 

documents were collected up on request from the National Rood afety 0UfIC11 and 

Traffic Office at Addis Ababa . These officl:lI documl'Ttts "'ere Important to the: study 

as they deal with accidenl Infom1ation rela(( .. 'CIlssucs. Samples of documenu colllXtcd 

and used to suppon the results arc auachl'CI as Annex F. 

It is exhibi ted in qualitative research literature tlull. analYSIS of the data suu1S nght 

from the first dny of da ta collection .. It baSically. In\'olves major steps like prepanng 

and organizing data for analysis. readmg through all dala. arranging 10 themes along 

with description, interrelAting thcmc's description and interpreting them These 

activities can be catcgorizt:d 10 to three namcly: data reduction. data display and 

conclusion drawing .. Regard10g datn reduction allempl has been ma<k to ltansfonn the 

raw data from all data source 10 to a table fonnat based on the: interview questIOns and 

Ihenles ident ified. A portion of ltlS attached a t\nnc..'( I:" With ~pcct to data display 

narrative presentation along With supporting quotation 'A-as follo'Acd as sho'Al1 III thl 

section. Concluslon IS Ihl'fl drawn to substnnlLnte the design of the R I 

Pallcm-matchmg technique was also used to tlnalyze the dati 11'11.5 IS to mean that 
III P' 
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analYSIs of a theorellcal pattern ongmated from thc= Ideas or -twJnchcs- of !.be 

researchers and the observed or Operational one hal bttn done_ 

Through the resc::trch process. the road safet)' mformatlOn rc:qulmTlCnl. eontent and 

management practice was cxam med and m\'c:slIgatoo 10 Stt how mlqp1llcd 

Information archi tecture might be deSigned to ensure Impro\'cmrnl. l.achman 

Framework for Enterprise Archllccturc was used 3S a gUide to mvestlgate the caSt and 

de line the road safety informallon contcot, orgam7.4tlon. resources, proecsscs, and 

mformation flows. 

As Indicated above. in applying Zachmlln Framework. lind to holisllcally control the 

study. a qualitati ve case study approach wuh multi ple dnta collection u:chmquc 

mcotloned in the previous sections w(''Te adopted. Information obt:l1ned through these 

data gathering tcchniques helps to populatc the reqUIrements of the top thrtt laym 

(18 cells) in Zachman Framework to ascertam the design details of the road saft1y 

In formation management COnlcxt, buSiness and syst('Jt\ model. 

The framework abstracts the charactenst!cs and fentures of the food safety 

Information based on six dimensions. Mot ivat ion, Data, People, I)rocess, Place and 

Ti me, and explains their structures and processes from the perspectlvCS of the. pi anna. 

owner and designer of the road safety InfOnnallon. As per the recomm(.'T1dnllon of Ym 

(1994), attempt has been made to rely the analYSIS on all relevant eVidences, to 

diSCUSS all rival intcrpretation, 10 address most slgmfieant lssue ofthc: study and bnng 

pnor expcn knowledge to the study. 

Data analysis was carried out using Yin's pallern mnlchmg (Ym. 199-1) and thenullC 

cadmg methods (Crcswell, 2009). The themallc coding IS based on the: dimenSions 

the selected framework. Where applicable. the Identified p:llltmS or thc:mcs and 

relationships were compared with cxlstent hteroture for \1IhdllY and gencnliublhty 

of the research findmgs, wh Ich IS m hne With the Ide:! of companng empmcal 

paltems with theoretical patterns to expand eXisting thc:ones (ym. 199-'). Fcnchngs 
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",ere then used to populate the Zachman Frame:~ork at the top thrtc ta)"CfI. namely 

the scope. bUSiness model and the system model 

Particularly the analysIS results are used 10 define!he: SIX dimension ofthc firM rO\It 

In the Zachman Framework which" 111 be the:n used 10 derive: the lo~c:r IC\1:1 tell 

conten ts. All of the Interview IranSCnpts were read by the: rc:st3rChcr and codal In 

the style of a grounded Iheory appro:lCh 10 dntn analysIs ( res~dl . 20(9). Our 

research identified a number of aCCident dm3, proces , people. mouvauon. place: and 

lime issues thaI shape or innuence accld<.,tH information management. 1'hret 

category headings were generated and under thesc all of the: dala were: accounted for. 

The reporting style followed is an interpretive quaiLtatl\'e re5("arch rtpOnlng model 

where a summary of findings arc presentcd followed by Illustrative quotes of 

respondents and intcrpretations of the researcher. Fmdmgs from the: data collection 

process arc presented in three themes . 

With the overall objecti\'e of the rescarch proJcct In mmd 10 define an IA that forms 

the basis of road safety infonnation management systcm, the general observation 

from the data collect ion process rcvealed that there are dcfinttcly shortcomings In 

accident data collection, 3nalysis and dissemination at vanous Ic\'c1s requtnng an 

Immedialc allcntion and architectural gUlde1l11e. The IIl1erVlew process, CIS well as 

observation made during group diSC USSiOn wllh the vaTiOUS stakeholders wlthm the 

road safety systcm, gave the researcher the necessary confirmation of IhC' problems 

and infonnmion n:quiremcnt of the sector. The detail I presented below In tbm: 

themes preceded by a general issues regardmg accident information management 

practice. 

In all the research si tes the mtervlcw processes \\ C'!"C' started With twO general 

questions, How tlo yO/I explaill the roml safelY JIIUQlJon In Hllriopla"l IIOk do )'011 

describe the effecliw"ess of accide"t dOlO collt.'Clion and anll/rlLl pn lcllct!.' In 

responding to the first qucstlon. it was C'MY 10 Icum the rC'Spondellt's 1Ig,re(.mC'nl on 
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the magmtude of the road safety problem ~y explaulCd lhc: I$IUl.hOn u 't'Cr) 

problemauc and top In the pnonty h I Apart from m\UJptlOn and macon. IcpJ 

actions on the accused pany. lOSe: attention and dl mlqrated effort 'Aac ~tcd u 

major problems in tht: effort of road safety problem rcdUC11on.. A bUC1tnl 

organization of responsible partie like: traffic offices and r03d "",rety &partmc:nts IJ 

mCfllioned as a POlllt of discussion. Ont: rc:spondtnt commented that. Slnff traffic 

office mainly focuses 01/ 'he f'f!Sponsibtllly idemificallOn. Ihe leonllng procdS Is 

somehow disablel/. This fac t IS also obscr\'(~d by lhe rC:SC:3rthcr In the: proce ofttle: 

research. It was also suggcsted Ihal road safcty departments and traffic offi«s be 

organtzed under samc structure as thclr mllm Ilgcnda IS TlXld safet),. 

5.3.3 Co nt ent a nd "rocc.ss of Accident Information Ma nagement 

The firs t question In relation to the content and process of accident mfonnauon 

management was regarding accident data sources for which all respondents confinnc:d 

the fact that there was no inlegratlon of data from the different sourcc:s. Traffic "ohc(: 

record was mentioncd as thc only data source . While thiS IS common CIlk: In most of 

Ihe dcveloping economics. it is limiting the completeness nnd up·to-dntc:dness of the 

data « Krishnavcni lind Hcmalathll. 20 11 ): (Khan et al.. 20(4). (Baguley. 2(01). In 

their study -'Road Truffic Injury in China: A l~cv ic\V of National Data sourccs" 

(Kn shnavcni and I-Icmalatha, 201 1) menlloned thai "l'olice·reportCil (Iuta rt?pren:nt 

the main source of crash dow or rood safet)' research .... ,Qrlthi,de" 

One respondent ex pressed hiS VICW thlll the data IncompletenCSS IS \'CI)' senous 

problem at a natlonal lcvcl. It IS because Ihal though t~rc' IS an ngrced upon rtltlOO3I 

accident data fonnat , regional stntes do not strictly follow It. good IlISClnCe of such 

a case could be an accident report cont:unlllg only numba of ~C:ldc:nt . aceldent 

place. lime and date In a memo fonnn i III one ofthc research ,sIte , 

II IS forwarded by the IIltervlcwces that hc::llth seeton and the Cllllc:n III larac lihould 

partlclpatc in Improving the completeness Ofl~ accident dnt::. The SUggesllOnJ (rom 
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the respondents are In agrecmcni with Iller.nurt like a suJdy on mwtl-5CClOral 

approach to capture information on road tr.lffic InJunes made In (~'Imon et .J .. 

2010). 

In responding to another question. general concerns regarding t~ Intqp1t)' 

completeness and usc fulness of rood accident information pro\'lded ho:l\'C been 

expressed by the inllTVlewccs. In hne With v:mous hterolures In the area (Jarvis and 

Kamal , 2009). (puvanachandm el 01.. 20 12). (Nakahara and Waknl . 2(01 ). (Tormo et 

al. , 2009) the process of accident d11a reponmg. which IS charnetenud by 

underreponing and poor quality. for which there IS no sl:llldard, IS tlme-consumlng, 

Inefficient and frus lr.ning to all . thiS IS exhlbltl-d by one interviewee as There are 

//I(my cases where road IIsers agree I/Of to calla traffic pollee after a" aedt/em, Just 

to ovoid procedural steps req/lired in reJolvhlg Ihe clISe " ~'l lxlng up of acCident 

data with "criminal data" and ' miss n:pon' arc also other mentIoned problems that IS 

said 10 have their own impact on both the quahty and analYSIS ofthc: data . 

One other question in the interview I)rocess allowed respondents to comment on I~ 

data content about an accidcnt. A number of thesc responses out lined ' things" or daUl 

Items that the road safety data system should contam as nalllre of all accide1lt, rooll 

IIsers. l 'ehic/es. I'oad and el/virOIl Ill(!III. ThiS IS m a gencral agreement With a 

nationally developed accident data fOOl13t and vanous literatures In the road safety 

domain (Baguley. 2001);(Khan ct al ., 2004); (Yanllis CI aI., 2009»). Ln (Baguley, 

200 1) these concepts were descnbed III a form of SIX b.1SIC questIons as wh~, when. 

why/how accident occurs; who was tnvol\'ed. "hal IS the: em'lronmental COnditlOO5 

and the result of a collision. which an aCCident data systCtn should respond 

Howcver. it was interesting 10 learn from thc dISCUSSIon Ih:lt pre-accldC'nt scenanos 

like 'slight misses', '(.'wlsi\"(! tlctic)IIs' and ·congcsllolI · ~forc an accIdent "'ere 

mentioned as relevan t data c1eml.:nlS to be mcluded. 1111 c:choc:s the findings of 

(Saunier CI al., 2011) who found that re oding 'slight misses" Will Im pro\'c tht 

learning regardi ng accidents. 
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'Road user's reaction ' afler an aCCident. 'USt' 0/ st'allHII ', kit' of sflmulalU hu 

"khaC and 'photograph 0/ dri\'ers' were also dua clement IndlCllted In the dl5C\bSlon 

as relevant to be recorded in the effort of creating a complete and compr~hcrul .. e 

leaming bed. One respondent suggested that " wherle\'er /JOSs/bl. Including 

photograph o/Ihe driver wuVor illl'u/l'ed rood users i" accident data lnll,mpro\'f! the 

completeness of data ". Another respondent noted that taking photognphs of drl\"m 

will mainly help in the legal process. Actually a complete agreement IS not expected 

m defini ng accident data content as noted by (Bagulcy, 2ool) "il is ullltkdy that a 

complelely IIl1ified reporl forll1 1I'01i/fl ever he acceplf..'(1 illtenullioflalJy. alld Indeed II 

is evel/ difficlllt /Q draw III' (I fJejilli/il'e list of faclors 111(1/ will be required in all 

cases 

Regarding the process of accident data colk"Ctlon and analYSIS respondents \\cre 

asked to describe the accident reporting and analYSIS process. Accordmgly, II IS 

learned that the collection of road accident data in Ethiopia IS the: respon Iblhtyof 

the Traffic Police. In all the three selected regions of Ethiopia, aCCident data 

collection and reporting is done at Woreda level. The process starts ImmedlOtely as a 

police officer arrives, either by calling or iftherc IS any 3round. Howc\'er, dam might 

not be collected if both parties particip3ting in 3n accldt."nt agree on not to call a 

police officer. Though there arc attempts to develop a standard aCCident recording 

fonnat at a national level currently accidcnt data collection IS In a long hand wnuen 

fonnat which witl be recorded on a daily recording file back at office. Wllh the 

exception in Addis Ababa, where at Icast aCCidents resultmg m f:1Ial injury arc 

recorded in an excel fomlat file. in the other two reglons:l;lI the data rttodmg IS donc 

manually on paper. Despite thc relevance of differen t mformatlon at the: aecuient 

scene, not all the data and infom13tlon IS rc.."Corded. resultmg III ,"complete and also 

in accurate data. 

Once accident data is collectcd for 3 couplc of years. all accident ,"(onnatlon. Wert 

b k m 10 enter onto an cxccl :mdior relational gl\'en to data enlry operators ac 3t 0 ICC 
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data basc uSing Ms· Access dalabasc managrmmt software. at 1051 m Addis Ababe 

case. However, by Ihe lime of Ihls ~rch II can be Id lhatalmost all the dall 

handhng and storagc IS being done on a paper baKd by recording on a d:uly acadml 

record file , with the excepllon of fatalaceldmt 10 Addis Ababa ea5C' "hleh IS bema 

recorded in Oat file database fonnat. 

Though, it is apparent that there arc mnny problems emanated from manual data 

handling, the major problem is that datu and mformatlon IS not upduted In a 

stntcturcd manner when it needs to be. In respond 109 10 a question about accident 

data updating, respondents mentioned thc updating of a causahty SC\enly If It 

changes as an example . Whilstlhe dcfillllion for a famhty IS one which occurs wllhlll 

one month of an accident (Puvanachandra et aI., 2012). thttc IS no proper 

mechanism to updatc this data item. ThiS IS another mdlcatlon of the possible 

undcrreporting scenarios . 

A question about the level and type of aCCident analYSIS was another Important Issue 

ralscd. Given the inefficacy of data handling system and u03\'3llablhry of complete 

quali ty data, rigorous analysis and reponmg IS ImpoSSible. BaSically. the afl3IYSls 

task is focused on descriptive analysis. which enablcs. usually, 10 respond to the 

"how many" question. One respondent expressed that; "milllmal stall.UJcal tlllaly,y1J 

limited 10 percelllage {llId compari.wlls were fhe tlSl/oJ tasks in aceide,., allalysls ". 

This is al so supponed by the onsitc observation made by th~ princIpal researeher on 

the selected research sites and descnptlvc statistical fonns being used at the traffic 

office. It is easy to learn that very high level. summnn7.c:d analYSIS of aecuknt dala 

prohibits from making maximum use of the knowledgr hidden. It I also Icarned that 

severilY analysis. idenlllicalion of dctcnnlnont factors. dangerous loc:llion 

IdentIfication and pre(ilctive analYSIS were mentioned II IInal)'5"15 rcqUIrt'mCnt ofthc 

domai n. These entails the requirement ~ r multidimensIonal nC\' Wlly of accukrll 

data analYSIS that provides maximum USC of tile knowledge accumulated 
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However, it is wonh mentlonmg the T"CSCarch and de\clopmtnt effort mack by the 

Road Safety Dircctorates, especially m AddiS Ababa. and a atlonal Road S.(e1Y 

Coordinating office in studymg the magnitude and prevalence or the road ietlcicnllO 

lake counter measures. 

A graphical representation of the current arthltCClure for daUi collection and analYSIs 

IS presented here in Figure 19. 

AcalMI d~t~ 
CoktiOn u9ng 
IongMnd wntlen 

TlWIsfemng 
Accdell 

data 11'1 ~ 

d&Iy record III 
II ~.ortda Pohce Ofhce 

Meident Oou 

.......... 
r~ prtplrlClon 1'Id ~ to 

m! SiI!tty dtpettrNrts .. difrtnllfI~ 

poke G."fIces tI 0Ifrlnl "'"' 
IoItdIa end lOIN p!.iIk 

Figure [9; CUffent architctturc of acCident data coll«1100 and an:tl)'su s)'Slno 

5.3.4 People and Moth'arion in Accidcnllnforl1l:uion M a ll 3gCnt(, lIt 

Questions regarding people and motivations in accident data collection and analYSIS 

IIlcludej lVhar is file prime 1110(;1'(11;011 oj mOl/agillg uccitlent duuUi"jomfQlion? "'hal 

sort oj illjormation is required by sllIkelrQhlers 1'L>g(lr(lillg roml accidenl '? 11710 (10 

),011 t/ri"k is responsible ill accidclI/ dum reporling? 11'''0 do )'011 Ihmk shollld 

porficipate ill accident dara IIllllwgement ami mUlI),s;s? IYho (Ire 'he pnmary users 

oj road accidel/t ill/orlll(liioll? 

In response to the above questions, mtervlewees clearly stated that. the need 10 

develop an evidence based national road safelY measures/plan I the pnm mottve for 

the management of accident data. A respondent from road rety deparuneru U'cs.sed 

that this will happen by coordtnating concemed Ot'Kamz311oo as mentIOned to the 
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nallonal road safety strategic plan (NRS • 2011). Anolher rc:spondcnt forv.'atded 

another imponant strategic motlvallon as mcnhoned III Iht: national plan PromOl~ 

awareness all(/ participatioll of ,he public for sustamed and dra.rlIC tmpro,y:mtnu of 

road :'iO!eIY"· But, it is noted from the diSCUSSion thai tht fact that the: data IJ 

IIlcomplcte and high level analysis prohibited the effon to achleV(: thiS obJtclm:. 

It has been identified that there arc various stakeholders, who directly or m(ilrcctly 

need the accident infonnation. However, there IS no fonnal exchange of detailed 

accident data between police and other agencies exc<."pt for some high le"el reponing 

to produce general periodic statistics. It is also noted thilt. summanzed nccldent dnta 

IS reponed hierarchically from woreda (lowest admmistratlve uml) to the fedmJ 

police through wnllen reports and official met.'tlngs. 

Researchers for academic and public usc purposes access accident data Ihrough a 

fonnal request and approval of the respecli,'e offiCials. However rood safety 

directorate (department) at a federal le\fel and In illl the three research Slies do nol 

have a direct access to the detai l accident data which in thc researcher's vic" affects 

the errort of sctt ing appropriate measures based on the actual accident scenano. 11K' 

researcher observed a reasonablc argument regardmg responslblluy of traffic 

accident infomlation management between traffic poliCes and road safety 

departments (units). 

Regarding the responsibility for reporting aCCidents (accldt.ilt data collection). 

currently, it is solely the task of traffic pollee. In relauon to thiS, some respondents 

stressed the need for capacity building of traffic polices to Impro\'c their awareness 

and ability on accident data collection. lIo"'e\'cr, II IS Identified thaI ClIllOl nearby 

can also participate in taking record of aCCIdents thai happened 111 the absence of 

lraffic police. In support of this idea, an expert III a road gfclY depart.mcnt 

mentioned that "kebele road safelY comminec" shou ld be conside~d. as they can 

educate their community member 10 record and/or repon IlCcutent d:1ta. or course, 

most of the respondents arc In favour of thIS Idc:l. as It 15 not prtlCtu:aily possible: to 
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assign traffic polices everywhere on the roads. IIow('\'et'. this approach rcqUII'U • 

well planned and orgamzed awareness creation for the public, Obvlou.sty thr US( of 

camera technology also helps In Improvmg wta collection. though It rtqulra .pln 

huge investment In relation to this. one inu:rviewee suggested that cl1lzcn'j 

participation is very much helpfu l espeCially In the case of recording accident With 

property damage and 's light misses' . Th is Ilgrecs with the asscrtlon made In (Zein 

and Navin, 2003). Accord ing to the authors, thc Simplistic reprCSOltallon of tr.affie 

safety, whi ch is a result oftmffie police report. attnbutes more than 90 % of all rood 

traffic acci dents to drivers. This, in tum, wll! lead to Incorrect conclusion that 

improving dri ver behaviour is the only effective road safcty strategy (Larsson et al. 

2010). 

5.3 .5 Time and Network of Accident Information Management 

Geographica l location and network along wllh the lIming issue IS another aspect or 

theme identified. To invest igate the issue the follOWing questions are forwarded: Con 

),011 mel/tion a specific place (like orgulli:atiollul III/irs) where data reportmg. 

analysis lIlIll (/issemillatiOIl sholiltl happe,,? WOliitl yOIi eOlllment please on the 

liming Jor aeci(/em data reporting, llnalysis (llId flissemintltion? ,\ number of 

respondents mentioned that these issues arc critical and can Significantly affect the 

learning process. 

In respond ing to the first question , there was consldCT1lblc confUSIon O\eT who 

should take on the primary responsibility of acc ldoll data handling" As has hem In 

many countries traffic police o ffi ces at different administratIVe Ic\"e!s are cUrTa1tly 

responsible in accident data collection and analYSIS, lIo\\e\"«. experu (rom rood 

safety depanmems under transport offices WCfC compl:umng about proper and dcull 

data access. This clai m sounds logIcal as road safety dcpartmt'nts an:: m:unly 

responsible in policy and countenncasurcs which I dIfficult Without proper and 

multi-type analysis. 
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In connection to this, the research at hand arguc:s that though thtrc might be. othn 

administrative or s tructural SOlutiOns, which arc OUt ofw scope of thIS rneatth.lhlJ 

problem could be solved by dcslgmng an Integrnted an::hlltct~ 1"he archltccturt 

Will allow keeping one master data source at the trnffic office and enable othcT 

relevant offices, the road safety departments, to get access to the raw datil SO lhat 

they can make their own anal ysis and learn ing Ih:lI gUIdes tnc pohcy and 

countenneasures. The type of analysis at thiS site is cx]><.'Cted to be a dCllul one and to 

make use of the predictive and cxplonltory machine learning capabliuy. 

Regard ing the timing, it was found that accidents should be repor1cx1 as soon a 

possi bl e so that relevant infonnation that will arrect tnc learnmg Will not dl ppear 

and appropriate health survcillance happens. Pcriod lcal updntc of accident data from 

hospital records was one of the recommlTldations by respondcnts. 11 was also noted 

that daily, weekly, monthly and yearly descriptive analYSIs wllh on-demand 

exploratory and predictive analysis arc fundamental and the dlssanmatlOn "'-111 

follow through various channels like media. 

5.4 Summary of the Chapter 

This chapter presented the foundation to the road safety mfonnatlon architecture: 

defined in thi s research. It starll'd with a general ovcrview which IS fo llowed by the 

results of experimental machine lcaming approach In addressmg a portion of the: 

objectives set for the whole research. DraWing from prevIous data mmmg researches 

In analysing road safety situations. the current research IS focused on dctcTlmmng role 

of road users and collision related factors on ilccldent occurrmce and sc\'l:Oly. nus I 

then used to populate (he content dImenSion of the proposed mformatlon archlttttutc 

Exploration of data quality issucs ilnd aCCident ana lYSIS trends also Inform the 

functIOn dimension of the archlll'Cture. MorC()\'C"f e.'(penmentlng on ensemble :and 

model comparisons are also part of the task. 

IJI P' It C 
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A qun litati ve analysis of accident tnfonnatlGn management praCII« In Ettuop.a • 

also presented in the third sub·seellon of this chapter. II's rocus was on tM problems 

and mfonnation requirements oflhe accldcnl mformallon mnnagemml By presc:nunl 

thiS result, in addition to providing a ground for Ihe definition of an informatIOn 

architecture presented in the next chapter, a couple of objecti ves SCt for this rCSC':lrCh 

were also addressed . 



Chapter ix 

THE ROAD SAFETY INFORMATION ARCIHn : n fRE 

6. 1 Overvicw 

Drawi ng from the learn ing gained from Inerature re"lew nod combmmg thiS wllh the 

Insights gained from thc analysis of 3 quahtatlve cmpmcal data and machtne: 

learning experiments, this Chapter proposes Lnlcgl11lcd mfonnatlon architecture for 

road safel Y domain . More specifically the oplimlll 3nn hulcs Idt."ttfied through 

ex periments, insights regarding data quality probl ems and resullS of qualitative: datil 

analysis are used in developing architectural descnptlOn under the SIX dlmOl Ions. 

Altemp! has been made to relate and rcrcr to thc extant hteroture In the proposed 

approach. Accordingl y, one or the research questions o(lhlS theSIS, mentioned below, 

IS addressed as presented in (Deshah ct 0.1., 201 23) and (lkshah tt 0.1.. 10111) usmg 

theories and empirical resuhs from previous chapters. 

RQ4- How slwlIltJ road trafflc accidcm data reporting. analysis and 

(lisseminaliolllasks be ol'ganb: (J IIndel' a CO/tIIIIOII arcllilecllul!? 

In addressing this research question, we devcloped two speCific objecU\'c:s as 

enumerated below to guide the process . 

./ To inllestigate (I way to (Jejille i,,/ormatioll art:hitecllire ixlSC(J 01/ 

enterprise architecture framework to eswblish mall safety mjormalion 

mallagemellt . 

./' Define a romJ safcty illjormtltioll arclritecfllre t"(If lI'iIIjaciiltatc f!jfcdn't 

Illilizatioll alld lIulIIagemclll of road IrajJic aocidcfll mjormatlOn among 

road safcIY orgalli:miolls 

Assessment of the ex isting scenano and practices In accident information 

management and a review of an internatIOnal pracllcc:s and technologies In the aru 

I f fI allon archltccture iUldcd by kno"lt proVide a ground to the fonnu atlOn 0 In O\l11 

, k Moreover, thc empirical result of kno .... lcda-c Enterprise architecture lramcwor . 

IJJ I I' 11' 
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discovery experiments conducted on the eXisting data from one of the research I lkS. 

Addis Ababa, also revealed some important ISSUes Includmg :In:dYSls rtqU1rtfnml 

and data quality that needs to be addressed. The expenmcms also Identified c:ffCC1I\C 

predictive mode ls that integrated to the accident data System as per 1M mhltectUI'C 

Accordingly, description of the defined general architecture follov.c:d by t~ 

proposed improvements is presented below. 

6.2 The Proposed Road Safety Information Archileclurc 

A review of international and existing practices in 3 local comcxt and result of 

successive data mining experiments made so far « Oeshah ct al.. 201Ib), (Beshah (I al.. 

2012b), (Beshah el 011. , 201201). (Bcshah and ~I ill , 20 10» exhibited II need for an 

integrated approach to the road accidcnt data collection and analYSIS whIch Will be 

addressed by an enterprise view. Therefore. in order to define an mfonnatlOfl 

architecture model, two dimensions of human and opcratu'c perspectives 11ft: 

mentioned based on the Zachman framework (Zachman, 1999). The first dlmen Ion 

embodies the viewpoint of the people, who nrc the actors of road safety data 

collection and analysis process. The second one, opcr.:ll ive persPCC!I\'CS, define the 

several requirements, constraints and operations that should be CrC3i( .. -d or mcnlloned 

to architect the road safety data collection and analysis. In the process of IlIuslr.lImg 

the proposed architecture, the essence of these dimensions is descnbc.:d. The container 

of each cell that is deduced from the crossover of columns and rows I also defined. 

focusing on the anchor cells as described in (pereu~ and Sousa, 2~). 

Smce Zachman framework is more gt'flcral. Includmg different views and 

dimensions al different levels, it is rcle\'ant 10 delimit its usc: as per the rt'SC"arth 

scope under consideration. It is esscntio lto gel :I clear ddimllOfl (01 mtlll·\c\'cl) of 

the contents of every cell. Thus, Ihe first Slep should be: definmg the focus If a 

combination of the columns and the rows is considered. It should be exphcldy stated, 

which rows and columns arc being addressed ond ore useful. ~'Iorco\ cr, lhe: focus of 

the framework shou ld be made cleor and understandable (Goclhals.-. AP· lccnlocl. 
IJ-' II' I " 
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2004). The Zachman framework IS simply a frome""ork. It IS not II process" method. 

a notation or a 1001 (Bahil! el al ., 2006). II IS also mentioned In (Kllpe 10m And 

urminen, 2007) thai Zachman Framework requires tallonng. 

Accordingly, computation (row I and 2) and platfonn mdept'Odent (row 3) 

representations arc selected because of the scope of the study and 10 k«p the 

t1exibility of the implementation of the archltL"Cture. SImIlarly, based on their 

relevance to thc domain and scope of Ihe study, Ihc six dImensIons or columns of the 

Zachman Framework are emphasized (Bahl ]] ct al.. 2006, Nlko1:udou and 

Alexopoulou, 2008). 

In (Mahmood, 2006) four dimensions namely, the what. why, who and hOll arc 

suggested as Ihe mini mum set of deSCriptions for each representallon, though. II may 

be necessary to add more descriptions depending on the bustness domam under study. 

Thus, reconsidering the idea given in (Zachman, 1999) for the case of road gfelY dalll 

collection and analysis, a r03d safety infonnation m3nagcmenl could be represnlled 10 

a 3 by 6 matrix containing the top three view poinls (rows) and SIX dtmcn~i1ons 

(columns) as parti3l1y presented in (Beshah et al.. 201 13). 

The rows of this architectural model describe different vlewpolnlS to approach the 

subject at different layers. They arc described in Table 27. Stmllarly, the columns of 

this architectural model describe scvcral dimensions of the model. whIch arc referral 

to as abstractions. They are explained in Table 28. 

Table 27- Rows oflhc Road s:tfelY Informallon ArehneclUt1l1 Mockl 

VIEW PQI;nS Otscriplion 

Seo" Describes the str:lIcglcs. contenl and constrllJnu or the roed grdY cbu coIl«1lOft 

(COl>.'TEXT) and analysis. 

BUSI:-;ESS Define goals. structure and procCSSts th:1I lie used to luppor1 nuJ$tOCI orroer,t QrdY 

(CO-':CEPT) organizatIons wnh rcsp«t to accKient tnform.al1on Ilf In C1I&C:rp'lK' 

S\'STEM Conlains system rcqulremrnts, objectS, 1C11\'IUei ,net runalOlll. nch'l)I'\. thai 

(LOGIC .... L) implementS the bustness model Tht s~em model lUlU how the 1,..)ltm II to 

pcrfOrnlllS funCllons, 

us 1I'It.ll 



Table 28·Dm'ltnsions orlhe Ro:.d Sarely InronnallOn Archll«tUral \1odcl 

Dimensions OucripllonJ 

WilY IIIranslOIU rood sarety strategIes and obJtclt~·ts mlo IptclrlC meatalill 
(MOT1VAT10S) 

WHO (ENTITlES) It defines who IS related to road I:IrelY cbta and InrorlNhon JI'IInIlnntm 

WIIAT(DATA) It IS data to define and lmdersland TOIK! u(ety rtqLlllemmli.. 

1I0v.' Processes " tronslate " .. J3rtly reqLllrements InIO """ ......... 
(PROCESSES) implementation and opcnillon definItIons 
WHERE (PLACE) It is related 10 physical dlstnbLlllon or pl:acu where accident data colkcooa lind 

analysis will be implemenled and operated. 

WilEN (TIME) It describes how lime influences accldcnllnroTm:lIIon managemenl. 

In line with the above discussions, a 3X6 grid representatIon of the archltlXturt 1.5 

presented in two tables (Table 29 and 30), by identifying relevant dlmcoslons and 

uscr views fo r road safety data collection and analysis practIce. Accordingly, II 

higher level Road Safety Information Architecturt (RSIA) IS olTered ba~ on the: 

Zac hman 's architectural framework. 

As indicated on the architecture (Table 29 and 30), thc firsl row or contextual, 

defi nes higher level view of the data, people, func tion, time, place and motivatIon of 

road safety data collection and analysis. This cre:l\es an umbrella under which the: 

conceptual and logical design of the rood safety data collection and analYSIS IS to be 

crafted. Rcturning to the columns, the "Why" enables to clearl y state lhe motl\'!UIOns 

at the lhree level s (rows), the 'what" will describe, what to collect. analyze and 

dissemi nate, the "how" help in defi ning how to collect. analYSIS and dlssmunate, the 

" When" will guide the timing, the "wIH:re" illustrate the gcogrnphical distributIon of 

activi ties and lastly Ihe " Who" portray who should collecl, analyze. usc and 

dissem inate. The next level of architecture produces vurious drnwlOgs. chcckll 

diagrams appropriate in representing the abo\'c·menuoncd content WIth 10 toor 

context for their respective users. 
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Table 29·Ro3d Safny Inform;ltlon Archllrclun! IRSIA) based CHI ZadunM ApptOkh 

Why Who \ \ bl 

(MOth-alion) (I'Wf1o!rl (C"'t. ' ) 

SfOIK' Socllll, heJhh ,"" &smclal .... or ......- .... 
(Conlutullj economical m~1 case: 111 Road safe1y 

-~ ..... .... , 1_. 
3. fonn of goals and tlt<:1r 10k .-t;nlfrpris t and Clh~~n 's bendit and lOad Rood pftt)' m(omwallOn """"'" """- or 

t; 'I\'irOnmfnt safcly dalll toll~lion and sys tem \l;olkno.,., .... ..r., .--(Cunccp'ual) analysis objectives. 
(Ktldml) 

Itoatl Sartly Functional requ ircnll:11ts Road ~f~'t)' Lopnllbu 
System (l.oginl of R"" ~fcly datil InforlfllllOn 

_, .. ""' ...., 
Otll ignj coll« l;on ,"" analYSIS SYSI~'m hun~)'slem mliJrrrallOll 

system Inlerfat't desl",. 

Table 30.(Conlinucd) Road Safet)' InforlT\3110n ArChltectllre (RS!A) ~sed on ZachlRl/\ Approach 

WhIR 110 ... · \ \'hu 

(Nt l""ork) jJ'unrlioa) (liM') 

S(O~ Locations of road accident J~nl "'" """,", ROllI KnIkI:II .bnt_ 
(Colllnlual) d," conection ."" dab 0011« 11011. amIYSIS and """""""" "p'1kMt 

analysis ')'$lcm t!isumon;a1Jo1I I'rocca. om. 

Enterprise a nti Functional decomposillon Conceptual XII",), mooel St\jIlmCIII' ... r~ 

t: n\' irOn m t nl of 'h~ """ accidl'l1! or "'" Slrftl)' "'" """" ~."., • .. 
(CO II ~fpl ual ) infomlillion m:magl'l1lC11! colll~!lon arid tulal)'S1$ Slpufianlf'COIJ 

process 

HOM tI Safety l'hysical Ikploylllc11l Ardlilocrural deslpi ofl'(l;lll ~~ """"'"~ or 
SY$lrm Archi tecture of Ihe ~I saf~1y daw collecllon and JIp\ltkanl om' .... 
(!'I!giul safcly dam S)'5lcm analySIS syStem .. ,Ih """"-Uuign) ru~llOn.nd user Vjc,.'5 

Given the high level architectural representation, the dCl:ul dcscnptloo rollo~ 

Accordingly, based on the empirical results. Internallonal pr.1CIICC and a mcthod 10 

define an enterpri se architecturc using Zachman fra.mework pr~ In (Pcral'3 and 

Sousa, 2004) a description of an architectural model for road ufcty data coll«tlon 

and ana lysis is presented by "iews/perspectlves. 
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CO II/ex/tilii Vlew- ScopelP1Ullllers Penpec/;" I! 

This perspective is concerned with issues Importnnt to plannmg of the road safety 

data collection and ana lysis system. TillS c;:an ~ seen as a means of defining ~ 

scope of the envisaged system. According to (Pereira nnd Sousa, 2()()4), lhc:re IS no 

dependency alllong cells' concepts. So, Ihe order of fulfil li ng for thiS row IS totally 

free and thus, the process of defining cells can be executed In parallel . IntCfVl~ 

resuits as presented in section 5.3 guided by the 6 motivational question of 

Zachman framework, were used to populate cells orthls row. In addition, analYSIS of 

a road safety strategic plan was also used to define the content of cells 0.1 thiS 

Viewpoint. 

Accordingly, the fi rst ce ll (Context-Motivation) !IsIS mOllv3tlon for thLS system m 

tenns of social , health and economical impact case. The content IS presented In Table 

31. Similarly, the next cell (Context- People) lists essential foad safety entitle or 

organizations identified, while the third cell (Context-Cont("llt) lists busmess subjects 

or entities that the system needs to keep infonnat ion about. Data hU:r3rchy can be. 

extracted based on data analysis of enterprise strategic plan , entcrpnse goals and 

enterprise missions (Rezaei and Shams, 2008). As discussed m section 5.3.3, n:Uure 

of an accident, road users, vehicles, road and environment arc idenufied as ml1Jof data 

elements. It is also found that two entities namely pre-accident and post-accident 

scenarios are vital for a complete picture orthe case at hand. 

The founh cell (Context-Network) addresses the location of an entcrpnse (Eruul and 

Sudarsanam, 2005), which includes regional and natIOnal offices along ..... Ith all 

stakeholders involved in accessing and working on the d.:!.Ia. 11us IS populated from 

the findings of the analysis of the strategic plan and quahUlII\'e Inlc:n'I~ results as 

presented in section 5.3.5. The representation IS Just a list of 10CllllOns. whICh the 

system, road safety data collection and an:lIYSls. operates (Rad",,"n and Aanbl. 

2011). 
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The fifth cell (Contex t-Functions) lists the major prOCt'SSC$ In ""hlc.h the bulmcs. 

operates. The process includes major tasks nght from the OCCurrm~ or 3n acadau 

to the dissemination of the information. Anotht"J' cntlcal aspect of such t)'IX of 

system is the timing issue. Accordingly, thc SIxth cell (Contexl-tlme) addresses the 

lisl of significant events for accident informatIOn m:lnagcmcnl (Falolahl and Shams. 

2006); (Radwan and Aarabi, 201 1). As indicated above and Ttcommended 10 the 

literature strategic documents (N RSC, 2011), cmpincal (sectIOn 5.3) and data mining 

results (section 5.2), the researc her's own observat ion and lessons from tnlCmallon;cl 

best practices are analyzed in the process of populating the first row oflhe model a 

presented in Table 31 and 32. Motivations, particlpatmg enlllles and accIdent <!ala 

content are presented in Table 31 while the place, process and Ilmmg aspttl of 

accident data is exhibited in Table 32. 

Table J I-Conlc:uual View_ ScopdPlanners Pe~l\e 

Motivation Pt Oplt Conttn t 

. o.:,'elop cvidollC'1: bued · NilliOlllI Road ... rdy · Acnclat I ..... ' 
n31ioo.ll road safety Coord''''UOII Ofl'i« · "1IIIIIu.nf*l¥m. 

meuurcVplan by · Ffdmll'olite ~--
Scope cooruinalinll ,""""" · Ffllml koad safely · -'" 
(Comutual) o~ni7.':l!i(ln$ [)\IIx,onIC · """ Itoad . I'romote a,,-areness and • RC¥ion.1 Road Slfte)' · "'-
S:,fety p.1nicip:u;on oflho public Ikp.nmcnl · "' ....... -

for 511Su ined and drul~ · kcgion>l Trame office 1111,1«_1 

;mp,,,,'auttH5 of roJd · WorClla Trame OiTKC · AIkr~_ 
5:lfcty · lI<allh (are 1lii0i1_ 

· C,,"ttII 

Why Who \\'b l l 
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Table 32-(conclnued): COOltl lU31 VIC '"' t'.o-... ,p, P . .............. JIlI/1IC11 rrsFc'ctnc 

Network FUlit lion l i me 

· Accukllt sues · A«:tckn4 W coI!«_ at · ---.. · _. 
•• · Tl'lIffoc: offlccs 

( A«:i~ IonUQII rwr..e.a.... · --(Wored~. R",,~I • FcdaJl) "'wdmt~Qw,hI)' 8IId · ""'.,.., ..... 
· Road saftty dcpulllltr1U 

toonl'leIcncu tMo;k"", Updit.& · --",,"tllXnllbu) · ,,--Seollf (Wor....u. Kegiorgl. f roml) · 11."," ,- In.dqHl! nalylo or .... 
(Co nl c.mOl I) · National '~d p Iety p'UttnI of KClllaItt 

nONd 
Coordmal;AH om« (llreK"p'wc ona/ysI .. f .. lploullWy 

.~J)1I'" I'mlI(U"CMWY"So (mill 
Salfly 

.~I)'SlI) 

· !nfCInNI.MIn CU ........ 

· AnaI)'J" tc:SOIk IDIcrpfNi_ 

"""'--
Where How When 

COllceplllui VielV-Enterpr;:;e/EtH'irOl.melll PerSpeCI;I"e 

The second important users view considered is conceptual VICW which IS from the 

enterprise and environment aspect. Based on the recommendatIon made In (Reulel 

and Shams, 2008) cell contents at this level arc derived from the above contextual 

perspecti ves. This perspective models the motivation. l)Coplc, content, nct'Work. time 

and functions of a road sa fety data collcction and Ilnalysis system from the viewpoint 

of business owners. Accordingly, in thc first cell (Conceptual-motivation) the major 

reason for this specific system from entcrprise pomt of VlCW IS presented m tenns of 

objectives. The second cell (Conceptua l-People) as shown In Table 33 allows 

exhibiting the general work flow in between and within rood snfcty Ot};arlllaIIOOS. 

expla ined in (Pereira and Sousa, 2004), OrgantzatlOn chan or Proc:cs:so 

Organization Matrix can be used 10 modclthc conlent oflhls cd !. 
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Table 33-Coneeplual_pc:oplc: uSing p"", ,, V ~ •• 
• "'5'"',1UI1Oft malin 

ADC OCU OA PA TA ISO 
WOMa T raffle OffieCfl X X X X X 
Citizens X X 
Regional TraffIC OffICes X X X 
Feder.J.1 Police 

X X X 
Regional Road sa fl't )' l)epa"flll-mS X X X 
Road Safel), Direcloralc Offiee X X X 
Nalional Road safel)' COOrdinating Ollice X 
Heahh illsljlulions X X 

K~: ADC: Aceldem t/om coll«'io~ {rrJH)l1m, a~t/ rtfrr'uttl"IJ_ QCU QwllltyC ........... alflil/.P*.Io'. ru Drat ..... 

O""6'11S (mlerpret"';""). PA c PITt/,tl;'''' & txpllKrllt1l)'aM/)'''' (Ullnpf'rltlt_J. TA TI"tIIII A_~u_ /SD btp..-SMn,. 

"lIIIdwao;"",,,,,,, 

The third Cell (Conceplual-Content) presents semantic descriptIon orthc road safety 

data, the business content, including business entitles, thclr anributC's and 

relationship. Entity dictionary can be used to represcnt Ihis cell (Radwan and Aanbl, 

2011). In Ihis perspet:tive, important data entities and their relations can be C'xtmcted 

based on scope/planner's perspective outputs (Rezaei and Shams, 2008). 

The fourth cell (Conceptual-Network) defines thc loclllion of busmess nodes, "ht-re 

the system is used (Ertaul and Sudarsanam, 2005). ills also mentioned In (Radwan 

and Aarabi, 2011) that, the focus of this cell is to rc"resenllhe conccplual model of 

" Where", which includes the location of and place, where stakeholders, USC' from the 

system and also the operations that they can do rdaled to thiS. As descnbed m 

(Radwan and Aarabi, 2011 , Fatolahi and Shams, 2006), organtzatlOrlal unlls wlthm 

location stereotypes of UML packages associatcd using dependency relatIonship IS II 

preferred modelling to represent this cell. The content of thiS cdl IS represc:nted 

accordingly as shown in Figure 20. As can be secn from the figure, rour Important 

road accident information management locations arc rrpresrotcd vm h their 

dependency relationship. It also agrees with Ihc proposed approach 10 (Pereira and 

Sousa, 2004), that considers thc conlcnl of concc."ptual.functIOll Ilnd 

contextual -network cell s to popu latc this cell . 
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Figure 20 : UML package represcRting conccplUal·l\Cl ..... ork (til 

The fifth cell within this perspecti ve, (Conceptual- Function) models the business 

workflow of the stakeholders interacting with the bUSiness (Stt Figure 21). 

Flowchart, activity diagram, UML usc case diagram and sequence diagrams are 

common tools for process modelling at this ia)'CT (Radwan and Anrabl , 2011 ). 

Accordingly, activity diagram is used to represent the content of thiS cell. II clearly 

explicates the work flow in between the locat ions Identified earher. lis content 15 

derived from the cell in the above row, contextual -funcHon. 
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(OrICt"'ldl·tIUl(1I011 cell Figure 21 : Activity Dlagl1lm n:prtscnlln, t'" 
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Finally. the s ixth cell (Conceptual-Time) focuses on sequencing of lhc tlmUt, of 

process, events and Oows significant to the business, the accldrnt data colledMln and 

analysis. According to (Enaul and Sudarsanam. 2(05), time dImension may be of 

twO fonns. One of the forms represents the snapshot of a pomt In tlrn( and the: other 

defines a period. In connection to this a number of representations like 13uslIl(SS 

execution p lan, GANTT/PERT chans and sequence diagram 109 bUSiness actors, 

were proposed in the literature (Radwan and Aarabl, 2011 , Fatolahl and Shams., 

2006). Hence, a list of events with their suggested period is a prcferred approach for 

its understandablity to represent this cell. 

Based on the above discussion, the populated architccturul deSCription of the second 

row of the road safety information management system is presented In Table J4 and 

35. The conceptual level representat ions of motivation. people and content art 

shown in Table 34 while Table 35 contains models and description for the network. 

function and time dimensions. 

Table 34-Conccptual Vicw-EntcrpnselEnVlrOnrtK'nl pcrspctt .... e 

Motivation PeOIlie Conlrnl 

· Single Compltlc Peopk '"I I'toccu mlln, • Anhl .. \!. /III\""aUy, t)'PI, 

M 1I51l-r Sour« or ($« rlbkJJj .... -
InfQnnalion. • K .. ~ U ...... po-.I ...... _ 

Enterprise · O)'namic • muhi.vicw 
oI .. >Ibck. _ol __ 

and , ... ad,'~ "'" 
_ ... 

EII"ironment analysis • K."" typr. __ 

(Concept ua l) · f aoriliulN inform~lion • •· •• ""_101. --**-~ 

sh~rinJ .......... -
• .... at""," 'U ___ --.... -
• AflfO art ..... "'..-..:~ _el ____ 

-• \,.In; I) ..... ~ 

Why Who \\ hl l 
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Table 35-{contlnucd): ConctptUJI Vlew-E,' ' . 'En apl'b.... vnonmml pcnptt1r\~ 

Network Function lime 

l::JEJ L::J~II · ---... ---
~C: B · --· ........ • II 

Ef ':I~ 
, __ 

I.." 
Enterprise 

-~~ · ....... -lind ,-- t • ..." 

Environment E3 ~ ~I o.r.. 0uI0I)' *'-, ,-- · (Concept ua l) < __ ..,. -.3 __ 

Sec Figure 20 $ -, 
· "'--Sec Fi JIIfC 11 (DatrlpClw --- '''' 
~---"""-I (~tll:ld -- 1)oIoa.)'Wfy1 

· ....... ... 
0- ... 

("-d • ..,.. _I 

W here lIow Whtn 

Logical View- Road Safety Dala Colfectioll "lid AlfaJ)'l'is S)'Slem Perspectil'f! 

The last important aspect of the accident data collection lind analysis process IS the 

systems view. This perspective models the requirements, panictpallon, buslncss 

conten t, and process of the accident data collection and analYSIS system from the 

viewpoim of a system. It helps to portray the specific funct ional reqUIrements of the 

system. human-system interface issue, logical data model , geographIcal IOClltlon. 

timing and layered architectural design of the data collectIon and analYSIS system with 

func tions and users views. Arch itectural ancfacts of this perspective nre presented In 

Table 36 and 37. 

Accordingly, the first cell (Logical.Motivation) presents the rtason of the system In 

tcmlS of func tional requirements. Using data from the interVIews and revl~ of 

existing road safelY initiatives, it was possible to develop funcuonal rcqUlmncJlt of 

the road safely data collect ion and anal YSIS system expressed as bchavlounl 
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objectives to populate the Motivation (Why) component or thIS pCSlpa:h'~ In 

(Radwan and Aarabi, 2011), it is recommended to Consider lhc lnllysa of the orlli 

above and the content of logical ·runctlon cell In defi ning the content of thJ.j «II Ie 

Logical-Moti vation 

The second cell (Logical-People) dcscnbes the Structure and contents of user 

interactions with the system. It can be modelled usmg Systems \'5. Roles Malnx or 

UML Use Case diagram (Pereira and Sousa, 2004), Accordmgly, USC' ISC'model 

(see Figure 22) is used to represent thc propost'<i user mlcmctlon In a road safety 

mfo rmation management scenario. The inclusion of citizens and health mstllUtlQlU In 

the process of accident infonnatian management is worth mcnllorung. lis content IS 

denved from the above cell and analysis of Ihe function perspective of lhe: S)'SlmtS 

view. 

~ 
~ -~::..- .. ...... 

Aa:lc~ IDI:3 '>NI(n 

~ 
/Tr~lfIc off.:. 

_.""'.w.,... ... 
/)0, ... ... _ ... ....lIIt'1t1:1l.",., 

A "'-~~ 

Ro.d A'~ tII;NIt 

Figur( 22: US( case Model rrpr(scnung Loglcal-Peopk ttll 
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The third cell (Logical -Conlent) dcscnbes the business strUcturt Includm, bus.&nc. 

entitles and their relationship. Example modcl of thIS cell could be • bus~ 

enllty-relationship diagram (ERD) that models the businGS conccpu.. moOd and 

aunbutes. The content of this cell cou ld be extracted from owner's pttSptc1Wt output 

(Rezaci and Shams, 2008, Pereira and Sousa, 2004). In addItIon to t'Atraclma &om the 

previous perspective, the cOnlcnt is also (I result of emptncal daln collected. 1lIus the 

detail data elements are upshots of infonnation requIrements Idenllfied through data 

mi ning experiments as shown in Tablc 25 and qualitative daln col1ttuon and analysIS 

presented in section 5.3.3 of th is dissertation. It is depIcted In Figure 23 . As can be 

seen from the figu re, Road, Driver, Victim, Pl'<lestnnn, VehIcle, EnvlronmCnI, 

Accident, Pre-accident and After-accident sccnarios arc Important Win clements. INt 

the road accident data system should contain and arc modelled. 

A.'i.tr "cd SCtM:IO 

Ro,' -~.:;I U=e:= " .. a::l:1Oft P.,.,,,,,, 
-"/P" -:~fe :ac:".l::}llr ... :;1 

'Pu.J::r.dd.etAll 
- Sl:e -L"ll\l~·txt .. r.: ..(;o.t . qcry 
. C:cl .. ,."t:aUQ!I - rv.C",utl':::: ~ell:".! 

-ltc:VeM:I~ 
-::aru: _!!:spltlll :: ..... 

' ., . 
' . .. _;':',,~den~'" 

1 
-... 

• • 1 
Om. 

· Qru£llp 
Aco:hot Ro~d IIset' - Uc: .. ~e 

Ir'-
-:Iu.e . a..eoht~t r - ;,cC! de:>tCo..:se 
_;.qe . U.lot, utt.!t ·;,c.::Col:nor.T:;pe .... . .,' _~vertty 

· ~.!:>:le-.:."re 
. .. , 

• • -
1 

. v:u:~::.JMd~~ 
V811de £J1Vtronfmnt ·Vlet~ 

- \'''!':lele!'y;;e -!',:.:.:<:ate;c:y Pr~SClM" .V1Ctur.loQt!: 
' c;:c"dt':::o::: .;.aCl!ll:.t>C1 t 'I _""c:t~Uqcl'y 

oOcr.qu t1C:: .poU;;n1ll:Slt.<I U · O\oIr.e:~h:&: ·ife •• ~ ... r 
.!Ta~l"e Ic:u;n l·unct"u:kLt ·:oe:,·;.ce,'eo: · o.te ' \·llaell..et I.CJ: - \·e~.::.elePl.tA! _l.:..qhtccn:Ut: cn .~t~I .. ~rl . ... . .... -.. .. -... 

F' 'l' ER Model re"'tscnl1ng IoglC3I.Cooltnl ~(II Igurt _ ., " .. 

. N ' k) represents the: av~u1ab\e nodes of The rorth ce ll in this perspective (Loglcal- ct\\ or 

\o",'cal links to between them, In the ro:ad saftt)' a whole system/enterprise and e. 

t,, (j P' uti.: 
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domain the accident siles, Road SafelY n....a . ..... .. ,' nmrnts, R03d Traffic nlbioIT"KCI Ind 
3110nal Road Safety Coordination Offie od I care m e led wllh their rcspcc:b\( modules 

arc modelled. This cell has the conceptual- . ric net\\o and IOJPcal-functlon arttfacts as 

Its base (Perei ra and Sousa 2004) Thou',\" s~ d ' . SI'. I"tern Ingram and Ml tOmponon In 

also proposed, Deployment diagram as shown F ' 4 , In tgure _ , USing location S1atOC)'pC 

of packages is a preferred modelling techniques to h represent I IS cell (F:uolahl and 

Shams, 2006). 

x. _ _ 

;g=~ 1 ...... _,--_.-
--=; - --- -I:, - ; .. ---.----- .. ~ - --

0 
_. 

~ - -
[ ..... ~J.., ..... _ .. w _ _ ._ -----=; ,- - . -- --~ 

g~---
gr-= -'=i" _ - ..... ~-- ...... -r_ ..... _ 

I ---I --
Figure 24 ; Deployment diagram representing loglcal-nttwork 

The firth cell (Logical-function) represents a layered architectural design of food 

sa fety data collection and analysis system with function and user VI~WS (set' Figure 

25). It is al so possible to represent this cell using nn essenual data flow dIagram 

(Kallgren, 2008). Its content can be derived from the celllmmedJ3tdy nbo\c. Thus, 

II specifies the structure, the responsibilities and the relationships of the ckslgtl 

elements of a road safety data collection and analYSIS system. 

As can be seen from the diagram (Figure 25) the system IS represcnted In three 11)-a1 

where the bottom layer represents the data storage whIle the upper 1\\00 laycn 

Illustrate the business logic and the presentat ion or end users View rcspecll\·dy. 
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Figure 25 : Layer ArchilC(ture representing Loglcal - FLinctlon «II 

Fina lly, the sixth ce1l (Logical-Time) is used to represent events WIth their sequence 

and period in a more detail. State diagrams and sequence diagrams arc recommended 

in Ihe literature to define the content of Ihis cell (Pereira and Sousa. 2004). cquenc( 

diagram (see Figure 26) using actors and UM L notes for periods I Il suggcsled 

diagram to represent timing in accident infonnation management (Radwan and Aal1lbt, 

2011, Fatolahi and Shams, 2006). The diagram explicates the process of acctdent dala 

collection and analysis practices emphasizing on lime sequencmg oflhc events. 
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Figure 26: &qucnce Diagram Rcprescnllng Loglcal- Funcuon all 

The logical view of the accident data system is 5ho\\,'n In an mtrgrutcd manner In 

Table 36 and 37. The integration is expressed in terms ofcohercncc In bctwem tht 

contents of each cell . Accordingly. the logical level rcpreSt."nlallOfls of mollVilllon, 

people and content are shown in Table 36 whIle Table 37 contntns models and 

description for the network, function and lime dimensions. 

Table 36- Logical ViclO.'· Road safet y data cQllccllon lind on31)'511 system penptCU\c 

Motiva tion »collle Cont clli 

Enable uPlUrinll cOfIIpklc. ~, 

~ 
· A .... ~- 1- i :-<;-

q,.;llity and accurat. e -:-P" 
A .~- -infon-uti"" _.-

C---. - A aw; 
Road .... rC!)" llal. I'n",ide. pl.olform for -· 

ColIN-lio n I nd ,nfOfl1\" ion Wnn, S -
A t::; Ana lysil · ENbk pmodI( Ik$.tnp"'''' k-"> - - ~ ._- .- -

S),.It'm (login! oplonloty and prco.\t(U''C I'\.<i-- "'- -
!~ign) aNl)'5'$ 1:;--

S« f!p'C II _ '..., 1) 
Why Who Wha l 
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T3ble 37- (continued) Logical View. Road S3~ ... ely UoIll rollcalOll and _ ,.._ .$- ptrIIpIIICtI\c: 

Network "' unction 
Road Saft ly thll 

i ·~ = 11 I l i m .. 

- -- - :::: - '=" 
Colk~l ion and 0 -- =. - • -

' -, ' -- - -
Ana'Y'H - - - -

SYlIIO m ( Logica l ~ e= I, ~ ,,-,0 1 
_. 

1)6;gn) 

-~~ 
-

~=, ~ ~ ie - l~=-
, 

- ktfo...,.,lS .. r....,u 
S« FilYle 24 

Where lI ow \\ htn 

6.3 Discussion 

This section discusses key attributes of the propoSt'd Road S~fety Information 

Architecture (RSIA). The architecture serves as a mtthamsm to faClht4te 

communication regarding accident data by which it sausfies one of the major 

purposes of architecture. 

Based on the generic Zachman Framework. the Road Safety Informnllon 

Arc hitecture is represented by the integration of rows and columns. The frame~oric 

reduces complexity by decomposing enterprise architectures into level of cells that 

are allocated by column and row. While a column represents a spccllic dimension 

each column al each row poi nt has a unique model. Similarly each row at ench 

column point presents a unique perspect ive. Representation of the archHtttW'llI 

descriptions is based on the optimal anributes (morc spcclfieally for the datn and 

process dimensions) identified in the data mining experiments and a qUllitnu\'C data 

collection and anal ysis process. 

What is to be noted here is that each pcrspcclI\'e could be applied 10 both 

developmcnt of new systems and mainlenance of eXlstlllS system . ElTcclI\c 

cnterpri se information architecture is more than Just populal1llg Zachman cells or 

modeling information, technology and appl ication aspects Independently- In hne. 

ISO I I' • '" 0: 



with the argument forwarded in (Abdullah and Zamah. 2(08). Without an Integrlltd 

perspect ive, all archi tectural models and strategies WIll be mlsaltgned, inflexible and 

wi ll remain unused. As stated in (Abdullah and Zamab, 200 ), such type of 

arc hitectural guidelines portray the "rcallifc" s ituation and thus considered robust 

Thus, by applying the top three lc"els of thc Zachman hierarchy. II was possible 10 

develop descriptive road safcty information architecture. Major procedures Includes; 

detem1ining the dimensions and perspectives required and applicable for the purpo~ 

under study, determining the information requirements of the domam through 

qualitative data collection and data mining experiments, classlfymg and structunng 

the information based on the dimensions identified keepmg the Integnty, 

representing the information in a required level of detail for the pcrspcctl\'l: under 

consideration, evaluating both the process and the content usmg reeommemkd 

metrics and methods. Therefore, though kcy purpose of the research IS to desIgn tilt: 

road sa fety information architecture of road safety orgamzatlons based on a 

framework, the process and techniques employcd as a methodology IS another major 

contribution of this work. 

Analyzing the framework 's perspectives, (Pereira and Sousa, 20(4) venfied the 

existence of a concept related to thc Zachman Framework that the authors dcslgnate 

liS an "anchor cell ". According to the uUlhors, an anchor cell IS a cell thai on any 

framework 's perspective has an aggreg81c function rehuivc to the other cells. In line 

with this, it is easy to learn that two cells representing the IntersecUon of the 

conceptual and logical perspectives under the function or process dlmen Ion 3ft: 

more of aggregate and core. which entails they deserve more dl.scusslons and 

attention. In the contex.t of this specific rescarch, the dcscnpuon of content. 

process and people at a conceptua l and logical level satisfy the ' anchor cdI' coneepL 

This is mainly because these cells represent the major ISSues m an 3Celdenl 

. . d d ' TIll: concept of 'anchor cell' IIgn:cs 1I1formati on management practice un cr stu ) . 
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al so with the (Barker, 2005) Infomlallon Arch itecture Cart representations; content. 

context and uscrs. 

Road safelY infonnation architecture (RSIA) IS defined specifically for low resowu 

settings. Thi s is to mean that the architecture is developed based on emplOcal data 

where infrastructure related to road and traffic mamlgemcnt IS limited whIch wtll 

IIlfluence mainly the content and process aspects of occident Inforotatloo 

management. Countries will use the general architecture to create mdlvldual 

country·specific architectures. In addition 10 empirical dota, RSIA IS a result of IA 

concepts and approach guided by enterprise view using Zachman Framework as 

applied to road safety data collection and anal ysis. Allhough the basic pnnclples of 

road safety in low and high resource seuings arc similar, there are many practical 

difTerences that drive the need for a dedicated architt:ctural guidance for low 

resource scttings, including dedicated views and viewpoints and unique 

artefacts. We believe, the lessons learned will, in tum, inform designs and practices 

In the developed world. 

A key distingui shing feature of RS IA is simplici ty. Pan ly, the SimpliCity emanates 

from the nature of the guiding framework selected. RSIA attcmpts to dlSHI out the 

besl procedures, practices and artefacts that have worked or become mgr.uncd In 

several countries, as learned from literature supported by empirical invcstig:ltlons In 

the Et hiopian case and generalize these into a general architecture Ihm cnn be applied 

in other countries. The intended result is a user-oriented practical archlleclurol model 

that balances case of adoption and usc with completeness and theoretical ngor The: 

overarching purpose of the RSIA is to assist in evaluatmg and/or developIng I'03d 

safety dala collection and analysis systems and promotmg Informed decl Ion-making 

by road safety organizalions. 
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6.4 Summary of th e C hapl (, f 

Road Safety Information Architecture, whIch IS the major deliverable of Ihn 

research work, has been prcscmed in detail in Ih ls chaptcr of the Ihcsl 1bt 

di scussion includes both the process and thc cnd result. It sians with an O\'et'VICW 

explai ning the link that this chapter has with the prevIOus ~tJons . 10cn the 

architecture is presented guided by an enterprise architectural framework. lOt 

dlscllssion followed providing detail s of its applicabili ty and key features of the 

architecture. 

Thus, the development of Ihe road sa fety inform31 ion archilccture In an CTlterpnsc 

view is an original contribution, which improves and expands IhC' conceptual 

framework of the research in the fi eld. It is bel ieved that CommUnication and 

understanding in a road safety informat ion management will be Improved . 



7. 1 Ovcn 'iew 

Chapter Se"en 

EVALUATIONOFTHE R ES LTS 

There arc various factors that affect the quality of a research. n us pan of the: lOOtS 

explicates issues that could have caused a weakened or strengthened quality of the: 

research at hand. Accordingly. a multi-method evaluation techntque as descnbcd In 

the methodology chapter was employed to evaluate and validate the work . Generally. 

It is found that both the process and result of thi s research arc valid and rehable. That 

means given the staled criteria, the research result adequately descnbc:s the 

phenomena of interest al hand . 

As this research follows a design sc ience approach, \I also adheres 10 Its evaluauon 

gUideline forwarded in li terature. Regarding evaluation. I·lcvner, el 31 (2004). staled 

that the util ity, quality and efficacy of design anefacts must be ngorously C'.S13bhshcd 

through well executed evaluation methods. II is also st:lted that the ~Iectlon of 

metries (like completeness. consistency. ease of use, rcliablluy. usablltty, fit " 'Ith the 

organization and purpose, and other relevant attribulcs) and evaiulli lon method 

(Observational Experimental, Analytical , Descriptive, Testing, Sur\,cYIflg) IS cruCIal 

(Hevncr et. al. 2004; Cleven et al., 2009). Hence, in line With the diSCUSSion m 

design science literalure, the eval uation process in this research agrttS ..... Ith lhe: 

melrics and melhods recommended. 

Thus, issues of validity. reliability and gencrali7.ablllty of findings. accuracy and 

Interestingness of machine learning expcnments. complcteness. pructlcal utility. and 

robustness of the architectural models are e:<ammcd and c.1(plamcd. In dlscussmg lhe 

evaluation process of this research we follow the asscnlOfl made m ( le\~ ct aL 

2009) as "we emplwsi:e that el!a/uatioll ShOllltlllOi be /!en as an lSolaleJ proem 

(lctlVity bUll/eeds 10 be considered/rom the begilllung 0/0 design pf"O(%S.J 



7.2 Va lidity and Reliability or the Process and Rrsults 

Validity and reliability do not carry thc same connotatIon In quahtalJ\'c rcscan:hc:s as 

they do in qual itative researches (Creswell, 2(09). In quahtatl\'c rtStarchc.s. vahdlty 

means that the researcher checks for accuracy of fi ndings by employmg entaln 

procedures, while rel iabi lity refers to Ihc consistCtlcy of the approach used (Gibbs. 

2008, Creswell, 2009). The discussion here in this section IS basically the 1351 

follow-up of the va lid ity and reliabi li ty issues that was presented In the methodology 

chapter. Accordingly, the theoretical suppon along with the quality of the emplnc:s 

and data collection and analysis is described in Ihis section. 

T he Theo reti ca l Support in the Resea rch (Descriptive [ ":llu :llion) 

An important way of validating a research work is exhibitmg the theoretIcal suppon. 

According to design science literalUrc (Xie and Hel fert, 2011 , 1'leViler et aI., 2004), It 

descriptive evaluation method invol ves infonned argument using mfonnallOn from 

relevant researches to build a convincing argument for the process of bUlldmg 

artifac ts and their util ity. Accordingly, attempt has been m3de to refer relevanl 

literature in the area throughout the whole research process. In hne with Ihls, the 

literature and articles that have been used in this dissertation ha\'e been Judgtd by 

their credibili ty. By doing this, we believe to improve the validIty and relinblhty of 

both the process and the end resul t. Major eonsiderlllion in asscssmg the credibility 

Include, slight consideration of publ isher, the age of the source and ttl( sour« 

matchi ng to the topic. It is obvious that the age is crucinllo check, as a result of the 

dynam ic nature and developments of the topic under study. Moreover, refanng has 

frequentl y been used, to validate statements. As much as possIble, multiple SOUICC$ 

arc used in the process of validating statements and assert ion . 

Regarding the framework employed. Zachman Framework. as discussed In 

(Radwan and Aarabi, 20 11, Dominguez, n.d) that It hils many Important fe:uurtS h~( 
. . . b be· res"Vo .,mplc and a probkm solnng ItS capabll lty and appropnalcncss y mg cxp • 
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1001. It is also mentioned that it agglutinates commUntcat- L.._lp I •• " 
, ..... , lie P anmna &lJU It IJ 

"product" neutral, which proves its wide applicability. "Irs usefulness is d~ to tlr~ 

[act ,hat it is based 011 well established orgalli:aliollul (Ind practical ~1~'l as 'koell as 

011 5 IVf/ scheme which ill film helps tiescribillg precisely uny abstract or COllen/I! 

emity" (Dominguez, n.d). 

Its appl icabi lity in security planning and architecture is also dcmonslnued In (Ertaul 

and Sudarsanam, 2005, Mohajcrnni and Mocin i, 2004 , EnnuI ct 301.. 2010) as, "It IS 

shown ,11m Zachmall Framework best filS to plall sCc/lril)' architecture for an 

ell lelprise as {lilY evolving challges i/l technology CUll be implemented 01110 the 

Zachman Framework withow affectillg the (lirectioll of lite e/1 terprise. .. 

Although, it appears lhal Zachman Framework has nol been used ),el to define road 

salety infonnation architecture, it has been proved to be useful In areas related 10 

mfonnation technology like network securi ty. digitlll library contCTlt, enlerpnse 

aggregate planning. Thus, as it is shown herein. using a Zachman framtwork based 

architectural descriptions improves communication by reducing mlsundcrstnndmgs 

and hindrance in defining proper information management pracuccs. The use of 

Cross- Industry Standard Process for Data Mining (CRISP-DM) also confinns tnc 

valid theoretical base for data mining experiments conducted. 

The Empirics in th e Research 

As the research is a qualitative case study, mainly, interview was used as a mllJor 

data collection technique, augmented by observation and document MaIYSIs. In hflC' 

with the concept of validity in a qualitative approoch. al1empl has been rn3dt to 

present a rich and thick description to convey findmss. As mdlcatoo 10 (Cres~ cit 

2009), deta il ed descriptions of the sett ings and findings make a research output more 

realist ic and richer. Where applicable data sources Inllngulallon, whcTt thema t~ 

ely· mtCI"VIC" and group dlSClWlon. described from different data sources nam , 

. I d The process or supportmg Ihdncs observat ion and document ana lYSIs, waS a so usc . 
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based on converging sources of data 3dds on the \'3hduy of a resean;h finchnp 

(Creswell and Miller, 2000, Creswell, 2009). 

Another important undertaking in the process ofbUlldmg up the \'alldIIY of thiS "ark 

is memocr checking technique. In connection to IhIS, elTons ha\,C' bttn rnade' to 

determi ne the accuracy of the findings through taking the lessons, undcrstandmgs 

and the resulting models back to the research participants for comment and 

confirmation. 

It is also important to illuminate the capability of the participants In undC'rStnndmg 

and commenting the research results. Accordingly, Ihe fael that they are C'.xperts m 

the area and working for fairly longer time enables the participants to rC'aSOnably 

understand the concepts and presentations regarding the research findmgs. 

Regarding the reliability of the work and findings, the data collection and analYSIS 

procedures described in the methodology and result section provldC' the nttC'SS3ry 

details to justify the consistency oflhe research approach. Another wonh mentlomng 

Issue in a research is the generalizability of findings and resul ts. Though. II IS SUI.1C'd 

in (Yin, 2003) that qualitative case study results can be generalized to some broackT 

theory, other literature (Creswell, 2009, Gibbs, 2(08) argue on the mtent of a 

qualitative research as not to generalize findings outside of those under study. RathC'r. 

it is stated that the value of qualitative research lies in the part icular desenption and 

themes developed in the context of speci fic site. According to (Yin. 2003). the 

generalization occurs when researchers study additional caSe'S and gmetallzC' 

findings to new cases. Following this argument. it is easy 10 understand thlt the 

resu lts of thi s research can be further expanded and gcnerall7.cd by studymg dlfTC"ml1 

cases in different sites as illustrated in (Onwucgbuzic and Ltcch, 2007). 
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7.3 Accuracy and Interestingness of the Experimenta l Results ([xperirn t nb) 

Wi lh respect to the validation of the data mining expenmems, expenmenul 

techn iques recommended in literature were employed. Accordingly, objective like 

accuracy (prediction success), error rate (misc lasslficatlon), ROC and subJttu\e 

val idation like domain experts comments on the soundness of thc patterns Wert used. 

The subjective evaluation helps to exhibit the interestingness of the patterns 

extracted, while the objective measures explain the correctness or logicality. 

Accordingly, the best model s selected exhibitcd acccptable & belief accuracy. >90% 

and ROC score with lower error rate as presented in previous sections. Uowc\'er, IllS 

also identified that all the models perform relatively less in the case of fatal and 

injury classes, while their performance is very good in dctennining non Injury nsk of 

an accident. Moreover, though, all the techniques arc found 10 be promlsmg In 

identi fi cation of patterns in a road safety domain, TreeNet is shown to Ix the best 

method to be used in the domain under study, if the decision is to use a smgle 

method, However, ensemble result proves to be the best of all indiVidual modds. 

Thus, employing well known and appropriate evaluation tcchniques In a data mlnmg 

community (Venkatadri and Lokanatha, 2011 ) in the process of paucm idenllficauon 

for explaining aspects of road safety adds to the validity of the work under 

consideration. 

7.4 Completeness, Robustness and Praelieal Utility of RSlA (Sun'r), ) 

This sub section discusses the procedure and actual evaluation survey results from 

the respondents, 

7.4.1 Evaluation Procedure 

d b h " I researcher and cmploymg lhc: A fonnative evaluation was conducte y I e pnnclpa 

. fi Id The pu~ of the evaluallOn IS help of two experts in the informatIOn system Ie . ,.,.... .... 

r • r. a1l0n 3rchllccture IS a ~orkms to test that the study and desib'l1 of road salcty In onn 



r. 

7.4.2 Enluation Survey Results 

The evaluation method involved supplying a copy of the archItectural descnpllOflS 

and explanation of each concept in the infonnation architecture to the JXlrtlCIPZUS, 

who are actually experts in road safety data collection and analYSIS. Twmty five road 

safety experts whose work is directly related to accident data management have 

participated in the evaluation process. From a 10lal of 25 participants. 9 were new to 

the study, whi le the rest 16 were already part of the research process. 

As discussed in the previous section, to continn the validity of the road safety 

information architecture, 33 questionnaires containing 24 Likert Iype: Items and 5 

open ended questions were distributed among road safety e:qx:ns in road safely 

departments and traffic offices of the research si tes. Finally. 25 completed 

questionnaires were returned and uscd for analysis. The questionnaire's reliability 

was analyzed using one of the reliability analysis features of PSS 15.0 tool. 

Accordingly, the Cronbach's Alpha (a = 0.940) was calculatcd (sec Annex A) which 

confinns its reliability. 

Regard in g the analysis of ex perts' response for Likert type items, standard deV13!1on 

and mean of descriptive statistics were used. In vicw of that the standard deviallon 

was ca lculated for each item of the survey based on the gathered data. As eVIdent 

from the table in Annex A, it is easy to deduce that the road safety infonnatlon 

architecture is acceptable as the survey exhibits standard deviation less than I (0.506 

- 0.97 1) for each item. 

Another parameter used in the ana lysis of the experts' response on the accepUlbihty 

of the information archi tecture is comparing Ihe mean scon: results of completed 

questionna ire with the questionnaire's average. Helice, the mean score: of the 25 

. . 8 h· h · b ~ more than the questtonnalre' completed questIonnaires was 99.4 , w IC IS Y ar 

average score, 75. This expresses that most of the qucslIons m the survey arc ruled 

. h . d· 'h" the infonnatton archltCCCurt above average by respondents, whlc m Icates 

160 It' Ii" I! 



• • 

defined in this research in the opinion of road safety txpau IS desirable and 

sought-after. 

The next part of the evaluation survey was composed of 5 open rnded questions, for 

which experts responded accordingly. The first two questions were mort of gcnml 

on infonnation architecture and the next three were more specifically on the road 

sa fety infonnat ion architecture presented in Ihis research. Though. the questiOn! are 

available for all respondents, based on their high interest to panlclpate In un 

interview session, 8 road safety experts were approached for further and focustd 

structured interview. The first question was about their understanding of tht concept 

" in fo rmation architecture" and if their organizations do have any to date. 

Accordingly, all the respondents communicated their understandmg of the concept 

info nnation architecture from the discussion made and they cxpressed that they "' ere 

not aware of it as it appears in the literatures but assumed thai It IS a way of 

organizing infonnation using infonnation and communication tcchnology.1nertfort, 

none of the respondent can provide any further explanation about the concept 

info nnation architecture, which actually is not a surprise as tht.'f( IS v:mous 

connotations and understandings in the literature too. 

In connection to this, it is also leamed that no organized infonnatlon archl1eclu~ 

existed in their respective organization . I-Iowever, two of the rcspondems from 0Jl( 

of the research sites claim that they consider their procedure m colltctmg and 

nnalY-Ling accident infonnation as a fonn of infonnation architecture though 001 well 

guided and systematized which really make sense. 

When asked about any advantage or disadvantage of usmg such l)'pt of mformauon 

architecture, respondents list a number of advantages Ilnd a couple of dlsadvantagc:5 

too. This implies, their significant understanding of the matenal presented. Major 

ad vantages of the use of infonnat ion archltccture mcludes: foclhuw: access to and 

I ' " unher m'lesug:11Ion. facilitate update the acc ident data. creale a p allono Lor I' 



accident data quality and integration promote pro""'" aw .. ...... • ..~. .... .... es,s creation, motJvalt 

further investigation. 

It was also interesting to learn some possible limitations of the usc of such type of 

iofonnation architecture. Accordingly, three of the respondents menuonro that usc of 

slich type of information architecture requires trained manpower, responsible partlC: • 

commitment and cost. However, given the level of priority thai the road safety Stttor 

has got, the seriousness of the problem worldwide lind the increasing awarentss of 

the community we argue that the advantages outweigh the disadvantages. 

The third question posed in the evaluation interview is centered on the Tespondem.5 

understanding of the road safety infonnation architecture. Accordmgly, all 

respondent confirmed that they really understand the presented road saftlY 

inrormation architectu re with a qualifying phrase ' to some extent' and 'somehow' in 

case of the three respondents. The rourth qucstion involved if the respondmts ftlt 

any missing elements in the road sarety inrormation architecture. Only ont 

respondent mentioned some missing elements. The respondent bnngs up the 

inclusion of the role of justice and educational insti tutions In the road sarC'ty 

infomlation architecture. However, their role is not well viSible from the accldmt 

inronnation management practice point or view. 

The last question was about the envisaged potentia l usc of the InfOrmallOn 

architecture within their respective organizations. Wh ile, twO of the respondents 

have a reservation on the implementation of the defined road sartty mfocm3uon 

archi tecture due to its resource and commitment requirement, the other Sl.~ tnVlS3gt 

Ihe potential use of it. Some or the reasons mentioned for Its potClltlal USC' lOc1udc. 

the government attention 10 the road sarelY issues and lhe aVlul3blhty of \,oluntms 

in the process of road safety problems mitigation. It IS also sUlted lhal the 

architecture will help in reviewing the road sa rety in rormatlon management pruettet. 

which agrees with the potcntial contribution or this research. 
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Last but not least, it is wonh mentioning that the p~"" Iu . .. .,..,........ arc (ccturt IS U\ 

agreement with the set (7) of integrity rules. This is to mean that., 1111 III columns In 

RSIA (content, motivation, function , people, place and lime) 3TC mtCTChangcab\c In 

order, each col umn has a simple generic model representing one aspect. the basiC 

model of each column is unique, each row describes a distinct perspectl\'t. each cdl 

is unique and integration of all cell models in one row constitutes a complete model 

from the perspective aftha! row. 

7.5 Summary of the Evaluation Process 

Understanding the importance of evaluation of thc process and the end results of a 

given research, a multi-method evaluation technique was employed to evaluate and 

validate the work. Generally. it is found that bolh the process and result of thiS 

research are valid, reliable and acceptable. This is exhibited through the theoretical 

literature support in the process of the research and the experimental and survey 

evaluation employed to assess the validity and acceptability of the end result . 

The reliability of the evaluation survey items itself was also checked usmg a\'lulablc 

reliabil ity analysis techniques in addition to the fact that they are adopted from 

previous researches. In the case of the structured interview the experience and 

insight that the road safety experts provide a confidence on their better posillon to 

comment the research results. 

Peer-reviewed conference and joumal publications as indicated In own works 

(Bcshah et al., 2011b, Beshah et aI., 2012b, Beshah et al ., 2012a) also support the 

validity of the process and resuh of this research undertaking. 11 0wevef. from the 

very nature of such type of works, it is believed that the ultimate benefit ofdlC r03d 

safety information architecture will be seen in the long run as it reqUirts time for 11$ 

implementation and its impact. 
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Summary of the evaluation process is presented In Table 3 . Tht table SUm.rnartzc:s 

the major aspects of the research evaluated, purpose of t~ spttlfic: tval~lton, 

methods and outcome of each evaluation. 

Table 38· Summary of evaluallon process 

S., Aspects Evaluated Purpose (Why) Methods or E\'JlulollOa 
( What) (valUJllon (1Iow) Oultomt 

J Road Safety To confirm its completeness, Surveymg RSIA IS xcqlbbk 
Information clarity and Relevance 

and JOUslItlner 
Architecture Descriptive 
(RSJA) To test that the study and 

design of RSIA is a working 

idea 

1 Accident Data To measure accuracy and Experimental 
1

M
""'" "" .. m Analysis Models interestingness arthe models (Accuracy, En .. \II,eU and IWlmli 

and resulting patterns Rate, ROC) are KCqlUbk 
3 Th, research To cOllfi rm the validity and Litcnuurc support 

process reliability of the research 

E:(pM partiCipatiOn 
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8. 1 Overview 

Chapter Eight 

CONCLUSION AND RECOMMENDATIONS 

This final chapter presents conclusions from the whole research process and 

summary of the results. As can be seen from chapter one the pu f h fi ' rpoSC 0 I IS spec. IC 

research was to address four research questions, which were mapped In to 7 8p(Clfic 

objectives. This section presents summary, contributions, limil:ltions of the restarch 

and conclusions as a result of meeting these objectives. Final1y, Identified future: 

research lines are provided so as to leI others continue in exploring Ihe area and 

improve the results. 

8.2 Summary 

Through this research, attempt has been made to extend data mining expenments In 

explaining road safety situations and investigate application of enterprise mforn13uon 

architecture concepts. In doing so CART, TreeNct , RandomFofCSt. J48. PART and 

Ensemble techniques were explored for road accidcnt data understandmg and analYSIs. 

Survey of the literature enabled to create undcrstanding of stale of the an tcchmques 

and attempts in a road safety data quality and data analysis domain. Onc of the main 

goals of the research was to empirically explore data quality issues, perfonn trcOO 

analysis and explaining road safety situations. Two of thc major issues In explamlng 

road safety situation are the role of road user.; factors, which is Idcnufied to be the 

major factor, on the risk of injury for a road traffic accident and colllsioo related 

factors. 

As to the road user's behaviour; road user 's CtJwgQry. occlipaliOll aJ/d age are found 

to be more important in detcnnining accident scvcrity while road and cnvlI"oruncnt 

factors are found to be the least important. With respect to collision related factors It 

is found that facto rs like accident type. "cei(/elll cause and sub-CIf), arc major 
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variables detcnnining accident severi ty. Thcse optimal attnbutes are usro as an utput 

in the design of content demission of the architecture. In addItion to mrealmg patterns., 

Tllajor conrribution of this research work includes comparison of analytIcal prtWClI\'t 

models for the domain, highlighting data quality Issues. proposmg ensemble 

technique to improve accuracy and trend analysis regarding factors for actldon 

severity, which also informs the function dimt'J1sion of the archItecture. Moreo\er. 

use and comparison of different soft computing tcchn iques on the test bed re\'eal best 

approach and accuracy in understanding and predicting road safcty patterns. In 

relation to this, ensemble technique proved to be more effective than sep3nlte models. 

However, TreeNet is better over the others in nil evaluation metries. 

Detection of accidents risks due to road users related factors assist in deslgnmg 

appropriate counter measures in the effort of reducing the socio-cconomlc Impact of 

road accidents, which ultimately improve road safety. Another advantage of thIS 

approach to road traffic accident data understanding and analysis through machme 

learning is that the hypothesis can easily be formulated for fUMe trends. 

Another major aspect of this research is the definition of road safety mformauon 

architecture. Extensive survey of literature in the area has been made as dISCUssed m 

literature review chapter to provide evidence for the applicability of cntcrpnse 

infonnation architecture in other areas. In line with this, a review of literature also 

enabled us to create a good understanding of international practices and allempts m 

improving accident data collection and analysis in a road safelY domam. 

Accordingly, this research presents information archih.'cture for road safety data 

collection and analysis systems. The defined architecture is based on Zachman's 

framework separation of concerns. By applying the top Ibm laycrs of Zachman 

. . did ' t' RSIA that eM faclhtatc hIerarchy, it was poSSIble to eve op escnp I"C 

communication. The development of RSIA in the study and deSIgn of a road safety 

. . .. 1 ·b t ' 'hich improves and c.tpands the mformation management IS an ongma contn u Ion \\ 
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conceptua l framework of the research in both rood safety domam and lnforznaoon 

architecture field. 

RSlA can serve as a strategic guide to the rcVI(: W and dcvdopmrnt orthc road Arc:t)' 

data collection and analysis systems. It can also be used as a tool for analyru and 

re·engineering of existing accident data systems. The result ofthe' r(5(3rth helps road 

safcty organizations to revisi t their focus of altenlion In cr:afhng and Implementing 

measures to reduce road safety problems. More speci fically, thc rescarch mdlcated 

that in addition to drivers, education and enforcement measures should address wtll 

other road users like pedestrians. II is also worth mentioning that Systcmauc datll 

collection and quality check along with periodic analysis should get dut allc:ntlon so 

that other measures will be knowledge driven . Thc research result can also be used IlS 

a hypothesis and/or replicated to other developing countries With similar context In 

the area of road accident data collection and analysis. 

Regarding evaluation of the research results, a multi-method evaluation Includmg 

surveying, experiment and descriptive techniques were employed to e,ralualc and 

validate the work. Generally, it is found that both the process and result of thiS 

research are valid and acceptable. This is shown through the theoreucal literature 

support in the process of the research tlnd the experimental and survcy cvaluauon 

employed to assess the validity and acceptabili ty oflhe end result . 

8.3 Conlribulions of Ihe Resea rch 

This research has investigated exi sting theory and conceptual frameworks on 

infonnation architecture and accident data analysis, and established the usc In the 

case of road safety infonnation management. It further aimed to brooden these Ideas 

.. d b '" omponcnts ldenuficd In rdalm by explaining road safety SituatIons an nngmg In c 

research areas, with the ultimate goal being the dc\'elopment of mlcgr.ued r03d 53ftty 

, d . I meetmg the research obJCdWes, in fonnation architecture for road salety omaln. n 
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the work has generated a number of Outcomes tL_, 
llil art ContnbutlCllS to tht knoY.lcdJt 

and practices. 

8.3. 1 Contributions to the knowledge 

The major contributions of this research arc the dcs '( h 
Igtl anti acts arc I tlXtunl 

descriptions) collectively named as the Road Safety infonnatlon ArcrutectuTt (RSlA) 

and knowledge embodied in it. Because RSIA is the first artefact to address road 

safety information management from an enterprise perspective, Its design by 11 Itself 

is a contribution 10 design science. Another interesting contnbullon Includes the 

design process, as it was possible to clcarly indicatc the process as a base for thc= 

desi gn of the architecture. These contributions advance our understandmg of how 

best to structure information assets. The dctail s of Ihese contributions art presented 

below. 

Architectural description of road safety information and process, which WlII bt: used 

to evaluate existing systems andlor design a new one, is a major contribution to both 

the design science research and the information architecture. Det:lll dcscnpliOn of 

the content, process, motivation, network, people and time provides a comprthensl .. -e 

view in addressing road safety issues from information management POint of\-icw. 

Analyzing the nature of the problem area and introducing enterpnse view In a road 

safet y domain is another contribution. Sensing the absence of o\'crarchlng 

architectural guide and the disintcgration in the etTon of addressing road safelY 

problem, this work provides an enterprise view so that stakeholder can \'lCW the 

problem domai n from different perspectivcs. As there was no any rood snfety 

information architecture from entcrprise perspective. thiS IS an Important 

contribution to the Infonnation ArchitcclUre knowledgc area. The nd\'3lltnge of 

having an IA from an enterprise view, specifically for rood safety orgailiUtlOClS 

includes providing a platfonn for standardizing the content and process of rood 

safety infonnation management. With this regard Issues related to accident dJta 

sources and contents were explored. Some key pOInts compnsc: a rtCommc:nd:1lJon 
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for inclusion of more attributes and rccordinn tro me even" . h ,~ . 
eo ... "It or ""hn",,,,\ colll.lKllf'l 

including slight misses as il improves road safely und""", nd b 1'----.... " a inS Y' IVWlng be'Un 

understanding regarding colli sion process. It al so provides a research fraJnC'Vlork (or 

future efforts of improving road safelY. 

It is also worth mentioni ng the methodological contnbut lOn 10 the IA area on how lO 

develop architectural description under Zachman Framework In a spttLfic domam. AJ 

discussed in Chapter 6 the design process in pulling data mming results and emplnQ\ 

qualitative data guided by the theoretical support to define information archuecture IS 

a contribution. This is because there is no as such prior research aucmptmg 10 

integrate data mining results and qualitative data using vaned modehng tools In 

developing archita:tural descriptions. This is impcrolive as the result and processes of 

this research are found to be acceptable through the evaluation process. 

8.3.2 Contribution to the Practice 

This subsection presents contributions of the research to the practice and 

recommendation resulted from the process of the research. Accordmgly, bastd on 

the architectural model artefacts, which arc resul ts of the review of mternatlonal 

practices, successive data mining experiments, empirical data from road safety and 

tra ffic departments and study of rclevant literature, the following baSIC implications 

and recommendations to the practice arc ident ified. 

h planation of the road safety situation is one of the major aspects of the research at 

hand. This was possible through experimenting and suggestmg analytical maehlJlC: 

learn ing models in describing the nature and magnitude of the road safety problem 

Predictive models in determining factors contribulmg to aCCIdent occurrence and 

severity add on the effort being made in understanding road safety SituatIOns. Heoct, 

selected accident anal ysis models can be integrated 10 make pcnodlc analYSIS of 

ace idem data which is believed to improve road sa fety measures which are an , 

important contribution to the domain. In this regard the use ofmuitl-c\asslfier systems 

is one of the main aspects in this research contributing 10 both the road safety and the 
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analysis of accident data management. Shadin" I "'''1 ." . ". 
tI Ito', on UIC u;all quality 1S5Uc:J and 

accident data analysis trend conducted through thiS rcsean:h "'~ aoo \\-uth 

mentioning contributions. 

Investigation of Zachman Framework in a road safelY dom:l.ln 1 also anotha' aspect 

Zachman Framework has been used in areas like network secunty plannmg. 

education services delivery, determining the content of digital librnncs. 11us .... uk 

ex tends the use orlhe framework in road safelY domain for a road ~rety mformatlon 

management, which will improve understanding and facilitate commumcatlon 

among road safety organizations. 

Regarding accident data collection and reponing, much attention should be gwen In 

addressing under reporting and data quality issues 35 recommended In own works 

(Beshah et al., 201 1b, Beshah et al ., 2012b, Beshah et al ., 2012a) . This IS possible by 

Incorporating a data quality and completeness check process at Ir.lffic dep311menlS 

(see the function perspectives of the architectural model). It is also wonh menlloOing 

that citizens at the spot of the accident could participate in reportmg aCCidents. 

Moreover, collecting data related to Pre-accident scenarios like evasi\'e actiOn, vchlcle 

action before accident and after accident situations such as health status of victims. 

road users reaction etc. will add on the quality and completeness of the data for 

mul ti-analysis. 

With respect to data handling and information exchange, as can be secn from 

International practices and due to structural issues in the study area. the master data 

source is recommended to be at traffic departments. 1-lowCVCf. road safety 

departments should also have a copy of this accident data excludmg pnvncy related 

attributes (see Figure 21). This will allow the road safelY dtpanments at vnnOUS 1~'ds 

to conduct predictive and exploratory analysis as shown In prevIous e,'f)Cnrncnts 

(Bcshah et aI., 2011b, Beshah ct al.. 2012b, Beshah ct al ., 2012a) ..... hlch "",II be: used 

to continua lly revise and update countem'leasurcs. Hospital records With a Unique 10 

of an accident should also be integrated with police data through updating process. 
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Accident analysis and dissemination of its resu lt is ano,her ' 
\tty tmponant functIOn 

of a road safety system in accident infonnation manage ~. mall. I nc analYSIS should 

focus on well identified aspects based on the priority •• , ' 1 add 
.... . I ' OfOO\'eT, In lOon to 

answeri ng the "how many questions" it is also recommended '0 d d ' con uct pre IC11\'( 

and exploratory experiments by integrating models into a system. The arthltec1urt 

there fo re wi ll allow the integration of open-source andlor proprietary analYSIs tools 

in to the overall system. It should be borne in mind that very lillie study of accldcfIIS 

has been possibl e in Ethiopia due to the problems related 10 data availabIlity, 

completeness and quality. Therefore, it is anticip3100 that with Improvements In the 

data content, collection and reporting, accident analysis can better be enhanced. 

Though the research work has resulted in a number of contributions as mentioned 

above, the completion of this work does not denote the end of the researcher's study of 

information architectures. It rather marks the beginning by ereatmg an emplncal, 

theoretical and wide-ranging basis for establishing best way to structure information 

and successful road safety information management. It is believed that thiS rtStarch 

can have a significant impact on the state of accident infonnation management as road 

safcty organizations are convinced to make use of the infonnation architecture. 

8.4 Limitations of the Research 

As can be seen from the methodology section, this research has sought to usc a 

versatile approach: a qualitative empirical data using interview, observation and 

document analysis; experiments using data mining techniques: cntlcal literature 

review: own and supervisor's expertise. Despite the various efforts to overcome nsks 

On the quality of the research findings and the process employed, somt hmlUtlOtlS 

must be acknowledged. 

O . I'·' f h' h und-ak,·n" IS on the vahdatlon of the ne such poSSible mutat ion 0 I IS rescare .... e 

arch itectural description artefacts. In relation to this, attempt has been made to 

. . . .. I d II-"on and anal\l'llis llS well as prOVide thick descnptlOn on the empmca ata co .... r 

base on multiple references in the development of artefacts in the research process. 
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As 10 the evaluation process, use of questioning approach through survty Ilc:ms and 

employing descriptive evaluation through theoretical support were: the maJor ones.. 

Thus, particularly the questioning approach through surve:y Items might not be 

sufficient to practically show the usefulness of the architectural dcscnpllOO as It only 

investigates the road safety (domain) expcn 's opinion on the: road safe:ty mfonnallOll 

architecture. The inclusion of IT expens would have made the e:valuatlon slrOngtt. 

In addition, in order to thoroughly evaluate the architecture in a real setung, it would 

be necessary to demonstrate through instantiations (prototype) and have road safe:ty 

organizations adopt this enterprise view based road safety information architecture 

and then evaluate if the process of accident information management IS Impro\'c:d 

and j ustify the impact on the improvement of road safety situations In gmcral 

However, this would require a longitudinal research which needs a bit longtt lime 

and is beyond the scope of this research. 

The performance of the machine leaming experiments is beltcr comparc:d to the 

previous experiments done in the researeh area. Yet thc current performance could 

have been even better if quali ty data and more powerful computer systems were 

used. 

The fact that the data collection has been confined to only three sites should be 

acknowledged as another limitation of the research. Moreover, OUI of the thret SittS 

Addis Ababa has been the main source of empirical data as it is a region where the 

magnitude of road safety problem is high and consequently II IS a region With 

relatively large number of road sa fet y experts. 

8.S Future Research Direction 

In this research Road Safety lnfonnation Architecture is developed and through the 

. h ld examme ISSUes In rood safety 
process it is establtshed that future rescare cou 

. . ' . 'd cr The result of thl~ study cm be 
mformation management man mtegrate mann . 
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used to support future research related to application of InfonnallOl'l arthlltcturt 

concepts, especially in the context of road safety. Thus.lhls work can be Vl",~ as I 

pioneer in establishing an Information Architccture practice 10 emerpnse! 1ft gcncnl 

and in a road safety domain in panicular in the study area. ~Ienct, usmg the' same 

integrated infoonation architecture approach as defined for the road s;tfety 

infonnation management, other information requirements can also be addre~ and 

provide organizations with a more effective way of managing information assets. 

Particularly this research undertaking will be eXlL'nded 10 the development of a wc:ll 

establi shed accident data and information management system. AccordiOgly. the 

research project will carry on, in collaboration \.\1th the relevant road safety organs, 

by using the deliverables of this research as a guide to evaluate the eXlstiOg accident 

infonnation management and documenting the status in allthc regional statcs. The 

aim of this additional research project could be either to cvaluate the RSIA as 

analyzing instrument or to evaluate it as an information system de\'e]opment 1001. 

This will be followed by the implementations of instantiations \0 the Identified 

problems. The major output of Ihis research, RSIA, assumes that the target be the 

accident data collection and analysis at this stage, In the fUlUre this can be expanded 

to include congestion and pollution as well . Future research direction could also be on 

establishing an architecture framework for integration with other traJlsportllllOll 

systems. 

Moreover, based on the major results oflhis research, it is logical to ~ommend that 

further investigation is requ ired to expand and enrich the defined archlltcturt. One 

aspect for further research could be including more research SItes both locally and In 

, " h " I t' t A more detail and dl\'Cf'Slfiro other developmg countnes WIt SIm i ar con ex . 

. . . 'd ' gc of as wtll as a comblO3tl0ll of predictIve anal YSIS of road aeci cnts usmg a ran' 

, ' I h potential are3 of rutur(' won:. In machine learning techmques IS a so anot cr 

' d I be used to support rUlure research connection to this, the result of this stu y can a so 



related to machine learning approaches such II bl 
s enSCm e technique tIpttIally In the 

context of road safety. 

8.6 Conclusion 

In order for road safety organizations achieve theIr objective of addressing road 

safety problems, they must excel in road safety in" IOrm(lUon manllgemenl. The 

current approach to accident inrannalion management is not providing the Yanous 

stakeholders with the infonnation and report they require in order 10 make elTcctlVt 

decisions. This is due to the fact that road safety orgamzatlons namely Traffic 

Offices and Road Safety Departments at various levels arc working In a fragmented 

manner. The solution to the problem is in the design and usage of mformlilion 

architecture. By using infonnation architccture approach, road safety orgamzatlons 

develop a better understanding of the content, motivation, process, placc, tlmc and 

people of accident information management. 

The primary objective of this research is designing a new model to architect r03d 

accident in formation management. The process is guided by Zachman Framework, 

To achieve this goal. firstly various concepts related to road sarelY, data mining 

approaches, information architecture and the guiding frnmcwork nrc descnbed: 

Second, various data mining experiments and qualitative data collection and analYSIS 

were done to determine information requirements and finally the proposed Road 

Sarety Information Architecture (RSIA) is presented and delineated. Thus. thiS 

dissertation resulted in a suitable enterprise information archltccture: model, which 

has been related to relevant inrormation architecture goals and tnrormatlon ~cs.. 

It is believed thai as the information architecture practIce cvoh'cs through 1IIllC: and 

gets more advancement through subsequent researches, II Will be cmptnally pro\'cn 

in real world use cases which will lead to a development of II strategic document and 

deta il guidelines. 
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Appendices 

An nex A- Evaluation Result (Dcsc ripth'c and Reliability) 

This annex contains evaluation results and its reliabIli ty (descnpm'c: and rehablilty) 

.................................................................. 
DESCR IPTIVES 

V ARIABLES=arcmcom arcmoflc arcmoapp 3rcmorC' ilTcmoc05 dc:$Como dcscOSl 

descoec descfucl dcscticl descpcl dccomoc decostel detoped decofucl 

dccoticl decoplcl desymoc dcsystc1 dcs.sypc dcssyfcl dcssytcl dcssypd 

apaTernoc 

ISTATISTICS=MEAN STDDEV . 

Descript ives 

[DataSet I ] C:\Users\Administr.ltor\Oesktop\eI'll11.l311011 rcsult.s:w 

I 
Sui. 

N Mean [k\I~IJOn 

The architec tural model 

" 4." .841 
comprchCllsive 

The architectural model is 

" 4 08 '" flexible 

The architectural model is 

" 440 '" appropriate 

The architectural model is 

" '" 618 
rele\'ant 

The architectural model is 

" )8' 'SO 
conlplete for the scope 

The descriplion ofllle 

scope!contcxt-moli\'alion is " 4.56 .501 

clear 

The dcscriplion o ftllc 

scopeiconlcKt-struclure!dala is " '" '" 
clear 
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The description of tile: 

soope/context-pt.'Qple is dear " 4 20 ... 
The description of the 

soope/contexl-fuoctionlproccs " 01 .20 

'" s is clear 

The description of the 

scope/context-time is clear II ) 80 ." 
The description of the 

scope/context-place is clear II ' .00 .... 
The description of tile 

cOllceptual motivation is clear " '" '16 

The description of tile 

couccptual-structureldata is " 4.12 ' 17 
clear 

The description of tile 

conceptual-people is clear " .... '" 
The description of tile 

conceptual-fulICtionlprocess is " 400 ... 
clear 

The description orthe 

" conceptual-time is clear 
3.72 ,,. 

The descripl ion of tile 

conceptual-place is clear " 3.88 97 1 

Thc description of the 

" 4.48 .SIO 
system-molivation is clear 

The description of tile 

" 4.40 707 
systcm-stmcture is clear 

The dt'SCription of the 

" 4.28 '" system-people is clear 

The description of the 

system· function/process is " "-28 458 

clear 

The description of the 

" 4 00 ... 
SYSlcm.timc is clear 

The description of the 

" 3.88 781 
system-place is dear 

The application of this 

" 412 .526 
all:lli lectur.1I roodel is easy 

Valid N (l islwise) " 
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RELIABILITY 

N ARIABLES=arcmcom arcmofle arcmoapp arc more arcmoros dcscomo dncoA 

dcscoec descfucl desctic1 descpcl dccomoc d«ostc1 dttoped deeofucl 

dccoticl decop1c1 desymoe desystcl dcssypc dt'Ssyfcl dessytc::l dessypcl 
aparcmoe 

ISCALE(,ALL VARIA BLES') ALlIMODEL- ALPI1A 

Reliability 

[DataSet !) C;\Users\Administrator\Dcsktop\c\,ul u31ion resultsav 

Sca le: ALL VA RJABLES 

Cast Prot~ing Summary 

N " C= Valid 25 100.0 

E:tduded 0 .0 

TOlal 25 100.0 

Reliabili ty Staliilia; 

Cronbach's 

Alpha N ofllems 

.940 24 
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Annex B· Interview queslions 

Interview questions to collect empirical data on accident mformatlon m:lJ\aganmt 

practices and guide the discussion. 

I. How do you explain the road safety si tuation in EthioPia? 
2. How do you describe the effettiveness of accident data collccllon and analYSIs 

practice? 
3. What are the available accident data sources? 
4. What aspects of an accident should be recorded? 
5. Do you believe that the accident reporting format being used is complett enough 

in recording all details about an accident,! Ifnot what sort of mformatlon you 
think is missing? 

6. Can you describe please accident data reporting and analYSIS process m genml? 
7. Do you feel that the analysis level is sufficient for the purpose: rrqUlrtd by the 

users? 
8. How do you deal with accident data? What sortllypc of analYSIs do you makt on 

the accident data at your organization? Arc statistical analysis! machloc Itammg 
methods involved in your dally work? 

9. What aspect of accident in format ion and accident prediction models should ge-l 
priority in Ethiopian context? (Severity analysis, black spot identification, 
vulnerable groups' identification, all aceidellltypcs, injury accidents, crossing 
accidents, rear-ends accidents, turning accidcnts, responsibllllY 
identification .... . ) 

10. How is accident data updated,! 
11. What is the prime motivation of managing accident datalmfonmll1on? 
12. Who are the primary users of road accident in formation? What sort of 

infonnation is required by stakeholders regarding rood aCCident? 
13. Who do you think is responsible in accident data reporting? 
14. Who do you think should participate in accident data milnagtment nod ImalYSls? 
15. Can you mention a specific place (like orgnni7.3tionai UllIts) w~ dJUi 

reporting, analysis and dissemination should happen? 
16. Would you comment pleasc on the tim ing for aCCident datil reportmg, an:ll)'su 

and dissemination? 

t90 I J' U If ( 
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Annex C- Road Safety Information Archil C(lure (RSIA). [ \'1Iu:ulon 

Instruments 

This Annex conlains a copy of qucslionnaire items and Struclu!'td tnlttVu:w 

questions to evaluate Ihe infonnation architccIUI'C. 

Part 1- Questionna ire Hems 

Strongly A,m No DIsagree SuOflgly 
Agree Comment Owgrrc 

Tho archittttural model i, 

comprehensive 

The architeclUral model is neltible 

The architectural model is appropriate 

The architectural model is relevant 

The architectural model is complete 

for the scope 

The dcscription of the scopc/conteltt -

motiva tion is clear 

The description of the scope/conteltt 

structurcldata is clear 

The description of the scope/conteltt 

People is clear 

The description of the scopc!conteltt 

function/process is clear 

The description of the scopc!conteltt 

time is clear 

The description of the scope/conteltt 

place is clear 

The description of the conceptual -
motivation is clcar 

The description of the conceplUal 

structure/data is clear 

The description of the conceptual 

People is clear 

The description of the conceplUal-
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function/process is dear 

The description of the conceptual_ 

time is clcar 

The description of the cooceptual_ 

place is clear 

The description of 'h' system-

motivation is clear 

The description of ,he system-

structure/data is clear 

The descript ion of the system- People 

is clear 

The description of 'he system--

function/process is clear 

The description of the system- time is 

clear 

The description of the system- place 

is clear 

The applicability of this architctlural 

model is easy 

Part 11- Structured interview questions 

• QI. What do you understand with the tenn Infonnation archItecture? Does your 

organization have any? 

• Q.2 After viewing the infomlation architecture do )'ou think there are any 

advantages! disadvantages to developing and using infonnatlon archttccturt to 

help in the deployment and development of accident data collection and analYSIS 

systems? 

• Q3 Do you understand the road safcty informatIOn archl1ccturc prt'Srnted? 

• Q4 In your opinion is there any aspects of an informallOfl archl1ccture mISSing? 

• Q5 Do you envisage any use or potential use for information architecture With In 

your organization? If so what arc they? 
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Annex D- I'rofile of Inler\'iew and Focused Gro up P:lrlkl p:l nb 

Participants Organiution/ Agfne)' P~tlon Rflion I .'rr~ •• 
(bf -. '"'-puudo/lJm) 

Participant I Tra ffic Office Amdcnt Do. 0._ X 
Analyst 

I'articipant 2 Transport Authority RS ' 0>1 Safety Ga.la X 
Dop. E.<p<n 

Participant ) Traffic Office Acc rucnt Oal:l Gan~la X 
Analyst 

Participant 01 National Road Safely ,,,' Slf~1y AddIS Ababa X X 
Council Exp..'11 

Participant S Transport AUloorily RS , 0>1 Safety AddIS Ababa X X 
Dop. r~pert 

Participant 6 Fedcnl Police C"~ • AddIS Ababa X X 

AccidtTI' 

all3.ly.sl 

Participant 7 National R", Safety ''''' safety AddISA~ X X 

Council .. pm 

Participant 8 Tra ffic Office Addl$ANba X 

Participant 9 Transport Authority RS R"'" Slfdy AddIS Ababa X 

Dop. Dim::lOr 

ParticipaJ1l 10 Traffic Office Accidmt ,,,. AddlsA~ X X 

Analyst 

Part icipant 1 I Transport AUlhority RS , 0>1 Safety AddIS Ababa X X 

Dop. Expert 

Partic ipant ]2 Traffic Office Traffic Offiu Add.s Ababa X 

1" 

Partic ipant 13 Traffic Office ACCident Data Aulh3ra X 

Anal)1t 

Part icipant 14 Traffic Office Accident Dati '''''''. X 

Analyst 

Participan t ] 5 Tf3flic Office Acc"ic'm 1)3t1 , .. = X 

AII3.I )1t 

Participant 16 r""""," Authori ty RS R"'" Safety ,mIon X 

Dop. "pm 

l'articipant]7 Traffic Office """"", ",. ,mIon X 

AII3.I)1't 
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A nnex £. Sample Data Reduction and Analysis T:l bh,' 

Catl'1;ory Qutstions K t)' "'ortls /colK"rptJ Suppon 1ac tnt R...,r" 
Grn=' How do you expla in the Probltnuttc 

""'"'" rood safety si tuation in Top prionty 

Ethiopia? 

How do describe the Not eff«ti\'e "'" -, "'- .... effectiveness oraeeidem enacting kgal Ktlons on the: COfmlI:ntcd t1gl "IIa _firmed die: ... 
data collccti Ol1 and ac:cused pany, Iruffk off'" -lid» Abo wgatcd .. 
analysis practice? d isintegr~LOO rffon f()C~t:J M •• .... u,", 

~f'OIIJlbIIlry ~ ... 
/drill/fica/loti, ,', ~'"' .- k 
/tumillg ptWt:U " """, ... .... 
lomdIolt'duabltd - -- • 

thew _ l,..m • 
.... ...., 

Content I What are the available TraffIC Police rttord . """~ • """'" ..... 
What accident data sources? , .ct)' smou:s probkm --- ..., 

III ~1OrIaI k'o-d" ..... ,,-
IliXdmt pbcc, 1IIIIt 

IIId IbII: • I IIICmo 

RlnnM • 0. of tk -<. .k • 
"""" ... 

What aspects of an Nature of an aa: ident, """ .. ·lttrwwr p''''''" 
accident should be USCIS, vehiclcs, mol ,., Illc/IM/IIIS pIroIognlpII 

recorded? environmcnt. of/Itt driwr IWiIor 

pre.accid~'"IIt SCl'11arios like III'O/I\."'(/ rotJIl..stn '" 

'shght nuSS(s' :Uld 'evasive auid(rl/ "'" 'nil 

actions' ImprolY: ," 
'Rood uJtr~ 1T(J(lIOn ' aRn rompII'/tfldJ " lin 3Wodrnt, 'UJt oj ItalM/t ', "'.-
"Uf" o/lIImulom ' like "khat~ 

and 'pilOlogmp/l 0/ dm"nJ' 

Do you belie>'e that the UntkrTrpOrtlng 7lom - -.-
accident reporting I'robltms 00 .nleanty - .... ""'" 
fOrm:lt being used is roITl'letrncss anti \lKfUlncss WJtJ'J ~ IlOIlO atIJ 

tompletc enough in of~ actMkntln~rm;luon .. lnff~ pobn oft. 

recording all details all omdl'Jl/, Jt4l .. 

aOOutan accident? Iroot ... " ,........, 
.... ha l son ofinromution "". ....... • 
you think is missing? "JOhIltJ tN CPW 

PH [ I' u , 



Annex F- Sample Traffic Accident St :llht ic..~ f orm 
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