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ABSTRACT: To accurately direct investments towards sustainable transit, 

current transport status and factors driving passengers towards pri- 

vate cars instead of public transport (PT) should be identified first. Past 

research advocated improvements in PT to shift mode-usage but has 

yet to model the different causal effects that direct bus users to cars in 

rapidly developing yet congested areas. On-board questionnaire survey 

data from intra-city Abu Dhabi bus passengers (n = 1520, variables = 31) 

over a month were gathered in this study during both weekends and 

weekdays. The study modelled existing bias of travellers and quality at- 

 
tributes as antecedents of bus service’s perceived value for money (VfM) 

and satisfaction from level of service (LoS) and mode choice (car vs. bus) 

as the ultimate consequence. Findings revealed that any previous biased 

opinions of travellers adversely affected satisfaction and perceived value, 

while quality attributes had a positive effect. Mode use was influenced by 

satisfaction from LoS (frequency of buses and network coverage), which 

was a positive consequence of perceived VfM (quality of ride and level 

of fare trade-off). Journey time and bus-stop waiting area quality also 

positively influenced satisfaction from fare level while passenger socio- 

demographic distribution showed that most respondents travelled more 

than five times a week by bus and were full-time workers and transport 

agencies may target service improvements around office-hours. 

 
 

 

 

 
1. INTRODUCTION 

 
Individual travel mode use over time affects personal well- 

being of travellers and sustainability performance of roads 

(Hasan, Whyte, & Al Jassmi, 2019), particularly in case of 

overreliance on cars. Cities around the world and specifi- 

cally in developing countries heavily rely on public bus ser- 

vices to decrease public dependence on private automobile 

usage. Transport agencies constantly develop strategies to 

maintain public transit as a more sustainable (Kwan, Sutan, 

& Hashim, 2018) service. These strategies include increasing 

service frequency and accessibility (Renne, Hamidi, & Ewing, 

2016), reducing journey time on buses and priority lanes 

(Wu & Pojani, 2016), discounting bus fares, improving bus- 

stop quality. These imperatives are often based on sound 

transportation research such as theory of planned behaviour, 

degree of circuity, attitude theory and consumer behaviour 

theories. These studies and initiatives provide viable initial 

steps, however the causal effect of these attributes towards 

passengers’ perception of public transport (PT) service and 

their mode choices, remains uncertain. Furthermore, there 

has been little research on prioritising policy decisions sensi- 

tive to practical issues. 

This paper provides a model for analysing transit data, 

collected for indicating the underlying roles played by these 

factors towards mode use. This study analyses passenger 

behaviour along the same lines by attempting to investigate 

the relation between their satisfaction from level of service 

and the subsequent mode use. The effects of user satisfac- 

tion from PT level of service (LoS) and its status as a product 
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that provides some value for money (VfM), are modelled in 

this study against mode choices. Past research shows that 

public transit (e.g., bus) mitigate public reliance on private 

vehicles. However, the mode choices of passengers are in- 

creasingly becoming more complex as their understanding of 

ride quality, network coverage, and service affordability, etc., 

is changing (Hasan, Whyte, & Al Jassmi, 2020). These factors 

constrain passenger willingness to choose PT over private 

vehicles as it increases traveller likeness (dell’Olio, Ibeas, 

& Cecin, 2011) towards private cars and prejudice against 

public transit (hereby referred to as travel bias). 

Mugion et al. (2018) modelled PT quality attributes of jour- 

ney time, on-board crowding and accessibility as predictors 

of passenger satisfaction. Other researchers (Chaloux, Bois- 

joly, Grisé, El-Geneidy, & Levinson, 2019; Echaniz, dell’Olio, 

& Ibeas, 2018) tested hypotheses based on transit theories 

that travel bias affect perceived quality and satisfaction level 

from PT. Abou-Zeid and Fujii (2016) noted that passengers 

favoured private cars over PT if they perceive the latter fails to 

meet their expectations and as such, satisfaction from LoS can 

be conceptualised as a composite variable inclusive of both 

factors. Although these studies have identified the impact of 

perceived quality and travel bias on passenger satisfaction 

and perception, there are some gaps in transport research. 

The concept of a transport service’s value to passengers has 

been studied in travel behaviour research (Hasan, Whyte, 

& Al Jassmi, 2018a). Yet, there is little empirical research as 

to what these service consumers perceive as “value” and how 

it may influence their overall satisfaction. Moreover, many 

antecedents of mode choice and satisfaction are given in the 

literature, e.g., journey time (Chaloux et al., 2019), network 

coverage (Fu, Zhang, & Chan, 2018), ride quality (Sam, Ha- 

midu, & Daniels, 2018), fare level (Kamaruddin, Osman, & Pei, 
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2017), bus-stop distribution and service frequency (Echaniz 

et al., 2018). But these are usually individually analysed in 

travel research and relationships between these variables are 

not investigated using concise models. 

This paper contributes to the literature by developing 

a model that can identify the important variables (from travel 

data) influencing the satisfaction level and mode choice of 

travellers for any studied location. Once the exact effect of 

important variables is validated, optimisation (and in-depth 

analysis) can then be performed in the subsequent stage 

(transit project proposal evaluation studies) towards PT up- 

take. The goal is to test assorted hypotheses from transport 

research (based on transit theories) that passenger biases, 

perceived service quality and value affect satisfaction level, 

which then affects mode choices. Travel survey data from 

a case study region (Abu Dhabi city) is utilised to indicate 

the roles played by passenger satisfaction and perceived (bus 

service) value towards PT usage. Since, such users are already 

familiar with the LoS, reliability and routes, they may provide 

more informed responses (Mouwen, 2015). 

The remainder of this paper is organised as follows. Lit- 

erature review discusses the theoretical background and 

gaps in existing research. Research hypotheses based on 

mode choice, satisfaction, quality and passenger perception 

literature are then presented. Next, case study area, travel 

survey data collection and analysis technique are discussed. 

Structural equation modelling (SEM) is used in this study 

for testing the hypotheses because of the following reasons. 

It is largely advocated in transport literature (Hadiuzzman, 

Das, Hasnat, Hossain, & Rafee Musabbir, 2017) to model 

the relation between passenger psychologies, satisfaction, 

mode choices and transport quality attributes. Additionally, 

transport literature (van Lierop & El-Geneidy, 2016) shows 

passenger biases, satisfaction, service perception and mode 

choices to have complex relationships where these variables 

affect each other. SEM allows modelling of any variable as 

both dependent and independent variable (Guirao, García- 

Pastor, & López-Lambas, 2016) unlike other approaches (e.g., 

multiple-regression, multinomial models, bivariate correla- 

tions, etc.), like the real-world relationships between these 

variables. 

 
2. LITERATURE  REVIEW 

 

Increased dependence on private vehicle usage produces con- 

gestion on intra-city roadways. Cities around the world and 

specifically in developing countries heavily rely on public bus 

services to decrease public dependence on private automobile 

usage (Hasan et al., 2018a). a shift from PT to private cars is 

a common issue as the purchase of cars becomes more afford- 

able due to low production costs and competitive car financ- 

ing schemes, which renders private cars more accessible. The 

attitude of people towards transportation systems is also 

increasingly becoming more complex as their understand- 

ing of ride quality, network coverage, and fare level, journey 

purpose, travel duration and service frequency is changing 

(Renne et al., 2016). 

For the PT operating agencies to gain a competitive ad- 

vantage over private automobiles, transportation decision- 

makers need to understand the attributes valued most by 

passengers so that their attention can be focused on those 

critical attributes. Transport researchers (Hadiuzzman et al., 

2017) are now focusing on establishing the relationship be- 

tween passenger characteristics and biases, service afford- 

ability, perceived quality and satisfaction level. Kamaruddin 

et al. (2017) used structural equation modelling (SEM) and 

descriptive statistics to show passenger loyalty and satisfac- 

tion levels as the attributes that cause them to prefer a par- 

ticular mode of transport. Liu, Sheng, Mundorf, Redding, and 

Ye (2017) incorporated theory of planned behaviour (TPB) to 

predict passengers’ intention to reduce private vehicle usage. 

Their results showed that passenger biases, habits, behav- 

ioural characteristics, and perception affected mode choice of 

passengers. Another study by Yuda Bakti et al. (2020) evalu- 

ated passengers’ perception of PT service as value for money. 

They explored passengers’ willingness to recommend PT as 

a measure of passengers’ perception of the service by com- 

bining personal norm, customer satisfaction and planner 

behaviour theories. Their results also found that passenger 

biases and behavioural characteristics affected passengers’ 

perception of PT. 

Shen, Xiao, and Wang (2016) analysed satisfaction from 

LoS as a function of quality perceived by the passengers and 

their expectations and travel biases towards different travel 

modes. Echaniz et al. (2018) point out that even though pas- 

senger satisfaction is a dependent variable (affected by afore- 

mentioned variables), it can be used to predict passengers’ 

mode choice pattern. Kroesen, Handy, and Chorus (2017) 

suggested that improved ride quality, low level of fares and 

better service on part of the policymakers may entice more 

travellers towards PT. It should be noted at this stage that 

improving ride quality does not necessarily imply oversupply 

of service (Abenoza, Cats, & Susilo, 2017; Friman & Felles- 

son, 2009), rather implies that travellers are perhaps seeking 

value for money in the service for customer attraction and 

client retention. 

Heinen and Chatterjee (2015) propose that passenger psy- 

chologies due to age, social status, access to car and PT, etc., 

somewhat limits mode choice by influencing their satisfac- 

tion from the service. These passenger psychological varia- 

bles are essentially a three-dimensional problem; spatial (e.g., 

journey purpose and accessibility), structural (e.g., financial 

and work commitments) and socio-demographic constraints 

(e.g., age, gender, and social status). It can be summarised 

that this three-dimensional travel bias of passengers towards 

transit mode influence satisfaction from the LoS. Research 

into passengers’ travel bias showed that quality attributes 

(journey and waiting time, distance to bus-stop and travel 

comfort, etc.,) significantly influence passenger perception. 

Guirao et al. (2016) proposed that the socio-demographic 

constraints of travellers also affect their respective rankings 

of quality attributes. Lavery, Páez, and Kanaroglou (2013) 

found that respondents expressed PT of higher value provided 

journey time is optimised. Shen et al. (2016) found passen- 

gers’ perceived VfM of service is positively affected by their 

ranking of service quality attributes. These studies imply that 

the bias held by passengers affects their perceived ranking of 

quality attributes while both factors influence the perceived 

VfM of the transport service. Two studies (Abou-Zeid & Fujii, 

2016; Mugion et al., 2018) found that the satisfaction level of 

passengers from PT indirectly stems from their perception of 

the transit service quality. 

Moreover, most of these studies found quality attributes 

of journey time and ease of travel as the most significant 

indicators of satisfaction from LoS followed by distribution 

and quality of bus-stops, cost, and on-board crowding and 

seating. Kamaruddin et al. (2017) found passenger satisfac- 

tion as an antecedent of mode use choices. They further sug- 

gested the importance of improved ride quality, low level of 

fares and better service towards improved PT uptake. How- 

ever, Lovelock and Wirtz (2016) describe the perceived VfM 

as some sort of a middle ground between perceived cost and 

benefits. Interestingly, few studies in transportation litera- 

ture (e.g., Shen et al. (2016)) empirically investigated this 

relationship. It should be noted that improving ride qual- 

ity does not necessarily imply oversupply of service, rather 

implies that travellers are perhaps seeking value for their 

money. The current study models perceived VfM as a trade-off 
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between ride quality satisfaction and level of fare to study the 

effect on the satisfaction from LoS. An early qualitative study 

(Beirão & Cabral, 2007) found that mode choice is affected by 

exogenous variables of latent “satisfaction from LoS” variable: 

quality attributes, traveller bias and user characteristics. van 

Lierop and El-Geneidy (2016) used SEM to find that passenger 

satisfaction from PT is positively related to its preference as 

travel mode by Canadian passengers. This further implies 

the role of affective elements (Abenoza et al., 2017; Guirao 

et al., 2016) such as level of fare, journey time and purpose, 

network coverage and service frequency, etc., in determining 

the mode choice of transit users. 

The transit studies reviewed above acknowledge that trave 

bias, perceived quality and value of PT services affect the 

satisfaction level and mode choices, with less emphasis on 

the interlinked relationship between all variables. Transit 

research still lacks a general research model capable of un- 

derstanding interconnection between several variables of 

service quality, value and satisfaction that promote mode 

choices towards PT uptake. The real-world complex relation- 

ships between these travel survey variables are both depend- 

ent and independent, and research model and hypotheses 

should be aimed to fill the literature gap by modelling this 

relationship. 

 
3. PROPOSED  RESEARCH  MODEL  AND  HYPOTHESES 

 

Based on the above literature, the research model proposed 

by this study (Figure 1) explores the interlink between travel 

bias, perceived quality, VfM, satisfaction from LoS and mode 

choice variables; to understand the critical variables that 

can promote PT use. This research model argues that if pas- 

sengers are treated as consumers and public transit systems 

(e.g., a bus service) as a marketable product, understanding 

their motivations may help increase “sale” of the supplied 

“product”. To that end, passenger behaviour is analysed by 

developing a multipartite model. The effects of user satisfac- 

tion from PT LoS and its status as a product that provides 

some value for passenger money, are modelled as antecedents 

of car vs. bus mode use in this study. Moreover, the mani- 

fest variables of these exogenous latent variables “VfM” and 

“LoS” are also established. The seven research hypotheses 

below are thus formulated. These hypotheses are based on 

the travel theories in the above transit literature, such as util- 

ity/value-based theory (De Vos, Mokhtarian, Schwanen, Van 

Acker, & Witlox, 2016), customer attitude theories (Abenoza 

et al., 2017), expectation-confirmation (Fu et al., 2018) and 

planned-behaviour theory (Skarin et al., 2019). 

 

H : Passenger satisfaction from LoS is influenced by travel 

bias of passengers. 

H : Passengers’ perceived VfM of the bus service is related to 

their travel bias. 

H : Travel bias of passengers affects their ranking of quality 

attributes. 

H : Passengers’ ranking of quality attributes positively affects 

perceived VfM of service. 

H : Relative ranking of quality attributes is indicative of pas- 

senger satisfaction from LoS. 

H : Passenger perceived VfM has a positive effect on their 

satisfaction from LoS. 

H : Passengers’ satisfaction from LoS positively affects their 

choice to travel by bus and negatively influences their car usage. 

 
4. METHOD 

4.1 Travel survey location, procedure and sampling 

Traditionally, data regarding travel patterns is collected 

through travel surveys (Guirao et al., 2016). They are broadly 

categorised into household and self-administered surveys, 

where the latter category is usually considered to remove 

most of the systematic bias (Taylor, Young, Wigan, & Ogden, 

1992). The current analysis is based upon a travel dataset 

of intra-city bus passengers in the Emirate of Abu Dhabi, 

United Arab Emirates (UAE). Having witnessed a period of 

rapid growth following the oil-exploration era in the Middle 

East, it is quite similar to cities like Riyadh, Dubai, Kuwait 

City, etc., (Currie & De Gruyter, 2018; Mezghani, 2006), with 

a predominant reliance on private vehicles instead of PT. 

Qamhaieh and Chakravarty (2020) note that Abu Dhabi 

contains 359 private vehicles for every 1000 residents com- 

pared to 68, 144, 101, 213 and 305 private vehicles per 1000 

residents in cities like Mumbai, Shanghai, Singapore, London, 

and New York, respectively. International transport policy 

 
 

 

Figure 1. Proposed structural equation model based on the research hypotheses. 
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experts have noted that “there is very little urban space and 

service for pedestrians within the Abu Dhabi CBD when com- 

pared with European cities, be it for the climate, societal or 

cultural reasons” (DoT Abu Dhabi, 2009). The local population 

in Abu Dhabi and rest of the UAE have traditionally associ- 

ated car ownership with modernity, social status and eco- 

nomic prosperity since the rapid modernization that began 

in 1970s. On the other hand, Buehler, Pucher, Gerike, and 

Götschi (2017) noted that the annual average car ownership 

growth rate in Europe and other OECD countries has been 

continuously declining since 1970, falling to the lowest in 

2010s at 0.9% from 3.9% for 1970 – 1980. 

Similarly, Qamhaieh and Chakravarty (2020) noted that 

although the socio-demographic, income level and cultural 

divisions in the society are visible in globalizing cities (such 

as Sydney, London, Paris, and New York), they are more ap- 

parent in the UAE due to large presence of expatriates. Na- 

tionals represent only 15% of Abu Dhabi’s population, while 

expatriates (South Asians, East Asians, other Middle Eastern- 

ers and Westerners) making up the majority (SCAD, 2014). 

These expatriates are employed in many industries, ranging 

from modestly paid labourers to professional class individu- 

als. Many of these expatriates are already accustomed to 

wide-spread public transportation usage in their countries, 

thus other factors such as infrequent PT services, unreliable 

schedules, low network coverage, and overcrowded PT may 

be responsible for the strong car culture in Abu Dhabi and 

rest of the UAE (Hasan, Whyte, & Al Jassmi, 2018b). Ala- 

wadi and Benkraouda (2017) note that the cities in the UAE 

are designed as North American style suburban spaces with 

a notable resistance against dense urban residencies. This dif- 

ferentiates Abu Dhabi and other cities in UAE and other Gulf 

Cooperation Council countries (Saudi Arabia, Oman, Qatar, 

Kuwait, etc.) from their European counterparts where urban 

sprawl is dominant (Rahman et al., 2017; Dong et al., 2019). 

Another contributing factor could be the high temperature 

in Abu Dhabi that can reach above 45°C, hindering PT use 

(Qamhaieh & Chakravarty, 2020). 

Past research (Hasan et al., 2018b, 2019) highlights that 

approximately 60% of trips in Abu Dhabi are performed us- 

ing private cars. In comparison, 70% of peak-hour trips in 

other similar metropolitans such as Singapore are made by PT 

(DoT Abu Dhabi, 2009). This is despite the extension of paid 

parking zones (up to $1.5/hour, planned to be further hiked 

to $3/hour) in downtown area and removal of free parking in 

these locations. The PT fares have been fixed at a discounted 

rate of $1 per trip and the DoT Abu Dhabi is planning to fur- 

ther cut PT fares to either free or as low as $0.5 for the short- 

distance trips around downtown areas. These PT fare levels 

are significantly lower than those in other metropolitans from 

developed countries, such as up to $2.5 (for a non-concession 

daily trip ticket) in Sydney (Transport for NSW, 2021); and 

$1.88 – to $2.48 per trip in Singapore (SBS Transit Ltd., 2019). 

Thus, instead of arbitrarily adding more bus lines, reducing 

fares, or adding more bus-stations along the routes; this pa- 

per suggests that passenger mode choice, satisfaction and 

perception of travel service quality may be studied to advise 

local authorities in creating dedicated transport policies in 

favour of PT usage. Several meetings were held with the Abu 

Dhabi Department of Transport to gain a detailed understand- 

ing of the city and its passenger demographics. 

Travel data was collected through on-board surveys as the 

study focuses on identifying factors that may discourage their 

bus travel patterns and may be improved to cause public bus 

transport uptake. a survey questionnaire (Table 1) was de- 

signed for soliciting travel information of existing bus users 

and their perception of the existing bus network, demograph- 

ic profile of the service users and their respective attitude 

towards travelling attributes: network coverage, quality and 

satisfaction, level of fare and potential improvement strate- 

gies that may improve their bus ridership. The questionnaire 

was limited to 11 multiple-choice questions and 31 variables 

designed to take less than five minutes time. 

The surveyed routes consisted of both outer urban and 

downtown city routes (Figure 2). Teams designated by Abu 

Dhabi Department of Transport were used to gather pas- 

senger travel behaviour and psychometric data for the pas- 

sengers that travel along the pre-existing bus travel routes 

illustrated by coloured lines in Figure 2. The mode use and 

travel bias (structural-type, spatial-type and socio-demo- 

 
 

 

Figure 2. Surveyed outer urban and downtown bus routes (based on plans from Abu Dhabi DoT). 



 

No. Questions Responses (Please circle as appropriate) 

MU Mode use variables 
 

MU1 
 

MU2 

How often do you travel by bus? 
 

How often do you travel by private car or taxi? 

1. First time 
 

1. First time 

2. Less often 
 

2. Less often 

3. 1–3 times/month 
 

3. 1–3 times/month 

4. Once a week 
 

4. Once a week 

5. 2–4 times/week 
 

5. 2–4 times/week 

6. Over 5 times/week 
 

6. Over 5 times/week 

7. Never 
 

7. Never 

LoS Level of service variables 
       

LoS1 How satisfied are you with the current 

frequency of buses on this route? 

1. Very dissatisfied 2. Dissatisfied 3. Neutral 4. Satisfied 5. Very satisfied 
  

LoS2 How satisfied are you with the current level 

of network coverage on this route? 

1. Very dissatisfied 2. Dissatisfied 3. Neutral 4. Satisfied 5. Very satisfied 
  

VfM Value for money variables 
       

VfM1 How satisfied are you with the current 

quality of ride on buses on this route? 

1. Very dissatisfied 2. Dissatisfied 3. Neutral 4. Satisfied 5. Very satisfied 
  

VfM2 How satisfied are you with the current level 

of fare of buses on this route? 

1. Very dissatisfied 2. Dissatisfied 3. Neutral 4. Satisfied 5. Very satisfied 
  

 
ST1 

 

ST2 

Your accommodation type? 
 

What is your employment status? 

1. Villa 
 

1. Retired/Other 

2. Apartment 
 

2. Visitor 

3. Hotel 
 

3. Student 

4. Labour camp 
 

4. Unemployed 

5. Other 
 

5. Work part-time 

 
 

6. Work full-time 

ST3 What is your annual rent? (AED) 1. Under 10,000 2. 10,000–20,000 3. 20,001–40,000 4. 40,001–60,000 5. 60,001–100,000 6. Over 100,000 

 
SP1 Where do you live? 1. Al-Bateen 2. Downtown 3. CBD 4. Al-Mina 5. Al-Wahdah 6. Shakhbout St to 

city edge 

7. Out of city 

SP2 Where did you start this journey? 1. Al-Bateen 2. Downtown 3. CBD 4. Al-Mina 5. Al-Wahdah 6. Shakhbout St to 

city edge 

7. Out of city 

SP3 Where are you travelling to? 1. Al-Bateen 2. Downtown 3. CBD 4. Al-Mina 5. Al-Wahdah 6. Shakhbout St to 

city edge 

7. Out of city 

SP4 Purpose of your journey today? 1. Work 2. Study 3. Business 4. Personal reason 5. Shopping 6. Leisure 
 

SP5 Type of ticket you purchased today. 1. Cash 2. Daily pass 3. Monthly pass 4. Seniors pass 5. Disability pass 
  

 

 
SD1 Age (years) 1. Under 16 2. 16 – 24 3. 25 – 34 4. 35 – 44 5. 45 – 64 6. Over 65 

SD2 Number of cars in the household 1. No cars 2. 1 to 2 cars 3. 3 to 5 cars 4. Over 5 cars 
  

SD3 Do you hold a UAE driving license? 1. Yes 2. No 
    

SD4 Ethnicity/Nationality 1. UAE 2. Caucasian 3. Middle Eastern 4. African 5. South Asian 6. Southeast Asia 7. Other 

SD5 Gender 1. Male 2. Female 
    

SD6 Your gross monthly income in AED 1. Under 10,000 2. 1,000–3,000 3. 3,001–5,000 4. 5,001–10,000 5. 10,001–20,000 6. Over 20,000 

ST  

SP  

SD  
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SQ Perceived Service Quality Questions 
 

SQ1 I am satisfied with the journey time 1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ2 The buses are too crowded 1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ3 Bus travel is the easiest way for me 1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ4 I am satisfied with the bus-stops 1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ5 Travel by car or taxi is expensive 1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ6 Traffic congestion delays my journey 1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ7 I chose to live further from work (i.e., near 

family and friends) and longer commute 

time is insignificant to me 

1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ8 I chose to live closer to work as shorter 

commute time is significant to me 

1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ9 Willing to pay more for bus travel if I always 

had a seat 

1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

SQ10 I am satisfied with the existing distribution 1. Strongly disagree 2. Disagree 3. Neutral 4. Agree 5. Strongly agree 

 of bus-stops on the current travel route 

(Today it took me longer/many minutes to 

get to bus-stop) 

(over 25 min) (16 to 25 min) (10 to 15 min) (5 to 10 min) (under 5 min) 

 

Table 1. Questionnaire sample (English version) used for this study. 
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graphic) questions were coded for categorical responses 

and perceived quality attributes were based on a Likert-type 

scale ranging from “1 = strongly disagree” to “5 = strongly 

agree” and LoS and VfM were measured on a Likert-type 

satisfaction scale. 

The survey procedure primarily focused on capturing intra- 

city travellers, based on the DoT observations, in an area 

between Corniche and Hazaa Bin Zayed. It was noted that 

as some car users may be unaware of the existing quality of 

PT service and its attributes (due to having never used the 

service), their responses may introduce an unintentional 

systematic bias in the results. Conversely, if the survey is 

predominantly focused on bus users, it may also introduce 

some systematic bias. However, based on the expert opin- 

ions at the Abu Dhabi Department of Transport, the survey 

was primarily aimed to capture the data of bus travellers 

with data skewed towards bus travellers necessarily as the 

improved service was planned to first retain existing users 

and improve their perception of the service. This may in turn 

enhance their willingness to promote PT service to non-users 

through word-of-mouth, as has been noted by other research- 

ers (Yuda Bakti et al., 2020). To increase the range of the col- 

lected sample, interviews were conducted on both weekdays 

and weekends under two eight-hour shifts. a total of 769 

interviews for weekend and 751 interviews for weekdays were 

completed (incomplete questionnaires were discarded). Two 

eight-hour shifts, 6am to 2pm and 2pm to 10pm were under- 

taken to complete the fieldwork to collect responses from 

a diversified group of passengers. As per the local department 

of transport policies, the survey respondents were selected 

at random and were not paid. In addition to data screening 

and filtration by the authors, Abu Dhabi DoT experts (in 2015) 

initially reviewed the collected raw data to facilitate validity 

(Şimşekoğlu, Nordfjærn, & Rundmo, 2015) of the question- 

naire responses. 

 
5. DATA ANALYSIS 

 

In the current study, mode use is conceptualised as a function 

of latent variable satisfaction with LoS, itself a consequence of 

latent variable perceived VfM of the existing bus service. As 

stated earlier, SEM is frequently used to calculate the la- tent 

variables in a collected dataset that may be otherwise 

unobservable through direct estimations. For example, de 

Oña, de Oña, Eboli, and Mazzulla (2013) used SEM analysis 

to estimate the latent “passenger satisfaction” variable from 

the manifest “bus service quality” variables. Traditionally, 

a multivariate normal distribution is assumed in the col- 

lected manifest variables and linear structural relationship 

is used to develop the relationship model. This practice has 

been debated by other researchers (Shen et al., 2016). They 

have argued that the data collected through travel surveys 

rarely follow this distribution and the observed variables are 

usually dependent on each other, which can only be modelled 

using modified SEM technique. 

Partial Least Squares (PLS) method for SEM has little reli- 

ance on normal distribution assumptions and can be used to 

explicitly estimate the latent variables. It is also more suit- 

able for the work presented here due to its ability to handle 

complicated models with both formative (where indicators 

cause latent variable) and reflective (where latent variable 

cause indicators) constructs (Hair, Sarstedt, Ringle, & Mena, 

2012). SmartPLS 3.2.6 (Ringle, Wende, & Becker, 2015) was 

used in this work to validate the hypotheses by explaining 

the presence of a causal relationship between the variable 

constructs. Following the above literature review, this work 

modelled “Travel Bias” as a second-order formative construct 

(where indicators are also latent variables) with endogenous 

variable constructs of spatial, structural and socio-demo- 

graphic constraints. The latent variable of “Perceived Quality” 

constituted the second formative construct with some of the 

most used quality attributes as exogenous variables. VfM, 

satisfaction from LoS and frequency of bus and car travel were 

modelled here as reflective constructs. All the exogenous 

variables remained independent throughout the model. The 

framework is shown in Figure 1 and the model is composed 

of two components, both used to confirm the validity of our 

hypotheses. First, the measurement model describing the 

relationship between the latent variable and manifest vari- 

ables of a formative construct, defined as: 

 

(1) x = Λ
x
ξ + δ 

for exogenous variables with structural coefficient matrix 

q × n by Λ
x
 

(2) y = Λy η + ε 

for endogenous variables with structural coefficient matrix 

by p × m with a second, structural model describing the re- 

lationship between the different constructs themselves, de- 

fined as: 

 

(3) y = βη + Γξ + ζ 

 
Where, the endogenous latent variable vector m × 1 is 

defined by η, path coefficient m × m matrix by β, residual 

m × 1 vector by ζ with m × n path coefficient matrix Γ and, 

the exogenous latent variable n × 1 vector by ξ. The number 

of structural model equations depends upon the number of 

endogenous latent variables. Equations (1) – (3) are a simpli- 

fied version of the PLS equations (Henseler, Hubona, & Ray, 

2016) in behavioural data sciences and statistical analyses, 

to define the relationship between the variables modelled 

through a PLS algorithm. 

 
6. RESULTS  AND  DISCUSSION 

6.1 Socio-demographic distribution of passengers 

Table 2 shows the detailed passenger distribution while the 

results for observed travel mode frequency (bus and cars) is 

shown in Figure 3. These statistical distribution results are 

provided to not only characterize the surveyed population but 

also validate the findings of this study against already pub- 

lished research in terms of “local population representation”. 

Initial descriptive statistical analysis suggests that traveller 

distribution was skewed towards males (86%-weekdays and 

89%-weekends) of South-Asian descent (57%, 57%). This de- 

mographic distribution is representative of the Abu Dhabi 

city population; where more than 50% residents are of South 

Asian descent, 66% are under 34 years old, 62% are male with 

an average salary under 3500 AED/month (SCAD, 2018; Tong, 

2017). Survey respondents predominantly (82.5%) fall into the 

fulltime workforce category (ST2 mean=5.55), that earned an 

average gross monthly income in the range of 1,000-5,000 

dirhams (SD6 mean=2.47). These results are similar to the 

findings in a detailed report (Daleure, 2017), where majority 

of Abu Dhabi’s population was found to be expatriate fulltime 

workers, and a mean monthly salary in the Emirate of Abu 

Dhabi was found to be 3500 dirhams. 

Similarly, majority of the respondents lived in apartments 

(ST1 mean=2.5), which is representative of the Abu Dhabi pop- 

ulation (Hasan et al., 2018b). Most of the respondents agreed 

that buses were not crowded (SQ2 mean=0.6), still, bus travel 

was not the easiest mode for them (SQ3 mean=0.66). This can 

be explained by the following reasons. Firstly, the respondents 

were largely dissatisfied with the existing bus-stop distribution 

(SQ10 mean=2.10), which implies that they travelled more than 
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Figure 3. Distribution of frequencies of bus and car travel among the surveyed passengers. 

 
 
 

No. Variables Valid Cases Mean Standard Deviation Variance 

MU1 Frequency of bus travel 1517 5.20 1.149 1.321 

MU2 Frequency of car travel 1305 2.94 1.414 2.000 

LoS1 Satisfaction with frequency of buses 1512 3.70 0.899 0.809 

LoS2 Satisfaction with network coverage 1494 3.74 0.890 0.793 

VfM1 Satisfaction with quality of ride 1501 3.98 0.976 0.953 

VfM2 Satisfaction with level of fare 1505 3.37 1.351 1.824 

ST1 Your accommodation type? 1509 2.52 1.390 1.933 

ST2 What is your employment status? 1505 5.55 1.103 1.216 

ST3 What is your annual rent? (AED) 1384 2.09 1.252 1.566 

SP1 Where do you live? 1519 3.76 1.814 3.291 

SP2 Where did you start this journey? 1518 3.35 1.845 3.405 

SP3 Where are you travelling to? 1515 3.38 1.823 3.323 

SP4 Purpose of your journey today? 1514 3.25 2.130 4.539 

SP5 Type of ticket you purchased today 1516 1.32 0.732 0.536 

SD1 Age (years) 1507 3.21 0.923 0.851 

SD2 Number of cars in household 1440 0.17 0.392 0.153 

SD3 Do you hold a UAE driving license? 1503 1.79 0.411 0.169 

SD4 Ethnicity/Nationality 1507 5.02 1.070 1.145 

SD5 Gender 1509 1.13 0.333 0.111 

SD6 Your gross monthly income in AED 1385 2.47 1.048 1.099 

SQ1 I am satisfied with the journey time 1508 3.95 0.826 0.682 

SQ2 The buses are too crowded 1519 0.60 0.489 0.240 

SQ3 Bus travel is the easiest way for me 1519 0.66 0.475 0.226 

SQ4 I am satisfied with the bus-stops 1496 3.38 1.125 1.265 

SQ5 Travel by car or taxi is expensive 1519 0.45 0.497 0.247 

SQ6 Traffic congestion delays my journey 1519 0.35 0.478 0.228 

SQ7 I chose to live further from work 1519 0.66 0.472 0.223 

SQ8 I chose to live closer to work 1319 4.70 2.70 7.301 

SQ9 Willing to pay more for bus seat 1519 0.36 0.479 0.229 

SQ10 Satisfied with existing bus-stop distribution 1519 2.10 0.676 0.457 

 
Table 2. Statistical descriptive distribution of the collected variables. 
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16 minutes to reach the nearest bus-stop. Secondly, majority of 

the respondents either had a neutral perception or agreed with 

the existing bus-stop quality (SQ4 mean=3.35) and journey 

time (SQ1 mean=3.95). Additionally, similar perceptions of the 

frequency of buses, quality of ride and fare level were observed. 

a separate study by the authors (Hasan et al., 2018b) found 

that the passengers’ perception of journey time and fare level 

were highly correlated to the ride quality rating, and longer 

journey time resulted in a negative service perception. This 

implies that journey time and service value must be optimised 

to attract the dissatisfied passengers. 

The authors (Hasan et al., 2018b) also found that pas- 

sengers dissatisfied with the bus service and frequent car 

users still viewed buses as overcrowded and having inad- 

equate service frequency. Similarly, most passengers lived 

(SP1 mean=3.76), started (SP2 mean=3.35) and ended (SP3 

mean=3.38) their journey around the CBD region. This can be 

explained by most passengers choosing to live close to work 

(SQ8 mean=4.7), which is also a representative choice of the 

residents in the studied region (AECOM, 2015). Moreover, this 

resulted in traffic congestion being a smaller concern among 

the survey respondents (SQ6 mean=0.35). Yet, the authors 

(Hasan et al., 2018b) found that the respondents concerned 

with traffic congestion-related delays stilled formed a signifi- 

cant share among dissatisfied passengers and were correlated 

with the respondents demanding a rapid bus service (which 

is currently unavailable on the studied routes). 

6.2 Evaluation of measurement model 

Measurement models are analysed using construct reliability, 

convergent validity, and discriminant validity tests. Since this 

study recognises both formative and reflective constructs, 

only measures related to the specific constructs were used. In 

contrast to reflective constructs, very few guidelines exist for 

validating formative constructs. Travel bias was a second-order 

formative construct, with formative sub-constructs of spatial, 

structural and socio-demographics, its validity was checked 

following Benbasat and Wang (2005), these were replaced 

by their respective latent variable scores from SmartPLS. To 

check construct reliability, bootstrapping (random sampling 

with replacements) was performed with SmartPLS to check 

absence of multi-collinearity and validity of the indicators, 

following the guidelines by Andreev, Heart, Maoz, and Pliskin 

(2009). Indicator validity was tested using t-statistics values of 

path coefficients (Figure 4). Only origin and residential areas, 

employment status and possession of driving license were 

noted as somewhat insignificant indicators. 

Variance inflation factors (VIF) scores were used to test for 

multi-collinearity. The VIF values ranged from 1.017 – 1.796 

(Table 3), which confirms that all formative latent variables 

met the required thresholds of VIF<10 (Henseler et al., 2016) 

with no multi-collinearity present. The convergent and dis- 

criminant validity of the formative constructs was assessed 

using the multitrait-multimethod matrix approach (Andreev 

et al., 2009) in a two-step process. First, SPSS 13 was used 

to obtain the standardised scores of all manifest variables, 

and the standardised weights of the first- and second-order 

formative constructs were extracted from SmartPLS. These 

two values were then multiplied to obtain the weighted mani- 

fest variables and then summed up to obtain the respective 

composite construct scores. 

Campbell and Fiske (1959) postulated that the manifest 

variables belonging to the same construct should be signifi- 

cantly correlated with each other, compared to the indicators 

of other constructs. Generally, the indicators of travel bias 

exhibited a high correlation with inter-measure indicators 

rather than the perceived quality construct, thus confirm- 

ing the convergent validity of the instrument. However, 

due to the presence of some correlations between different 

indicators of the three sub-constructs (structural, spatial 

and socio-demographic), some of the indicators of sub-con- 

structs displayed stronger correlations with those belonging 

to the other sub-construct. For example, respondents from 

high-income groups also occupied high rental properties, 

yet were not necessarily fulltime employed. Findings such 

as these, although technically violate the threshold can be 

easily explained by the factors unique to the Emirate of Abu 

Dhabi such as having more business owners living in high 

rental apartments. Previous studies employing the same 

methodology (e.g., Loch, Straub, and Kamel (2003)) have 

proposed similar arguments for identifying false red flags in 

the analysis results. Reflective constructs of VfM, satisfac- 

tion from LoS, frequency of bus travel and frequency of car 

travel were examined for composite reliability and internal 

 
 

 

Figure 4. PLS analysis results for the proposed structural equation model. 
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consistency through Cronbach’s alpha. Convergent and dis- 

criminant validity were also examined by the average vari- 

ance extracted (AVE). 

Results (Table 4) exhibit that all composite reliability and 

Cronbach’s alpha scores were above the recommended mini- 

mum threshold of 0.7 (Hair et al., 2012), indicating that in- 

ternal consistency and reliability were confirmed. As all AVE 

values were above the 0.5 cut-off (Hair et al., 2012), the con- 

vergent validity of the constructs was also established. The 

bolded values along the diagonals in Table 4 show the square- 

roots of AVE for each construct (e.g., 0.896 for LoS). For the 

discriminant validity to be true, these values should exceed 

the inter-construct correlations (Kim, Lee, & Bonn, 2017), 

which was also confirmed. Overall, even though there were 

some violations in the measurement models, the constructs 

had appropriate validity and most of the indicators passed 

the required reliability and validity tests. Furthermore, the 

violations were explainable due to the nature of the data. This 

exhibits an ability to significantly define the respective latent 

variable constructs and as such the current study was then 

able to proceed to test the research hypotheses by evaluating 

the structural model. 

6.3 Evaluation of structural model: hypotheses testing 

The results of the PLS structural model are shown in Figure 4. 

Henseler et al. (2016) recommend that the primary criterion 

for assessing the validity of a structural model is “explained 

variance level” based on R2 values of the endogenous latent 

variable constructs. The non-parametric method of bootstrap- 

ping was conducted, which performs re-sampling to evaluate 

the significance and conformance of the model (Kim et al., 

2017). The R2 values of the endogenous latent variables are 

illustrated in Figure 4 and most of the values were in the 

0.376 – 0.995 range, showing a substantial degree of overall 

 
 

First-order constructs Second-order formative sub-constructs Path Coefficient Sample mean SD t-statistics VIF 

Travel bias Structural – type travel biases      

 Your accommodation type? 0.349 0.336 0.138 2.527**
 1.792 

 What is your employment status? 0.193 0.202 0.132 1.467 1.796 

 What is your annual rent? (in dirham) 0.805 0.795 0.073 11.024***
 1.017 

 Spatial – type travel biases      

 Where do you live? 0.200 0.188 0.11 1.818 1.075 

 Where did you start this journey? 0.145 0.136 0.103 1.401 1.061 

 Where are you travelling to? 0.402 0.396 0.087 4.593***
 1.024 

 Purpose of your journey today? 0.698 0.686 0.07 9.953***
 1.045 

 Type of ticket you purchased today. 0.304 0.305 0.083 3.646***
 1.023 

 Socio-demographic travel biases      

 Age (years) 0.171 -0.164 0.071 2.401*
 1.039 

 Number of cars in household 0.277 0.272 0.088 31.16**
 1.287 

 Do you hold a UAE driving license? 0.031 0.028 0.091 0.347 1.343 

 Ethnicity/Nationality 0.626 0.616 0.068 9.196***
 1.085 

 Gender 0.405 -0.411 0.08 5.042***
 1.019 

 Your gross monthly income in AED? 0.309 0.29 0.104 2.964**
 1.155 

Perceived quality I am satisfied with journey time? 0.649 0.648 0.028 22.841***
 1.23 

 The buses are too crowded -0.015 -0.104 0.027 3.864***
 1.226 

 Bus travel is the easiest way for me 0.068 0.069 0.026 2.64**
 1.105 

 I am satisfied with the bus-stops 0.504 0.501 0.029 17.57***
 1.24 

 Travel by car or taxi is expensive -0.014 -0.013 0.028 2.489**
 1.204 

 I chose to live further from work 0.026 0.027 0.027 1.975**
 1.243 

 I chose to live close to work 0.048 0.048 0.027 1.966***
 1.169 

 Pay more to travel by bus for a seat -0.015 -0.016 0.026 2.571*
 1.283 

 Satisfied with bus-stops’ distribution 0.070 0.069 0.024 2.974**
 1.019 

 Traffic congestion delays my journey 0.026 0.026 0.025 3.029**
 1.114 

SD = Standard deviation. Listed values are for second-order formative constructs. *** p < 0.001, ** 0.001 ≤ p < 0.01, * p < 0.05. 

 
Table 3. Path analysis and multi-collinearity results. 

 
 

Constructs Composite reliability Cronbach’s alpha AVE Correlations 
 

LoS VfM Car Bus 

Bus use (Bus) 0.773 0.849 0.724 -0.613 -0.434 0.669 0.851 

Table 4. Path analysis and multi-collinearity results. 

Level of service (LoS) 0.891 0.757 0.804 0.896    

Value for money (VfM) 0.781 0.745 0.647 0.597 0.804   

Car use (Car) 0.712 0.726 0.616 -0.553 -0.311 0.785  
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Hypotheses  β t-statistic Outcome 

H
1
: Passenger satisfaction from LoS is influenced by travel bias of passengers.  – 0.042*

 1.897 Invalid 

H
2
: Passengers’ perceived VfM of the bus service is related to their travel bias.  – 0.077**

 2.640 Validated 

H
3
: Travel bias of passengers affects their ranking of quality attributes.  – 0.279***

 9.042 Validated 

H
4
: Passengers’ ranking of quality attributes positively affects perceived VfM of the service.  0.568***

 30.751 Validated 

H
5
: Relative ranking of quality attributes is indicative of passenger satisfaction from LoS.  0.556***

 24.980 Validated 

H
6
: Passenger perceived VfM has a positive effect on their satisfaction from LoS.  0.259***

 11.322 Validated 

H
7
: Passengers’ satisfaction from LoS positively affects their choice to travel by bus and 

negatively influences their car usage. 

Bus 

Car 

0.613***
 35.708 Validated 

*** p < 0.001, ** 0.001 ≤ p < 0.01, * p > 0.05     

 

Table 5. Hypotheses testing results. 

 

goodness-of-fit. The criteria specified by Chin (1998) proposes 

that an R2 value between 0.33 – 0.66 indicated a moderate es- 

timation while lower and higher values respectively describe 

a weak and substantial estimation. 

Although the manifest variables from the “car use” latent 

variable passed the significance criteria, the latent variable 

itself had a low R2 value, probably due to the comparatively 

lower response rate in the collected sample. Hypotheses test- 

ing results in Table 5 show that all the proposed hypotheses 

were supported except hypothesis H1, which failed both t-sta- 

tistics and p-value tests. Although the travel bias of passen- 

gers negatively influenced their perceived VfM (H2: path coef- 

ficient = – 0.077, p<0.01), its influence on their satisfaction 

from LoS was not supported (H1: path coefficient = – 0.042, 

p-value 0.06), which invalidated H1. However, as the hypoth- 

esis marginally failed the pass criteria, a further in-depth 

investigation may be needed. 

Results confirmed H3 that the travel biases of passengers 

reduced their perception of quality attributes. It leads to the 

argument that passengers on a bus service were less likely to 

positively appraise the service quality depending upon their 

individual characteristics and any policy strategies should 

also consider these variables to attract the itinerant market. 

Also, the quality attributes positively affected the VfM of the 

bus service as perceived by the passengers, validating H4. 

Passenger satisfaction from the LoS was found to be sub- 

stantially affected by the service quality attributes (H5: path 

coefficient = 0.556, p < 0.001). The perceived VfM had a strong 

influence on satisfaction from LoS (H6: path coefficient = 

0.259, p < 0.001) which subsequently affected the mode use. 

The role of passenger satisfaction in defining the mode choice 

of passengers was investigated by H7. Overall, the frequency 

of bus use increased as the LoS satisfaction also increased 

whereas the tendency of respondents to opt for car travel 

reduced with the escalating satisfaction levels. Furthermore, 

all the manifest variables of the latent variables perceived VfM 

and LoS satisfaction were also significant. This study’s results 

propose that both latent variable constructs influenced mode 

use and were respectively described by the manifest variable 

groups of “ride quality and level of fare” and “frequency of 

buses and network coverage”. 

Drawing upon these findings, it may be postulated that 

any future analysis aimed at analysing passenger surveys to 

discover critical factors that can attract existing passengers 

more towards PT to reduce private vehicle use, may study the 

market based upon their current mode use and its relation- 

ship with these variables, as they were significant in defining 

the passenger behaviour. 

 
7. CONCLUSION  AND  FUTURE  RESEARCH  DIRECTION 

 

This study builds upon prior research on consumer psy- 

chometrics and transport studies to represent passenger 

satisfaction as a function of perceived value, service qual- 

ity attributes and passenger travel bias. The bus or car use 

frequencies of passengers were established as the two model 

consequences through Abu Dhabi passenger response survey 

data. The validity of these hypotheses between the various 

endogenous latent variables (mode choice, LoS, VfM, qual- 

ity attributes and travel bias) and their manifest variables, 

was then tested. 

The results show strong effects of bus service quality at- 

tributes, notably journey time and bus-stop waiting area 

distribution and quality as a reinforcing factor for perceived 

value and satisfaction. Additionally, infrequent and over- 

crowded buses inhibited PT as a viable choice for some re- 

spondents. Travel bias held by passengers influenced per- 

ceived quality and its consequences (perceived VfM and LoS 

satisfaction). Overall, this study contributes to a theoretical 

understanding of passenger behaviour in not only Abu Dhabi 

city but also similar Middle East and North African cities 

with globalised demographic and developed infrastructure. 

The research model developed in this study can be used by 

transport policymakers to extend the findings of this study 

to other cities by identifying transit service variables critical 

for PT uptake in any region. 

The research model and hypotheses testing results from 

this study can be used to identify effective improvement poli- 

cies. From a marketing perspective, transit agencies should 

target office workforce passengers, particularly aimed at en- 

couraging bus use for work-related trips. Another potential 

policy is that instead of extending the existing bus network, 

more bus-stops of adequate quality may be established along 

the existing routes to reduce travel time to the nearest bus- 

stops. The study also recommends that since journey time, 

ride quality and bus service frequency perceptions were 

correlated, the policymakers can improve service frequency 

around CBD region to target car users that are largely dissat- 

isfied due to less-frequent service. Additionally, ride quality 

and comfort level should also be improved to enhance the 

perception of bus transit as a “valuable” service to the pas- 

sengers. The combined effect of these policies can present 

the public bus transport as a tangible mode choice to the 

general populace, but more so for the regular commuters to 

reduce private car usage. 

Some caveats from this study are recognised. Firstly, pas- 

sengers’ responses are in the context of the populace in Abu 

Dhabi and may be bound by the cultural, climatic and be- 

havioural constraints of the region. Notably, the hot climate, 

where walking and bicycling over long distances are deemed 

untenable. Secondly, some variables that were excluded due 

to study scope and survey limits, such as transit safety, tech- 

nology integration (e.g., autonomous vehicles), environmen- 

tal attitude, information access, etc., can be included to derive 

further research hypotheses from literature and modify the 

model to suit other regional public transit issues. 
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