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Abstract

Travelers’ satisfaction is an important performance measure for the transport service providers and a determinant factor affecting the mode choice. However, its computation is not an easy task because of the complicated and discrete characteristics of travelers. The traditional method of comparing a yearly satisfaction percentage is being implemented in several consultant, as well as bus company documents. However, it doesn’t encompass the interrelationship between variables that determine satisfaction. This paper introduces a method of measuring the level of satisfaction on the existing bus services, and modeling the complicated travelers’ behavior using ordered logit model, and analyzing its effect on mode choice. The analysis results showed that the level of satisfaction has a significant influence on the modal choice characteristics of travelers. Besides, this study signifies the importance of including satisfaction indicators in policy analysis.  
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1. INTRODUCTION
Travelers’ satisfaction is an important performance measure for the transport service providers and a determinant factor affecting the mode choice. However, its computation is not an easy task because of the complicated and discrete characteristics of travelers. Satisfaction is the gap between the expectation and the observation of users on services provided. Different factors make different contributions in determining people’s perceptions of the service they have received. The absence of some factors can have a strong impact on dissatisfaction levels. However, the presence of the same factors may sometimes be taken for granted and hence increased performance may not lead to higher satisfaction levels. Moreover, people may be willing to tolerate small movements in some of these factors without any impact upon their satisfaction with a service (Nick Donovan et.al, 2001). A high level of satisfaction with bus services reflects public confidence and the willingness of people to make use of public transport. The traditional methodology to measure satisfaction is comparing the yearly satisfaction percentages. For example, the Scottish Executive Social Research on bus passengers’ satisfaction considers 29 bus service parameters to analyze citizens’ satisfaction year-by-year. The analysis also considers the effect of regional differences on the satisfaction (Colin Buchanan, 2004). Even though the same traditional method of measuring satisfaction is being implemented in several consultants as well as bus company documents, an attempt was made to use probability models for analysis of travelers’ satisfaction (see Cees Gorter et.al , 1999). Cees Gorter et.al implemented a logit model for measuring the degree of satisfaction on multi-modal mobility. The model turned out to be binomial logit model due to the binary nature of the dependent variable.

This current research’s purpose is to measure the level of satisfaction on the existing bus services using ordered logit model and analyzing its effect on mode choice. The study also attempts to find out the important factors affecting the satisfaction of the residents with the existing bus service, by analyzing the relationship between the socio-economic, as well as bus-related variables, and the satisfaction level. The public transport condition in Addis Ababa (the capital of Ethiopia) is considered as the case study.  Based on the results of travelers’ satisfaction on the existing bus service, the policy responses would be indicated with a special emphasis on public transport for the urban poor and the elderly; gender issues on public transportation; land use interventions; and the overall public transport improvement programs. By doing this, the research signifies the importance of including satisfaction measures in policy analysis. Moreover, using an ordinal model to analyze complicated travelers’ behavior, the extended analysis of satisfaction with specific bus service elements, and its influence on the mode choice increases the flexibility of bus service improvement endeavors.
2. METHODOLOGY
First, an ordered logit model was formulated to examine the level of satisfaction with the bus service in different zones; to grasp the zonal bus service disparity as an influencing factor of users’ contentment. The dependent variable is taken to be the ranked response on general (overall) satisfaction. A zero (0) is given if the respondent is dissatisfied with the bus service, one (1) if less satisfied and two (2) if satisfied. This will provide information on the important factors of different zone residents and how it affects their satisfaction on the bus service level. For this, three zones were selected; inner zone, intermediate zone and peripheral or expansion zones (see figure 2). Since the output showed an aggregate satisfaction indicator, the analysis was extended to modeling the level of travelers’ satisfaction with specific bus service elements. Seven elements were selected and the respondents’ satisfaction was formulated. These elements are:

· Bus stop facilities: bus shade, information, cleanliness etc.

· Drivers’ and fare collectors behavior: drivers and  fare collectors treatment of passengers 
· Schedule (punctuality): does the bus respect the scheduled time?

· Bus linkage: when there are trip transfers, is it convenient to transfer from one bus route to another?

· Bus frequency: the waiting time. Is the waiting time long? Is the bus service frequent?

· Boarding convenience: ticketing, passengers’ behavior, long queue, robbery

· Bus design: steps, bus doors, seat comfort etc…
Then, mode choice model was undertaken using binary logit model. Two main modes of transportation (bus and taxi) are taken as a dependent variable. The independent variables incorporate socio-economic background of travelers, mode-related, and trip characteristics variables.
Figure 1 Analysis framework
3. BACKGROUND OF STUDY AREA
Addis Ababa is the capital of the Federal Democratic Republic of Ethiopia, and is located at the centre of the country. Established in 1886, the city has experienced several planning changes which have influenced its physical and social growth. The area of Addis Ababa is 530.14 square kilometers. The current population of the city, 2.57 million (2005 estimate), about 3.9 percent of the population of Ethiopia, represents about 26 percent of the urban population of Ethiopia. Addis Ababa has an aggregate population density of 4847.8 persons per square kilometer. Public transport in the city consists of conventional bus services provided by the publicly owned Anbessa City Bus Enterprise, taxis (small and mini-bus taxis) operated by the private sector, and buses used exclusively for the employees of large government and private companies. The role of bicycles in urban transport is insignificant because of topographic inconvenience (The World Bank African Region Scoping Study, 2002). Buses provide 40% of public transport in the city, while taxis account for 60% (ERA, 2005). There is no rail transit within the city. The city is currently experiencing a horizontal growth; however the bus service has not exhibited growth proportionate enough to accommodate this. The analysis results of the transit availability indices show that only the center of the city is being served by the existing bus networks, while urban expansion areas have low transit availability (Mintesnot & Takano, 2006). Taxis have many constraints in their operation, including bad behavior of drivers, excessive fares, and high accident rates. The road network of Addis Ababa is limited in extent and right of way. Its capacity is low, on-street parking is prevalent, and the pavement condition is deteriorating. Despite a large volume of pedestrians, there are no walkways over a large length (63%) of the roadway network. This is a major concern, especially as it contributes to the increased pedestrian involvement in traffic accidents (10,189 accidents occurred in 2004) (ERA, 2005).                                     
Figure 2 Addis Ababa city map
Figure 3 Modal split

Figure 4 Trip purpose

Figure 5 Trip rate (trip per day)

4. DATA SOURCE AND DESCRIPTION
To analyze the bus travelers’ satisfaction implementing the proposed models, a survey was done in September 2004. The questionnaire included socio-economic variables, demographic characteristics, travel patterns, mode attributes, satisfaction indicators, and bus service condition data. A door-to-door survey was done on 750 respondents from three categories of societies: inner city residents, those living in intermediate zones, and expansion area residents (see figure 2). According to the general analysis results of the survey, 64% of the respondents use the bus as their typical mode of transportation, 18% said ‘taxi’ is their major mode of transportation and 12% responded with ‘walk’. The remaining stated that they used other modes of transportation such as private car. Bicycles are excluded from the list as a mode of transportation, because its use is insignificant due to topographic inconvenience. A study of the Ethiopian Road Authority in 2005 indicated that ‘walk’ has the largest share of the overall trips, if all short distance trips are included. Considering the socio-economic and demographic characteristics of the respondents, 58% are male and 42% are female. Their income varies from the low (below 100 Ethiopian Birr) to high (above 2000 Ethiopian Birr) [1USD=8.8ETB]. However, the majority lays within the range of 100 to 300 ETB, which leads us to conclude that the majority of the respondents are in the low-income group. Thirty five percent are public company employees, 19% private company employees, 24% run their own small businesses, 8% are students, and the remaining 14% are unemployed. When car and driving license ownership are concerned, more that 90% of the respondents have no car and/or driving license. Family size ranges from 1 to 11, even though the average household size is 5.08. ‘Work’ is the main purpose of these trips, followed by ‘educational activities’. The zonal variation study on mode choice showed that periphery area residents are more dependent on bus transportation than the inner and intermediate zone residents are. The inner city residents are the dominant taxi users.  According to the data analysis on the satisfaction parameters, the majority of inner city residents are satisfied with the existing bus condition, where as the expansion area residents show dissatisfaction (see figure 6). When the general satisfaction is concerned, 57% of the respondents said they are satisfied. However, when bus service is broken down in to different bus service elements, the dissatisfaction can be seen clearly.  The respondents showed dissatisfaction on the elements such as schedule, bus frequency, boarding convenience, bus stop facilities, and drivers’ behavior. Only on two parameters that the respondents showed satisfaction; bus linkage and bus design (see figure 7)

Figure 6 Satisfaction with the general bus service
Figure 7 Satisfaction with the specific bus services elements
5. MODEL SPECIFICATION
In this study, two models were formulated. The first one is an ordered logit model which measures the level of satisfaction as an influencing factor for public transport mode choice. The second model is a binary logit model on the public transportation mode choice with the dependent variable being public transportation mode, which gets a 1 if the mode is bus and a 0 if it is taxi. The relationship of the two models is formulated as the impact of satisfaction on mode choice. There have been several binary and multinomial models developed to present the mode and route choice behavior of the travelers (Mintesnot G. and Takano S. 2005; Ahmed Hamdy Ghareib 1996; Toshiyuki Yamamoto et al. 2000; V. Thamizh Arasan et al. 1996). The modal-choice behavior of travelers is generally explained by three basic factors: characteristics of the journey to be made (e.g., length, time of the day, and purpose), the socio-economic characteristics of the person making the journey, and the characteristics of the transport system (V. Thamizh Arasan et al. 1996). Other literature adds characteristics to the trip itself, land use and urban design (David P. et.al 2004 etc.). The application of ordered logit model has also appeared in some literature for dependent variables of ranking response (Mohammad M. Hamad and Said M. Easa, 1998, Xiaokun Wang and Kara M. Kockelman, 2005). 

5.1. Ordered Logit Model: travelers’ satisfaction model
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The ordered logit and probit models have come in to wide use as a framework of analyzing ranked responses. If the responses are coded 0, 1, 2, 3, or 4, then the linear regression would treat the difference between a 4 and a 3 the same as a difference between a 3 and a 2, but in fact they are only ranking (William H. Green, 2000). However, ordered logit model has a capability of considering the ranking nature of response variables.  Modeling satisfaction with the current bus level of service is based on the ranked responses of a survey. Suppose that the values of Y represent an ordering of items. For example, let Yi be the outcome of a satisfaction test of observation i, coded like:
    0: not satisfied

Yi=      1: Less satisfied                                                         (1)

     2: Satisfied
Y is not a quantity but ranking, nevertheless a larger value of Y means more, or better. In this case there exists a known natural number m such that 

                                 P [Yi ( {0, 1, 2... m}] = 1                                       (2)

This type of data is usually modeled via a latent (unobserved) variable model: 

                                Y*i = ( + ( i 'X i + (                                                  (3)

Y*i = latent (unobserved) measure of satisfaction faced by the respondent,

X = a vector of explanatory variables describing the demographic, socio-economic, and mode-related variables such as waiting time, travel time, etc.
(,(' = coefficients to be estimated, and

( = a random error term (assumed to follow a standard normal distribution for probit model or logistic       distribution for logit model). In this study, the logistic distribution is followed.

The observed and coded discrete satisfaction variable, Yi is determined from the model as follows; 
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                    (4)
Where (i represent thresholds to be estimated along with the parameter vector ( and ( .

The probability, associated with the coded responses of an ordered probability model is as follows:

Pr (Yi=j) = Pr ((j-1<Y*i ( (j) = Pr ((j-1< [( + ( i 'X i +(]( (j)              (5)

Where ‘j’ represents the satisfaction values; and the random error ‘(’ should be distributed, therefore, the function will be:

Pr(Yi=j)= Pr ((j-1<Y*i ( (j)=F((j- ( - ( i 'X i ) – F((j-1- ( - ( i 'X i)         (6)

In a simplified form,

Pr (Yi=0) = F (( - ( i X i)                                                             (7)

Pr (Yi=1) = F (( 1-( - ( i X i)-F (( - ( i X i)                                 (8)
Pr (Yi=2) = 1- F (( 1-( - ( i X i)                                                   (9)
In ordered logit, F(x) is specified as the logistic distribution function, i.e. 

                                 F(x) = exp(x)/ [1 + exp(x)]                                     (10)
5.2. Binary Logit Model: public transport (PT) mode choice model

Choice models are widely used in economic, marketing, transportation, and other fields, to represent a choice among a set of mutually exclusive alternatives. Several models have been developed to analyze the choice behavior, which is the key aspect of the demand analysis. This paper aims to model the mode-choice behavior of public transport users, using a binomial logit model. When the choice makers are faced with two dominant alternatives, the situation will be termed as a binary choice case. The derivation of any binary choice model is conceptually straightforward that the probability of alternative i to be chosen can be easily solved. Consequently, the probability that j is chosen is equal to [1-P(i)].  The general form of the binomial logit model is

  Prob [Yi=1| bus] = Exp ((+∑(ixi)/ [1+ Exp ((+∑(ixi)]                      (11)

The model application is based on the utility theory, which assumes the decision maker’s preference for an alternative is captured by a value called utility (U). The decision maker selects the alternative in the choice set with the highest utility: U (alternative i) = (ixi, where (i   is the coefficient associated with the alternative, xi is the variables value, and ‘(’ is the constant estimated by the model (William H. Green, 1998). 

6. EMPIRICAL ANALYSIS
For the ordered logit model, the dependent variable is taken as ranking responses of satisfaction with bus condition parameters (0 if dissatisfied, 1 if less satisfied and 2 if satisfied). The independent variables are the socio-economic, demographic, and mode-related parameters such as age, sex, occupation, monthly income, family size, mode, bus fare, bus travel time, and bus-waiting time. As stated earlier, the dependent variable for the binary logit model is the mode of public transportation chosen by the respondents. The major modes of public transportation are bus and taxi. ‘Walk’ is excluded, as the respondents are not using it for long trips. As binomial logit model has the best output, the data is organized in such a way that the probability of bus choice over taxi is made.  The independent variables comprise the socio-economic attributes and the attributes related to the mode. The descriptive statistics of the independent variables is given in table 1.

Table 1 Descriptive statistics for ordered and binomial logit models
6.1. Modeling results

6.1.1. Ordered logit model results: zonal variation 
When the overall city is concerned, the satisfaction variables on different bus service elements have a significant influence on citizens’ general satisfaction with the existing bus service. For example, satisfaction on bus linkage shows low significance on the overall satisfaction, however, it shows a reasonable significance in affecting the satisfaction of the periphery residents. It is because bus route linkage is important for periphery residents whom potentially making longer trips. The bus schedule has also low statistical significance on the overall satisfaction where as there is a higher significance in inner and periphery residents. When age increases, the general satisfaction decreases; the same is true for family size, number of bus transfers and waiting time. Male respondents and long distance travelers are satisfied with the existing bus service, due to the fact that buses are a relatively cheap mode of transportation for long trips (most likely ‘work’ trips). For the inner zone, out of the selected satisfaction variables on different bus service elements, only drivers’ behavior, bus schedule and bus design affects the satisfaction of inner zone residents. The satisfaction of inner city residents on bus stop facilities, linkage, frequency, and boarding convenience have lower influence in affecting their overall satisfaction on the bus transportation. Because of the availability of frequent service in inner zones and the trips are characterized by short trips, the inner zone residents give more consideration for other attributes to attain their satisfaction. Out of the socio-economic variables, only age and family size has an influencing factor. When both parameters increase, the general satisfaction on the bus decreases. An increase in waiting time decreases satisfaction. According to the analysis of intermediate zone residents, only driver’s behavior and bus stop facilities affect the general satisfaction. However, a number of socio-economic, as well as mode-related variables influence the overall satisfaction. Increased age, family size or waiting time decreases satisfaction. Working groups seem satisfied with the existing bus service while low-income groups have lower satisfaction. 
For peripheral (expansion) zones residents, all the selected satisfaction variables of different bus service elements affect the satisfaction of periphery residents with the existing bus service. Out of the socio-economic variables, only monthly income, numbers of bus transfers and travel time have an influence on satisfaction level. According to the summary of findings, drivers’ and fare collectors’ behavior is the one factor that inner, intermediate and peripheral residents referred as an influencing factor for their satisfaction with the existing bus service. Bus linkage is important for periphery residents while schedule is important for those in the inner city.
Table 2 Ordered logit model results: zone variation

6.1.2. Ordered logit model results: satisfaction on different bus service elements
In this part of the analysis, apart from considering merely general satisfaction as the dependent variables, parameters such as drivers’ behavior, bus stop facilities, schedules, bus frequency, linkage, boarding convenience, and bus design are considered with the purpose of making a detailed satisfaction analysis. In the previous section, the general satisfaction has given a generalized output. Therefore, by breaking down the bus condition parameters, a better understanding of citizen’s satisfactions can be gained. It also serves to develop the functional relationship between some identified bus-related variables, and the citizens socio-economic and travel characteristics with the satisfaction level.  
Table 3 Ordered logit model results: satisfaction on different bus service elements
When the driver’s behavior is considered, inner zone residents, male workers, high monthly income groups are dissatisfied with the behavior of drivers and fare collectors. Therefore, it is observed that driver’s behavior is the main source of dissatisfaction. High waiting time reduces satisfaction. When it comes to the bus stop facilities, all selected factors have influencing positive or negative factors on the satisfaction with the bus stop facilities. When age increases, satisfaction on bus stop facilities decreases. The same is true for the male working groups, high-income groups and large families. When bus fare increases, dissatisfaction on bus stop facilities decreases. Long waiting times have a negative effect on perceiving bus stop facilities as good. Periphery residents and female residents are satisfied with bus stop facilities. Only longer travel time shows a positive significance, as the longer the travel time, the lesser the bus users experience the condition of bus stop facilities. 
Inner city residents are not satisfied with the bus schedule. When bus-waiting time increases, complaints on the bus schedule increases.  Working groups seem satisfied with the bus schedule, and longer travel times result in satisfaction with the bus schedule and long waiting time results dissatisfaction. When Bus Linkage is concerned, periphery residents are not satisfied with the bus linkage because they experience a long travel time. The negative sign on the travel time parameter is a proof of this. Male respondents, the elderly, working, and high monthly income groups all show dissatisfaction on the bus linkage parameter. Inner zone residents are not satisfied with the bus frequency parameter. When age increases, satisfaction on the bus frequency decreases. Male respondents, the working, and high monthly income groups are dissatisfied with bus frequency. It is not a surprise that, when waiting time increases, the satisfaction on bus frequency decrease. Inner city residents complain of boarding convenience because of the density and high number of bus users in the city center. When age increases, complaint with boarding convenience increases. Male respondents and high-income groups have less complaint on boarding convenience. Inner city respondents, the elderly and male respondents have dissatisfaction about the bus design. When waiting time increases, dissatisfaction with bus design increases. However, long travel time decreases dissatisfaction.

6.2. Binary logit model results
The estimated results of the public transport choice are given in table 4. According to the modeling results, all categories of the selected independent variables have a significant effect on the choice of bus over taxi. The periphery zone residents have a higher tendency to choose a bus over a taxi, because buses are a more affordable means of transportation when long trips are made. In the inner city, trips tend to be short, so using a taxi could be seen as a reasonable option. However, for the urban poor living in the urban expansion area, buses are an indispensable choice, because of the affordability issue. The probability of choosing a bus decreases when age increases, due to the tendency of elderly people shifting to other modes of transportation, as there are inconveniences with boarding and buses being crowded. Besides, there are no policies or technical support that encourages elderly people to use a bus. Even the design of the bus steps is not friendly to elderly people (high steps). Female respondents tend to use buses more than male because they have more spare time to wait for a bus as their destinations are not time restricted (predominantly shopping trips). Another significant factor is monthly income; when this increases the tendency of using a bus decreases. When a resident’s income increases, they look for a more convenient, although more costly, mode of transportation like taxis or private cars as their level of affordability has grown. Family size is another factor for bus choice.  The bigger the family size, the higher the probability of choosing buses, because other modes are unaffordable. Attributes related to the mode also affect the probability of choosing a bus. When the bus waiting time increases, there is higher probability for choosing a taxi. Therefore, bus frequency is the most important factor in determining residents’ public transportation mode choice. Long travel times make the residents choose bus, as it is difficult to afford longer trips when using a taxi. The overall results showed that the residents have a strong dependency on the bus despite the low level of service. 

Table 4 Binary Logit result for choosing buses over taxis
7. POLICY RECOMMENDATIONS
Based on the ordered and binomial logit modeling results, some policy responses are drawn, which can suggests the future public transportation improvement programs. The impact of the citizens’ level of satisfaction with the public transport mode choice, and the appropriate policy response are indicated in table 5. It can be noted that there is a clear relationship between the satisfaction parameters and the mode choice. For example, male respondents have less likelihood of choosing a bus over a taxi. The reason could be the satisfaction parameters, in which male respondents are not satisfied with elements such as drivers’ behavior, bus linkage, bus frequency and/or the bus design. When one sees the working male respondents from the two independent variables, drivers’ behavior and bus linkage are the two most important reasons for not choosing a bus as their typical mode of transportation. The same kind of relationship would indicate what the policy and strategic direction could be needed to improve public transport problems in the city. 
Table 5 Impact of citizens’ level of satisfaction on the public transport mode choice and the policy response

7.1. Urban transport and the elderly people

The modeling results discussed above show that elderly people are not satisfied with the existing bus services in the city. They are in low-income groups; as unlike in developed countries, elderly peoples’ savings is very low, and pension is small in Ethiopia. They cannot save during their working ages due to very low earnings. Therefore, it is challenging to afford a private vehicle or a demand responsive, and contracted taxi service for their trip to health care or other facilities. Very few elderly people use demand responsive, contracted taxi services because the service is expensive, even though they prefer taxis in spite of the costly fare as buses are not a convenient mode for their day-to-day mobility. Buses are usually very crowded and not suitable for elderly people. If the elderly people travel during off peak hours, it would be much better because bus is less crowded. The bus entrances and exits have very high steps, which are difficult for elderly people to use without others help. Therefore, providing a less costly public transport service for the elderly is vital. Introducing free or discount transport (currently a discount bus ticket is provided only for students), priority seats and a friendly bus design is important. There should be a policy concerned with the welfare of elderly people, which works towards providing a more affordable and convenient transport mode.
7.2. Urban transport and the urban poor

From the modeling results, it is found that when income increases the tendency of using a bus decreases. This implies that the relatively rich people use more expensive means of transportation like a taxi or a private car. However, due to the extent of urban poverty in the city, only a few people can afford a private vehicle; with taxis are not affordable for the low-income groups. Limited employment, and the very low wage, especially for the labor works is the main causes of very small earning. The Household Income, Consumption and Expenditure survey conducted by Central Statistics Authority (CSA) revealed that 41.5% of households in Addis Ababa earn less than 4100 birr per year (about 342 ETB per month [1ETB=0.11USD]); 19.6% falls into the range of Birr 4200 to 6599 per year (350 to 550 ETB per month). It is estimated that about 50% of the city’s population lives under the poverty line. Household expenditure continues to exceed income up to the income group of 3400 to 4199 birr per year (284 to 349 ETB per month) (CSA, 1997).  The urban poor’s transportation cost has increased more significantly than their incomes. They have suffered the negative consequences of the horizontal growth of the city that their travel time to work has increased more significantly than for any other groups. The regional governments have not expanded or improved public transport in an effort to keep up with population growth and city’s spatial expansion. The urban poor depend upon public transport, as they have no access to private motorized vehicles, and yet public transportation is of low service quality and coverage. Therefore, providing cheap transport for the urban poor (enlarging public transport options), planning and designing transportation so that it can generate economic and employment activities for the urban poor, and government subsidies for transit operators in order to keep the low bus fare (currently the reduction of subsidies from the government, and the increase of oil price fosters the increase in bus fares) are vital areas of interventions. Complimentary to the public transport expansion, pedestrian infrastructure development is essential, as the urban poor depend on non-motorized transportation like walking.
7.3. Urban transport and gender

The main trip purpose for female travelers is shopping. Since trips for shopping are not time restricted, as work trip are, buses are preferable means of transportation. Usually the female residents use buses during the off-peak hours to avoid congestion. However, the complexity of the travel pattern by female travelers’ calls upon the well linked public transportation system. The women’s complex household and care taking responsibilities usually force them to make multiple stops.  This often makes it much more costly for women to get around, since they may have to pay for numerous single fare tickets during such a chained trip. A well-designed public transport (PT) service, with a good connection to business centers and public facilities, is important (transport integrated with land use). Gender analysis needs to be incorporated into all transport planning, so that gender-based impacts are studied and considered before project implementation.
7.4. Land use planning and infrastructure development

Compacted city development ought to be encouraged in the city, as there are identified vacant spaces. The illegal development and squatter settlement expansions are prevalent in the city. These settlements are becoming a potential trip generation areas, even though it is costly to provide transportation. The major problem of the city is that the number of vehicles and the available infrastructure are not compatible. Therefore, improving and widening road infrastructure is essential. 

7.5. Public transport improvement programs

Because buses are an affordable means of transportation for the majority of the residents, expanding existing networks and increasing the number of buses would bring the citizens’ satisfaction up. The newly developed urban expansion areas are suffering because the service coverage is limited to only the city center. The City Index of Bus Availability indices show that only the center of the city is being served by the existing bus service (Mintesnot and Takano, 2006). Public transport coordination should be the important element of service improvement. Establishing new bus terminals and express and feeder routes are essential, as there are places which could be potential bus terminals (with high density and high bus availability indices). Establishing a separate lane for bus and rail transit and applying high occupancy buses (Double Decker and connected buses) is necessary in order to cater the high demand. At the moment, the existing bus company is investigating possibilities for introducing Double Decker and extended buses. Developing Light Rail Transit (LRT) and the Bus Rapid Transit (BRT) so that it works in coordination with the bus transits is also an important measure to fill the gap between the demand and the supply. 
High travel demand, positive citizens’ attitude, the availability of high capacity roads in some areas, and the urban upgrading endeavors that give space for transportation development are potentials for public transport development; where as the need for high electric power and high capital cost are considered as constraints. Convenience and comfort are other very important elements to be dealt with, by introducing convenience and comfort measures for waiting, boarding, and traveling; and improving the townscape for attractive traveling. Bus shade development at suitable bus stop locations is important. Involvement of the private sector, in the public transport industry, is essential as there is only one government owned bus company. The existing city bus enterprise is prepared for privatization to compete with the emerging transit operators. The A.A. City Transport Authority encourages privatizing the urban transit sector (Addis Ababa Road Authority, 2004). Drawing a public transport policy can regulate existing as well as future transit development. Establishing a strong PT Information System, with accurate pre-journey and on-journey information is also essential. In order to do this, bus stops locations should be suitable for information display. 

8. CONCLUSIONS
The analysis results showed that the level of satisfaction has a significant influence on the mode choice. According to the analysis output of some independent variables, the low level of bus users’ satisfaction influenced users to choose other modes of transportation such as taxis or private cars. Likewise, the output of some other independent variables showed that, even if travelers’ level of satisfaction was low, they continued to use the bus service due to other limitations. For example, low-income groups showed dissatisfaction with the existing bus service; however, the bus remains their choice of transportation mode due to economic factors, which do not allow them to use taxis or private cars. Other factors such as age, family size, occupation, bus waiting time, travel time, etc., also have an impact on the level of satisfaction vis-à-vis mode choice. Based on the results, the policy directions were indicated with a special emphasis on public transport for the urban poor and the elderly; gender issues on public transportation; land use interventions; and the overall public transport improvement programs. Therefore, this research signifies the importance of including satisfaction measures in the mode choice analysis, being an input for drawing PT improvement and development policies.
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Table 1 Descriptive statistics for ordered and binomial logit models
	DESCRIPTIVE STATISTICS OF VARIABLES FOR ORDERED LOGIT MODEL

	Variables (N=648)
	ZONES

	
	Overall
	Inner
	Intermediate
	Periphery

	
	Mean
	St.Dev.
	Mean
	St.Dev.
	Mean
	St.Dev.
	Mean
	Std.De.

	General satisfaction (0, 1, 2)
	1.55
	0.53
	1.60
	0.52
	1.62
	0.55
	1.29
	0.61

	 satisfaction variables on bus service elements (0, if dissatisfied, 1, if less satisfied, and 2, if satisfied)

	Drivers’ behavior (0, 1, 2)
	1.96
	0.63
	1.90
	0.62
	1.84
	0.67
	2.18
	0.55

	Bus stop facilities (0, 1, 2)
	1.41
	0.73
	1.42
	0.62
	1.68
	0.95
	1.13
	0.45

	Schedule (0, 1, 2)
	1.75
	0.68
	1.71
	0.62
	1.58
	0.88
	1.96
	0.42

	Bus linkage (0, 1, 2)
	2.42
	0.70
	2.22
	0.63
	2.25
	0.83
	2.88
	0.32

	Bus frequency (0, 1, 2)
	1.61
	0.72
	1.29
	0.67
	1.63
	0.88
	2.03
	0.23

	Boarding convenience (0, 1, 2)
	0.93
	0.81
	1.01
	0.59
	1.30
	0.92
	0.45
	0.72

	Bus design (0, 1, 2)
	2.41
	0.71
	2.22
	0.60
	2.20
	0.75
	2.89
	0.58

	Socio-economic and mode-related variables

	Age
	41.45
	14.56
	48.75
	11.41
	41.29
	14.48
	31.42
	12.47

	Sex (0, 1)
	0.57
	0.50
	0.66
	0.47
	0.72
	0.45
	0.28
	0.45

	Occupation (0, 1)
	0.62
	0.49
	0.61
	0.49
	0.72
	0.45
	0.53
	0.50

	Monthly income
	481.3
	363.6
	480.1
	272.4
	424.5
	270.4
	541.5
	518.5

	Family size
	5.09
	1.86
	4.90
	1.62
	4.84
	2.07
	5.60
	1.85

	Mode (0, 1)
	0.70
	0.46
	0.41
	0.49
	0.84
	0.37
	0.96
	0.19

	Bus fare
	28.87
	13.58
	32.94
	18.60
	27.05
	10.26
	25.95
	4.54

	No of bus transfers
	2.46
	0.91
	2.08
	0.44
	2.96
	1.14
	2.48
	0.87

	Bus travel time
	44.57
	21.85
	34.40
	16.48
	54.15
	26.27
	48.89
	17.07

	Waiting time
	25.91
	15.42
	18.25
	6.95
	37.38
	20.60
	24.79
	9.62

	Trip purpose (0, 1)
	0.76
	0.43
	0.78
	0.41
	0.85
	0.36
	0.63
	0.48

	DESCRIPTIVE STATISTICS OF VARIABLES FOR BINOMIAL LOGIT MODEL

	variables
	Mean
	Std.Dev.
	Min.
	Max.
	Measurement
	N

	Mode: 1 if bus and 0 if taxi
	0.779
	0.415
	0
	1
	Binary (0,1)
	603

	Zone: 0 if inner, 1 if intermediate, 2 if peripheral
	0.962
	0.805
	0
	2
	Ordered
	603

	Age
	40.148
	14.268
	12
	85
	Continuous
	603

	Sex: 1 if male, 0 if female
	0.557
	0.497
	0
	1
	Binary (0,1)
	603

	Occupation: 1 if  employee, student, 0 otherwise
	0.619
	0.486
	0
	1
	Binary (0,1)
	603

	Monthly income
	498.957
	378.529
	60
	3140
	Ethiopian Birr*
	603

	Family size
	5.093
	1.885
	1
	11
	Continuous
	603

	Trip Purpose: 1 if work and edu.,0 otherwise
	0.786
	0.410
	0
	1
	Binary (0,1)
	603

	No. of  bus connections
	5.794
	1.416
	2
	8
	Continuous
	603

	In-vehicle time (in-bus minus in-taxi time)
	23.060
	23.241
	-30
	145
	Minutes
	603

	Waiting time (bus minus taxi waiting time)
	12.808
	14.949
	-20
	110
	Minutes
	603

	Fare (taxi minus bus fares)
	75.000
	24.449
	35
	125
	Ethiopian Birr
	603

	* 1USD=8.9 Ethiopian Birr


	
	ZONES

	
	Overall
	Inner
	Intermediate
	Periphery

	
	β
	t-ratio
	β
	t-ratio
	β
	t-ratio
	β 
	t-ratio

	DEPENDENT VARIABLE: GENERAL SATISFACTION ON THE BUS SERVICE LEVEL

	Constant
	0.9725
	1.2664
	0.4112
	0.2625
	-0.2681
	-0.1699
	4.4611
	1.3772

	satisfaction variables on different bus service elements  on bus level of satisfaction (as independent variables)

	Drivers’ behavior (0, 1, 2)
	0.6000
	3.9922
	0.9334
	3.5782
	0.5366
	1.6781
	0.5053
	1.6699

	Bus stop facilities (0, 1, 2)
	0.4921
	3.3070
	0.1259
	0.4359
	0.5655
	2.0868
	-0.3792
	-1.5950

	Schedule (0, 1, 2)
	0.1384
	0.9169
	0.5125
	2.0239
	-0.0028
	-0.0085
	-0.4583
	-1.4941

	Bus linkage (0, 1, 2)
	-0.0941
	-0.5762
	-0.0776
	-0.3035
	0.1154
	0.3846
	-1.3614
	-2.3985

	Bus frequency (0, 1, 2)
	-0.1767
	-1.2010
	0.1342
	0.5383
	-0.2154
	-0.6978
	-0.0251
	-1.3311

	Boarding conv. (0, 1, 2)
	0.3730
	2.8674
	-0.2490
	-1.0650
	0.0564
	0.1958
	0.7508
	3.2053

	Bus design (0, 1, 2)
	0.1953
	1.4059
	0.5450
	2.0229
	0.0923
	0.2992
	0.5688
	1.6548

	Socio-economic and mode-related variables

	Age
	-0.0252
	-3.6012
	-0.0217
	-1.5584
	-0.0604
	-4.0467
	-0.0074
	-0.5326

	Sex (0, 1)
	0.2416
	1.9481
	0.2630
	0.8087
	-0.4723
	-1.4780
	0.3784
	0.8832

	Occupation (0, 1)
	0.0752
	0.3567
	0.1424
	0.4675
	-0.1936
	-0.3790
	-0.5047
	-0.9682

	Monthly income
	0.0002
	0.7285
	0.0001
	0.0891
	0.0020
	1.9937
	0.0004
	1.4270

	Family size
	-0.1272
	-2.5265
	-0.2586
	-2.5243
	-0.2222
	-2.1153
	-0.0703
	-0.7043

	Mode (0, 1)
	0.4493
	2.0649
	0.3411
	1.5078
	1.5845
	2.8904
	0.1837
	0.2147

	Bus fare
	-0.0022
	-0.3389
	0.0002
	0.0218
	-0.0181
	-1. 656
	0.0019
	0.0393

	No o f bus transfers
	-0.1238
	-1.7621
	0.1649
	0.4182
	-0.0123
	-0.0764
	-0.1640
	-1.5085

	Bus travel time
	0.0070
	1.2930
	0.0068
	0.6040
	0.0075
	0.7262
	0.0063
	1.4972

	Waiting time
	-0.0111
	-1.4599
	-0.0173
	-1.7212
	-0.0295
	-1.9378
	-0.0020
	-0.0863

	Trip purpose (0, 1)
	0.4022
	1.7094
	-0.0452
	-0.1185
	0.8953
	1.5049
	0.1587
	0.2919

	Threshold values

	μ( 1)
	4.0212
	12.643
	4.0952
	6.0371
	3.5829
	6.8902
	3.2593
	9.9155

	Number of observations

Log likelihood function       

Restricted log likelihood                  Chi-squared                                  Degrees of freedom                   

Significance level 
	648

-440.5760

-493.3246

105.4972

18

.05
	264

-171.2317

-192.4771

42.49092

18

.05
	195

-111.8047

-146.3903

69.17112

18

.05
	189

-156.5944

-169.6581

26.12744

18

.05


Table 2 Ordered logit model results: zone variation
	
	General

satisfaction
	Drivers

behavior
	Bus stop

facilities
	Schedule
	Bus

linkage
	Bus

frequency
	Boarding convenience
	Bus

design

	
	β
	t-ratio
	β
	t-ratio
	β
	t-ratio
	β
	t-ratio
	β
	t-ratio
	β
	t-ratio
	β
	t-ratio
	β
	t-ratio

	Constant
	1.875
	6.007
	1.020
	3.677
	-0.326
	-1.119
	0.784
	2.905
	1.748
	6.061
	-0.658
	-2.370
	-0.957
	-2.494
	1.3185
	4.6859

	Zone
	-0.174
	-2.114
	0.302
	3.759
	-0.339
	-3.575
	0.166
	1.900
	-0.600
	-6.727
	0.729
	6.9845
	0.133
	1.395
	0.6665
	7.5621

	Age
	-0.013
	-3.202
	-0.004
	-1.051
	-0.006
	-1.431
	-0.003
	-0.825
	-0.006
	-1.657
	-0.005
	-1.311
	-0.003
	-1.686
	-0.033
	-1.841

	Sex
	0.126
	1.227
	-0.138
	-1.258
	0.181
	1.500
	0.027
	0.263
	-0.247
	-2.261
	-0.066
	-1.566
	0.283
	1.888
	-0.163
	-1.440

	Occupation
	0.014
	2.116
	-0.205
	-1.779
	-0.119
	-1.907
	0.012
	2.112
	-0.120
	-1.998
	0.162
	1.390
	0.019
	2.129
	0.125
	1.143

	Monthly income
	0.000
	2.163
	-0.000
	-1.769
	-0.000
	-2.742
	-0.000
	-1.201
	-0.000
	-1.795
	-0.000
	-1.825
	-0.000
	-2.100
	0.0000
	-0.160

	Family size
	-0.075
	-2.627
	-0.015
	-0.600
	-0.042
	-1.508
	0.005
	0.197
	0.012
	0.443
	-0.015
	-0.631
	-0.026
	-0.820
	-0.014
	-0.572

	Mode
	0.423
	3.258
	0.099
	0.769
	0.395
	2.707
	0.229
	1.902
	-0.114
	-0.921
	0.331
	2.573
	0.687
	3.869
	-0.143
	-1.822

	Bus fare
	-0.003
	-1.805
	-0.003
	-0.862
	-0.010
	-4.122
	-0.002
	-0.464
	0.001
	2.265
	0.002
	1.670
	-0.014
	-2.318
	0.0061
	1.687

	No. of bus transfer
	-0.016
	-1.233
	0.088
	1.349
	0.131
	2.129
	0.021
	2.331
	-0.060
	-1.717
	0.169
	2.597
	0.184
	2.363
	-0.034
	-1.543

	Bus travel time
	0.004
	1.312
	-0.000
	-0.036
	0.004
	1.347
	0.005
	2.055
	-0.004
	-1.454
	-0.000
	-0.020
	-0.005
	-1.543
	0.0041
	1.688

	Bus waiting time
	-0.010
	-2.546
	-0.015
	-3.800
	-0.007
	-1.746
	-0.026
	-6.560
	-0.005
	-1.722
	-0.021
	-4.994
	-0.005
	-1.787
	-0.010
	-2.108

	Trip purpose
	0.187
	1.306
	0.128
	1.967
	-0.161
	-1.833
	0.059
	0.444
	-0.119
	-0.857
	-0.060
	-0.423
	0.024
	0.138
	0.0119
	0.0841

	Threshold values

	μ( 1)
	2.0273
	15.877
	2.1334
	25.864
	0.9364
	12.980
	1.8434
	22.931
	1.5607
	19.286
	1.9178
	22.121
	0.7729
	9.5220
	1.6862
	20.678

	No. of observations
Log likelihood 
Restricted log 
Chi-squared 

Degrees of freedom
Significance level
	648
-466.6787

-493.3246

53.29175
12
.05
	648
-516.9209
-544.2455   54.64906
12
.05
	648
-518.3513
-553.4513

70.20009
12
.05
	648
-556.8164
-589.9366

66.24049
12
.05
	648
-529.2462
-601.0583

143.6242
12
.05
	648
-494.2906
-588.9946
189.4079
12
.05
	648
-352.0520
-378.3715    52.63896
12
.05
	648
-527.8281
-592.3849

129.1136
12
.05


 Table 3 Ordered logit model results: satisfaction with different bus service elements

Table 4 Binary Logit result for choosing buses over taxis
	Variables
	(
	t-ratio

	Constant
	0.4947
	1.6359

	Zone: 0 if inner, 1 if intermediate, 2 if peripheral
	2.0861
	7.5189

	Age: Continuous Value
	-0.0189
	-1.6956

	Sex: 1 if male, 0 if female
	-0.3067
	-1.8007

	Occupation: 1 if Public or private company employee or a student, 0 otherwise
	0.4386
	1.4542

	Monthly income: Continuous Value
	-0.0018
	-5.2512

	Family size: Continuous Value
	0.0696
	1.9008

	Trip purpose: 1 if work, education or business, 0 otherwise
	0.5458
	1.3524

	No. of bus transfers: Continuous Value
	-0.0629
	-1.6854

	In-vehicle time: Continuous value (differential of bus and taxi travel time)
	0.0403
	4.7457

	Waiting time: Continuous value (differential of bus and taxi waiting time)
	-0.0370
	-3.5524

	Fare: Continuous value (differential of taxi and bus fares for the specified distance)
	0.0045
	1.9960

	Dependent variable                   MODE     

Number of observations              603     

Log likelihood function         -202.8043     

Restricted log likelihood       -318.1553     

Chi-squared                            230.7020     

Degrees of freedom                     11     

Significance level                       .05     

Predicted outcome                    81.75%


	Parameters
	 PT mode choice
	Perception model on bus condition
	APPROPRIATE POLICY RESPONSE

	
	
	General satisfaction
	Drivers behavior
	Bus stop facilities
	Schedule
	Bus linkage
	Bus frequency
	Boarding convenience
	Bus design
	

	Zone
	○
	(
	○
	(
	○
	(
	○
	○
	○
	Well integrated bus routes with good bus stop shades

	Age
	(
	(
	X
	(
	X
	(
	(
	(
	(
	Bus transportation for the elderly 

	Sex
	(
	X
	X
	○
	X
	(
	(
	○
	(
	Transportation integrated with land use (for shopping trips)

	Occupation
	○
	○
	(
	(
	○
	(
	○
	○
	○
	Peak-hour (rush hour) demand responsive bus transportation

	Monthly income
	(
	○
	(
	(
	X
	(
	(
	(
	X
	Affordable bus transportation for the urban poor

	Family size
	○
	(
	X
	(
	X
	X
	X
	X
	X
	Increasing public transportation mode choices

	Travel time
	○
	○
	(
	○
	○
	(
	X
	X
	○
	Service coverage to the urban expansion areas

	Waiting time
	(
	(
	(
	(
	(
	(
	(
	(
	(
	Adding public transport modes (BRT, LRT etc)

	Trip purpose
	○
	X
	○
	(
	X
	X
	X
	X
	X
	Well managed bus stop facilities for daily users

	Fare
	○
	(
	X
	(
	X
	○
	○
	(
	○
	Evaluation of bus pricing

	No. of bus transfers
	(
	X
	○
	○
	○
	(
	○
	○
	(
	Well integrated buses with other PT modes such as BRT and LRT

	○ = Positive relationship between the dependent and independent variables

( = Negative relationship between the dependent and independent variables

X = Parameters that are not applicable because they are statistically insignificant (very low t-value)

	SUMMERY OF POLICY RESPONSES FOR PUBLIC TRANSPORTATION DEVELOPMENTS
Urban transport and the elderly: Providing less costly public transport service for elderly people is vital. Introducing free or discount transport (currently a discount bus ticket is provided only for students), priority seats and friendly bus design for them is important. There should be a policy concerned with the welfare of elderly people which works towards providing them with a more affordable and convenient transportation choices.

Urban transport and the urban poor: Provide cheap transport for the urban poor (enlarging public transport options), plan and design transportation so that it can generate economic and employment activities for the urban poor. Government subsidies for transit operators in order to keep the bus fare low (currently the reduction of subsidies on the bus company (and the increase of oil price) fosters the increase in bus fares) are vital areas of interventions. Complimentary to the public transport expansion, pedestrian infrastructure development is essential, as the urban poor depend on non-motorized transportation like walking.
Urban transport and gender: Well-designed PT service with a good connection with business centers and public facilities are important (TRANSPORT INTEGRATED WITH LAND USE). Gender analysis needs to be incorporated into all transport planning, so that gender impacts are studied and considered before a projects’ implementation

Land use planning and infrastructure development: The major problem of the city is that the number of vehicles is not compatible with the available infrastructure. Therefore, improving and widening road infrastructure is essential. 
Public transport improvement programs: Introducing Double Decker and extended buses is indispensable. Developing rail transit (LRT) and Bus Rapid Transit (BRT) so that it works in coordination with the bus transits is also an important measure to fill the gap between the demand and the supply. 




Table 5 Impact of citizens’ level of satisfaction on the public transport mode choice and the policy response


Figure 1 Analysis framework


                            Figure 2 Addis Ababa city map
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Figure 3 Modal Split
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Figure 4 Trip Purpose
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Figure 5 Trip rate (trips per day)
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Figure 6 Satisfaction with the general bus service
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Figure 7 Satisfaction with the specific bus services elements
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Modeling the satisfaction with specific bus level of service parameters; Bus stop facilities, drivers’ behavior, schedule, bus linkage, bus frequency, boarding convenience and bus design





Modeling the general satisfaction with the bus level of service in three different zones; inner, intermediate and periphery
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