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ABSTRACT 

Transportation  sector plays an essential and important role in industrial and developing 

countries. In spite of the variation in the level of progress and technology, the transfer of 

people and goods is a necessary requirement. Therefore, the transport sector must be 

managed as one body and main element and must be taken into consideration in any 

development plan in the future. The public transportation sector in Gaza Strip suffers in 

general from deregulation and the absence of enforcement on the ground in many 

aspects. For that reason, this study aims to find out the relationship between the public 

transport demand and the factors affecting it. This will help in appraising of existing and 

future public transportation. 

The major objectives of this research are to develop a ridership demand model and 

evaluate and test some factors that have significant impact on elasticities of passenger 

demand. The study area was Gaza strip Governorates; North Gaza, Gaza, Middle Area,  

Khanyounis and Rafah. Fourteen external bus routes were studied. The related data 

needed was obtained based on a field survey,  reviewing related studies at the local and 

international levels, the Palestinian Central Bureau of Statistics (PCBS), Ministry of 

Transport (MOT) and Ministry of Higher Education (MOHE). 

A mathematical equation for bus ridership demand was developed. The statistical 

analysis of the model was run using multiple linear regression software. The 

independent variables in the model were classified into external and internal ones. The 

external variables included employment percent, students percent, monthly expenditure 

of family and the number of private cars in both origin and destination governorates. 

The  internal variables included trip length, travel time and bus fare. The correlation 

coefficient of the recommended model (R
2
) was 0.997. 

Public transportation ridership behavior information was collected by using a 

questionnaire for bus riders and shared taxi riders. The sampling size was 400. The 

questionnaire includes questions regarding personal characteristics of the riders, about 

the trip and concerning changing mode preference for a change in bus fare or total trip 

time. The results of analysis of the questionnaire showed that the elasticity of the bus 
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ridership demand towards the bus fare change and total trip time change were estimated 

to be – 2.23 & - 0.29 respectively. The shared taxi elasticity of the riders towards the 

bus fare change and total trip time change were estimated to be 0.23 & 0.22 

respectively. The results revealed that students and employees were the most sensitive 

to mode change. This is because they make daily trips and try to save money. The 

results of this research can be used in assessing the existing and future public 

transportation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.manaraa.com

viii 

 

LIST OF CONTENTS 

DEDICATION ………………………………………………………………………….. i 

ACKNOWLEDGEMENT …………………………………………………………........ ii 

 …………………………………………………………………………….. iv

ABSTRACT …………………………………………………………………………….. vi 

LIST OF CONTENTS ………………………………………………………………….. viii 

LIST OF ABBREVIATIONS ................................................................................. xii 

LIST OF TABLES …………………………………………………………………........ xiv 

LIST OF FIGURES ……………………………………………………………………..  xvi 

CHAPTER 1: INTRODUCTION …………………………………………………….. 1 

1.1 Background …………………………………………………………………………. 1 

1.2 Towards Better Public Transportation ……………………………………………… 1 

   1.2.1 Public Transportation in Gaza Strip……………………………………………... 1 

   1.2.2 The coexistence of the Public Transport and Private Car …………………........ 2 

1.3 Problem Statement ………………………………………………………………….. 3 

1.4 Research Objectives ……………………………………………………………....... 3 

1.5 Research Scope and Limitations ………………………………………………........ 4 

1.6 Methodology.................................................................................................... 5 

1.7 Research Structure ………………………………………………………………….. 6 

CHAPTER 2: LITERATURE REVIEW …………………………………………….   8 

2.1 Introduction ……………………………………………………………………........ 8 

2.2 Ridership Demand Forecasting Studies …………………………………………….. 9 

   2.2.1 The Demand Forecasting Concept…………………………………………........ 9 

2.3 Elasticity of passenger Demand Studies…………………………………………….. 13 

   2.3.1 Expected Ridership Response………………………………………………….... 13 



www.manaraa.com

ix 

 

CHAPTER 3: RESEARCH  METHODOLOGY……………………………………. 26 

3.1 Introduction………………………………………………………………………….. 26 

3.2 Bus Ridership Demand Modeling between Governorates…………………………...  26 

   3.2.1 Multiple linear Regression Analysis…………………………………………….. 26 

   3.2.2 The Multiple Regression Model………………………………………………… 27 

   3.2.3 Selecting variables in the multiple regression………………………………....... 27 

   3.2.4 Correlation Coefficient………………………………………………………….. 28 

   3.2.5 How to interpret a Correlation Coefficient…………………………………….... 28 

3.3 Demand Elasticity and Preparing a Sample Survey……………………………….... 29 

   3.3.1 The Concept of Elasticity……………………………………………………….. 29 

   3.3.2 Sample Survey…………………………………………………………………... 30 

      3.3.2.1 The Purpose of Survey Study……………………………………………….. 30 

      3.3.2.2 Target Population…………………………………………………………..... 31 

      3.3.2.3 Data to be collected………………………………………………………….. 31 

      3.3.2.4 Selecting an appropriate sampling method………………………………….. 32 

      3.3.2.5 Confidence level and Precision……………………………………………… 32 

      3.3.2.6 Sample Size Determination………………………………………………..... 32 

      3.3.2.7 Developing the Public Transportation Questionnaire……………………….. 33 

      3.3.2.8 Pretest the Questionnaire……………………………………………………. 34 

CHAPTER 4: DATA COLLECTION……………………………………………....... 35 

4.1 Introduction………………………………………………………………………….. 35 

4.2 Sources of Data……………………………………………………………………… 35 

   4.2.1 Palestinian Central Bureau of Statistics……………………………………........ 35 

   4.2.2 Ministry of Transport……………………………………………………………. 38 

   4.2.3 Ministry of Higher Education………………………………………………….... 38 

    4.2.4 Reports of Various Public Transportation Agencies and Bus Companies…....... 39 



www.manaraa.com

x 

 

    4.2.5 Questionnaire Distribution…………………………………………………........ 50 

CHAPTER 5: STATISTICAL ANALYSIS AND MODELING…………………….  53 

5.1 Introduction………………………………………………………………………….. 53 

5.2 Statistical Analysis of Ridership Demand…………………………………………... 53 

  5.2.1 Trip Length…………………………………………………………………........ 53 

  5.2.2 Bus Fare…………………………………………………………………….........     53 

  5.2.3 Students Percent…………………………………………………………………. 56 

  5.2.4 Average Weekly Ridership…………………………………………………....... 57 

  5.2.5 Bus Travel Time……………………………………………………………....... 57 

  5.2.6 Population……………………………………………………………………….. 60 

  5.2.7 Employment…………………………………………………………………….. 60 

  5.2.8 Expenditure…………………………………………………………………....... 61 

  5.2.9 Private Cars………………………………………………………………………  62 

5.3 Constructing a Ridership Predicting Model……………………………………....... 63 

5.4 Statistical Analysis of Ridership Questionnaire……………………………………. 70 

   5.4.1 The Riders Age………………………………………………………………….  71 

   5.4.2 The Riders Job………………………………………………………………..... 74 

   5.4.3 The Riders Gender…………………………………………………………....... 76 

   5.4.4 The Riders Education…………………………………………………………... 78 

   5.4.5 The Riders Income per Month………………………………………………….. 80 

   5.4.6 The Riders Weekly Trips……………………………………………………….. 82 

   5.4.7 The Riders Owning Private Cars………………………………………………... 84 

   5.4.8 The Riders Preference………………………………………………………....... 84 

    5.4.9 Trip purpose……………………………………………………………………. 87 

    5.4.10 Number of Trips per Week…………………………………………………… 87 

    5.4.11 Trip Cost……………………………………………………………………… 87 



www.manaraa.com

xi 

 

    5.4.12 Time taking from the beginning of the bus trip till the end………………….. 88 

    5.4.13 Waiting time before launching the trip……………………………………….. 89 

 5.5 Ridership Demand Elasticity………………………………………………………..  90 

    5.5.1 The reasons for riding the bus………………………………………………….. 90 

    5.5.2 The reasons for not riding the bus……………………………………………... 90 

    5.5.3 Reasons for choosing a shared taxi…………………………………………….. 91 

    5.5.4 Preference of shared taxi to bus……………………………………………....... 92 

 5.6 Bus Services Ridership Demand Elasticity………………………………………… 93 

 5.7 Recommendations of Bus riders and Shared taxi riders……………………………. 98 

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS…………………… 99        

6.1 Conclusions………………………………………………………………………….. 99 

6.2 Recommendations………………………………………………………………….... 101 

 

 

 

 

 

 

 

 

 

 

 

 



www.manaraa.com

xii 

 

LIST OF ABBREVIATIONS 

PCBS Palestinian Central Bureau of Statistics 

PIC Palestinian Information Centre 

PNA Palestinian National Authority 

USA United States of America 

UK United Kingdom 

TRRL Transport and Road Research Laboratory 

PTC Public Transport Council 

TDM Travel Demand Management 

JD Jordanian Dinar 

NIS New Israeli Sheqel 

No. Number 

m Meter 

Km Kilometer 

Min. Minute 

hr Hour 

R
2
 Coefficient of determination 

R Correlation coefficient of a population 

r Correlation coefficient of a sample 

LOS Level of service 

Orig. Origin 



www.manaraa.com

xiii 

 

Dest. Destination 

Pop. Population 

E Elasticity 

Employ. Employment 

Expend. Expenditure 

Eq. Equation 

MSAs Metropolitan Statistical Areas 

MSA Metropolitan Statistical Area 

CBD Central Business District 

TOD Transit Oriented Development 

GIS Geographic Information System  

TCRP Transit Cooperative Research Program 

WRT with respect to 

CAMA Computer Assisted Mass Appraisal 

MOT Ministry of Transport 

MOHE Ministry of Higher Education 

N. Gaza North Gaza 

Khan Y. Khan Younis 

M. area Middle Area  

 

 

 



www.manaraa.com

xiv 

 

LIST OF TABLES 

Table 2.1: Statistical Results of  Kohn
,
s Model (2000)……………………………. 19 

Table 2.2: Bus Fare Elasticities…………………………………………………….. 22 

Table 2.3: Transit Elasticities…………………………………………………….... 23 

Table 4.1: Total  Population  and  Percentage by Governorate…………………….. 36 

Table 4.2: Average Family Expenditure over  a Two – Year Period  in J.D………. 36 

Table 4.3: Percentage Distribution of Employment by Governorate……………..... 37 

Table 4.4: Licensed  Auto Ownership by Governorate…………………………….. 38 

Table 4.5: Students Percent by Governorate……………………………………….. 38 

Table 4.6: Total Weekly Bus Riders between Pairs of  Governorates……………… 39 

Table 4.7: Bus Services Originated at North Gaza  Governorate…………………... 40 

Table 4.8: Bus Services Originated at Gaza Governorate………………………….. 40 

Table 4.9: Bus Services Originated at Middle Area Governorate………………….. 41 

Table 4.10: Bus Services Originated at Khan Yunis Governorate………………..... 42 

Table 4.11: Bus Services Originated at Rafah Governorate………………………... 43 

Table 4.12: Trip Length between the Origin and Destination Governorates……….. 44 

Table 4.13: Travel Time between the Origin and Destination Governorates……..... 45 

Table 4.14: Bus Fare between the Origin and Destination Governorates…………... 45 

Table 4.15: Average Weekly Bus Trips between Gaza Governorates…………….... 46 

Table 4.16: Shared Taxis Services Originated at North Gaza Governorate………... 46 

Table 4.17: Shared Taxis Services Originated at Gaza Governorate………………. 47 

Table 4.18: Shared Taxis Services Originated at Middle Area Governorate……..... 48 

Table 4.19: Shared Taxis Services Originated at Khan Younis Governorate……... 49 

Table 4.20: Shared Taxis Services Originated at Rafah Governorate……………... 50 

Table 4.21: Sample Size for Bus Trip Routes between Governorates…………….. 52 



www.manaraa.com

xv 

 

Table 5.1: Characteristics of the Study Area………………………………………. 54 

Table 5.2:  R and R Square Changes………………………………………………. 63 

Table 5.3:  ANOVA Test…………………………………………………………… 64 

Table 5.4: Names and Coefficients of the Variables Suggested by Stepwise………. 

Method 

64 

Table 5.5: Comparison between the Observed and the Predicted Ridership 

Demand……………………………………………………………………………... 

65        

Table 5.6: The changes of R square……………………………………………........ 66 

Table 5.7: Multiple Regression Results…………………………………………….. 67 

Table 5.8: The Significance in Analysis of Variance Between Predictors Entered in  

the Model…………………………………………………………………………… 

67 

Table 5.9: Comparison between the observed and predicted  ridership demand…… 69 

Table 5.10: Numbers Of Riders Across Trip Lines between Pairs Of Govern…….. 70 

Table 5.11: The Riders Between Governorates According to Their Age.................. 73 

Table 5.12: The Riders Between Governorates According to Their Job………….... 75 

Table 5.13: The Riders Between Governorates According to Their Gender……….. 77 

Table 5.14: The Riders Between Governorates According to Their Education…….  79 

Table 5.15: The Riders Between Governorates  According to Their Income Per 

month……………………………………………………………………………….. 

81 

Table 5.16: The Riders Between Governorates according to No. of Weekly Trips... 83 

Table 5.17: The Riders Between Governorates According to Owning Private Car 85 

Table 5.18: The Riders Between Governorates According to Preference of Bus or 

Shared Taxi…………………………………………………………………………. 

86 

 

 

 

 

 

 



www.manaraa.com

xvi 

 

LIST OF FIGURES 

Figure 1.1: Map of Palestine  ………………………………………………………. 4 

Figure 1.2: Map of Gaza Strip Governorates ...................................................... 5 

Figure 5.1: Trip Length Between Each Pair of Governorates……………………… 56 

Figure 5.2: The Bus Fare Between Governorates…………………………………... 56 

Figure 5.3: Students Percent Between Governorates………………………………. 57 

Figure 5.4: Bus Ridership Between Governorates…………………………………. 58 

Figure 5.5: Bus Travel Time Between Governorates………………………………. 59 

Figure 5.6: Population Distribution Per Governorate................................................. 60 

Figure 5.7: Percent Employment Per Governorate…………………………………. 61 

Figure 5.8: Average Family Expenditure Per Governorate........................................ 62 

Figure 5.9: Total Number of Private Cars Per Governorate………………………... 62 

Figure 5.10: Normal P-P Plot of Regression Standardized Residual………………. 66 

Figure 5.11: Normal P-P Plot of Regression Standardized Residual………………. 69 

Figure 5.12: Bus /Shared Taxi Ridership Between Governorates………………….. 71 

Figure 5.13: The Distribution of Riders According to Their Age …………………. 71 

Figure 5.14: The Riders Between Governorates According to Their Age ………… 72 

Figure 5.15: The Distribution of Riders According to Their Job…………………... 74 

Figure 5.16: The Riders Between Governorates According to Their Job………….. 75 

Figure 5.17: The Distribution of Riders According to Their Gender......................... 76 

Figure 5.18: The Riders Between Governorates According to Their Gender……… 77 

Figure 5.19: The Distribution of Riders According to Their Education Level........... 78 

Figure 5.20: The Distribution of Riders According to Their Education Level........... 79 

Figure 5.21: The Distribution of Riders According to Their Income Per Month…... 80 

Figure 5.22: The Distribution of Riders According to their Income Per Month…… 81 



www.manaraa.com

xvii 

 

Figure 5.23: Riders Distribution According to Number of Weekly Trips................ 82 

Figure 5.24: The Riders Between Governorates According to No. of Weekly Trips. 83 

Figure 5.25: The Distribution of Riders According to Owning Private Cars ……… 84 

Figure 5.26: The Riders Distribution According to Their Riding Preferences……... 84 

Figure 5.27: The Riders Between Governorates According to Owning Private Car 85 

Figure 5.28: The Riders Between Governorates According to Preference of Bus or 

Shared Taxi…………………………………………………………………………. 

86 

Figure 5.29: Bus and Shared Taxi Riders Trip Purpose Between Governorates…… 87 

Figure 5.30: The Number of Trips Per Week of Riders  Between Governorates…... 88 

Figure 5.31: Bus and Shared Taxi Trip Cost……………………………………….. 88 

Figure 5.32: Time Taking from The Beginning of Trip Till The End……………… 89 

Figure 5.33: Waiting Time before Launching The Trip……………………………. 89 

Figure 5.34: Bus Riders Reasons for Riding a Bus………………………………… 90 

Figure 5.35: Shared Taxi Riders Reasons for not Riding a Bus……………………. 91 

Figure 5.36: Bus Riders Problems for Using a Bus………………………………… 91 

Figure 5.37: Shared Taxi Riders Reasons for Riding a Shared Taxi………………. 92 

Figure 5.38: Preference for a Shared Taxi Riders to a Bus………………………… 92 

Figure 5.39: The Bus Riders Response Towards the Change of Prices……………. 93 

Figure 5.40: Bus Riders Elasticity to Fare Change…………………………………. 93 

Figure 5.41: The Bus Riders Response Towards the Change of Total Trip Time…. 94 

Figure 5.42: Bus Riders Elasticity to Total Trip Time Change…………………….. 94 

Figure 5.43: The Shared Taxi  Riders Response Towards the Change of Prices….. 95 

Figure 5.44: Shared Taxi Riders Elasticity to Fare Change………………………... 96 

Figure 5.45: Shared Taxi Riders Response Towards the Change of Total Trip time. 96 

Figure 5.46: Shared Taxi Riders Elasticity to Total Trip Time Change……………. 97 



www.manaraa.com

1 

 

CHAPTER 1: INTRODUCTION 

1.1 Background 

Public Transportation is part of our transportation network and plays an important role 

in the society by transporting large number of people to jobs, schools, and community 

activities. Public transportation assists in reducing congestion and in protecting the 

environment on local roads through shifting people to use high occupancy vehicles.  

" Public transportation has long been recognized as a public service necessary to meet 

the most basic mobility needs for the elderly, disabled, and many low-income 

individuals." (Shoup, 2008 ). " As we look to the future, there is no reasonable way that 

more roads and automobiles alone can accommodate all the anticipated growth. Public 

transportation is, and has to be, a major part of the solution." (Oberstar, 2007). 

"Enhancing capacities and improving service quality are key to increasing the number 

of trips on public transit. Overall success is further ensured through reasonable fare 

structures and policies and practical fare initiatives" (Chen and Lin,2005).  

The governments in developing countries have to found appropriate policy initiatives 

using scientific and research base to increase the share of public transport. Such 

interventions should be based on researches that identify factors influencing the demand 

for public transport and quantify the impact of environmental and policy variables. 

Examples of these factors are the following: population density; levels of private 

vehicles ownership; topography; free network extent; parking availability and cost; 

transit network extent and service frequency; transit fares; and transit system safety and 

cleanliness. Understanding the relative influences of these factors is central to public 

policy debates over transportation system investments and the pricing and the 

deployment of transit services. 

1.2 Towards Better Public Transportation 

1.2.1 Public Transportation in Gaza Strip 

Along with the increase of the population and the development of the industries, Gaza 

Strip governorates are extending gradually. The interactions between people in the 
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governorates are more frequent than the past days. Therefore, the public transportation 

is an important means to connect people to each other. The essential purpose to develop 

the public transportation is to assist citizens to make a trip easily and ensure the normal 

operation of the essential social organizations and their activities. Public transport 

consists of all shared ride transport service systems in which the passengers do not 

travel in their own vehicles such as bus services and shared taxi services. There are two 

public transportation modes in Gaza Strip Governorates namely, buses and share-taxis. 

The fleet is owned and operated by the private sector; individuals or firms. No major 

developments in public transportation have been observed during the past few years. 

There were no funds assigned by the Palestinian National Authority  (PNA) for the 

improvement of the public transport amenities. As public transport is owned and 

operated by the private sector, the PNA depends on the private sector initiatives to 

develop the sector. Due to the lack of the PNA power on the ground due to the 

continuous Israeli military occupations in Gaza strip Governorates, there has been 

fragile control of the PNA on public transport. The following reasons explain the 

decision of PNA to hang the development of public transport: 

1- Public transportation agencies are privately owned. 

2- PNA focused on physical infrastructure rather than on operation projects. 

3- Some of public transportation development projects need public awareness. 

1.2.2 The Coexistence of the Public Transport and Private Car 

Beside the public transport services between Governorates (bus and shared taxi), the 

existing of private cars in Gaza Strip can not be ignored and it is impossible to create a 

zero private car city. In fact, the coexistence of public transport and private car is 

possible. For instance, people can take bus to go and back from work to a void 

congestion whereas they could use their own cars for vacation purposes such as 

shopping. Through this way, the number of private cars in the future can be reduced 

regularly starting from reducing the use of private cars at present. The rising amount of 

car utilization within urban centers will create the problem of congestion and hence will 

become a threat to economic growth, noise, poor air quality and even global warming. 
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1.3  Problem Statement  

After the establishment of the Palestinian National Authority in 1993, the transportation 

system in Gaza Strip was extensively improved and a dramatic unprecedented increase 

in the possession of the vehicles were noticed. In consequence of that, new 

infrastructure projects especially road networks, were constructed. However, the 

construction was with little scientific-based planning. This led to shortage in public 

transport system on several divisions such as economic, social, cultural and service 

sectors. 

The Palestinian National Authority did not direct any funds towards the development of 

public transportation facilities. Modes of public transportation in Gaza Strip may be 

limited to buses and shared taxis. The problem facing the public transport sector with 

regard to buses is that they are few and their stops needed for loading and unloading are 

rare. Furthermore, there are no clearly indicated bus lines and no timetables which cause 

long waiting times for passengers. Regarding shared taxis, the problem is that they are a 

lot but their loading and unloading areas are inadequate that causes obvious traffic 

congestion in different areas.  

As a result of that, the public transportation services in Gaza Strip require to determine 

future needs and demand of riders. Therefore, there is a need for evaluating existing 

public transportation and studying the factors that affect current and future public 

transportation demand. This will help to suggest policies in managing public transport 

that lead to choose the feasible and logical solutions.  

There had been extensive studies in the area of ridership demand analysis and modeling 

for public transport in many developed countries. Few of them were in developing 

countries such as Al-Sahili and Sadeq (2003) who analyzed the ridership demand for 

intercity public transport in West Bank. However, this study is extremely significant in 

Gaza Strip.  

1.4 Research Objectives 

The goal of this research is to develop a ridership demand model for public 

transportation in Gaza Strip Governorates. The particular objectives of this research are: 
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 To assess the existing and future public transportation using the technique of rider- 

ship demand modeling.  

 To evaluate and test the factors that affect the elasticity of ridership demand. 

 

1.5 Research Scope and Limitations  

The research area is Gaza Strip Governorates during the period from 1970 –2010. 

Figure 1.1 illustrates the location of Gaza Strip in Palestine map and figure 1.2 shows  

the location of Gaza Strip governorates respectively.  

 

 

Figure 1.1: Map of Palestine (P I C, 2010) 
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Figure 1.2: Map of Gaza Strip Governorates (P I C, 2010) 

1.6  Methodology 

This study comprises five main stages of work as follows: 

Stage 1: Literature review 

The basic concern through out the review stage is to identify some of the broad 

parameters likely to be relevant in studying intercity public transportation demand and 

elasticity. A systematic literature review is to be conducted which will cover textbooks, 
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institutional publications, periodicals, academic journals, seminar and conference 

papers. 

Stage 2: General information and pilot study 

General information will be gathered such as population, activity status, auto-ownership 

and expenditure and consumption levels. Other data about average trips and riders will 

also be obtained through interviews with managers of all bus companies. A pilot study 

which will take the form of a small – scale trial survey will be used before conducting 

the final questionnaire. This initial questionnaire will be used to validate the 

appropriateness of the main study questionnaire.  

Stage 3: Final questionnaire  

The final public transportation questionnaire will be prepared to obtain input data from 

riders regarding issues such as the change in bus fare, waiting time and the service level 

that are not simple to control. This phase involves designing the final survey form and 

conducting the survey from start to finish. It includes selection of factors that might 

affect the elasticity of public transport ridership demand, implementation of the survey 

and finally the collection and analysis of data. 

Stage 4: Ridership demand modeling 

In this stage, a statistical correlation matrix among the different variables is established. 

Then, the type of function between the dependent and independent variables such as 

linear, exponential or logarithmic functions will be investigated. The process includes 

estimating, calibrating and validation of public transport  ridership demand model. 

Stage 5: Conclusion 

This stage summarizes the major findings and conclusions from the study. 

1.7 Research Structure  

This thesis includes six chapters: 

Chapter One presents the introduction chapter which includes background, problem 

definition, objectives, scope of the study, significance of the study and brief research 

methodology. 
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Chapter Two reviews briefly the literature related to demand forecasting concept, 

elasticity concept, factors affecting ridership demand, and models of rider ship demand. 

Chapter Three describes the methodology and approach for the analysis and evaluation 

of the results. It also depicts the explanation of theoretical foundation of the proposed 

ridership demand model.  

Chapter Four illustrates the survey including design of initial survey form, 

administration survey and descriptive analysis of the results. The results from the initial 

survey will be used to develop the final questionnaire that will be used for development 

of ridership demand model.  

Chapter Five describes development of ridership demand model for Gaza Strip. It 

begins with the estimation procedure, calibration and validation of the model.  

Chapter Six includes conclusions and recommendations in addition to some thoughts of 

future researches.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction   

Many developed countries have studied extensively ridership demand analysis and 

modeling for public transportation. The conducted studies addressed different points of 

view. The demand for Bus service generally increases when bus service quality 

attractively raises achieving viable and reasonable standard. To increase the bus service 

demand, the bus service elements and characteristics have to be changed. These changes 

can play a role in the elasticity of bus services demand.  

Public transit ridership is one of the most frequency studied phenomena in 

transportation. It is influenced by a variety of factors, both internal and external to the 

transit system. Internal factors are those that transit system administrators have control 

over. Examples of these are the level of service provided, fare structures and levels, 

route design, service frequency and schedules, and service area size. Transit operators 

can adjust the level of service provided and the fare charged in an effort to attract 

paying customers in the most cost-effective manner possible. External factors, in 

contrast, are those beyond the control of administrators such as population and 

employment growth, fuel prices, health of the economy, car ownership levels and 

parking costs. Changes in these external factors can powerfully increase ridership. For 

example, the increase in the absolute number of potential transit users can increase 

transit ridership in regional population growth. Downtown employment growth can be 

correlated strongly with both the transit patronage and the level of transit service. In 

contrast, increasing unemployment rates and overall reductions in consumer spending 

can significantly decrease both transit ridership and revenue (Taylor and McCullough, 

1998).  

This chapter seeks to find the most important internal and external factors that influence 

transit use. This research presents a number of studies in developed and developing 

countries that will assist in developing analytical model for Gaza strip governorates. 

These studies were classified into two sections. The first section briefly explains the 

ridership demand forecasting studies. Elasticity of passenger demand studies is 

presented in the second section.  
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2.2  Ridership Demand Forecasting Studies 

2.2.1 The Demand Forecasting Concept 

The demand function expresses the number of trips demanded during a given period of 

time in terms of a set of explanatory variables such as the monetary costs of the journey, 

and the time spent traveling. The time spent traveling might be divided into various 

components such as waiting, walking and in - vehicle time. Similar variables for 

competing, modes of transport, and income which are considered in demand forecasting 

were modes of transport and income. A general formulation of  a demand function is:   

                                      = ( ,  , ..…,  )                                     2-1 

where   is the dependent variable (level of demand) and  (  = ,  , …, ) are the 

explanatory variables (Sadeq, 2001).   

 

There is no general rule or consensus among researchers in the field as to either the 

functional form of the demand equation or the variables which should be used to obtain 

the best explanation of the demand. These questions have to be resolved by empirical 

analysis. For example, by testing various forms and specifications against observed 

behavior using statistical techniques. Correlation and regression analyses are used in 

this group of studies to examine the relationships between transit ridership and 

potentially influenced factors. These statistical analyses can identify the factors thought 

to affect ridership and attempt to measure the level of influence in a comparative 

fashion. Multiple regression analysis is commonly used for these studies to analyze the 

combined effects of a variety of factors on transit use. 

 

Sadeq and Alsuhaili (2003) collected socioeconomic and intercity service data for six 

governorates in the northern and central districts of the West Bank  (Nablus, Salfit, 

Jenin, Tulkarim, Qalqilia and Ramalla). They obtained ridership demand model using 

the multiple  linear  regression analysis. They also stated that the factors influencing 

ridership for the study were population  in both origin and destination cities, employees 

and students, and bus fare. The general form of the relationship, which describes rider-

ship  demand that was  used in this research, is as follows:  

            Y = a 0 + a 1  1+ a 2  2 + a 3  3 + …. + a r  r                       2-2 
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 Using the multiple linear regression analysis,  the  following  relationship was obtained: 

           Y = 1084.8 + 26.8 D 1 + 25.7 D 2 – 813 D 3 + 80.3 D 4 + 68.3 D 5         2-3                  

where: D 1 = Origin city population, D 2 = Destination city population, D 3 =  Bus fare, 

D 4 =  Origin city percentage of students, D 5 = Origin city percentage of people older 

than 15 years who are employed. The correlation coefficient, R2, for the above equation 

was 0.82 and The t-test and significance level statistics indicated that the variables had a 

good significance. 

Thompson et al.(2003) conducted a study related to transit system to investigate the 

relationship between service orientation and transit system performance. They used 

comparative case studies of transit systems in decentralized metropolitan areas that have 

pursued multi destination versus radial service approaches. Data was gathered on transit 

system profiles and transit performance from 1983 to 1998 for transit systems in 

Miieapoli, Columbus, Pittsburgh, Sacramento, and Seattle. The performance measures 

include: cost per passenger mile, passenger miles per capita, peak to base ratio, and 

vehicle miles per capita. Comparing systems that met definitions of multi destination 

versus radial service orientation, they found that multi destination systems were more 

effective (higher ridership), and more equitable (lower peak-to-base ratio) than radial 

systems.  

An Urban Mass Transportation Administration report conducted by Sale (1976) 

analyzed the techniques used to increase ridership for the factors influencing transit 

ridership growth by more than 5 percent on transit systems in seven U.S. cities between 

1971 to 1975. He found that the most ridership factors are in large part attributable to 

service expansion – especially  the route expansion in rapidly growing metropolitan 

areas. He also noted three other important gains with respect to transit mode share in the 

short term: strong public and political support, resulting in the availability of substantial 

and stable financial resources; stable or declining fare levels; and higher motor vehicle 

fuel prices due to the energy crises.  

 

Bae et al. (2002) carried out a study to undertake a review of existing literature on 

Transit Oriented Development (TOD) and to use Orenco Station in Portland as a study 

site against which to apply the literature
,
s principles of successful TOD. Orenco Station 
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is different from many TODs in that much of the development is some distance away 

from the rail station (very little is within a quarter mile), an artifact of the pre-

existing landownership situation. They stated  that successful TODs have definite key 

requirements: the need for supportive land polices around rail or bus stations and 

terminals; the promotion of high density residential development near stations; some 

commercial and mixed use development, and pedestrian design elements. Established in 

an area of market gardens, they also noted that Orenco Station had few amenities to 

claim as a locational advantage.  

  

Cervero (1993) made basically a review of various studies that concentrated on transit 

ridership. He examined the characteristics of rail station - adjacent housing and 

commercial projects thought to affect transit ridership. He also found that proximity to 

transit lines and stations has effects on transit use changes. He illustrated that the share 

of trips by rail and bus turns down by approximately 0.65 percent for every 100 – foot 

increase in distance of a residential site from a Metrorail station. The increase in 

distance between stations and offices declines rider-ship gradually. The findings mean 

that the decrease in the average distance from residences and workplaces to transit 

stations and stops will increase service network densities and this would significantly 

increase transit use. 

Cervero (2006) examined what he termed the" ridership bonus" among people living 

beyond relaxed walking distance of the stations in California by comparing their 

behavior to people who live near rail stations.  A data base on travel behavior and other 

attributes of 1000 people living in 26 housing projects within 1/2 mile of urban rail 

stations in California are applied. Binomial logit models for predicting transit mode 

choice for residents
,
 commute trips are calculated approximately as a function of travel 

times, regional accessibility, workplace job and parking policies, neighborhood design, 

auto ownership levels, and a variable measuring transit lifestyle preference. Finally, 

Cervero estimated a pair of nested logit models for location choice and mode choice as 

a function of an array of location, neighborhood, household, transportation, and 

individual attributes. He found that residential self selection (lifestyle), destination area 

streets, and employer – based parking policies, connectively are among the key factors 

that influence residents
,
 decisions to ride transit. He also called  for an array of market 
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based strategies and regulatory (zoning) to take benefit of these findings and promote 

more " transit-based" housing. 

Based on the aggregate data for the period from 1956 to 1984 in Honolulu, Hawaii, 

Mcleod et al. (1991) estimated multivariate time – series regression models of transit 

ridership. These models include five independent variables (civil jobs, inflation adjusted 

fares, the size of the transit fleet, inflation adjusted per capita incomes, and a variable 

accounting for service disruptions due to strikes) and two dependent variables (linked 

trips and revenue trips). Although both internal and external factors influence ridership, 

other factors such as gasoline prices, and the number of registered passenger vehicles 

thought to be important. 

California Department of Transportation (2003)  performed a study to develop strategies 

to attract transit ridership by determining customer expectations and needs regarding 

transit. Data is collected by means of a combination of literature review, a survey of 

3,302 California residents and focus groups to identify expectations and needs. Then, 

Geographic Information System (GIS) analysis is used to identify locations in the state 

with the best potential to attract riders. The authors found that the following external 

factors: parking availability, land use patterns and aging population are significant 

influences on transit ridership. They observed that non – riders are not very likely to 

commit to using transit even when  these high expectations are met. They also observed 

that both riders and non riders have similar high expectation about comfort, safety, 

convenience, and service reliability. They identified the states four largest metropolitan 

areas as the regions with the highest potential to attract new riders.  

Aftabuzzaman et al. (2010)  presented a comparative appraisal of international research. 

He assessed the congestion alleviation impacts of public transportation by exploring 

previous research, valuing congestion relief effects and examining secondary evidence. 

Many city and transport variables such as population, trip rate, mode  share, average trip 

distance, city size and density,  land use, development patterns, topography, the 

roadway network and public transport system, existing levels of congestion, socio-

economic status of users and non-users, overall travel pattern and telecommuting,  and 

peak spreading were used for the performance of public transport to relieve traffic 

congestion. They showed changes in mode split connected with changes in public 
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transportation. In general, the analysis presented a simplifying method for investigating 

the effect of public transportation on traffic congestion. They established a framework 

for approximating the monetary value of a congestion decreasing effects of public 

transport and presented a congestion relief valuation model to approximate the 

congestion relief benefits of public transportation building on the available transport 

data. Six parameters for this model were selected  to demonstrate a practical  method 

with easily available data for most cities. A simple model was proposed of  the 

following form:  

                        =                  2-4 

where DCB PT = Annual decongestion benefit of public transport in a city, P =  

population,  TR =  average trip rate (trips per person per annum), PT share = Public 

transport mode share, D = average trip distance, MS = Percentage of mode shift 

(additional auto travel for removal of PT), DB = Unit value of decongestion benefits.  

A number of cities are tested by this model to estimate the monetary value of the 

congestion relief effect of public transportation. The cities from developing Asian and 

African countries were not included in this study since the nature of transit provision 

and car ownership of these cities varies substantially from those of the selected cities 

from the developed countries. 

2.3 Elasticity of Passenger Demand Studies 

2.3.1 Expected Ridership Response 

The definition of price elasticity of demand is the ratio of the relative change in the 

quantity demanded to the relative change in price (Swardo et al., 2010). 

Mathematically, elasticity, E, is defined as:  

           E =       Y   /       X                                2-5 

where      Y  is the relative percentage for change in demand  and      X  is the relative 

percentage for change in price. 

This section explains how price changes affect transit ridership. Price sensitivity is 

measured using elasticities. The degree of price sensitivity refers to the absolute 
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elasticity value, that is, regardless of whether it is positive or negative. For example, if 

the elasticity of transit ridership with respect to (abbreviated WRT) transit fares is –0.5, 

this means that each 1.0 percent increase in transit fares causes a 0.5 percent reduction 

in ridership, so a 10 percent fare increase will cause ridership to decline by about 5 

percent. Similarly, if the elasticity of transit ridership with respect to transit service 

hours is 1.5, a 10 percent increase in service hours would cause a 15 percent increase in 

ridership. Economists used several terms to classify the relative magnitude of elasticity 

values. Unit elasticity refers to an elasticity with an absolute value of 1.0. Elasticity 

values less than 1.0 in absolute value are called inelastic. Elasticity values greater than 

1.0 in absolute value are called elastic. For example, both a 0.5 and –0.5 values are 

considered inelastic, because their absolute values are less than 1.0, while both 1.5 and 

–1.5 values are considered elastic, because their absolute values are greater than 1.0. 

There is also a distinction between short-run and long-run price elasticities. In the long- 

run, consumers (or firms) are better able to adjust to price signals than in the short run. 

Hence long run demand functions tend to be more elastic than short run demand. There 

are various definitions of short, medium and long – run, but most authors take short – 

run to be 1 or 2 years, and long – run to be around 12 to 15 years, while medium run is 

usually around 5 to 7 years. Direct and cross elasticity are distinguished by to which the 

change will take effect. The effect of change is able to influence whether on the demand 

for the same product or for another product. The elasticity at which the change in price 

of a product affects directly to the change in demand of the product is called a direct 

elasticity. On the other hand, the price elasticity reflecting the price change in one 

product affects the demand for another product is called cross elasticity (Swardo et al. 

2010). Price elasticities have many applications in transportation planning. They can be 

used to predict the ridership and revenue effects of changes in transit fares; they are 

used in modeling to predict how changes in transit service will affect vehicle traffic 

volumes and pollution emissions; and they can help evaluate the impacts and benefits of 

mobility management strategies such as new transit services, road tolls and parking 

fees. Cross – sectional statistical analyses are premised on the idea that there are 

structural relationships between factors influencing transit use.  

Gomez-Ibanez (1996) managed to estimate the impacts on ridership of both internal 

(fare and service level) and external (income, demographic, and others) factors in 
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regression models. He investigated the changes in ridership and increased in deficits for 

the Massachusetts Bay transportation Authority in Boston in the late 20
th

 century. The 

model produced predicts ridership change based on two external factors (employment 

and income) and three internal factors (fare, revenue vehicle miles, and a dummy 

variable for a 1980 – 81 service budget crisis). The model predicted an 11.9 percent 

increase in ridership between 1970 and 1990. The study showed that, at least in Boston, 

transit ridership is strongly affected by external factors beyond the transit system
,
s 

control. He found that each percentage decrease in central city jobs reduced the 

Massachusetts Bay Transportation Authority ridership in Boston by 1.24 to 1.75 percent 

and each percentage increase in real per capita income reduced ridership in Boston by 

0.7 percent. The impacts of fare and service policies are, by contrast, relatively small. A 

1 percent reduction in fares increased ridership by 0.22 to 0.23 percent and a 1 percent 

increase in service increased ridership by 0.30 to 0.36 percent. 

Using a diversity of sources, the Transit Cooperative Research Program (TCRP, 1996) 

analyzed the relationships between urban form and transit ridership. The study found 

that residential densities have a significant impact on rail transit ridership, as does the 

size and density of the central business district. They also found that increasing 

downtown employment from 50,000 to 300,000 for a 3 – square mile of the central 

business district could increase ridership along the 25 – mile light rail line surrounded 

by low – density residences from 18,000 to 85,000 daily boarding. The central business 

district is not found to be significant beyond a certain size. The TCRP lessons also 

showed that employment center size, transit service characteristics, corridor – level 

urban structure, and a variety of public policies are interrelated with the effects of 

density. Finally, the types and mix of land uses, and the use of non motorized modes 

affect transit demand. However, it was no easy to sort out the impacts of urban design 

and land use mix since they are so strongly correlated with density. 

Spillar et al. (1998) studied the relation between transit ridership and urban residential 

densities and income in five U.S. cities (Portland, Seattle, Salt Lake City, San Diego, 

and Denever) using 1980 Census data. The data included total population counts within 

a given geographic area, average area in acres of each zone, and average annual income 

levels in that area. They used the data from the Census and examined only work – 
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related trips. The study found that transit use per person grows with increasing density 

up to range between 20 and 30 people per acre. In higher – income areas, the influence 

of density on transit use is less than that in low- income neighborhoods, although the 

sample size analyzed was rather small. 

Since there is a relation between car ownership, car use, and transit use, a change in one 

variable influences other factors, however, the magnitude of effect may not be 

symmetrical in term of direction. Using surveys and trips diaries given to nearly 4,000 

people in the Netherlands, Kitamura (1989) examined the relationships between car 

ownership, car use, and transit use. He found that the change in car use is due to a 

change in car ownership, which affects transit use, and conversely, the significant 

changes in transit use are usually related to changes in car ownership or car use. Transit 

patronage for the work trip can be increased by adopting strategies to price parking. 

Increasing parking costs has significant effects on mode share, which affects relative 

attractiveness of traveling by transit compared to driving an automobile. 

Transit Research Program(1998) reported about a quantitative analysis of mode choice. 

The study  found the following: (1)Transit share is likely to be influenced more than 

either transit frequency or transit accessibility by people who pay to park. (2)Transit 

accessibility has less significant effects on transit mode share than transit frequency. (3) 

Transit share has been affected greatly by the combination of pay – to – park probability 

and transit frequency. The study revealed that when the pay – to – park probability 

doubles from 0.05 to 1.0, and when transit frequency doubles from 1.0 transit revenue 

hours per capita to 2.0, transit share increases nearly 300 percent, from 6.5 to 24.5 

percent. The study also estimated that transit use increases from 8.6 to only 9.3 percent 

when the increasing access to a transit stop from 30 percent of the population to 60 

percent . 

Cervero (1990) reported that riders are more easily attracted by service improvement 

than fare decreases. A study by Syed (2000) supported Cervero
,
s findings. Using survey 

data on 47 variables for each of 2,000 transit riders, Syed conducted a factor analysis of 

the determinants of increasing transit ridership at the Ottawa Carleton Transportation 

Commission. This analysis focused on the most important factors judged by the users of 

the system. He found that bus information on street service, customer service, station 
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safety, reduced fares, safety en – route, cleanliness, and general transit operator attitudes 

were the most important factors in determining ridership. Syed combined the original 

factors from the survey into a smaller number of categories. For example, On – Street 

Service is lumped into one category that includes such aspects as on – time 

performance, frequency of service, and system expansion. So, it may be difficult for 

transit agencies to implement any of the measures evaluated in the study with certainty 

of the probable outcome. 

Kain and Liu ( 1996 ) analyzed the factors that determined the level of ridership using 

the data for 184 systems over a 30 – year period from 1960 to 1990. Two different 

econometric analyses are performed. First, they estimated regression models for 

changes in ridership for the periods 1960 – 70, 1970 – 80, and 1980 – 90. They used 

variables such as fare levels, the rail share in revenue miles, Revenue miles of service 

supplied, whether the system was privately or publicly operated, and a vector of control 

variables such as population and employment, area fraction of careless households in 

the area and density. A few of the control variables included in each regression model 

because many factors are highly correlated. All models of ridership varies between 1980 

and 1990 had R2= 0.75 or higher. Second, cross-sectional regression models were 

estimated for ridership for four different years – 1960 – 1970, 1980, and 1990 – using 

transit fares, service types, service levels, private or public ownership, and a vector of 

exogenous or control variables. The models used for 1990 had at least R2= 0.95. Kain 

and Liu concluded that the mean revenue mile elasticities  range between 0.70 and 0.89 

and the mean fare elasticities during 1990 and 1980 and 1970 – 1980 periods and the 

1990 and 1980 cross section models range between -0.34 & 0.44. This means that 

transit agencies will increase ridership less by reducing fares than by increasing service. 

In this study, the selection of explanatory variables in two groups (policy and control 

variables) from the large variety of possible factors is not clear since the study focuses 

more on the effects of four specific policy variables (transit fares, service levels, service 

type, and public or private ownership). 

The Federal Transit Administration collects detailed transit operator data in the National 

Transit Data base allows comparative analysis of transit systems. Using nationally 

reported data for 1988 through 1997, Hartgen and Kinnamon (1999) developed 
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comparative statistics for the nation
,
s largest urban bus transit operators. The following 

four measures of resources: vehicles, population base, coverage area and fare revenue 

are normalized and compared with seven outcome measures (ridership, vehicle hours of 

service, vehicle mile of service, operating costs per passenger mile, operating expenses 

per mile, operating costs per passenger, and operating expenses per hour). Based on 

overall performance against U.S. averages, systems are ranked within six peer groups 

according to population served and modes of service. The authors found that the overall 

performance of bus transit agencies steadily declined during the study period; only two 

of the 12 measures of performance improved from 1988 to 1997. The 10 top – ranked 

systems for 1997 were Champaign–Urbana, IL, Santa Monica, CA, Tucson, AZ, 

Milwaukee, WI, Santa Barbara, CA, Long Beach, CA, Las Vegas, NV, Durham, NC, 

Shrevepart, LA, and New port News, VA. Hartgen and Kinnamon concluded that low  

fares, low unit costs, and low subsidies, with concentrated service that optimizes service 

utilization influence the cost – effective performance. 

Hendrickson (1986), in a study of 25 large metropolitan U.S. areas, which made up 60 

percent of all transit ridership examined the significance of the share of employment in 

the central business district and the share of work trips by public transit using 1980 

Census data. He reported that the percentage of work trips taken on public transit 

declined from 12.2 percent in 1970 to 10.5 percent in 1980, while the percentage of 

employees who worked in central business district dropped from 8.5 percent  in 1970 to 

7.8 percent in 1980. He used ordinary least squares regression model with the following 

factors: Percentage of work force in the central business district, absolute number of 

work transit trips, absolute number of workers, and percentage of work trips taken on 

transit and explains 96 percent of the variation of public transit use, showing a strong 

relation between central business district employment and transit use. The land use 

patterns of the city (other than the central business district), the growth rate of an area, 

and any other economic factors are not considered in the model. For 1980, 90 percent of 

the variation is explained by the percentage of jobs based in the central business district 

rather than overall metropolitan employment. He also noted that the supply of transit to 

the central business district might actually encourage downtown employment but that 

central business district employment did not necessarily promote transit usage.                                                                                                       
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Kohn (2000) examined the data from 1992 and 1998 for 85 Canadian urban transit 

agencies to determine explanatory variables to predict ridership. He examined average 

fares, revenue vehicle hours, demographic, hours of service, fare structure, vehicle 

statistics, energy consumptions, employment, passenger statistics, revenues and 

expenditures. He concluded that the two main variables were average fares and revenue 

vehicle hours. These variables were included in his model which did not control for 

other variables because two variables explain almost all variation in the ridership level 

(R2= 0.97). The study did not specifically account for the fact that the service levels are, 

at least in part, a function of the level of transit demand. For example, increasing service 

and lowering fares is the way to increase ridership. Statistical results of the  model are 

shown in table 2.1. 

Table 2.1: Statistical Results of Kohn
,
s Model (Kohn, 2000) 

Independent Variable Coefficient Standard Error t    statistics 

Intercept 5,099,953 2,232,952 2.28 

Average Fare - 7,976,442 2,024,021 - 3.94 

Revenue Vehicle Hours 40.58 0.41 119.85 

R 2 = 0.97 F Ratio = 7190 (99 % Significant )  

 

Morral et al. (1996) examined the effects of downtown parking supply on transit use in 

eight Canadian cities and 14 U.S. cities. They found that the number of central business 

district parking spaces per downtown employee had a significant effect on the 

percentage of central business district workers that commute to work on transit. Their 

models are non linear regression models as follows:  

Canadian Cities:  

       Percent transit modal split= 109.7 (                            2-6 

Canadian and U.S. Cities: 

       Percent transit modal split=                      2-7                                     
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where  = downtown parking stalls per  central business district employee. 

Schaller (1999) examined the effects of increasing the taxicab fare on trip demand and 

service availability by using a unique data set from New York city in the U.S.A. He 

estimated the elasticity of trip demand with respect to fare as 0.28; and the elasticity of 

service availability with respect to total supply of service near 1.0. The results obtained 

have the following benefits: First, as fare increases, industry revenues increase but at a 

lesser rate than the ratio increase in fare. Second, service availability that is examined 

during fare policy debates should be a central consideration in fare setting. Finally, the 

number of taxicab can be increased without harmful effects to the revenue group of 

current operators. Fare elasticities are estimated in the first equation in which the 

dependent variable is  taxicab fare revenue per mile. 

Equation 1: Revenue per mile: The initial specification for revenue and demand is: 

Revenue per mile = f (economic activity; taxi fare; bus/subway fare, supply) After 

testing, the supply variable is dropped from the final equation because it is not a 

significantly related to revenue per mile.  

Fare Revenue: The first equation takes the following form:  

 

             2-8 

where  ADJ.REVM = Adjusted Revenue per Mile,  E & D =  Economic Activity,  

LAYOFFS = A second economic variable that is added in the demand equation, TAXI – 

FARE = Real Taxicab Fare,  BUS FARE = Real Bus / Subway Fare, MILES = Total 

Taxicab Mileage, SUMMER = A dummy variable for July,  , , , , ,  &  

are constants. The impact of the fare and industry size on cab availability is estimated in 

a second equation in which the dependent variable is  total taxi industry mileage 

operated without passengers. 

Equation 2: Service availability: The specification for service availability is:  

Availability = f(economic activity; taxi fare; bus/subway fare; supply), After testing, the 

bus/subway fare is dropped from the equation.  
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Service Availability: The availability equation takes the following form:  

 

              2-9 

where  AVAIL = Service Availability, E & D =  Economic Activity, LAYOFFS = A 

second economic variable that is added in the demand equation, TAXI FARE = Real 

Taxicab Fare, BUS FARE = Real Bus / Subway Fare, MILES = Total Taxicab Mileage, 

SUMMER= A dummy variable for July and , , , , ,  &  are constants. 

Shoup (2008) developed a direct ridership forecasting model for heavy rail transit in the 

Washington, D.C. region by using data from the computer Assisted Mass Appraisal 

(CAMA) system, socioeconomic factors and data on average weekday metro rail 

boarding from the Washington Metropolitan Transit Authority. Thirty land-use and 

other factors were hypothesized to affect ridership at the individual station-level. Of 

these, seven variables were determined to have a sizable predictive quality:                  

(1) Commercial Floor Space  (2) Commuter Rail Connection (3) Number of 

Residential/Condo Units (4) Number of WMATA Parking Spaces (5) Distance on 

Transit to Metro Center (6) Number of Feeder Bus Routes at Station                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

(7) Median Household Income within ½ mile of Station. The data in this study were 

analyzed using a cross sectional, linear regression since of its ability to simultaneously 

assess the influence of a large number of factors.  Based on the results of the sketch 

modeling efforts at the national and individual system levels, the results suggest that the 

type of development density around transit stations is very significant to predict transit 

ridership. Besides, in this model, a great significance has given to transit oriented 

development that consists of high commercial intensities. On the other hand, a location 

within a central business district and population density were less significant than other 

models would suggest. 

A study by Dargay and Hanly (1999) stated the effects of UK transit bus fare changes 

over several years to derive the elasticity values summarized in table 2.2. They used a 

dynamic econometric model (separate short- and long-run effects) of per capita income,  

per capita bus patronage, bus fares, and service levels. They found that demand is 

slightly more sensitive to rising fares (-0.4 in the short run and –0.7 in the long run) than 
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to falling fares (-0.3 in the short run and –0.6 in the long run), and that demand tends to 

be more price sensitive at higher fare levels. Dargay and Hanly found that the cross-

elasticity of bus patronage to automobile operating costs increases to 0.3 to 0.4 over the 

long run, and is negligible in the short run  and the long-run elasticity of car ownership 

with respect to transit fares is 0.4, while the elasticity of car use with respect to transit 

fares is 0.3.   

Another study compared transit elasticities in France and the UK between 1975 and 

1995 (Dargay et al. 2002). It indicated that transit ridership declines with income 

(although not in Paris, where wealthy people are more likely to ride transit than in most 

other regions) and with higher fares, and increased with raised transit service 

kilometers. They also found that transit elasticities have increased during this period as 

illustrated in table 2.3.  

 

Table 2.2: Bus Fare Elasticities (Dargay and Hanly, 1999) 

Elasticity Type Short - Run Long- Run 

Non – urban 

Urban 

- 0.2 to – 0.3 

- 0.2 to – 0.3 

 

- 0.8 to –1.0 

- 0.4 to – 0.6 
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Table 2.3: Transit Elasticities (Dargay et al., 2002) 

 England France 

 Log - Log Semi- Log Log - Log Semi- Log 

Income 
    

Short run -0.67 -0.69 -0.05 -0.04 

Long run - 0.90 -0.95 -0.09 -0.07 

Fare 
    

Short run 
- 0.51 - 0.54 -0.32 - 0.30 

Long run 
- 0.69 - 0.75 - 0.61 - 0.59 

Transit VKM 
    

Short run 
0.57 0.54 0.29 0.29 

Long run 
0.77 0.74 0.57 0.57 

Annual fare elasticity growth 

rate 
 1.59 %  0.66 % 

 

In their research, Paulley et al.(2006) performed Meta – analysis of 104 studies in 

Britain and elsewhere to measure the transit – service regarding Bus fares, Fare – bus or 

rail and effect is on car share. They noticed fare elasticities based on regression model 

estimated with 902 fare elasticities from 104 studies in Britain between 1951 and 2002. 

They also found that elasticity between bus ridership and fare is – 0.4 in the short – run, 

– 0.55 in the medium – run, and – 1.0 in the long – run. For Metro fares, elasticity 

between Metro ridership and fares is -0.3 in the short – run, -0.6 in the long –run. Also, 
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for transit – service measure (Fares – bus or rail – Effect is on car share) elasticity 

between share of trips by car and bus fares is + 0.057. Elasticity between share of trips 

by car and rail fares is + 0.054. They also estimated elasticities for the following transit 

– service measures (Vehicle kilometers of service – bus, Vehicle kilometer of service – 

rail, Decrease in time spent on vehicle – bus and Decrease in time spent on vehicle - 

rail) based on results from prior studies.(studies not specified).They found that elasticity 

between bus ridership and vehicle kilometers of service is +0.38 in the short – run and + 

0.66 in the long-run and elasticity between rail ridership and vehicle kilometers of 

service is +0.75 in the short-run. Elasticity between bus ridership and in – vehicle  travel 

time range from -0.4 to -0.9.  

Finally, Taylors et al. (2009) managed to estimate elasticities based on cross – sectional 

analysis of transit use in 265 urbanized areas. They used a two  stage least-squares 

regression that accounts for the interrelation of supply and demand. For fares - all  

transit, elasticity between total ridership and fare is -0.51. Elasticity between total 

ridership and vehicle hours (all transit) is + 1.1 and between per capita ridership and 

vehicle hours is + 1.2. For transit – service measure (service frequency – all transit), 

elasticity between total ridership and service frequency is + 0.5 and between per capita 

ridership and vehicle hours is + 0.48.    

Conclusions 

The review of previous studies of transit ridership has identified several common 

factors (both  internal and external) to transit systems that influence ridership growth. 

Most studies in the literature look at either internal variables or external variables with 

varying results. Among internal factors, reducing fares of public transport and 

increasing the quality of service (in terms of service frequency and service coverage) 

both found to have significant effects on ridership. Among the external factors studied, 

residential and employment density are critical determinants of transit use, while the 

effects of land use mix and urban design are relatively small. Demographic factors, such 

as personal income, auto ownership, suburbanization of residential and job locations 

also have been found to significantly affect ridership. Hartgen and Kinnamon (1999) 

proved that low fares, low unit costs, with concentrated service that optimizes service 

utilization are the most cost-effective in increasing ridership. Several analytical models 
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(mathematical formulas) were identified in the literature, that are developed on the 

surrounding communities characteristics and transit agencies. The majority of studies  

in the literature review depended on the ridership as an approach to dealing with the 

travel demand forecasting. Although a wide array of factors clearly influence transit 

patronage, the most significant factors influencing transit use are external to transit 

systems.  

The aggregate data on inter district public transport should be used to calibrate a total 

demand model with influence factors. Thus, it is important to use such influence factors 

to predict the public transportation demand between Gaza Strip governorates. This 

study will develop a model to assess the existing and future public transportation 

(buses) in Gaza Strip. Also, the variables such as bus fare and total trip time taken by 

the bus that affect the elasticity of passenger demand will be investigated. 
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CHAPTER 3: RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter discusses the methodology which is used in this research. The public 

transport demand forecasting is described and the methods of analysis used to formulate 

the empirical relationships are presented. This research aims to provide a 

comprehensive study and sufficient background to appraise the intercity public transport 

to appreciate the validity, reliability, and usefulness of the results given in later 

chapters. 

3.2 Bus Ridership Demand Modeling between Governorates 

3.2.1 Multiple Linear Regression Analysis 

What Does Regression Mean? 

A statistical measure that attempts to determine the strength of the relationship between 

one dependent variable (usually denoted by Y) and a series of other changing variables 

(known as independent variables). The two basic types of regression are linear 

regression and multiple regression. Linear regression uses one independent variable to 

explain and/or predict the outcome of Y, while multiple regression uses two or more 

independent variables to predict the outcome. The general form of each type of 

regression  is:   

Linear Regression:                                                                          3-1 

Multiple Regression:               3-2 

where  is the variable that we are trying to predict,  is the variable that we are using 

to predict  is the intercept,  is the slope,  is the residual.  

Multiple linear regression is a statistical analysis technique that tests how well a 

dependent variable can be predicted on the basis of multiple independent variables. The 

theories of statistical analysis and least square regression are used to predict public 

transport demand form (Sadeq, 2001). Various standard tests of validity are considered 

for such models to determine the reasonableness of the results. The purpose of a 

multiple regression is to find an equation that best predicts the Y variable as a linear 
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function of the X variables. There is no general rule or consensus among researchers for 

using the functional form of the demand equations or the variables to obtain the best 

explanation of the demand. In order to predict the dependent variable as accurately as 

possible, it is usually necessary to include multiple independent variables in the model. 

Based on multiple linear regression analysis, the expected model deals with the 

socioeconomic characteristics and the internal factors of the public transport mode (such 

as trip length, bus fare, travel time and frequency) taking into account the living 

conditions and needs of the individuals who live in Gaza Strip.  

3.2.2 The Multiple Regression Model 

Multiple regression analysis is used to estimate models in order to describe the 

distribution of a response variable with the help of a number of predictors. A function of 

the analysis is used to search for predictor variables that help to explain significant 

variation in the response variable. If a number of significant predictors can be identified, 

then a decision-maker can manage risks and maximize the odds of favorable outcomes. 

In this study, eq. 3-2 is used for the multiple regression model where b1 , b2 , b3 ,…bk are 

called regression coefficients of predictors,  are the relevant 

independent variables such as employment percent (orign & dest.), students percent 

(orign & dest.), monthly expenditure (orign & dest.), no. of private cars (orign & dest.), 

trip length (km), travel time (min.) and bus fare (sheqel).  is the dependent variable. 

3.2.3 Selecting Variables in the Multiple Regression 

Every time you add a variable to a multiple regression, the coefficient of determination 

denoted by R
2
 increases. The best fitting model is therefore the one that includes all of 

the x variables with the objective of getting the best final equation. However, whether 

the purpose of a multiple regression is prediction or understanding functional 

relationships, it is often useful to decide which are important and unimportant variables. 

After adding each x variable, the effects of removing any of the other x variables is 

tested. This continues until adding new x variables does not significantly increase R
2
 

and removing x variables does not significantly decrease it. The chosen variables were 

added based on their correlation with the dependent variable. 
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3.2.4 Correlation Coefficient 

Correlation is a statistical technique that can show whether and how strongly pairs of 

variables are related. Examining the correlation coefficient means how well the 

regression equation truly represents the set of data. Correlations are useful because they 

can indicate a predictive relationship that can be exploited in practice. There are several 

correlation coefficients measuring the degree of correlation. Correlation coefficients 

measure the strength of association between two variables. The most common 

correlation coefficient, called the Pearson product-moment correlation coefficient, 

measures the strength of the linear association between variables. Generally, the 

correlation coefficient of a sample is denoted by r, and the correlation coefficient of a 

population is denoted by R. 

3.2.5 How to Interpret a Correlation Coefficient 

The sign and the absolute value of a correlation coefficient depict the direction and the 

magnitude of the relationship between two variables. The value of a correlation 

coefficient ranges between -1 and 1 as described below: 

 The greater the absolute value of a correlation coefficient, the stronger the     

linear relationship. 

 The strongest linear relationship is indicated by a correlation coefficient of -1 or 

+1. 

 The weakest linear relationship is indicated by a correlation coefficient equal to 

0. 

 A positive correlation means that if one variable gets bigger, the other variable 

tends to get bigger. 

 A negative correlation means that if one variable gets bigger, the other variable 

tends to get smaller. 

 

 

 

http://stattrek.com/Help/Glossary.aspx?Target=Sample
http://stattrek.com/Help/Glossary.aspx?Target=Population
http://stattrek.com/Help/Glossary.aspx?Target=Absolute%20value
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3.3 Demand Elasticity and Preparing a Sample Survey 

3.3.1 The Concept of Elasticity 

Travel demand elasticity is a major tool that measures the rider responsiveness 

sensitivity for any change of one or more variables, such as transportation mode, route 

and trip itself (Sadeq, 2001). Elasticity is defined as the percent of change in quality 

demanded in comparison to the percent of change in the tested variables. Elasticity can 

be estimated from several sources and using different types of formulas. The following 

equation was set for a price change: 

Elasticity = { (Y - Y0 ) / Y0 }  / { (X – X 0 ) / X 0 }  (Al-Sahili and Sadeq, 2004)    3- 3 

where,                                                                                                                                      

E is elasticity of the ridership demand, Y - Y0  is      Y change in ridership demand, Y0 

is original ridership demand,   X – X 0  is       X  change in transit fare and  X 0 is 

original transit fare. When a product is highly elastic, a small change in price will cause                                                                                                                   

a large change in consumption, and when a product has a low elasticity, or inelastic, a 

change in price will have little effect on the consumption of the product. According to 

fare change, for example, the above equation measures the proportions by which the 

additional bus rider or service taxi rider demands increase, decrease, or remain 

unchanged. The ridership demand elasticity is measured in accordance with change in 

both bus waiting time at terminal and bus fare. Due to the difficulty in applying changes 

in the internal variables such as travel time of the bus trip and service level during the 

period of this research, and because the decision makers are not awarded to execute 

such policy nowadays, elasticity of the bus ridership demand is based on a public 

transport questionnaire. Thus, the questionnaire is prepared carefully to provide a 

standardized data-gathering procedure from riders. Using a well-constructed 

questionnaire can minimize the effects of potential human errors (for example, altering 

the pattern of question asking, calling at inconvenient times, and biasing by 

“explaining”).  
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3.3.2 Sample Survey 

Sampling provides a means of gaining information about the population without the 

need to examine the population in its entirety. A sample is a representative part of a 

whole group. Thus a sample survey involves examining only a portion of the total group 

in which you are interested, and from it, inferring information about the group as a 

whole. One of the decisions to be made in surveying is whether or not to sample. By 

sampling only a small portion of a large population, it is possible to collect data in far 

less time than would be required to survey the entire group. Not only is data collection 

quicker, but data processing and analysis also require less time because fewer pieces of 

data need to be handled. By limiting the group to be surveyed, less time, hence less cost, 

are involved in collecting, formatting, and analyzing the data. The disadvantages of 

sampling are few, but important. The main disadvantages stem from risk, lack of  

representativeness, and insufficient sample size, each of which can cause errors. 

Inattention to any of these potential flaws will invalidate survey results. It is important 

to realize that using a sample from a population to infer something about the entire 

population involves a risk. The risk results from dealing with partial information. If risk 

is not acceptable in seeking the solution to a problem or the answer to a question, then a 

complete survey or census, rather than a sample survey, must be conducted.  

Determining the representativeness of the sample is the surveyor's greatest problem 

when sampling. Without a representative sample, a survey will, at best, produce results 

that are misleading and potentially dangerous. The final major problem in sampling is to 

determine the size of the sample. The size of the sample you need for a valid survey 

depends on many variables including the risk you are willing to accept and the 

characteristics of the population itself. In this study, the sample survey will be 

conducted during normal conditions at different times of the day in three locations at 

bus stations, at shared taxi stations and on board to get a representative part of an entire 

group.  

 3.3.2.1 The Purpose of Survey Study 

The first step in producing a survey is the most important. It defines the purpose and 

determines where you are going. A clear statement of purpose is necessary not  only as 

a justification/explanation of the project, but also as a guideline to determine if future 
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actions in the project are in support of the original  purpose. Without knowledge of the 

exact nature of the problem objective, you cannot decide exactly what kind of data to 

collect or what to do with it once you have it. Usually a staff officer is given a problem 

or objective; it seldom originates with him. But this does not relieve the individual of 

responsibility for insuring that: (1) the problem is well stated, (2) the surveyor 

understands exactly what the problem is, (3) the stated problem is the real problem. The 

survey should be designed to answer only the stated problem. Adding additional 

interesting objectives will lengthen and complicate the survey while clouding the real 

issue. The purpose of the questionnaire is to define the elasticity of the ridership 

towards the reduction of bus waiting time, the change in bus fare and making statistical 

analysis about the personal characteristics of commuters. 

 3.3.2.2 Target Population  

It is incumbent on the researcher to clearly define the target population. There are no 

strict rules to follow, and the researcher must rely on logic and judgment. The 

population is defined in keeping with the objectives of the study. Usually, the 

population is too large for the researcher to attempt to survey all of its members. A 

small, but carefully chosen sample can be used to represent the population. The sample 

reflects the characteristics of the population from which it is drawn. In this study, bus 

and shared taxi commuters are considered for the population and the sample survey was 

conducted at the main stations and on board to obtain true results about their trips.  

3.3.2.3 Data to Be Collected 

The purpose of the data collection is to ensure that proper data are collected in the right 

amounts from the sampled units and to avoid collecting data that are irrelevant to the 

purpose of the survey. It is important to remember that for any questionnaire to be really 

effective it has to be designed well. Questions should be framed in a simple language 

and care should be taken to avoid grammatical and spelling mistakes. Questions should 

have clarity and must convey the same meaning to all kinds of readers, so it is best to 

use direct questions rather than ambiguous ones. As a general rule, with only a few 

exceptions, long questionnaires get less response than short questionnaires. In fact, the 

shorter is the better. One of the most effective methods of maximizing response is to 
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shorten the questionnaire since the unusually large number of questions can bore the 

respondents and may erode the quality of data gathered. The intended manner of  

conducting the questionnaire is to get data about mode preference  that reflect the 

impact of increasing the bus fare on mode choice. Also, to illustrate the relation 

between shared taxi riders and switching for a bus when the bus fare or bus waiting time 

decreases and to obtain some information regarding the personal characteristics of riders 

such as trip purpose, gender, age, employment, income and auto ownership. 

3.3.2.4 Selecting An Appropriate Sampling Method 

Sampling methods are classified as either probability or non probability. The advantage 

of probability sampling is that sampling error can be calculated. Sampling error is the 

degree to which a sample might differ from the population. In non probability sampling, 

the degree to which the sample differs from the population remains unknown. So, in this 

research probability samples are described. There are many methods available for use 

with varying degrees of complexity. Certain methods suit circumstances better than 

others. In this research, the sampling method used is the stratified sampling since the 

study population is divided into groups. Bus and shared taxi are the main two groups 

and the bus routes and the shared taxi routes between Governorates are the subgroups. 

3.3.2.5 Confidence Level and Precision 

Risk, as it relates to sample size determination, is specified by two interrelated factors: 

(1) the confidence level  (2)  the precision (or reliability) range. To minimize risk, you 

should have a high confidence (say 95 percent) that the true value you seek (the actual 

value in the population) lies somewhere within a small interval (say + or - 5 percent) 

around your sample value (your precision) (Renckly, 2002).   

3.3.2.6 Sample Size Determination 

Once you determine your desired degree of precision and your confidence level, you 

can use the suitable formula to determine sample size depending on how you plan to 

report the results of your study. The question of how large a sample to take arises early 

in the planning of any survey. This is an important question that should be treated 

lightly. To take a large sample than is needed to achieve the desired results is wasteful 

of resources whereas very small samples often lead to that are no practical use of 
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making good decision. The main objective is to obtain both a desirable accuracy and a 

desirable confidence level with minimum cost. Renckly (2002) recommended in similar 

sampling surveys that the following formula can be used to find the sample size. So, the 

sample size for the bus and shared taxi ridership can be calculated as follows: 

                            3-4                    

where,  n is the sample size required,  N is the total population size (known or 

estimated), d is the precision level (usually 0.05 or 0.10), z is the number of standard 

deviation units of the sampling distribution corresponding to the desired confidence 

level (see Annex 4 in page 139).  

3.3.2.7 Developing the Public Transportation Questionnaire: 

The survey is intended to examine the elasticity of bus ridership towards the changes of 

some internal variables such as: (1) bus fare, (2) waiting time and (3) service level. 

These factors necessitate coordination with decision makers and it is hard to alter these 

variables during the period of research. Thus, the public transportation questionnaire 

was organized to attain input data from riders concerning these issues. One form was 

used for both bus and shared taxi riders. The questionnaire form is presented in Annex 

2. There are selected locations that the survey was distributed at in Gaza Strip  

Governorates. It represents various population sectors considering people numbers and 

the geographic distribution of the communities as much as possible at bus main station, 

at shared taxi main station and on board. The following is a detailed description of the 

bus questionnaire content. 

Part One: contained general information about the respondent such as age, job, gender, 

education attainment and income. 

Part Two & Three: comprised of questions for both bus riders and shared taxis riders 

respectively such as trip purpose, number of similar weekly trips, the current preference 

to riding a bus, cost of the trip. Also, it included questions about the reason for riding 

the shared taxi and the motivation of shared taxi riders to switch to a bus in the 

following situations: (1) increase in shared taxi fare. (2) decrease in bus waiting time at 

main stations. 
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3.3.2.8 Pretest the Questionnaire 

It is advisable to conduct a pilot study to find mistakes in order to improve the 

questionnaire. Before beginning such a full research project, researchers need to know 

that their study is valid and the study’s design will be able to capture the data they are 

looking for. They need to know that the research they plan to do will be the most 

accurate and reliable research possible. The best way to do this is to perform a pilot 

study. Both sampling methods and sampling size can be improved by providing 

information or suggestions in a small – scale trial survey. In this research, 25 

questionnaires were conducted in a small –scale trial survey for the bus and shared taxi 

riders and statistical analysis was applied for this pilot study. 
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CHAPTER 4: DATA COLLECTION 

4.1 Introduction  

In order to develop bus demand model and ridership demand elasticities between 

Governorates, data on a total of eight public bus operators in Gaza Strip was collected 

for this analysis. The data necessities for calibrating such models rely on adequate                                                                                                                                                  

available data and surveys especially adapted to the needs of such models. However, 

data collection is a very vital and serious process and requires establishing a data base 

that must be sufficient, reliable, and logical to get sensible results. Transport researchers 

can benefit from the considerable diversity of data available in developed countries 

which considered to be a treasure house of information. All Governorate pairs that have 

bus services in Gaza Strip were included. It considered Gaza Governorate as a core of 

this research. The Governorates included in this study were; North Gaza, Gaza, Middle 

Area, Khan Younis and Rafah. They represent the core of commercial, educational and 

institutional activities in their related governorate.                                                                                        

4.2 Sources of Data 

The data assembled in this research can be organized into five categories as follows: 

(1) Palestinian Central Bureau of Statistics (PCBS), (2) Ministry of Transport (MOT), 

(3) Ministry of Higher Education (MOHE), (4) Reports of variety of public transport 

agencies and bus companies, (5) Questionnaire for the bus and taxis riders. 

4.2.1 Palestinian Central Bureau of Statistics  

The Palestinian Central Bureau of Statistics (PCBS) published in 2010 the final report 

that described the population demographics and their activities in Gaza Strip and the 

West Bank. These published reports, which were used in this study are as follows:  

 Population Report, Gaza Strip, 2010 

 Labor Force Survey; Main Finding, 2009 and 2010 

 Expenditure and Consumption Levels, Annual Report, 2010 
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This study considered the year 2010 as the base year and all the assembled data were 

based on that year. The three external variables (population, expenditure and 

employment) which were used in the ridership modeling were obtained from the PCBS. 

Tables 4.1, 4.2 and 4.3 illustrate the three external variables used in the ridership model.  

 

Table 4.1: Total Population and Percentage by Governorate (PCBS, 2010) 

*Percent: The percent of the governorate population out of the total population in 

Gaza Strip    

 

 

Table 4.2: Average Family Expenditure in J. D. (PCBS, 2010) 

 

 

 

 

 

 

Governorate 

Year 2009 Year 2010 

Number *Percent Number *Percent 

North Gaza 286,246 19.25 297,269 19.36 

Gaza 519,027 34.91 534,558 34.82 

Middle Area 215,808 14.51 222,866 14.52 

Khan younis 283,286 19.06 291,737 19.00 

Rafah 182,449 12.27 188,690 12.30 

Gaza Strip Population 1486816 100.00 1535120 100.00 

                   Governorate Average  Monthly Expenditure ( J. D.) 

2009 2010 

North Gaza 606 725 

Gaza 575 756 

Middle Area 565 693 

Khan Younis 528 655 

Rafah 606 726 

Average 576 711 
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Table 4.3: Percentage Distribution of Employment by Governorate (PCBS, 2010) 

 

1
Inside Employment:  People 15 years or older who have the ability to be employed. 

2
Outside Employment: People 15 years or older who can not be employed such as people 

older than 60 years or ill people. 

3
Full Employment:  People 15 years or older who have constant and permanent jobs. 

4
Limited  Employment:  People 15 years or older who have daily, but not constant  jobs  such 

as labors or farmers. 

5
Unemployment:  People 15 years or older who do not have a job now. 

 6
Employment Percent = (

3
Full Employ. + 

4
Limited  Employ.)  * 

1
Inside Employ. / 

  
100

                      
 

 

 

 

 

Governorate 

1
Inside 

Employ. 

% 

2
Outside 

Employ. 

% 

Total        

% 

Inside Employment 
6
Employ. 

% 3
Full 

Employ.
 
        

% 

4
Limited 

Employ.  

% 

5
Unemploy.

     

% 

Total 

% 

North Gaza 33.90 66.10 100.00 62.60 1.60 35.80 100.00 21.76 

Gaza 35.10 64.90 100.00 64.90 0.60 34.50 100.00 22.99 

Middle Area 38.20 61.80 100.00 55.10 5.90 39.00 100.00 23.30 

Khan 

Younis 

38.40 61.60 100.00 40.00 15.30 44.70 100.00 21.24 

Rafah 38.70 61.30 100.00 54.70 8.90 36.40 100.00 24.61 



www.manaraa.com

38 

 

4.2.2 Ministry of Transport  

The fourth external variable (private cars) was attained from Ministry of Transport 

(MOT). Table 4.4 indicates the fourth factor used in the ridership model. 

Table 4.4: Licensed Auto Ownership by Governorate (MOT, 2010) 

Governorate Private Vehicles in 

Year 2010 

North Gaza 9600 

Gaza 32000 

Middle Area 3600 

Khan Younis 18400 

Rafah 2400 

Total 66000 

                                                 

4.2.3 Ministry of Higher Education 

The fifth external factor (students percent) was achieved from MOHE. Tables 4.5 

illustrates the fifth external variable used in the ridership model. 

 

Table 4.5: Students Percent by Governorate (MOHE, 2010) 

 

 

Governorate Student Percent  

Year 2010 

North Gaza 
14.35 

Gaza 
38.13 

Middle Area 
15.10 

Khan Younis 
19.52 

Rafah 
12.90 
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4.2.4 Reports of Various Public Transportation Agencies and Bus Companies 

Interviews were conducted with managers of all bus companies that have bus services 

between Governorates to obtain the data reports of the existing bus trips in Gaza Strip, 

in North Gaza, Gaza, Middle Area, Khan Younis and Rafah. Table 4.6 indicates total 

weekly bus riders between pairs of Governorates.  

Tables 4.7, 4.8, 4.9, 4.10 and 4.11 indicate the daily bus trips from the origin 

governorate to the destination governorate, in terms of bus companies, number of buses, 

number of trips, number of ridership and other notes. These tables were classified 

according to the origin governorate; North Gaza, Gaza, Middle area, Khan younis and 

Rafah respectively. The average of riders per day is calculated by multiplying no. of 

trips by no. of riders per trip. The no. of riders per trip is equal to or less than fifty riders  

in tables 4.7 through 4.11 according to bus companies
,
 operators (2010). The average 

no. of riders per week is calculated by multiplying average of riders per day by six day. 

Friday is a holiday.  

Table 4.6: Total Weekly Bus Riders Between Pairs of Governorates 

Source: Bus companies
,
 operators (2010) 

To 

From 

N.Gaza Gaza M. Area Khan Y. Rafah 

N. Gaza x 7800 - - - 

Gaza 7800 × 4140 4380 8640 

M. Area - 4740 × 1800 1200 

Khan Y. - 4620 2100 × 5700 

Rafah - 10020 1200 5700 × 
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Table 4.7: Bus Services Originated at North Gaza Governorate 

Source: Bus Companies
,
 Operators (2010) 

Table 4.8: Bus Services Originated at Gaza Governorate 

Bus Route Between 

Governorates 

Bus Company No. of 

Buses 

No. of 

Trips Per 

Day 

Average of 

Riders  

Per Day 

Average of  
Riders Per 

Week Origin 

Govern. 

Destination 

Govern. 

 

 

 

 

 

 

 

Gaza 

 

 

 

 

 

 

 

 

 

North Gaza 

El-Salam Co. 4 4 200  

 

7800 

 

 

Abu Lubda Co. 3 3 150 

Abu Olba Co. 3 3 150 

Sweety Tours Co.  2 2 100 

Sobeh Co. 2 2 100 

Mady Co. 2 2 100 

Hamdona Co. 3 6 300 

Md. Abu Olba Co. 1 1 50 

Others 3 3 150 

Total 23 26 1300 

 

Middle Area 

Gaza Co. 2 3 100  

4140 

Md. Abu Olba Co. 2 2 100 

Sweety Tours Co. 1 1 40 

Elia Al Taiba Co. 4 5 200 

Central Co. 2 3 100 

Nuseirat Co. 3 3 150 

Total 14 17 690 

 

Khan Yunis 

Gaza Co. 5 5 230  

4380 

Abu Olba Co. 2 3 100 

Sweety Tours Co. 1 1 50 

Kardash Co. 3 4 150 

Central Co. 1 1 50 

Al Rawames Co. 3 3 150 

Total 15 17 730 

 

Rafah 

Al Nairab Co. 15 20 800  

8640 

Md. Abu olba Co. 2 3 120 

Abu Olba Co. 1 2 100 

Sweety Tours Co. 2 3 90 

Elia Al Taiba Co. 1 2 80 

Tawfiq Qeshta Co. 2 4 160 

Mady Co. 1 2 90 

Total 24 36 1440 

Source: Bus Companies
,
 Operators (2010)

Bus Route Between 

Governorates 

Bus Company No. of  

Buses 

No. of  

Trips Per   

Day 

Average 

of  Riders  

Per Day 

Average 

of  Riders 

  Per Week Origin 

Govern. 

Destination 

Govern. 

 

 

 

 

North 

Gaza 

 

 

 

 

Gaza 

El-Salam Co. 4 4 200  

 

 

 

7800 

 

 

Abu Lubda Co. 3 3 150 

Abu Olba Co. 3 3 150 

Sweety Tours Co.  2 2 100 

Sobeh Co. 2 2 100 

Mady Co. 2 2 100 

Hamdona Co. 3 6 300 

Md.Abu Olba Co. 1 1 50 

Others 3 3 150 

Total 23 26 1300 
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Table 4.9: Bus Services Originated at Middle Area Governorate 

Source: Bus Companies
,
 Operators (2010) 

 

 

 

 

 

 

 

 

Bus Route Between 

Governorates 

Bus Company No. of 

Buses 

No. of 

Trips Per 

Day 

Average 

of Riders 

Per Day 

Average of  

Riders Per 

Week 
Origin  

Govern. 

Destination 

Govern. 

 

 

 

 

 

 

 

Middle Area 

 

 

 

Gaza 

Gaza Co. 2 2 80  

 

 

 

4740 

Md. Abu Olba Co. 2 2 100 

Abu Olba Co. 3 3 120 

Sweety Tours Co. 1 1 40 

Elia Al Taiba Co. 4 4 200 

Central Co. 2 2 100 

Nuseirat Co. 3 3 150 

Total 17 17 790 

 

 

Khan Yunis 

Sweety Tours Co. 1 1 50  

 

1800 

Al Etehad Co. 1 1 50 

Elia Al Taiba Co.. 1 1 50 

Central Co. 3 4 150 

Total 6 7 300 

 

Rafah 

Al Etehad Co. 2 2 100  

1200 Other Companies 3 3 100 

Total 5 5 200 
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Table 4.10: Bus Services Originated at Khan Younis Governorate 

Source: Bus Companies
,
 Operators (2010) 

Bus Route Between 

Governorates 

Bus Company No. of 

Buses 

No. of 

Trips Per 

Day 

Average 

of Riders 

Per Day 

Average of  

Riders Per 

Week 
Origin  

Govern. 

Destination 

Govern. 

 

 

 

 

 

 

 

Khan 

Younis 

 

 

 

Gaza 

Gaza Co. 6 6 250  

 

 

4620 

Abu Olba Co. 3 3 120 

Sweety Tours Co. 1 1 50 

Kardash Co. 3 3 150 

Central Co. 1 1 50 

Al Rawames Co. 3 3 150 

Total 17 17 770 

 

 

 

Middle Area 

Al Nairab Co. 1 1 50  

 

 

2100 

Sweety Tours Co. 1 1 50 

Al Etehad Co. 1 1 50 

Elia Al Taiba Co. 1 1 50 

Central Co. 3 3 150 

Total 7 7 350 

 

Rafah 

Al Nairab Co. 5 10 500  

 

5700 

Tawfiq Qeshta Co. 6 6 300 

Other Companies 3 3 150 

Total 14 19 950 
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Table 4.11: Bus Services Originated at Rafah Governorate 

 

Source: Bus Companies
,
 Operators (2010) 

 

Tables 4.12 through 4.15 illustrate bus trips attributes between pairs of governorates 

in terms of the bus trip length, travel time, bus fare and the average weekly bus trips 

respectively. 

 

Bus Route Between 

Governorates 

Bus Company No. of 

Buses 

No. of 

Trips 

Per Day 

Average

of Riders 

Per Day 

Average 

of Riders 

Per Week 

Origin 

Govern. 

Destination

Govern. 

 

 

 

 

 

 

 

Rafah 

 

 

 

 

Gaza 

Al Nairab Co. 15 20 1000  

 

 

 

10020 

Gaza Co. 3 3 80 

Md.Abu Olba Co. 2 2 100 

Abu Olba Co. 5 5 200 

Sweety Tours Co. 2 2 90 

Elia Al Taiba Co. 1 1 50 

Tawfiq Qeshta Co. 2 2 100 

Mady Co. 1 1 50 

Total 31 36 1670 

 

Middle Area 

Al Etehad Co. 2 2 100  

1200 Other companies 3 3 100 

Total 5 5 200 

 

 

Khan Younis 

Al Nairab Co. 5 10 500  

5700 Tawfiq Qeshta Co. 6 6 300 

Other companies 3 3 150 

Total 14 19 950 
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Table 4.12: Trip length in Kilometer Between the Origin and Destination Governorates 

 

To 

From 

N. Gaza Gaza M. Area Khan Y. Rafah 

N. Gaza x 9 24 37 44 

Gaza 9 × 15 28 35 

M. Area 24 15 × 13 20 

Khan Y. 37 28 13 × 7 

Rafah 44 35 20 7 × 

 

x : No intercity bus service  

Source: Bus Companies
,
 Operators (2010) 
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Table 4.13:Travel Time in Minutes Between Origin and Destination Governorates 

        To 

From            

N.Gaza Gaza M. Area Khan Y. Rafah 

N. Gaza x 35 - - - 

Gaza 35 × 30 50 75 

M. Area - 30 × 20 45 

Khan Y. - 50 20 × 25 

Rafah - 75 45 25 × 

 x: No intercity bus service 

Source: Bus Companies
,
 Operators (2010) 

 

Table 4.14: Bus Fare in (NIS)  Between the Origin and Destination Governorates 

         To 

From            

N.Gaza Gaza M.Area Khan Y. Rafah 

N. Gaza x 2 - - - 

Gaza 2 x 2 3 4 

M. Area - 2 x 2 3.5 

Khan Y. - 3 2 x 2 

Rafah - 4 3.5 2 x 

 x: No intercity bus service 

Source: Bus Companies
,
 Operators (2010) 
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Table 4.15: Average Weekly Bus Trips Between Governorates 

x: No bus service between Governorates  

Source: Bus Companies
,
 Operators (2010) 

Tables 4.16, 4.17, 4.18, 4.19 and 4.20 indicate the daily shared taxi trips from the origin 

governorate to the destination governorate, in terms of number of shared taxi, number of 

trips, number of ridership and other notes. These tables were divided according to the 

origin governorate; North Gaza, Gaza, Middle area, Khan Younis and Rafah 

respectively. The average of riders per day for tables 4.16 through 4.20 is calculated by 

multiplying no. of shared taxis by no. of trips per day by seven riders. The average of 

riders per week is calculated by multiplying the average of riders per day by six days. 

Friday is a holiday. 

Table 4.16: Shared Taxis Services Originated at North Gaza Governorate 

Source: Shared Taxi Operators (2010) 

        To 

From            

N.Gaza Gaza M.Area Khan Y. Rafah 

N. Gaza x 156 - - - 

Gaza 156 x 102 102 216 

M. Area - 102 x 42 30 

Khan Y. - 102 42 x 114 

Rafah - 216 30 114 x 

Shared Taxi Route 

Between Governorates 

Shared 

Taxi 

Garage 

No. of 

Shared 

Taxis 

No. of 

Trips Per 

Day 

Average 

of Riders 

Per Day 

Average of  

Riders Per 

Week 
Origin 

Govern. 

Destination

Govern. 

 

North 

Gaza 

 

Gaza 

North Gaza 

Garage 

15 7 735  

4410 

Total 15 7 735 
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Table 4.17: Shared Taxis Services Originated at Gaza Governorate 

  

 Source: Shared Taxi Operators (2010) 

 

 

 

 

 

Shared Taxi Route 

Between Governorates 

Shared Taxi 

Garage 

No. of 

Shared

Taxis 

No. of 

Trips 

Per 

Day 

Average 

of Riders 

Per Day 

Average 
of  Riders 

Per Week 
Origin 

Govern. 

Destination 

Govern. 

 

 

 

 

 

 

Gaza 

North Gaza North Gaza Garage 15 7 735  

4410 Total 15 7 735 

 

Middle Area 

Al - Kateeba 200 4 5600  

72660 Al- Shefa 200 4 5600 

Al-Zahra 65 2 910 

Total 465 10 12110  

 

Khan Younis 

Al - Kateeba 200 3 4200  

42000 Al- Shefa 80 4 2240 

Al-Zahra 40 2 560 

Total 320 9 7000 

 

Rafah 

Al - Kateeba 75 2 1050  

13860 Al- Shefa 30 4 840 

Al-Zahra 30 2 420 

Total 135 8 2310 
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Table 4.18: Shared Taxis Services Originated at Middle Area  Governorate 

 

Source: Shared Taxi Operators (2010) 

 

 

 

 

Shared Taxi Route 

Between Governorates 

Shared Taxi 

Garage 

No. of 

Shared

Taxis 

No. of 

Trips 

Per 

Day 

Average 

of Riders 

Per Day 

Average 
of  Riders 

Per Week 
Origin  

Govern. 

Destination 

Govern. 

 

 

 

 

 

 

Middle 

Area 

 

 

Gaza 

Deir Al Balah 100 3 2100  

 

111300 

Maghazi 100 5 3500 

Nuseirat 220 5 7700 

Al-Bureij 150 5 5250 

Total 570 18 18550 

 

 

Khan Younis 

Deir Al Balah 10 3 210  

 

6300 

Maghazi 10 3 210 

Nuseirat 15 4 420 

Al-Bureij 10 3 210 

Total 45 13 1050 

 

Rafah 

Deir Al Balah 10 3 210  

 

4788 

Maghazi 10 3 210 

Nuseirat 10 3 210 

Al-Bureij 8 3 168 

Total 38 12 798 
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Table 4.19: Shared Taxis Services Originated at Khan Younis Governorate 

Shared Taxi Route 

Between Governorates 

Shared Taxi 

Garage 

No. of 

Shared

Taxis 

No. of 

Trips 

Per 

Day 

Average 

of Riders 

Per Day 

Average 

of  Riders 

Per Week 
Origin 

Govern. 

Destination 

Govern. 

 

 

 

 

 

Khan 

Younis 

 

 

Gaza 

Jalal 100 2 1400  

 

22680 

Bani Suhaila 70 2 980 

Others 100 2 1400 

Total 270 6 3780 

 

 

Middle Area 

Jalal 10 2 140  

 

2940 

Bani Suhaila 15 2 210 

Others 10 2 140 

Total 35 6 490 

 

Rafah 

Jalal 10 2 140  

2520 Bani Suhaila 10 2 140 

Others 10 2 140 

Total 30 6 420 

 

Source: Shared Taxi Operators (2010) 
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Table 4.20: Shared Taxis Services Originated at Rafah Governorate 

 

Shared Taxi  Route 

Between Governorates 

Shared Taxi 

Garage 

No. of 

Shared

Taxis 

No. of 

Trips 

Per 

Day 

Average 

of Riders 

Per Day 

Average 

of Riders 

Per Week 
Origin 

Govern. 

Destination 

Govern. 

 

 

 

 

Rafah 

 

Gaza 

Eastern Garage 200 2 2800  

19320 Others 30 2 420 

Total 230 4 3220 

 

Middle Area 

Eastern Garage 30 2 420  

4200 Others 20 2 280 

Total 50 4 700 

 

Khan Younis 

Eastern Garage 10 2 140  

4200 Others 20 4 560 

Total 30 6 700 

 

 Source: Shared Taxi Operators (2010) 

 

4.2.5  Questionnaire Distribution 

The average daily  bus riders  and shared taxi riders between Governorates for this study 

were  12,330 and 52,598 respectively. The sample size for the bus and shared taxi 

ridership was calculated using eq. 3-4 in page 33. The total  average daily population 

(N) for bus riders  is 12,330  and with a 95% confidence level and ± 5 percent precision 

level (d =0.05, Z = 1.96 from Annex 4 in page 139)  (Renckly, 2002). The sample size 

for bus riders is as follows: 

        n = 12330 * 1.96 
2
 * . 25 / ( .05 

2
 * 12329)) + (1.96 

2
 * .25 ) = 372.58  

So, a representative sample of 373 (372.58 rounded up) would be sufficient to satisfy 

the risk level.  
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The total average daily population (N) for shared taxi riders  is 52,598 and with a 95% 

confidence level and ± 5 percent precision level (d = 0.05, Z = 1.96 from Annex 4).   

Then, the sample size for shared taxi riders is as follows: 

        n = 52598 * 1.96 
2
 * . 25 / ( .05 

2
 * 52597)) + (1.96 

2
 * .25 ) = 381.38  

So, a representative sample of 382 (381.38 rounded up) would be sufficient to satisfy 

the risk level.  

The questionnaire is developed to contain three parts: general information, questions for 

bus riders and finally, questions for shared taxi riders. A sum of  420 forms were 

distributed for bus and shared taxi riders. The number of valid samples was 400. The 

number of non valid forms was rejected since some answers were confusing, or they 

were not completing. Data were gathered through a questionnaire that was developed 

and distributed at selected locations representative of the population that are affected by 

the current transport system.  

The questionnaire was distributed in the period of (01/05/2012 to 07/06/2012). The 

number of questionnaires to be distributed between Governorates was based on the 

proportional distribution of trip passengers. The distribution of the questionnaires was 

done according to each pair of governorates as shown in table 4.21. 
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Table 4.21: Sample Size Distribution for Bus Trip Routes Between Governorates 

 

Trip Route Sample Size Number of Valid Forms 

North Gaza / Gaza 60 54 

Gaza / North Gaza 60 54 

Gaza / Rafah 61 60 

Rafah / Gaza 70 67 

Khan Younis / Gaza 34 32 

Gaza / Khan Younis 31 30 

Middle Area / Gaza 33 33 

Gaza / Middle Area 29 28 

Middle Area / Rafah  8 8 

Rafah / Middle Area 8 8 

Middle Area / Khan Younis 12 12 

Khan Younis / Middle Area 14 14 

Total 420 400 
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CHAPTER 5: STATISTICAL ANALYSIS AND MODELING 

5.1 INTRODUCTION 

This chapter is discussing the statistical analysis of the ridership demand modeling and 

the elasticities of the ridership related to different variables. This statistical analysis 

consists of three parts. The first part explains the independent variables that are 

potentially affecting ridership demand across Gaza strip major governorates; North 

Gaza, Gaza, Middle Area, Khan Yunis, and Rafah. The second part of this analysis 

illustrates a ridership demand in the future. The third part explains  a sample of riders in 

order to find the type of functions that characterizes the relation between the number of 

riders and other independent variables. The main factors that significantly affect the 

number of riders in the present time and future would be identified. The 

characterizations and the common features of the riders and their ridership demand 

along with their major obstacles facing them during their travelling would be realized. 

5.2 Statistical Analysis of Ridership Demand   

All collected data were joined into one main table as shown in Table 5.1. The  data 

consists of employment, average weekly ridership, the number of private cars,  

population, average monthly expenditure per family,  trip length, travel time, bus fare 

and average number of bus trip between the origin and destination governorates. 

5.2.1 Trip length  

According to the map of Gaza Strip, the longest trip length was between Rafah to Gaza 

governorates (35 Km), while the shortest length was between Rafah and Khan Younis 

governorates (12 Km). More trips are expected to be made to the neighboring 

communities than that of long trips. Therefore, trip length is considered one of the 

factors that influence the ridership demand. Figure 5.1 shows the trip length between 

each pair of governorates. 

5.2.2 Bus Fare 

It is expected to make more trips due to low fare compared with higher fare to the far 

places. Figure 5.2 shows the bus fare between governorates. 
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Table 5.1: Characteristics of the Study Area 

Destination Governorate ( External Variables) Origin Governorate ( External Variables) 

No. of 

Private 

Cars 

Student 

Percent 

Monthly 

Expenditure 

Employment 

Percent 
Population 

Destination 

Governorate 

No. of 

Private 

Cars 

Student 

Percent 

Monthly 

Expenditure 

Employment 

Percent 
*
Population 

Origin 

Governorate 

32000 38.13 756 22.99 534558 Gaza 9600 14.35 725 21.76 297269 North Gaza 

9600 14.35 725 21.76 297269 North Gaza 

32000 38.13 756 22.99 534558 Gaza 

3600 15.10 693 23.3 222866 
Middle 
Area 

18400 19.50 655 21.24 291737 
Khan 

Younis 

2400 12.90 726 24.61 188690 Rafah 

32000 38.13 756 22.99 534558 Gaza 

3600 
 

15.10 
 

693 
 

23.3 
 

222866 
 

Middle  
Area 

18400 19.50 655 21.24 291737 
Khan 

Younis 

2400 12.90 726 24.61 188690 Rafah 

32000 38.13 756 22.99 534558 Gaza 

18400 19.50 655 21.24 291737 
Khan 

Younis 
3600 15.10 693 23.3 222866 

Middle 
Area  

2400 12.90 726 24.61 188690 Rafah 

32000 38.13 756 22.99 534558 Gaza 

2400 12.90 726 24.61 188690     Rafah 3600 15.10 693 23.3 222866 
Middle 
Area 

18400 
 

19.50 655 21.24 291737    Khan Y. 

* (2010) 
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Destination Governorate ( Internal Variables) 

No. of 

Ridership 

Weekly No. of 

Trips 

Bus Fare 

( Sheqel ) 
Travel Time ( min. ) Trip Length ( km ) Destination Governorate Origin Governorate 

7800 156 2 35 9 Gaza North Gaza 

7800 156 2 35 9 North Gaza 

Gaza  
4140 102 2 30 15 Middle Area 

4380 102 3 50 28 Khan Younis 

8640 216 4 75 35 Rafah 

4740 102 2 30 15 Gaza 

Middle Area 1800 42 2 20 13 Khan Younis 

1200 30 3.5 45 20 Rafah 

4620 102 3 50 28 Gaza 

Khan Younis 2100 42 2 20 13 Middle Area 

5700 114 2 25 7 Rafah 

10020 216 4 75 35 Gaza 

Rafah 1200 30 3.5 45 20 Middle Area 

5700 114 2 25 7 Khan Younis 

Continue Table 5.1: Characteristics of the Study 

rea 
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Figure 5.1: Trip length Between Each Pair of Governorates 

 

 

 

 

Figure 5.2: Bus Fare Between Governorates 
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5.2.3 Students Percent 

Students are expected to make more trips to their universities and institutes. So, students 

are considered one of the variables that may affect ridership demand. Figure 5.3 

illustrates students percent between governorates. 

 

Figure 5.3: Students Percent Between Governorates 

5.2.4 Average Weekly Ridership 

Based on bus companies operator
,
s report, the highest average weekly ridership was 

between Rafah to Gaza cities (10020 riders), while the least average weekly ridership 

was between Rafah to Middle Area (1200 riders). Figure 5.4 shows the ridership 

demand between each pair of governorates . 

5.2.5 Bus Travel Time 

Ridership is also affected by travel time by making more short time trips to the 

neighboring community than the far one. Based on bus companies operator
,
s report, the 

shortest bus trip was between Middle Area and Khan Younis governorates (about 20 

minutes). Also, the longest travel time was between Rafah and Gaza governorates 

(about 75 minutes). Figure 5.5 shows the ridership demand between each pair of 

governorates of this study. 
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Figure 5.4: Bus Ridership Between Governorates 
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Figure 5.5: Bus Travel Time Between Governorates 
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5.2.6 Population  

Based on PCBS source, the distribution of population by governorate of this study 

shows that Gaza governorate has the largest population (534558) while Rafah 

governorate has the smallest population (188690). Increasing the origin population will 

increase the bus ridership demand. Therefore, the population variable was studied since 

it may influence ridership demand. Figure 5.6 illustrates population per governorate.  

 

Figure 5.6: Population Distribution Per Governorate 

 

5.2.7 Employment  

The employment is considered one of the factors  that may affect ridership demand. So, 

small level employment governorate  will be attracted to that of high employment level. 

As shown in Figure 5.7, there is no variance of the percentage of employment status 

between the different governorates. Based on PCBS source, Rafah governorate has the 

highest employment percentage (24.61%), while Khan Younis governorate has the 

lowest  employment percentage (21.24%). 

       M.Area         Gaza        Khan Y.     N. Gaza       Rafah 

 
Governorate

ee 
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Figure 5.7: Percent Employment Per Governorate 

 

5.2.8 Expenditure 

Ridership is influenced by the average monthly expenditure per family. Low 

expenditure communities are expected to ride buses more than shared taxis. As 

shown in Figure 5.8, there is no variance of the percentage of average monthly 

expenditure of family between the different governorates. Based on PCBS 

source, Gaza governorate has the highest average monthly expenditure (756 

NIS per month), while Rafah governorate has the lowest  average monthly 

expenditure (726 NIS per month).  

 

   M.Area         Gaza         Khan Y.     N. Gaza        Rafah 

 Governorate 
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Figure 5.8: Average Family Expenditure Per Governorate 

 

5.2.9 Private Cars 

Private cars are expected to make more trips. So, ridership is influenced by private cars. 

Based on the MOT source, Gaza governorate has the highest total numbers of private 

cars (32000 cars), while Rafah governorate has the lowest total numbers of private cars 

(2400 cars). Figure 5.9 illustrates the number of private cars per governorate. 

 

Figure 5.9: Total Number of Private Cars Per Governorate 

 

  M.Area     Gaza      Khan Y.   N.Gaza     Rafah 

 
Governorate 
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5.3  Constructing a Ridership Predicting Model 

The multiple regression function will be estimated. For this approach, two main 

methods for estimating such a model were used as below:  

1-Stepwise Method: Variables are entered into the model based on a mathematical 

criteria. Through Stepwise method of regression, stepwise regression includes 

regression models in which the choice of predictive variables is carried out by an 

automatic procedure. Usually, this takes the form of a sequence of F-tests but other 

techniques are possible, such as t-tests and adjusted R-square. In this study, 14 

independent variable (predictors) were used. Using stepwise method  will reduce the 

number of variables to be included in the final model, as shown in Table 5.2. The 

method just selected the most important four variables to be included in the model, 

since including these variables in the model increase the value of R, R Square, and 

Adjusted R Square. 

Table 5.2:  R and R Square Changes 

 

Model Summary 

Model  R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .865 .749 .707 1504.74623 

2 .954 .910 .875 984.46207 

3 .970 .941 .905 726.18307 

4 .940 .908 .901 995.68289 

 

 

Table 5.3  illustrates the ANOVA test that includes an F test and the significance of the 

four important variables which is another criteria for measuring and selecting the best 

variables to be included in the model. Table 5.4  illustrates the names and coefficients of 

the four variables suggested by stepwise method to create and construct the optimum 

regression model that predicts the ridership demand. As we can see in table 5.4, the 

model includes four important variables; Monthly Expenditure (orig.), Monthly 

Expenditure (dest.), Travel Time, and Bus Fare. It also contains the coefficients of the 

variables or Beta values plus the constant value or the intercept in order to construct the 

optimum regression model.  
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Table 5.3:  ANOVA Test 

Model Sum of Squares Mean Square F Sig. 

1 Regression 4.055E7 4.055E7 17.909 .005
a
 

Residual 1.359E7 2264261.231 
  

Total 5.414E7 
   

2 Regression 4.929E7 2.465E7 25.429 .002
b
 

Residual 4845827.812 969165.562 
  

Total 5.414E7 
   

3 Regression 5.303E7 1.768E7 63.968 .001
c
 

Residual 1105370.007 276342.502 
  

Total 5.414E7 
   

4 
Regression 5.724E7 2.703E7 115.968 .000

c
 

 
Residual 908289.126 233081.539 

  

 
Total 5.414E7 

   

 

Table 5.4: The Names and Coefficients of the Four Variables Suggested by 

Stepwise Method 
 

Coefficients 

Model Un Standardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 (Constant) -19706.439- 6230.675 
 

-3.163- .019 

Monthly Expenditure(orig.) 19.964 9.443 .865 4.232 .005 

2 (Constant) -19738.719- 4076.358 
 

-4.842- .005 

Monthly Expenditure(orig.) 17.770 6.221 .818 6.071 .002 

Monthly Expenditure(des) 26.953 10.045 .405 3.003 .030 

3 (Constant) -16970.945- 2682.490 
 

-5.208- .006 

Monthly Expenditure(orig.) 12.250 3.325 .828 11.505 .000 

Monthly Expenditure(des) 26.423 10.042 .781 6.245 .003 

Travel Time ( min.) 251.591 17.981 .460 -3.679- .021 

4 
(Constant) -16268.350- 2682.490 

 
-5.208- .006 

 
Monthly Expenditure(orig.) 10.387 3.325 .828 11.505 .000 

 
Monthly Expenditure(dest) 24.653 8.042 .781 6.245 .003 

 
Travel Time ( min.) 251.591 17.981 .460 -3.679- .021 

 
Bus Fare ( sheqel ) -5112.129- 1542.068 .952 4.735 .018 

Hence, the final and optimum ridership model is suggested to be as follows: 

 = -    16268.350 + 10.387  + 24.653  + 251.591  -5112.129                
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where,  is Monthly Expenditure (orig.),  is  Monthly Expenditure (dest.),  is 

Travel Time,  and   is the Bus Fare. Table 5.5 shows the comparison between the 

observed and the predicted ridership demand using the above model. Also, Figure 5.10 

illustrates the Normal Probability Plot, which is a graphical representation of 

discovering or testing the regression main assumption. It says the residuals should be 

normally distributed, and violation of this assumption indicates that the model is out of 

condition. Since the points should not be far away from the line, hence  the more 

closeness of the points to the line, the more indication  that the residuals are normally 

distributed. In Figure 5.10, the points are so close to the line. This is an indicator that 

the residuals of the model is normally distributed and hence there is no violation of that 

assumption by the model. Therefore, the model fits data for prediction of the ridership 

demand.  

Table 5.5: Comparison Between the Observed and Predicted Ridership Demand 

* Source: Bus Companies
,
 Operators (2010) 

Predicted No. of 

Ridership 

* Observed No. of 

Ridership 
Destination Governorate 

Origin 

Governorate 

8481 7800 Gaza North Gaza 

8039 7800 North Gaza 

Gaza 

5992 4140 Middle Area 

4975 4380 Khan Younis 

7903 8640 Rafah 

3368 4740 Gaza 

Middle Area 1885 1800 Khan Younis 

2257 1200 Rafah 

6415 4620 Gaza 

Khan Younis 2427 2100 Middle Area 

4498 5700 Rafah 

8331 10020 Gaza 

Rafah 1786 1200 Middle Area 

3485 5700 Khan Younis 
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Figure 5.10: Normal P-P plot of regression standardized residual 

2-Enter Method: All independent variables or predictors are entered simultaneously 

into the equation in one step, also called "forced entry". Table 5.6 shows the changes of 

R square, while using Enter method of regression. R square is equal to (0.997) and it is 

increased relatively compared with that used in stepwise method (which was equal to 

0.908).  

Table 5.6: The Changes of R Square 

Model Summary 

Mode

l 

R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

 

Sig. F Change 

1 .999 .997 .981 389.42265 .016 

 

Table 5.7 shows that the model is significant because the p-value is less than 0.05. 

 

 

 

 

R
2 

= 0.908 
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Table 5.7: Multiple Regression Results 

ANOVA 

Model Sum of 

Squares 

Mean Square F Sig. 

1 Regression 1.037E8 9424624.675 62.147 .016 

Residual 303300.000 151650.000   

Total 1.040E8    

 

Table 5.8 illustrates that the majority of the independent variables are significant  to 

enter the model at the .05 level.  However, when examining the multiple regression, 

there are only two variables that may be excluded from the model,  which are: Monthly 

Expenditure (dest.) and Travel Time (min.) because they are shown to be insignificant. 

 

Table 5.8: The Significance in Analysis of Variance Between Predictors  

Entered in the Model 

 

Coefficients 

Model Unstandardized Coefficients Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 (Constant) -136171.177- 15153.421  -8.986- .012 

Employment Percent(orig.) 5499.554 625.619 2.340 8.791 .013 

Student Percent(orig.) -975.986- 143.863 -3.860- -6.784- .021 

monthly Expenditure(orig.) -59.591- 12.325 -.813- -4.835- .040 

No. of Private cars(orig.) .875 .130 3.920 6.749 .021 

Employment Percent(dest.) 5095.943 634.195 2.169 8.035 .015 

Students Percent(dest.) -927.186- 113.454 -3.667- -8.172- .015 

Monthly Expenditure(dest.) -48.666- 13.806 -.664- -3.525- .072 

No.of Private cars(dest.) .829 .101 3.714 8.172 .015 

Trip length ( km ) 1057.208 165.182 3.359 6.400 .024 

Travel Time ( min. ) 4.286 55.632 .029 .077 .946 

Bus Fare ( sheqel ) -11160.000- 1101.454 -3.231- -10.132- .010 

 

In table 5.8 the names and the coefficients of all variables to build and construct the 

optimum regression model predict the ridership demand. The model includes the 

following variables in origin and destination: Bus Fare (shekel), Students Percent (des), 

monthly Expenditure, No. of Private cars, Employment Percent, Trip length (km), 

Travel time (min.). The model also contains the coefficients of the variables (Beta 
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values) plus the constant value (the intercept) in order to construct the optimum 

regression model. Using Enter method, the final and optimum ridership model is 

suggested to be as follows: 

          

where the represent all the significant variables mentioned above 

respectively, in addition to the intercept. 

Table 5.9 shows the comparison between the observed and the predicted ridership 

demand using the above model. Also, Figure 5.11 illustrates the Normal Probability 

Plot, similar to that used at stepwise method. It is a graphical representation of 

discovering or testing the regression main assumption. It says that the residuals should 

be normally distributed, and violation of this assumption indicates that the model is 

unfit. Since the points should not be far away from the line, hence  the more closeness 

of the points to the line, the more indication  that the residuals are normally distributed. 

 

By comparing between Figure 5.10 & Figure 5.11, the points are so close to the line 

than that have shown at stepwise method. This is an indicator that the residuals of the 

model is normally distributed. Hence there is no violation of that assumption by our 

model. Therefore, using Enter method, the model seems to fit our data accurately more 

than stepwise method  for prediction of the ridership demand. The principle of 

parsimony calls for keeping the model as simple as possible. It begins with calibration 

by estimating very few parameters that together represent most of the features of 

interest. Just having the penalty of more variables to be included in the model, there is a 

sensitivity to violate the principle of parsimony. It is a principle urging one to select 

from among competing hypotheses that which makes the fewest assumptions. 
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Table 5.9: Comparison Between the Observed and the Predicted Ridership Demand 

Predicted No. of 

Ridership 

Observed No. of 

Ridership 
Destination Governorate 

Origin 

Governorate 

7789 7800 Gaza North Gaza 

7789 7800 North Gaza 

Gaza 
4131 4140 Middle Area 

4134 4380 Khan Younis 

8863 8640 Rafah 

4731 4740 Gaza 

Middle Area 1922 1800 Khan Younis 

1071 1200 Rafah 

4839 4620 Gaza 

Khan Younis 1967 2100 Middle Area 

5590 5700 Rafah 

9779 10020 Gaza 

Rafah 1326 1200 Middle Area 

5799 5700 Khan Younis 

 

 

 Figure 5.11: Normal P-P Plot of Regression Standardized Residual 

 

R
2 

= 0.997 
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5.4 Statistical Analysis of Ridership Questionnaire  

A sample of riders is conducted to identify the main factors that significantly affect the 

number of riders in the present time and future. The characterizations and the common 

features of the riders and their ridership demand along with their major obstacles and 

problems facing them during their travelling were also realized. The questionnaire 

contained three parts; General information, the bus riders, and the shared taxi riders. 

The riders answers to these parts reflected and indicated their opinions and feelings. The 

survey was distributed across 400 riders which is the sample size of the study. The 

following table 5.10 describes the trip lines and number of riders between pairs of 

governorates using bus and shared taxi.  

 

Table 5.10: Numbers of Riders Across Trip Lines Between Pairs of Governorates 

From \ To N. Gaza Gaza Mid. Area Khan Y.  Rafah 

N. Gaza X 54 NA NA NA 

Gaza 54 X 28 30 60 

Mid. Area NA 33 X 12 8 

Khan Yunis NA 32 14 X NA 

Rafah NA 67 8 NA X 

NA indicates that there is no available information. 
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The following figure illustrates the number of bus / shared taxi riders between 

governorates. 

 

Figure 5.12: Bus / Shared Taxi Ridership Between Governorates 

 

 

5.4.1 The Riders Age 

Figure 5.13, Figure 5.14 & Table 5.11 illustrate the riders distribution according to their 

age. The majority of riders ages were between 25-34 years with proportion of 40% of 

the actual sample, followed by  those between 15-24 with proportion of 32%, 14% for 

those between 35-44, 8% for those between 45-65, and those ages less than 65 with 

proportion of 6% from the actual sample of 400 riders.  

 

 

Figure 5.13: The Distribution of Riders According to Their Age 
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Figure 5.14: The Riders Between Governorates According to Their Age 
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Table  

 

Total 
N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah-

M.area 

M.area-

KhanY 

khanY-

M.area 
Age 

127 23 18 12 17 9 12 12 10 5 2 3 4 15-24 

161 19 23 33 30 17 6 7 8 2 3 7 6 25-34 

55 5 4 11 9 4 4 5 7 1 2 1 2 35-44 

33 4 0 2 7 2 6 7 3 0 0 1 1 45-65 

24 3 9 2 4 0 2 2 0 0 1 0 1 ≥ 65 

400 54 54 60 67 32 30 33 28 8 8 12 14 Total 

Table 5.11: The Riders Between Governorates According to Their Age 
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5.4.2 The Riders Job 

Figure 5.15, Table 5.12 & Figure 5.16 illustrate the riders job distribution, the majority 

of riders were students with proportion of 60% of the actual sample, followed by  

employees 24%, labors 12% and others with proportion of 4% from the actual sample of 

400 riders. 

 

 

 

 

Figure 5.15:  The Distribution of Riders According to Their Job 
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Table 5.12: The Riders Between Governorates According to Their Job 

Job 
N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah- 

M..area 

M.area-

KhanY 

khanY-

M.area 
Total 

Student 31 39 35 32 24 27 17 19 0 0 8 8 240 

Employee 15 8 14 18 2 3 15 4 4 5 4 4 96 

Labor 6 4 6 12 5 0 1 5 4 3 0 2 48 

Others 2 3 5 5 1 0 0 0 0 0 0 0 16 

Total 54 54 60 67 32 30 33 28 8 8 12 14 400 

 

Figure 5.16: The Riders Between Governorates According to Their Job
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5.4.3 The Riders Gender 

Figure 5.17, Table 5.13 & Figure 5.18 illustrate the riders gender distribution, the 

majority of riders were from male with proportion of 63% of the actual sample, and 

37% were female with proportion of 37% from the actual sample of 400 riders.  

 

 

Figure 5.17:  The Distribution of Riders According to Their Gender 
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Table  5.13: The Riders Between Governorates According to Their Gender 

Gender 
N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah- 

M.area 

M.area 

KhanY 

khanY-

M.area 
Total 

Male 34 36 42 45 18 21 22 13 4 5 2 6 248 

Female 20 18 18 22 14 9 11 15 4 3 10 8 152 

Total 54 54 60 67 32 30 33 28 8 8 12 14 400 

 

 

Figure 5.18: The Riders Between Governorates According to Their Gender 
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5.4.4 The Riders Education 

Figure 5.19,Table 5.14 & Figure 5.20 illustrate the riders education distribution. The majority 

of riders were holding an university degree with proportion of 68% of the actual sample, 

followed by  those holding diploma 20%, the holders of secondary certificate were  7%, while 

the holders of postgraduate degree were 4%,  and those riders having below secondary 

education were having proportion of 1% from the actual sample of 400 riders 

 

 

Figure 5.19:  The Distribution of Riders According to Their Education Level
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Table  5.14: The Riders Between Governorates According to Their Education Level 

Education 
N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah- 

M.area 

M.area-

KhanY 

khanY-

M.area 
Total 

Below sec 

 
1 0 0 3 0 0 0 0 0 0 0 2 6 

Secondary 2 3 2 10 3 1 0 2 1 0 1 1 26 

Diploma 
7 5 12 10 11 8 9 6 1 2 3 6 

80 

University 
41 45 42 39 18 21 23 20 6 6 7 5 

273 

Post graduate 
3 1 4 5 0 0 1 0 0 0 1 0 

15 

Total 54 54 60 67 32 30 33 28 8 8 12 14 400 

 

Figure 5.20: The Riders Between Governorates According to Their Education Level 
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5.4.5 The Riders Income Per Month 

Figure 5.21, Table 5.15 & Figure 5.22 illustrate the riders distribution according to their 

income per month in Shekel. The income per month for 8% of the riders was less than 

1000. 34% of the riders were from those that their income per month was from 1000 to 

2000. Also, 33% of them were from 2000 to 3000 and for 15% of the riders, the income 

per month was from 3000 to 4000. The income per month for 8% of the riders was from 

4000 to 5000. lastly, 2% proportion of them were those that their income per month was 

more than 5000 Shekel from the actual sample of 400 riders.  

 

 

 

 

 

 

Figure 5.21: The Distribution of Riders According to Their Income Per Month 
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Table  5.15: The Riders Between Governorates According to Their Income Rate Per Month 

Income Rate 
N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah- 

M.area 

M.area-

KhanY 

khanY-

M.area 
Total 

‹ 1000 6 2 7 10 2 2 1 2 0 0 0 0 32 

1000-2000 17 15 18 21 15 12 15 12 2 1 4 3 135 

2000-3000 18 14 16 15 14 14 14 14 3 3 2 5 132 

3000-4000 5 15 11 10 1 2 2 0 3 2 4 4 59 

4000-5000 4 7 8 9 0 0 1 0  0 1 1 2 33 

› 5000 4 1 0 2 0 0 0 0 0 1 1 0 9 

Total 54 54 60 67 32 30 33 28 8 8 12 14 400 

 

Figure 5.22: The Riders Between Governorates According to Their Income Rate Per Month
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5.4.6 The Riders Weekly Trips 

Figure 5.23, Table 5.16 & Figure 5.24 illustrate the riders distribution according to their 

number of weekly trips. The majority of riders were having more than 4 trips per week with 

proportion of 73% of the actual sample, followed by 2-4 weekly trips with proportion of 16%, 

7% for those who have one weekly trip, and others with proportion of 4% from the actual 

sample of 400 riders.  

 

 

 

Figure 5.23:  The Distribution of Riders According to No. of Weekly Trips 
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Table  5.16: The Riders Between Governorates According to No. of Weekly Trips 

No. of 

weekly trips 

N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah- 

M.area 

M.area-

KhanY 

khanY-

M.area 
Total 

1 2 3 5 6 2 2 1 1 2 1 3 0 28 

2-4 4 4 8 11 8 6 4 5 2 3 4 4 63 

› 4 45 47 44 48 22 18 28 21 4 3 5 8 293 

Others 3 0 3 2 0 4 0 1 0 1 0 2 16 

Total 54 54 60 67 32 30 33 28 8 8 12 14 400 

 

 

Figure 5.24: The Riders Between Governorates According to No. of Weekly Trips
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5.4.7 The Riders Owning Private Cars 

Figure 5.25, Table 5.17 & Figure 5.27 illustrate the riders distribution according to their 

owning private car. The majority of riders do not owning private car with proportion of 

88% of the actual sample, and 12% proportion of them were owning private car from 

the actual sample of 400 riders.  

 

Figure 5.25:  The Distribution of Riders According to Owning Private Cars 

5.4.8 The Riders Preference 

Figure 5.26, Figure 5.28 & Table 5.18 illustrate the riders distribution according to their 

riding preferences. The majority of riders were preferring bus with proportion of 65% of 

the actual sample, and those preferring shared taxi were with a proportion of 35% from 

the actual sample of 400 riders. 

 

Figure 5.26:  The Distribution of Riders According to Their Preference 
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Table 5.17: The Riders Between Governorates According to Owning Private Car 

Owning 

private 

car 

N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah - 

M.area 

M.area-

KhanY 

khanY-

M.area 
Total 

Yes 3 6 8 2 3 3 5 7 2 4 4 1 48 

No 51 48 52 65 29  28 21 6 4 8 13 352 

Total 54 54 60 67 32 30 33 28 8 8 12 14 400 

 

Figure 5.27:The Riders Between Governorates According to Owning Private Car 
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Figure 5.28: The Riders Between Governorates According to Preference of Bus or Shared Taxi 

 

Table 5.18: The Riders Between Governorates According to Preference of Bus or Shared Taxi 

Preference 

of bus or 

shared taxi 

N.Gaza-

Gaza 

Gaza-

N.Gaza 

Gaza-

Rafah 

Rafah-

Gaza 

KhanY-

Gaza 

Gaza-

KhanY 

M.area-

Gaza 

Gaza-

M.area 

M.area-

Rafah 

Rafah- 

M.area 

M.area-

KhanY 

khanY-

M.area 
Total 

bus 35 41 43 49 18 19 15 17 4 3 8 7 259 

shared 
taxi 

19 13 17 18 14 11 18 11 4 5 4 7 141 

Total 54 54 60 67 32 30 33 28 8 8 12 14 400 
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5.4.9 Trip Purpose  

Figure 5.29 shows that most of the trip purposes for both bus and shared taxi riders were for 

education 34.75% & 46.25% respectively and for work 29.00% & 34.50% respectively. The 

figure showed also that least number of trip purposes for bus riders and  taxi riders were for 

other purposes 2% and for shopping 4% respectively. 

 

Figure 5.29: Bus and Shared Taxi Riders Trip Purpose Between Governorates 

5.4.10 Number of Trips Per Week 

Figure 5.30 shows the number of trips per week of the riders of our questionnaire. As we see 

here, the majority of riders are riding both bus and shared taxi between 2 and 4 times a week, 

followed by the riders of one time a week. The minority of the riders have different trips a 

week.   

5.4.11 Trip Cost 

Figure 5.31 shows the trip cost of riding a bus and a shared taxi. The majority of riders of our 

questionnaire said that the trip cost of bus and shared taxi is suitable. On the other hand, the 

figure shows that the majority of the respondents said that the trip cost of the shared taxi is 

high. 
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Figure 5.30: The Number of Trips Per Week of Riders  Between Governorates 

 

Figure 5.31: Bus and Shared Taxi Trip Cost 

5.4.12  Time Taking from the Beginning of the Bus Trip Till the End 

Figure 5.32 illustrates the time taking from the beginning of the bus trip till the end. The 

majority of respondents said that the shared taxi is taking less time from the beginning of trip 

till the end than the bus.  
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Figure 5.32: Time Taking from the Beginning of Trip Till the End 

5.4.13 Waiting Time before Launching the Trip    

Figure 5.33 illustrates the waiting time before launching the trip. The majority of respondents 

said that the shared taxi is taking less time in waiting before launching the trip than the bus. 

 

Figure 5.33: Waiting Time before Launching the Trip 
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5.5 Ridership Demand Elasticity 

The main reasons for riding and not riding the buses and shared taxi were described as 

demonstrated in the following sections.  

5.5.1 The Reasons for Riding the Bus 

Figure 5.34 illustrates the reasons of riding the bus. The majority of riders said that they are 

riding the bus because of its cost, safety and comfort, while the minority of them are riding 

the bus for the reasons of the bus route, bus is the only mode  and others. 

 

  

Figure 5.34: Bus Riders Reasons for Riding the Bus 

 

5.5.2 The Reasons for Not Riding the Bus 

Figure 5.35 illustrates the reasons of not riding the bus, the majority of respondents said that 

they are not riding the bus because of its number of stops, while the minority of them are not 

riding the bus for the reasons of its irregular schedule time, waiting time, and the farness of 

the bus station. Also, figure 5.36 shows the problems that riders faced while riding the bus 

such as the number of bus stops, waiting time, slowness and discomfort. 
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Figure 5.35: Shared Taxi Riders Reasons for not Riding the Bus 

 

 

 

 

Figure 5.36 :  Bus Riders Problems for Using the Bus 

5.5.3 Reasons for Choosing a Shared Taxi 

Figure 5.37 illustrates the main reasons of riding shared taxi. The majority of respondents said 

that they are riding shared taxi because of its speed, safety and comfort. It is followed by 

those who are riding the shared taxi because  the shared taxi is the only mode, due to shared 

taxi route and others. 
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Figure 5.37: Shared Taxi Riders Reasons for Riding the Shared Taxi 

5.5.4 Preference of Shared Taxi to Bus 

Figure 5.38 illustrate the main reasons of riders preference for the shared taxi to a bus, 

ranking orderly; number of bus stops, followed by waiting time, discomfort, slowness, and the 

bus station is far away. 

 

 

 

Figure 5.38: Preference for a Shared Taxi Riders to a Bus  
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5.6  Bus Services Ridership Demand Elasticity                                                         

 In this section the riders responses towards any change of prices were considered. Figure 

5.39 shows the respondents opinion if the cost of the bus fare increased by one third and their 

opinion when the cost of the bus fare increased by one half. It was shown that the trend of 

some riders will ride a shared taxi. 

 

Figure 5.39: The Bus Riders Response Towards the Change of Prices 

A mathematical function is constructed to express the response towards the change of price as 

illustrated in figure 5.40. The best fit line of this equation is as shown below:                  

                

 

Figure 5.40: Bus Riders Elasticity to Fare Change 
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The riders response towards any change of total trip time was considered. Figure 5.41 shows 

the riders opinion of the questionnaire if the total trip time of the bus increased by 10 minutes, 

and their opinion when the total trip time increased by 20 minutes. It was shown that the trend 

of some riders will ride a shared taxi.  

Figure 5.41: The Bus Riders Response Towards the change of Total Trip Time 

A mathematical function is assembled to express the response towards the change of the total 

trip time as illustrated in Figure 5.42. The best fit line of this equation was:    

                 

 

Figure 5.42: Bus Riders Elasticity to Total Trip Time Change 
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The following section reflects on the riders responses towards any change in the price of the 

bus fare. Figure 5.43 shows the respondents opinion if the cost of the bus fare decreased by 

one third, and their opinion when the cost of the bus fare reduced by one half. It shows that 

the trend of some riders increases in riding the bus and decreases in riding the shared taxi. 

Although the bus fare decreased by one half, the number of bus riders declined and this 

happened due to the bus waiting time, the frequent stops along the route and it is 

uncomfortable. 

 

Figure 5.43: The Shared Taxi  Riders Response Towards the Change of Prices 

                                                                                           

A mathematical function is constructed to express the response towards the change in the 

price as illustrated in Figure 5.44. The best fit line of this equation was:   

                   122                                                             

The riders response towards any change of the total trip time was considered. Figure 5.45 

shows the riders opinion of the questionnaire if the total trip time declined by 10 minutes and 

their opinion when the total trip time decreased by 20 minutes. It shows that the trend of some 

riders will ride the bus. A function is constructed to state the response towards the change in 

the total trip time as illustrated in the next Figure 5.46. The best fit line of this equation was:  

                   = 2.7   + 94      
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                         Figure 5.44 : Shared Taxi Riders Elasticity to Fare Change 

 

 

 

Figure 5.45: Shared Taxi Riders Response Towards the Change of Total Trip Time 
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Figure 5.46: Shared Taxi Riders Elasticity to Total Trip Time Change 

 

The bus ridership demand elasticity is determined using eq. 3 – 3 in page 29. 

For buses: 

(1) If the cost of the bus fare increased by one third and  by one half (Y = 238 for X = 1.33 

& Y = 170 for X = 1.5) then, Elasticity = -  2.23; it means that the bus commuter riders 

demand elasticity was - 2.23 for the bus fare change (see Figure 5.40). This means that, 

for example, for every increase in bus fare by 1 %, the expected decrease in ridership 

demand is 2.23 %.                                              

(2)  If the total time taken by the bus trip increased by 10 min. and  by 20 min. (Y = 232 for 

X = 10 min. & Y = 165  for X = 20 min.) then ,  Elasticity =  -  0.29   

For Shared Taxis: 

 (1)  If the cost of the bus fare decreased by one third and  by one half (Y= 145 for X = 0.67 & 

Y = 136.5 for X = 0.5) then, Elasticity = 0.23. The shared taxi riders demand elasticity was 
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about 0.23 for the bus fare change (see Figure 5.44). It means that for every decrease in bus 

fare by1%, the expected shared taxi riders  to ride the bus out of the total taxi riders is 0.23 %. 

 (2) If the total trip time by bus decreased by 10 min. and  by 20 min. (Y= 121 for X= 10 min.  

&  Y= 148  for X= 20 min.) then, Elasticity = 0.22. 

5.7 Recommendations of Bus Riders and Shared Taxi Riders 

Based on the questionnaire question of recommendations for Bus riders and Shared taxi 

riders, the respondents answered that the public transport service applied by the local buss 

companies is not satisfactory. In general, the fleet is old, the quality of service is partially 

satisfactory, no clear schedule and frequency. 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

Based on data collected and analysis, the following conclusions can be drawn: 

1- For the travel forecasting process, more precise results could be attained if detailed data on 

socioeconomic characteristics for each governorate were accessible. So, it is recommended 

that a follow up work should be prepared, where a more detailed work concentrating on the 

demand and supply forecasting is carried out. 

2- Public transport in Gaza Strip is provided by buses and shared taxis. Public transport 

service between North Gaza and other Governorates is not available except for Gaza 

Governorate. Many rural communities do not have any public bus transportation. 

3- External and internal variables were used in Multiple Linear Regression Analysis to 

develop ridership demand model. 

4- The independent variables that were used in the simplified model and mostly affected the 

number of bus ridership demand  were employment percent (orign & dest.), students percent 

(orign & dest.), monthly expenditure (orign & dest.), no. of private cars(orign & dest.), trip 

length (km), travel time (min.) and bus fare (sheqel). The simplified model could be used to 

help the MOT in predicting the number of bus ridership required. 

 5-The suggested ridership demand model had the following relation as below:                                                                  

Y= -136171.177+ 5499.554 x1 -975.986 x2 + … -11160.000 x11  with R
2
 = 0.997, where the 

x1, x2 , …., x11 represent all the significant variables mentioned in table 5.8 page 67, in 

addition to the intercept. 

6- The majority of the independent variables entered the model are significant  at the .05 level 

except for monthly expenditure (dest.) and travel time (min.) that are insignificant. 

7- The statistical analysis results demonstrated that the relation between the number of bus 

ridership demand and the independent variables was strong (Coefficient of determination is 

equal to 0.997, page 69). 

8- The sampling size of the questionnaire was 400, which stands for a 95 confidence level. 
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9- It was found that bus waiting time was the first reason for not riding the bus. 

10- The questionnaire analysis revealed that many people did not ride the bus because of the 

frequent stops along the route. 

11- The existing bus companies are operating without any coordination between them in the 

service they provide since public bus service is entirely managed by the private sector.  

12-  Most of the buses work is directed towards school and university students and workers in 

a random way. The students and employees were the most sensitive among other riders to 

mode change based on reducing fare or travel time. 

13- It was noticed that some riders did not prefer riding the bus since they found it 

uncomfortable. 

14- Improving the current bus service and its operation such as reducing waiting time, 

decreasing the no. of bus stops and providing express bus route will achieve passenger
,
s 

satisfaction and will attract more riders. 

15- As shown in page 97, bus riders elasticity for a change in the bus fare and a change in the 

total time taken by the bus trip was calculated to be – 2.23 and – 0.29 respectively. Also, the 

elasticity for shared taxi riders was  calculated to be 0.23 and 0.22 for a change in the bus fare 

and a change in the total time taken by the bus trip respectively. 
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6.2 Recommendations 

As a result of this study, the following recommendations are depicted: 

1- A comprehensive study through the transport assessor should be performed in order to 

check and examine the real necessitate for the number of shared taxis based on demand as it is 

followed internationally.  

2- it is recommended to restrict issuing of new licenses for shared taxi and private cars to 

attract more bus riders since the number of  bus riders is little compared with shared taxi 

riders or private cars riders. 

3- The Palestinian Ministry of Transport and Ministry of Public Works and Housing should 

improve the effectiveness of road network, and this will be achieved by continuous 

safeguarding and rehabilitation projects. This will generate more trips. 

4- Effective measures in the short term to improve the public transport services as part of a 

comprehensive long term transport plan should be taken by MOT. 

5- Providing  an express bus service between governorates during the peak period to draw 

more riders. 

6- It is recommended to raise trip frequency and number of buses for crammed routes to 

accommodate the future passenger demand.  

7- MOT should commence and encourage the use of latest technologies regarding fare 

collection system, such as electronic or magnetic card system to shrink travel time and assist 

the fare payment process. 

8- It is recommended to supply better services with up to date means and stations to receive 

the increased number of passengers. 

9- The study recommendations may help out the MOT in reviewing its set of laws and 

policies regarding public transport, and can stimulate decision-makers and planners to lay 

down the proper regulations, plans, and policies. 

10- It is recommended to establish the shared taxis and buses main stations outside the central 

commercial area of the governorate to prevent congestion. 
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11- Further researches and database building should be done on transportation sector to cover 

its various aspects in Gaza Strip and West Bank. 
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ن سينا ب مكتبت ا،   مصر الجذيذة،القاهرة)  فن كتابت البحىث الؼلميت و إػداد الرسائل الجامؼيت،محمذ عثمان الخشج - 2
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Definition  of  Important  Repeated Terms 
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Public Transportation: It is the service that is provided for the carriage of passengers and 

their incidental baggage on established routes and fixed schedules at published rate of fare, 

and available to the general public in urban areas or for short distances in rural areas (Sadeq, 

2001). 

 

Public Travel (Mass Transit) Demand: Demand for mass transit is estimated as a part of 

total trip estimation process for the study area between the origin and destination points. It 

involves some information about those trips through a fixed route and schedule (Sadeq, 

2001). 

 

Ridership: It is the traveler who freely chooses a specific mode of transportation on a 

specific route to achieve his or her trip purpose between the origin and destination (Sadeq, 

2001). 

 

Public Transport Operators: Bus operators that are licensed by Public Transport Council 

(PTC) to provide basic schedule bus services (Singapore MOT, 2005).  

 

Travel Demand Elasticity: Travel demand elasticity is a major tool that measures the rider 

response’s sensitivity for any change of one or more variable. That means that the rider may 

change his or her preferable transportation mode, route, and trip it self because of such 

changes (Sadeq, 2001).  

 

Regression Analysis: Regression analysis is a statistical method. It deals with the 

formulation of mathematical models that depict the relationships among variables, and the use 

of these modeled relationships for the purpose of predicting and other statistical inferences. 

The method of least square is the efficient method for estimating the regression parameters to 

minimize the overall discrepancy (Sadeq, 2001).  

 

Intercity Bus Service: Intercity bus service is the public participation mode that connects 

two cities that have a bus service all week days in a fixed route, fixed schedule, and fixed bus 

fare. Intercity bus service is provided by private companies.  
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Bus Mode: The bus is a rubber-tired vehicle operating on a surface street and usually 

subjected to all traffic conditions. Almost all buses are powered by fuel-efficient, time proved 

diesel engine. Features vary such that no one size or body conformation is best adapted to all 

application. Standard bus lengths are 35 and 40 ft (12.2m), and widths are 96 or 102 in (2.45 

or 2.6m). The seated capacities are, respectively, 41 to 45 and 49 to 53 passengers (Sadeq, 

2001).  

Bus transportation is highly energy-efficient mode, averaging 300 seat miles per gallon of 

fuel. Buses are also very safe. Their accident rate of 12 fatalities per 100 billion passenger-

mile is more than 100 times than that of automobiles (Sadeq, 2001). 

 

Shared Taxi Modes: The shared taxi is considered as one of the paratransit services. It is a 

service providing a transition of passengers and their packages from one place to another. The 

standard shared taxi seated capacities is seven passengers. Services may deviate from routes 

and / or fixed schedule, and may pick up and drop off passengers at other than regular stops. 
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 Questionnaire  Form 
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ANNEX 3 

 

 Questionnaire  Results 
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Statistical Analysis for Bus and Shared Taxi Riders 

(Part One: General Information) 

 

Question Type  N. Gaza 

Gaza 

Gaza  

N.Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

KhanY.  

Gaza 

Gaza  

Khan Y. 

 

 

 

Age 

15-24 23 18 12 17 9 12 

25-34 19 23 33 30 17 6 

35-44 5 4 11 9 4 4 

45-65 4 0 2 7 2 6 

> 65 3 9 2 4 0 2 

Total 54 54 60 67 32 30 

 

 

Job 

Student 31 39 35 32 24 27 

Employee 15 8 14 18 2 3 

Labor 6 4 6 12 5 6 

Others 2 3 5 5 1 0 

Total 54 54 60 67 32 30 

 

Gender 

Male 34 36 42 45 18 21 

Female 20 18 18 22 14 9 

Total 54 54 60 67 32 30 

 

 

 

Education 

Below 

secondary 

1 0 0 3 0 0 

Secondary 2 3 2 10 3 1 

Diploma 7 5 12 10 11 8 

University 41 45 42 39 18 21 

Post 

graduate 

3 1 4 5 0 0 

Total 54 54 60 67 32 30 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part One: General Information)  

 

Question Type N. Gaza  

Gaza 

Gaza  

N.Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

KhanY.  

Gaza 

Gaza  

KhanY. 

 

 

 

Income 

rate per 

month 

< 1000 6 2 7 10 2 2 

1000 -

2000 

17 15 18 21 15 12 

2000 -

3000 

18 14 16 15 14 14 

3000 -

4000 

5 15 11 10 1 2 

4000 -

5000 

4 7 8 9 0 0 

> 5000 4 1 0 2 0 0 

Total 54 54 60 67 32 30 

 

No.of 

weekly 

trips 

1 2 3 5 6 2 2 

2 - 4 4 4 8 11 8 6 

> 4 45 47 44 48 22 18 

Others 3 0 3 2 0 4 

Total 54 54 60 67 32 30 

Owning 

private car 

Yes 3 6 8 2 3 3 

No 51 48 52 65 29 27 

Total 54 54 60 67 32 30 

Preference 

of bus to 

shared 

taxi 

Bus 35 41 43 49 18 19 

Shared 

taxi 

19 13 17 18 14 11 

Total 54 54 60 67 32 30 
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Statistical Analysis for Bus and Shared Taxi Riders 

(Part One: General Information) 

 

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

KhanY.  

M.area 

 

 

 

Age 

15-24 12 10 5 2 3 4 

25-34 7 8 2 3 7 6 

35-44 5 7 1 2 1 2 

45-65 7 3 0 0 1 1 

> 65 2 0 0 1 0 1 

Total 33 28 8 8 12 14 

 

 

Job 

Student 17 19 0 0 8 8 

Employee 15 4 4 5 4 4 

Labor 1 5 4 3 0 2 

Others 0 0 0 0 0 0 

Total 33 28 8 8 12 14 

 

Gender 

Male 22 13 4 5 18 21 

Female 11 15 4 3 10 8 

Total 33 28 8 8 12 14 

 

 

 

Education 

Below 

secondary 

0 0 0 0 0 2 

secondary 0 2 1 0 1 1 

Diploma 9 6 1 2 3 6 

university 23 20 6 6 7 5 

Post 

graduate 

1 0 0 0 1 0 

Total 33 28 8 8 12 14 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part One: General Information)   

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

KhanY.  

M.area 

 

 

 

 

Income 

rate per 

month 

< 1000 1 2 0 0 0 0 

1000 -

2000 

15 12 2 1 4 3 

2000 -

3000 

14 14 3 3 2 5 

3000 -

4000 

2 0 3 2 4 4 

4000 -

5000 

1 0 0 1 1 2 

> 5000 0 0 0 1 1 0 

Total 33 28 8 8 12 14 

 

No. of 

weekly 

trips 

1 1 1 2 1 3 0 

2 - 4 4 5 2 3 4 4 

> 4 28 21 4 3 5 8 

Others 0 1 0 1 0 2 

Total 33 28 8 8 12 14 

 

Owning 

private car 

Yes 5 7 2 4 4 1 

No 28 21 6 4 8 13 

Total 33 28 8 8 12 14 

 

Preference 

of bus to 

shared 

taxi 

Bus 15 17 4 3 8 7 

Shared 

taxi 

18 11 4 5 4 7 

Total 33 28 8 8 12 14 
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Statistical Analysis for Bus and Shared Taxi Riders 

(Part Two: A Bus) 

 

Question Type  N. Gaza  

Gaza 

Gaza       

N. Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

Khan  

Y.Gaza 

Gaza  

Khan Y. 

 

Riding 

a bus 

Yes 48 51 55 66 21 17 

No 6 3 5 1 11 13 

Total 54 54 60 67 32 30 

 

 

 

 

Reasons 

for not 

riding a 

bus 

waiting 

time 

1 0 0 0 0 0 

Discomfort 0 0 0 0 0 0 

Slow 0 0 0 0 0 0 

#of bus 

stops 

3 2 4 1 8 10 

Bus station 

is far 

0 0 0 0 1 1 

Irregular 

schedual 

time 

1 1 1 0 2 2 

All of them 1 0 0 0 0 0 

Total 6 3 5 1 11 13 

 

 

Trip 

purpose 

Education 28 10 32 28 10 10 

Work 14 26 18 23 4 2 

Social 5 6 2 7 5 2 

Shopping 1 5 3 8 2 1 

Others 0 4 0 0 0 2 

Total 48 51 55 66 21 17 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part Two: A Bus)  

Question Type  N. Gaza  

Gaza 

Gaza       

N. Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

KhanY.  

Gaza 

Gaza  

Khan Y. 

 

 

# of trips 

using a 

bus 

1 4 3 4 6 4 2 

2 - 4 19 27 40 41 11 8 

>  4 24 19 11 14 4 6 

Others 1 2 0 5 2 1 

Total 48 51 55 66 21 17 

 

 

 

Reason 

for riding 

a bus 

Safety 

&comfort 

27 16 17 30 8 7 

Cost 14 28 25 25 10 8 

The only 

mode 

4 5 2 2 1 0 

Bus route 3 2 10 7 2 2 

Others 0 0 1 2 0 0 

Total 48 51 55 66 21 17 

 

 

 

Problems 

using bus 

mode 

Waiting 

time 

20 16 17 17 8 9 

Discomfort 3 6 9 15 8 4 

Slow 4 12 14 2 1 0 

#of bus 

stops 

21 13 15 25 4 3 

Bus station 

is far 

0 4 0 7 0 1 

Total 48 51 55 66 21 17 

 

 

#of bus 

stops 

1 - 3 12 7 17 15 8 6 

4 - 6 28 36 38 44 11 10 

> 7 8 8 0 7 2 1 

Not 

stopping 

0 0 0 0 0 0 

Total 48 51 55 66 21 17 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part Two: A Bus)   

Question Type N. Gaza  

Gaza 

Gaza        

N. Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

KhanY.         

Gaza 

Gaza  

Khan Y. 

 

Trip cost 

using bus 

mode 

High 6 3 2 6 1 0 

Suitable 42 48 53 60 20 17 

Low 0 0 0 0 0 0 

Total 48 51 55 66 21 17 

 

Increasing 

the bus 

fare by 

one third 

Bus 43 38 47 48 11 8 

Shared 

taxi 

5 13 8 18 10 9 

Total 48 51 55 66 21 17 

 

Increasing 

the bus 

fare by 

half 

Bus 20 28 23 40 11 13 

Shared 

taxi 

28 23 32 26 10 4 

Total 48 51 55 66 21 17 

 

 

Waiting 

time for 

the bus 

before 

launching 

the trip 

An hour 0 0 0 0 0 0 

Three 

quarters 

of an hour 

 

0 

 

3 

 

1 

 

5 

 

0 

 

0 

Half an 

hour 

7 4 9 5 0 0 

Quarter 28 32 39 45 13 12 

< that 13 12 6 11 8 5 

Total 48 51 55 66 21 17 

 

 

Time 

taken 

from the 

beginning 

of the bus 

trip till the 

end 

Quarter 0 0 0 0 0 0 

Half an 

hour 

0 0 0 0 0 0 

Three 

quarters 

of an hour 

 

2 

 

3 

 

0 

 

0 

 

19 

 

16 

An hour 46 46 51 60 2 1 

> an hour 0 2 4 6 0 0 

Total  48 51 55 66 21 17 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part Two: A Bus)  

  

Question Type N. Gaza  

Gaza 

Gaza        

N. Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

Khan Y.  

Gaza 

Gaza  

Khan Y. 

 

Increasing 

the total 

trip time 

by 10 min. 

Bus 30 36 42 46 17 13 

Shared 

taxi 

18 15 13 20 4 4 

Total 48 51 55 66 21 17 

 

Increasing 

the total 

trip time 

by 20 min. 

Bus 16 20 32 38 13 10 

Shared 

taxi 

32 31 23 28 8 7 

Total 48 51 55 66 21 17 
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Statistical Analysis for Bus and Shared Taxi Riders 

(Part Two: A Bus) 

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

KhanY.  

M.area 

 

Riding a 

bus 

Yes 23 26 4 3 7 8 

No 10 2 4 5 5 6 

Total 33 28 8 8 12 14 

 

 

 

 

 

Reasons 

for not 

riding a 

bus 

waiting 

time 

0 0 1 0 1 2 

Discomfort 0 0 0 0 0 0 

Slow 0 0 0 0 0 0 

#of bus 

stops 

9 2 3 5 3 4 

Bus station 

is far 

0 0 0 0 0 0 

Irregular 

schedual 

time 

1 0 0 0 1 0 

All of them 0 0 0 0 0 0 

Total 10 2 4 5 5 6 

 

 

Trip 

purpose 

Education 9 4 2 2 2 2 

Work 3 19 2 1 1 3 

Social 5 2 0 0 2 2 

Shopping 5 1 0 0 2 0 

Others 1 0 0 0 0 1 

Total 23 26 4 3 7 8 

 

 

# of trips 

using a 

bus 

1 3 5 0 0 1 0 

2-4 9 21 3 2 3 5 

> 4 7 0 1 1 3 3 

Others 4 0 0 0 0 0 

Total 23 26 4 3 7 8 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part Two: A Bus)  

Question Type M. area  

Gaza 

Gaza       

M. area 

M. area  

Rafah 

Rafah     

M. area 

M. area  

KhanY. 

KhanY.  

M. area 

 

 

 

Reason 

for riding 

a bus 

Safety 

&comfort 

8 12 1 1 1 2 

Cost 11 11 3 2 3 2 

The only 

mode 

2 0 0 0 1 1 

Bus route 2 3 0 0 2 2 

Others 0 0 0 0 0 1 

Total 23 26 4 3 7 8 

 

 

 

Problems 

using bus 

mode 

Waiting 

time 

9 12 3 2 2 2 

Discomfort 2 1 0 0 0 0 

Slow 2 1 0 0 1 1 

#of bus 

stops 

7 12 1 1 2 4 

Bus station 

is far 

3 0 0 0 2 1 

Total 23 26 4 3 7 8 

 

 

#of bus 

stops 

1-3 6 5 1 0 1 2 

4 -6 13 19 3 2 4 4 

> 7 4 2 0 1 2 2 

Not 

stopping 

0 0 0 0 0 0 

Total 23 26 4 3 7 8 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part Two: A Bus)  

Question Type M. area  

Gaza 

Gaza       

M. area 

M. area  

Rafah 

Rafah      

M. area 

M. area  

KhanY. 

KhanY.   

M. area 

 

Trip cost 

using the 

bus mode 

High 3 2 1 0 2 1 

Suitable 20 24 3 3 5 7 

Low 0 0 0 0 0 0 

Total 23 26 4 3 7 8 

 

Increasing 

the bus 

fare by 

one-third 

Bus 12 18 2 1 4 6 

Shared 

taxi 

11 8 2 2 3 2 

Total 23 26 4 3 7 8 

 

Increasing 

the bus 

fare by 

half 

Bus 10 12 2 2 5 5 

Shared 

taxi 

13 14 2 1 2 3 

Total 23 26 4 3 7 8 

 

 

Waiting 

time for 

the bus 

before 

launching 

the trip 

An hour 0 0 0 0 0 0 

Three 

quarters of 

an hour 

0 0 0 0 0 0 

Half an 

hour 

5 1 1 0 1 1 

Quarter 18 23 2 2 5 6 

< that 0 2 1 1 1 1 

Total 23 26 4 3 7 8 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

(Part Two: A Bus)  

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

Khan Y.  

M.area 

 

 

Time 

taken from 

the 

beginning 

of the bus 

trip till the 

end 

Quarter 0 0 0 0 0 0 

Half an 

hour 

20 1 1 0 1 1 

Three 

quarters of 

an hour 

3 25 3 3 6 7 

An hour 0 0 0 0 0 0 

> an hour 0 0 0 0 0 0 

Total 23 26 4 3 7 8 

 

Increasing 

total trip 

time by 10 

min. 

Bus 14 21 2 2 3 6 

Shared 

taxi 

9 5 2 1 4 2 

Total 23 26 4 3 7 8 

 

Increasing 

total trip 

time by 20 

min. 

Bus 8 12 3 1 5 7 

Shared 

taxi 

15 14 1 2 2 1 

Total 23 26 4 3 7 8 
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Statistical Analysis for Bus and Shared Taxi Riders 

(Part Three: Shared taxi) 

 

Question Type N. Gaza  

Gaza 

Gaza       

N. Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

Khan  

Y.Gaza 

Gaza  

Khan Y. 

 

Riding 

Shared 

taxi 

Yes 54 54 60 67 32 30 

No 0 0 0 0 0 0 

Total 54 54 60 67 32 30 

 

 

 

 

Reasons 

for not 

riding a 

shared 

taxi 

High fare 0 0 0 0 0 0 

Irregular 

time 

0 0 0 0 0 0 

unsafe 0 0 0 0 0 0 

Bad 

manner of 

driver 

0 0 0 0 0 0 

# of shared 

taxi stops 

0 0 0 0 0 0 

Increase in 

road 

accidents 

0 0 0 0 0 0 

All of 

them 

0 0 0 0 0 0 

Total 0 0 0 0 0 0 

 

 

Trip 

purpose 

Education 21 32 8 27 23 20 

Work 26 10 42 23 5 6 

Social 4 6 2 3 1 2 

Shopping 3 4 2 0 1 2 

Others 0 2 6 14 2 0 

Total 54 54 60 67 32 30 
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Statistical Analysis for Bus and Shared Taxi Riders (continued)   

 (Part Three: Shared taxi)  

Question Type N.Gaza  

Gaza 

Gaza  

N.Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

KhanY.  

Gaza 

Gaza  

KhanY. 

 

# of trips 

using a 

shared 

taxi per 

week 

1 6 4 3 4 3 2 

2-4 35 41 44 51 23 14 

> 4 9 7 11 7 3 12 

Others 4 2 2 5 3 2 

Total 54 54 60 67 32 30 

 

 

 

Reason 

for 

choosing 

a shared 

taxi 

Safety 

&comfort 

18 13 21 17 9 7 

Speed 18 15 13 18 10 6 

The only 

mode 

7 14 12 15 7 8 

Shared taxi 

route 

9 8 10 17 6 6 

Others 2 4 4 0 0 3 

Total 54 54 60 67 32 30 

 

 

Preference 

for a 

shared 

taxi to a 

bus 

Waiting 

time 

15 13 12 18 9 7 

Discomfort 10 9 14 7 2 8 

Slow 8 14 16 6 8 6 

#of bus 

stops 

18 16 10 17 6 9 

Bus station 

is far 

3 2 8 19 7 0 

Total 54 54 60 67 32 30 

 

Trip cost 

using a 

shared 

taxi 

 

High 6 9 34 47 20 17 

Suitable 48 45 26 20 12 13 

Low 0 0 0 0 0 0 

Total 54 54 60 67 32 30 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

 (Part Three: Shared taxi) 

Question Type N.Gaza  

Gaza 

Gaza  

N.Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

KhanY.  

Gaza 

Gaza  

KhanY. 

 

Decreasing 

bus fare by 

one-third 

Bus 20 28 43 47 19 14 

Shared 

taxi 

34 26 17 20 13 16 

Total 54 54 60 67 32 30 

 

Decreasing  

bus fare by 

half 

Bus 31 35 49 53 18 13 

Shared 

taxi 

23 19 11 14 14 17 

Total 54 54 60 67 32 30 

 

 

Waiting 

time for a 

shared taxi 

before 

launching 

the trip 

An hour 0 0 0 0 0 0 

Three 

quarters of 

an hour 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

Half an 

hour 

8 4 11 8 5 6 

Quarter 41 48 44 51 20 14 

< that 5 2 5 8 7 10 

Total 54 54 60 67 32 30 

 

 

Time 

taken from 

the 

beginning 

of the 

shared taxi 

till the end 

Quarter 0 0 0 0 0 0 

Half an 

hour 

50 48 0 0 10 11 

Three 

quarters of 

an hour 

 

4 

 

6 

 

5 

 

3 

 

22 

 

19 

An hour 0 0 55 57 0 0 

>an hour 0 0 0 7 0 0 

Total 54 54 60 67 32 30 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

 (Part Three: Shared taxi) 

  

Question Type N.Gaza  

Gaza 

Gaza  

N.Gaza 

Gaza  

Rafah 

Rafah  

Gaza 

KhanY.  

Gaza 

Gaza  

KhanY. 

 

Decreasing 

total trip 

time by 

bus by 10 

min. 

Bus 33 37 43 40 17 14 

Shared 

taxi 

21 17 17 27 15 16 

Total 54 54 60 67 32 30 

 

Decreasing 

total trip 

time by 

bus by 20 

min. 

Bus 38 40 47 52 20 18 

Shared 

taxi 

16 14 13 15 12 12 

Total 54 54 60 67 32 30 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

 (Part Three: Shared taxi) 

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

KhanY.  

M.area 

 

Riding 

Shared 

taxi 

Yes 33 28 8 8 12 14 

No 0 0 0 0 0 0 

Total 33 28 8 8 12 14 

 

 

 

 

Reasons 

for not 

riding a 

shared 

taxi 

High fare 0 0 0 0 0 0 

Irregular  

time 

0 0 0 0 0 0 

unsafe 0 1 0 0 0 0 

Bad 

manner of 

driver 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

# of 

shared 

taxi stops 

 

1 

 

0 

 

0 

 

0 

 

0 

 

0 

Increase 

in road 

accidents 

0 3 0 0 0 0 

All of 

them 

0 0 0 0 0 0 

Total 0 0 0 0 0 0 

 

 

Trip 

purpose 

Education 15 20 1 8 4 6 

Work 14 6 1 0 3 2 

Social 4 2 4 0 2 4 

Shopping 0 0 2 0 2 0 

Others 0 0 0 0 1 2 

Total 33 28 8 8 12 14 
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Statistical Analysis for Bus and Shared Taxi Riders (continued)   

 (Part Three: Shared taxi) 

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

KhanY.  

M.area 

 

# of trips 

using a 

shared 

taxi per 

week 

1 6 2 1 0 3 0 

2-4 22 24 5 4 5 2 

> 4 5 2 2 4 4 12 

Others 0 0 0 0 0 0 

Total 33 28 8 8 12 14 

 

 

 

Reason 

for 

choosing 

a shared 

taxi 

Safety & 

comfort 

5 7 2 3 4 5 

Speed 13 15 2 3 5 4 

The only 

mode 

4 3 1 1 3 2 

Shared taxi 

route 

8 3 3 1 2 1 

Others 3 0 0 0 0 2 

Total 33 28 8 8 12 14 

 

 

 

Preference  

for a 

shared 

taxi to a 

bus 

Waiting 

time 

11 6 3 3 4 5 

Discomfort 17 15 1 0 0 0 

Slow 0 2 1 0 1 1 

#of bus 

stops 

5 5 3 5 7 8 

Bus station 

is far 

0 0 0 0 0 0 

Total 33 28 8 8 12 14 

 

Trip cost 

using a 

shared 

taxi 

High 16 14 5 6 7 6 

Suitable 17 14 3 2 5 8 

Low 0 0 0 0 0 0 

Total 33 28 8 8 12 14 
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Statistical Analysis for Bus and Shared Taxi Riders (continued)   

(Part Three: Shared taxi) 

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

KhanY.  

M.area 

 

Decreasing 

bus fare by 

one-third 

Bus 28 23 4 3 5 6 

Shared 

taxi 

5 5 4 5 7 8 

Total 33 28 8 8 12 14 

 

Decreasing 

bus fare by 

half 

Bus 25 21 5 4 8 10 

Shared 

taxi 

8 7 3 4 4 4 

Total 33 28 8 8 12 14 

 

 

Waiting 

time for a 

shared taxi 

before 

launching 

the trip 

An hour 0 0 0 0 0 0 

Three 

quarters of 

an hour 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

Half an 

hour 

2 3 1 0 2 3 

Quarter 28 20 5 6 7 7 

< that 3 5 2 2 3 4 

Total 33 28 8 8 12 14 

 

 

Time 

taken from 

the 

beginning 

of the 

shared taxi 

trip till the 

end 

Quarter 3 2 0 0 2 3 

Half an 

hour 

30 23 6 7 10 11 

Three 

quarters of 

an hour 

 

0 

 

3 

 

2 

 

1 

 

0 

 

0 

An hour 0 0 0 0 0 0 

> an hour 0 0 0 0 0 0 

Total 33 28 8 8 12 14 
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Statistical Analysis for Bus and Shared Taxi Riders (continued) 

 (Part Three: Shared taxi) 

Question Type M.area  

Gaza 

Gaza  

M.area 

M.area  

Rafah 

Rafah  

M.area 

M.area  

KhanY. 

KhanY.  

M.area 

 

Decreasing 

total trip 

time by 

bus by 10 

min. 

Bus 20 22 4 3 8 11 

Shared 

taxi 

13 6 4 5 4 3 

Total 33 28 8 8 12 14 

 

Decreasing 

total trip 

time by 

bus by 20 

min. 

Bus 23 20 6 5 4 6 

Shared 

taxi 

10 8 2 3 8 8 

Total 33 28 8 8 12 14 
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ANNEX 4 

 

 

 Table of Z Values 
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Table of Z Value 

 

 
Confidence Level 

 

  Z Factor                                                                  

99.9 

99.7 

99.5 

99.0 

98.0 

95.5 

95.0 

90.0 

85.0 

80.0 

3.2905 

3.0000 

2.8070 

2.5758 

2.3263 

2.0000 

1.9600 

1.6449 

1.4395 

1.2816 

(Renckly, 2002))) 

 

Sources 

 

 

 

 

 

 

  


