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Terms Definitions 

Affective factors Refers to the emotive reasons for using a car, for e.g., the thrill of speeding. See 
Section ‎2.5.   

AMT Amazon Mechanical Turk. Refers to the online platform used in  Chapter 5 to 

advertise and recruit respondents for the US Travel Survey. 

Carpooling In this thesis, carpooling refers to an arrangement where two or more persons, not 
living in the same household, travel together in the same private vehicle; this 

reduces the number of SOV needed per journey. It is also the dependent variable 
of the SEM and MLM analyses. See Section ‎2.2. 

CFA Confirmatory factor analysis. A goodness-of-fit test used in the SEM procedure 
in ‎Chapter 5.  

Classes See “State”. 

Dimensions Refers to the output of the MDS in ‎Chapter 4, i.e., the four driving motivations 

which have been extracted from the drivers of the UoSTT Travel Survey. 
Subsequently, these were used as the independent variables for the SEM 

in  Chapter 5 and the MLM in  Chapter 6. 

Driving motivation Refers to a commuter’s reason to choose driving to work over other travel modes 
(for e.g., cycle, walk or using public transport). See Section ‎2.5. 

Family (Dimension 1) The Dimension where the commuter chose to drive over other travel modes 
because of their responsibility to transport their family member(s). Also known as 

Dimension 1. See “Dimensions”. 

HOV High-occupancy vehicles. Refers to vehicles which have two or more passengers 
(including the driver). 

Incentive keywords Refers to the keywords which have been coded from the qualitative responses of 
the UoSTT Travel Survey, which represents the incentive which could persuade 
the respondents to switch to a non-driving travel mode. The keywords were later 

used as inputs for the MDS. See ‎Chapter 4. 

Instrumental factors Refers to the functional/utilitarian reasons for using a car, for e.g., to travel faster 
and to carry other passengers. See Section ‎2.5.  



Terms Definitions 

Keywords Used to refer to the Incentive and Motivation keywords collectively. See ‎Chapter 4. 

Level 1 variables Refer to the individual-level variables in the MLM, namely Family and Rigid 
schedule. See ‎Chapter 6.  

Level 2 variables Refer to the variables which were treated as varying at each State in the MLM, 
namely the Public transport impractical changes and Non-urban variables. 

See ‎Chapter 6.  

MDS Multidimensional scaling. Statistical method used to extract the dimensions of 
driving motivations, and is the focus of  Chapter 4. 

Meta-analysis Statistical method to quantitatively synthesise the findings of the carpooling 
literature body. It is the focus of ‎Chapter 3. 

MLM Multilevel modelling. Statistical method to examine the influence of factors caused 
by the hierarchical nature of the data; in this thesis it is used to investigate the role 

of the State on carpooling. It is the focus of  Chapter 6. 

Model 1 Refers to the "empty" (base) model in the MLM in  Chapter 6. 

Model 2 Refers to the MLM model which consists of the Level 2 variables. See ‎Chapter 6. 

Model 3 Refers to the MLM model which consists of the Level 1 variables. See  Chapter 6. 

Model 4 Refers to the random slope model in the MLM which consists of both the Level 1 
and Level 2 variables. See  Chapter 6. 

Motivation keywords Refers to the keywords which have been coded from qualitative responses of the 
UosTT Travel Survey, which represents the driving motivation of the respondent. 

The keywords were later used as inputs for the MDS. See ‎Chapter 4. 

NTML Normal-theory maximum likelihood. Estimation method used in the SEM analysis 
in ‎Chapter 5. 

Non-urban 
(Dimension 4) 

The Dimension where the commuter chose to drive over other travel modes 
because they live in non-urban areas, such as suburban residential zones or rural 

areas. Also known as Dimension 4. See "Dimensions". 



Terms Definitions 

Public transport 
impractical changes 
(Dimension 2) 

The Dimension where the commuter chose to drive over other travel modes 
because they found difficulties with using public transportation. Also known as 

Dimension 2. See "Dimensions". 

Rigid schedule 
(Dimension 3) 

The Dimension where the commuter chose to drive over other travel modes 
because of the rigidness of their daily schedules (as opposed to a flexible 

schedule). Also known as Dimension 3. See "Dimensions". 

RQ1/ RQ2/ RQ3 Research question 1/ 2/ 3. These are explained in Section ‎1.1. 

SEM Structural equation modelling. Statistical method used to examine the relationship 
between the driving motivations dimensions and the propensity to carpool. It is the 

focus of ‎Chapter 5. 

SOV Single-occupied vehicles. Refers to private vehicles which are occupied by only 
one person (i.e. the driver), thus not fully utilising the empty seats in the vehicle. 

One of the main goals of this thesis is to reduce the number of SOVs by 
encouraging drivers to carpool.   

State Refers to the US State (for e.g., California) where the driver of the US Travel 
Survey is resident in. It features in the MLM, where the data is grouped into 

classes by State for analysis. See  Chapter 6. 

Symbolic factors Refers to the reasons for using a car which relates to an individual’s need to 
portray a certain status/identity, for e.g., as a demonstration of wealth. See 

Section ‎2.5.   

UoSTT University of Southampton Transport Team. Refers to the group which designed 
and collected the UoSTT Travel Survey. 

UoSTT Travel Survey Refers to the travel survey which collected qualitative responses from staff and 
postgraduate research students on their motivations and incentive to drive to work 

at a university. Secondary data source (administered by the UoSTT), and was 
used as an input for the MDS. See  Chapter 4. 

US Travel Survey Refers to the online travel survey targeting drivers who are resident in the USA, 
and is analysed by the SEM and MLM. Primary data source. See  Chapter 5. 
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“What are the key factors influencing the commuter’s decision to 

participate in a non-household carpool, and their effect sizes?” 

 

‘… by accumulating results across studies, one can enlarge the sample 

size of the research, gain a more accurate representation of the population 

relationship and a higher statistical significance than one achieved in a 

single underlying study.’ 
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Level 1: Online databases were searched with 
keywords “carpool”, “rideshare” and “liftshare”.

Level 2: The papers’ titles were screened for 
relevance.

908 papers were identified as eligible.

Level 3: The papers’ abstracts were screened for 
relevance.

101 papers were identified as eligible.

807 papers 
were discarded.

23 papers were 
discarded.

Level 4: The identified articles were read in their entirety and screened for 
relevance, giving attention to the study methods and results format.

78 papers were identified as eligible.

63 papers were 
discarded.

Results: 19 papers were kept and used for the 
meta-analysis.

15 papers were identified as eligible.

3 papers 
identified via 
snowballing + 
1 paper from 
late search

 et al.
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Ref Study N Study outcomes and details Carpoolers 
in the 
study

3
 

Location 

1 Abrahamse and Keall 
(2012) 

634 Retrospective self-reported commute mode 
choice and beliefs about carpooling for work 
carpools. 
 

12.20% of 
sample 

New 
Zealand 

2 Brownstone and Golob 
(1992) 

1,904 Ordered probit discrete choice modelling of 
commuters’ mode choice to work estimated from 
travel survey data; followed by simulation of 
carpooling policies. 
 

17.14% of 
sample 

US 

3 Buliung et al. (2010) 613 Logistic regression analysis of carpooler’s data 
from online carpooling matching program for 
work carpools. 
 

15.40% of 
population 

Canada 

4 Canning et al. (2010) 895 Case studies of formal work place carpool 
schemes. 

7.60% of 
population 

UK 

5 Ciari and Axhausen 
(2011) 

5,885 Stated preferences of commuters’ acceptance of 
carpooling. 

27% of 
sample 

Switzerland 

6 Cools et al. (2013) 662 Logistic regression analysis of Flemish 
household travel survey. 

11.27% of 
sample 

Belgium 

7 Correia and Viegas 
(2011) 

996 Stated preference experiments of commuter’s 
acceptance of carpooling. 
 

47% of 
sample 

Portugal 

8 Daniels (1981: study A) 214 Case study of carpooling behaviour to work. 36% of 
sample 

UK 

9 Daniels (1981: study B) 174 Ibid. 36% of 
sample 

UK 

10 Daniels (1981: study C) 159 Ibid. 36% of 
sample 

UK 

11 Daniels (1981: study D) 1,051 Ibid. 36% of 
sample 

UK 

12 Deloach and Tiemann 
(2011) 

13,615 Self-reported commuters’ mode choice from the 
American Time Use Survey. 

7.46% of 
sample 

US 

13 Ferguson (1997 ) 19,558 Retrospective self-reported commute mode 
choice with US census data. 

5.87% of 
sample 

US 

14 Giuliano, Levine and 
Teal (1990) 

1,041 Comparison of carpooling rate of HOV lane with 
control group for work commutes. 

23.72% of 
sample 

US 

15 Habib, Tian and Zaman 
(2011) 

13,522 Hybrid modelling of carpooling as a mode choice 
in the overall commuter mode choice to work. 
 

9.30% of 
sample 

Canada 

16 Koppelman, Bhat and 
Schofer (1993) 

951 Retrospective self-reported work trip mode 
choice; followed up with prospective stated-
preference experiments. 
 

18% of 
sample 

US 

17 Su and Zhou (2012) 6,234 Nested logit modelling of the impact of parking, 
financial subsidies and HOV intervention on 
commuters’ mode choice to work. 
 

13.57% of 
sample 

US 

18 Techanakamron (2011) 2,284 Survey of carpooling beliefs of university 
students and employees. 

5% of 
sample 

UK 

19 Vanoutrive et al. (2012) 7,460 Multilevel regression model to predict carpooling 
at large workplaces based on location, 
organisation type, and promotion measures. 
 

3.31% of 
sample and 

12.3% of 
population 

Belgium 

20 Washbrook, Haider and 
Jaccard (2006) 

529 Discrete choice experiments of prospective 
commuters’ mode choice to work; followed by 
predictive modelling of commuters’ response to 
interventions. 
 

15% of 
sample 

Canada 

21 Willson (1992) 713 Multinomial logit model examining the effect of 
employer-paid parking on parking demand and 
commute mode choice to work. 
 

15% of 
sample 

US 



Ref Study N Study outcomes and details Carpoolers 
in the 
study

3
 

Location 

22 Zhou (2012) 508 Self-reported travel survey of university 
students. 

8.50% of 
sample 

US 

 Total N 79,602    
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No Factors k N 𝒛̅ 𝒓̅‎̅ 80% 
CrVl 

80% 
CrVu 

95% 
CoIl 

95% 
CoIu 

Q-
statistic 

Studies 

Demographic factors 

1 Age 
(continuous) 

6 35,952 -0.01 -0.01 -0.02 0.00 -0.01 0.00 4.14 3, 6, 7, 12, 
13, 22 

2 Female 
(dummy) 

7 44,717 -0.04 -0.03 -0.35 0.30 -0.25 0.26 3,789.4*4 2, 3, 5, 13, 
15, 16, 18 

3 Income 
(continuous) 

6 31,601 0.04 0.03 -0.15 0.21 -0.01 0.37 1,250.24* 2, 3, 7, 12, 
13, 16 

4 Number of 
people in 
household 
(discrete) 

3 27,347 0.22 0.22 0.11 0.32 -0.01 0.29 214.24* 2, 5, 13 

5 Marital status 
(dummy) 

3 15,180 -0.04 -0.04 -0.34 0.26 -0.08 0.11 19.06* 6, 7, 12 

6 University 
students 
(dummy) 

2 1,504 0.03 0.03 -0.34 0.41 -0.22 0.21 16.32* 7, 22 

7 Number of 
cars in 
household 
(discrete) 

6 3,162 0.09 0.09 -0.08 0.27 0.02 0.23 38.17* 3, 8, 9, 10, 
11, 16 

Judgmental factors 

8 Saving money 
(ordinal) 

4 3,093 0.07 0.07 -0.06 0.20 -0.07 0.18 36.50* 1, 3, 4, 16 

9 Reduce 
congestion 
(ordinal) 

2 8,094 0.08 0.08 0.07 0.09 0.00 0.12 2.40 1, 19 

10 Reliability 
(ordinal) 

2 6,836 -0.03 -0.03 -0.13 0.08 -0.13 0.19 22.11* 5, 16 

Interventions 

11 Parking 
availability 
(ordinal) 

4 9,979 -0.03 -0.01 -0.28 0.25 -0.44 0.25 583.63* 1, 4, 7, 19 

12 Parking cost 
(continuous) 

3 7,127 -0.06 -0.06 -0.13 0.02 0.00 -0.02 2.50 5, 20, 21 

13 Finding 
potential 
partner 
(dummy) 

4 23,900 -0.08 -0.08 -3.02 2.86 -0.41 0.50 3,460.66* 1, 15, 18, 
19 

14 Reserved 
parking 
(dummy) 

3 77,772 -0.02 0.03 -0.45 0.52 -0.84 0.63 18,737.41* 2, 15, 17  

15 Cost subsidy 
(continuous) 

2 64,250 0.00 0.00 -0.01 0.02 -0.04 0.11 11.65 2, 17 



No Factors k N 𝒛̅ 𝒓̅‎̅ 80% 
CrVl 

80% 
CrVu 

95% 
CoIl 

95% 
CoIu 

Q-
statistic 

Studies 

16 Guaranteed 
ride home 
(dummy) 

6 88,512 0.05 0.20 -0.26 0.67 -0.09 0.11 632.87* 2, 7, 15, 
17, 18, 19 

17 HOV lane 
available 
(dummy) 

3 3,558 0.21 0.21 -0.87 1.29 0.17 0.26 3.80* 2, 3, 14 

Situational factors 

18 Fixed 
(regular) work 
schedule 
(dummy) 

3 3,179 0.16 0.15 -0.07 0.38 -0.07 0.48 121.12* 2, 3, 6 

19 Commute 
distance 
(continuous) 

10 32,399 0.01 0.01 -0.59 0.61 -0.03 0.19 568.26* 2, 5, 6, 8, 
9, 10, 11, 
13, 18, 22 

20 Time 
commuting 
(continuous) 

11 39,247 0.01 0.01 -0.13 0.15 -0.04 0.13 543.07* 1, 5, 7, 8, 
9, 10, 11, 

12, 15, 18, 
21 

21 Travel cost
4
 

(continuous) 
3 20,496 0.36 0.32 -0.23 0.87 -0.69 0.52 3,815.56* 5, 7, 12 

22 Number of 
employees 
(continuous) 

2 69,806 0.46 0.42 -0.12 0.95 0.14 0.83 1,915.55* 17, 19 

23 Population 
density at 
home 
postcode 
(continuous) 

4 41,733 0.02 0.02 -0.01 0.05 -0.02 0.05 29.62* 12, 13, 17, 
18 

24 Live in urban 
area (dummy)  

4 34,448 -0.07 -0.07 -0.28 0.14 -0.22 0.21 862.16* 3, 6, 12, 13 

Where k = number of studies; N= total sample size; 
𝒛̅= mean effect size of a fixed-effects model; 𝒓̅= mean corrected effect size of a random-effects model; CrVl and CrVu= lower 
and upper bounds of credibility variance; CoIl and CoIu= lower and upper bounds of confidence interval; Q= homogeneity 
measure; *p<0.001. Underlined values indicate nonzero variables which have been identified as relevant. 
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No Factors k N 𝒛̅  ‎̅‎̅𝒓̅ 80% 
CrVl 

80% 
CrVu 

95% 
CoIl  

95% 
CoIu 

Q-statistic Removed 
studies 

 Demographic factors       

1 Age 
(continuous) 

6 35,952 -0.01 -0.01 -0.02 0.00 -0.01 0.00 4.14 None 

2 Female 
(dummy) 

5 25,310 0.23 0.22 0.20 0.24 0.18 0.24 10.13 5, 15 

3 Income 
(continuous) 

5 30,605 0.00 0.00 -0.01 0.02 -0.02 0.02 0.30 7 

4 Number of 
people in 
household 
(discrete) 

2 7,789 0.08 0.08 0.07 0.09 0.05 0.11 1.49 13 

5 Marital status 
(dummy) 

2 1,658 0.06 0.06 -0.11 0.23 0.00 0.12 1.44 12 

6 University 
students 
(dummy) 

2 1,504 0.03 0.03 -0.34 0.41 -0.22 0.21 16.32* None 

7 Number of 
cars in 
household 
(discrete) 

5 2,211 0.16 0.16 0.11 0.21 0.00 0.09 2.28 16 

 Judgmental factors 

8 Saving money 
(ordinal) 

3 2,198 0.01 0.01 -0.05 0.06 -0.08 0.08 7.24 4 

9 Reduce 
congestion 
(ordinal) 

2 8,094 0.08 0.08 0.07 0.09 0.00 0.12 2.40 None 

10 Reliability 
(ordinal) 

2 6,836 -0.03 -0.03 -0.13 0.08 -0.13 0.19 22.11* None 

 Interventions 

11 Parking 
availability 
(ordinal) 

2 8,094 0.03 0.03 0.01 0.05 -0.03 0.13 3.75 4, 7 

12 Parking cost 
(continuous) 

3 7,127 -0.06 -0.06 -0.13 0.02 0.00 -0.02 2.50 None 

13 Finding 
potential 
partner 
(dummy) 

2 8,094 0.45 0.42 -1.84 2.68 0.35 0.59 0.05 15, 18 

14 Reserved 
parking 
(dummy) 

2 64,250 0.21 0.20 -0.01 0.42 0.15 0.23 3.98 15 

15 Cost subsidy 
(continuous) 

2 64,250 0.00 0.00 -0.01 0.02 -0.04 0.11 11.65 None 

16 Guaranteed 
ride home 
(dummy) 

2 63,342 0.08 0.08 0.04 0.11 0.05 0.13 2.06 2, 15, 18, 
19 

17 HOV lane 
available 
(dummy) 

3 3,558 0.21 0.21 -0.87 1.29 0.17 0.26 3.80 None 

 Situational factors 



No Factors k N 𝒛̅  ‎̅‎̅𝒓̅ 80% 
CrVl 

80% 
CrVu 

95% 
CoIl  

95% 
CoIu 

Q-statistic Removed 
studies 

18 Fixed 
(regular) work 
schedule 
(dummy) 

3 3,179 0.16 0.15 -0.07 0.38 -0.07 0.48 121.12* None 

19 Commute 
distance 
(continuous) 

5 21,061 0.03 0.03 -0.64 0.71 0.01 0.12 9.34 2, 5, 8, 
11, 18 

20 Time 
commuting 
(continuous) 

5 28,183 0.01 0.01 -0.01 0.04 -0.01 0.06 15.55 1, 5, 7, 8, 
11, 18 

21 Travel cost 
(continuous) 

3 20,496 0.36 0.32 -0.23 0.87 -0.69 0.52 3,815.56* None 

22 Number of 
employees 
(continuous) 

2 69,806 0.46 0.42 -0.12 0.95 0.14 0.83 1,915.55* None 

23 Population 
density at 
home 
postcode 
(continuous) 

3 28,118 0.00 0.00 -0.02 0.02 0.00 0.00 0.01 12 

24 Live in urban 
area (dummy) 

3 14,890 0.11 0.11 -0.07 0.28 0.01 0.14 7.63 13 

Where k = number of studies; N= total sample size; 𝒛̅= mean effect size of a fixed-effects model; 𝒓̅= mean corrected effect size; 

CrVl and CrVu= lower and upper bounds of credibility variance; CoIl and CoIu= lower and upper bounds of confidence interval; 
Q= homogeneity measure; *p<0.001. Underlined values indicate nonzero variables which have been identified as relevant. 

Demographic factors 

“Female” 𝑟̅

“Age” (𝑟̅ 

r̅

Judgmental factors 

Current Directions in Psychological Science,

ρ

ρ ρ ρ ρ



Intervention factors 

 𝑟̅ 𝑟̅

𝑟̅

𝑟̅

𝑟̅

Situational factors 

𝑟̅

𝑟̅

𝑟̅

𝑟̅

𝑟̅

 

 Targeting the right people



 et al.

 et al.

 Marketing the benefits of carpooling



(iii) Partner matching programs 

(iv) Creating larger pools of potential carpoolers (situational) 



 

 et al.

.



 



 



 

‎ ‎ ‎

‎

“How does the commuters’ motivation to drive (as a travel mode) affects 

their acceptability to carpooling?”

 

 et al.

“enables the researcher to 

uncover the “hidden structure” of data bases”  



 et al.

 

circa

circa

circa

circa 



If you drive, why is having access to a car important to you?

What incentives would encourage you to try a different mode of 

travel?

QSR NVivo 10

 

SPSS 21

 et al.



𝑅𝑅 (𝑖, 𝑗) =
𝑎

𝑎 + 𝑏 + 𝑐 + 𝑑

K, i j

 

 a K

i j

b K i

j  

c K i

j 

d K i



 et al.

SAS 9.4

‎

 

 



Keyword Count Count (%) Description/examples 

Nothing_inc 119 28 
No incentive can persuade me to give up 

driving 

Time 103 24 Saving travel time is important 

PublicTransportImpracticalChanges 87 21 Public transport requires too many changes 

SchoolRun 78 18 Dropping children off at school before work 

CheaperPublicTransport_inc 61 14 I would use public transport if it was cheaper 

LinkedTripsWork 52 12 I need my car to travel between work sites 

PublicTransportUnavailable 48 11 No public transport goes to my workplace 

Independence 46 11 I can drive anywhere and/or at any time I like 

PublicTransportExpensive 44 10 
Travelling by car because public transport is 

too expensive 

Distance 42 10 
Long travelling distance between home and 

work 

IrregularWorkSchedule 38 9 Work start/end times vary 

CycleScheme_inc 35 8 
Incentivised by cycling schemes, for e.g., 

improved cycle routes 

CostSubsidy_inc 34 8 
I would give up car-use if my travel-expenses 

are subsidised 

LinkedTripNonWork 32 8 
Use the car after work for personal reasons, 

e.g., shopping, visiting friends etc. 

PublicTransportDirect_inc 31 7 
Would use public transport if no changes are 

required 

PublicTransportRegular_inc 30 7 
Would use public transport if frequency is 

more regular 

Time_inc 25 6 
Would give up driving if other travel modes 

can save time 

Convenience 24 6 Travelling by car is convenient 

PublicTransportInconvenientTimes 17 4 
No public transport on my required times, or 

too irregular 

Reliability_inc 17 4 
Would give up driving if other travel modes 

are more reliable 

CarpoolWithFamily 16 4 Carpooling with adult family member 

ChildrenEmergency 16 4 Attend to children in times of emergency 

CaringElderlyFamilyMember 15 4 Attend to elderly family member 

FlexiTime_inc 14 3 
Would give up driving if allowed to work 

flexible hours 

Reliability 14 3 Car travel is reliable 

Security_inc 10 2 
Would give up driving if other travel modes 

are safer (traffic and personal) 

MedicalReasons 9 2 Travel by car because of medical condition 

CarpoolWithColleagues 8 2 Carpooling with co-workers 

CarryEquipment 8 2 
Need car to carry work equipment (e.g., 

laptop) 

ParkAndRide_inc 7 2 
Would consider other travel options if Park 

and Ride facility is provided. 

Security 7 2 
Security of travelling (e.g., traffic, alone at 

night, with children) 

Weather 5 1 Bad weather forces me to travel by car 

_inc denotes a "incentive to switch to other travel mode" keyword 
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Dimensions 





Keywords R
2
 

Max-
rescaled 

R
2
 Intercept Dim_1 Dim_2 Dim_3 Dim_4 Dim_5 Dim_6 

CaringElderly 
FamilyMember 

0.03 0.03 -4.08*** 10.32* 1.57 -1.97 2.3 0.24 -5.03* 

CarpoolWith 
Colleagues 

0.04 0.25 -5.5*** -0.02 0.91 6.55 8.14* -0.14 -11.76** 

CarpoolWith 
Family 

0.03 0.10 -3.66*** 2.54 2.48 -0.97 -3.01* 2.72 -1.31 

Carry 
Equipment 

0.02 0.13 -4.47*** -0.09 -1.01 -1.06 -2.49 -2.22 -6.44* 

CheaperPublic 
Transport_inc 

0.56 1.00 -71.94 54.09 53.07 -282.4 437.7 -0.14 88 

Children 
Emergency 

0.06 0.23 -4.22*** 4.25 0.41 3.37 -3.62 6.43* -1.91 

Convenience 0.01 0.04 -2.93*** 0 1.45 -1.09 -1.11 1.04 -2.08 

CostSubsidy_inc 0.09 0.21 -3.03*** -0.19 3.2** -1.36 -4.33*** 0.78 -5.59*** 

CycleScheme_inc 0.41 0.94 -15.76*** -1.41 -29.09** -67.52** -10.24* -0.89 22.92* 

Distance 0.13 0.26 -2.89*** -0.16 -0.45 0.47 3.06** -5.29*** 7.48*** 

FlexiTime_inc 0.04 0.14 -4.03*** 4.41 1.6 1 -2.71 0.93 5.34** 

Independence 0.05 0.09 -2.29*** 1.37 0.45 -3.09*** -0.64 -1.98* 0.68 

Irregular 
WorkSchedule 

0.45 1.00 -96.36 35.32 -148.4 -176.4 171.4 -636.4 -110.1 

LinkedTrips 
NonWork 

0.03 0.07 -2.66*** 0.22 0.22 -3.08** -0.16 -1.23 -0.98 

LinkedTrips 
Work 

0.51 0.97 -11.82** 27.31 -54.94* -15.56* 22.92* 15.16 -45.83* 

MedicalReasons 0.04 0.23 -5*** -0.08 -2.12 2.57 -9.26*** 2.09 2.28 

Nothing_inc 0.45 0.64 -2.17*** 0.04 -6.13*** 12.6*** 1.09 -8.42*** -4.71*** 

ParkAnd 
Ride_inc 

0.02 0.13 -4.73*** 0.77 0.66 2.17 -3.14 -2.42 6.02** 

PublicTransport 
Direct_inc 

0.23 0.57 -5.2*** 0.87 5.66*** 0.95 2.44 5.47 17.89*** 

PublicTransport 
Expensive 

0.09 0.18 -2.58*** -0.12 2.46** -1.17 4.9*** -1.72 -2.59 

PublicTransport 
Impractical 
Changes 

0.37 0.58 -2.61*** 0.57 10.38*** 3.52** 6.58*** -5.47*** -3.92* 

PublicTransport 
Inconvenient 
Times 

0.08 0.27 -4.62*** -0.02 4.37** 9.16*** 8.29** -2.04 -5.08 

PublicTransport 
Unavailable 

0.44 0.87 -7.9*** -0.2 -22.1*** 4.58* 12.12*** -7.76*** 32.05*** 

PublicTransport 
Regular_inc 

0.12 0.29 -3.74*** 0.32 -0.12 -2.15 2.38* 13.4*** 0.36 

Reliability 0.03 0.13 -3.95*** 0.02 3.49* -1.4 2.03 5.82* 1.77 

Reliability_inc 0.06 0.23 -4.26*** 1.23 5.9** -0.83 2.97 7.09** 1.25 

SchoolRun 0.39 0.63 -4.36*** 
47.91*

** 
-1.95* 2.43 -0.3 0.42 -0.07 

Security 0.01 0.08 -4.58*** 5.26 0.75 0.11 -2.69 -2.52 -3.59 

Security_inc 0.03 0.15 -4.43*** -0.02 4.23* -3.94 -0.04 -3.97* 2.77 



Keywords R
2
 

Max-
rescaled 

R
2
 Intercept Dim_1 Dim_2 Dim_3 Dim_4 Dim_5 Dim_6 

;f 0.31 0.46 -2.05*** -0.11 3.37*** -9.08*** -0.03 1.51 -10.2*** 

Time_inc 0.09 0.26 -3.9*** 2.32 3.3** -4.16** 2.85* 8.63*** -2.93 

Weather 0.12 1.00 -17.56 -81.47 -13.86 -2.14 2.27 -4.53 -7.39 

*p < 0.05; **p < 0.01; ***p < 0.001 

CheaperPublicTransport_inc”  “IrregularWorkSchedule”

𝑃(𝐾𝑒𝑦𝑤𝑜𝑟𝑑𝑖)

=  
1

(1 + 𝑒−(𝑘𝑖+ 𝛽1𝐷𝑖𝑚1𝑖+𝛽2𝐷𝑖𝑚2𝑖+𝛽3𝐷𝑖𝑚3𝑖+𝛽4𝐷𝑖𝑚4𝑖+𝛽5𝐷𝑖𝑚5𝑖+𝛽6𝐷𝑖𝑚6𝑖+𝜖𝑖))

Keyword i

k 

Dim 



“SchoolRun” “CaringElderlyFamilyMember”

“PublicTransportImpracticalChanges”, “PublicTransportDirect_inc”

“Time”

(“PublicTransportUnavailable” “Nothing_inc”

“PublicTransportInconvenientTimes”

(“Nothing_inc”)

“Independence”, “LinkedTripsNonWork”, 

“LinkedTripsWork”, “Time”  “Time_inc”



“distance”, “time_inc”

“PublicTransportExpensive”

“PublicTransportImpracticalChanges”, “PublicTransportUnavailable”

PublicTransportInconvenientTimes

“PublicTransportRegular_inc”

MedicalReasons

CostSubsidy_inc

 





 

‎

 

 et al.

 et al.



Amazon’s Mechanical Turk
7

Amazon Mechanical Turk

‎



SAS 9.4 PROC CALIS

‎

Carpool

 

i)

(iii) 

N =



CaringElderlyFamilyMember 

Family 

Family

Latent 
Variable 

Alpha Indicator Measure Scale 

Family 0.87 

  

Res_Child_Home 
Picking up your children from 
school (after work) 

1=Not at all 
responsible 

p1 4 = Neutral 

 
7=Completely 
responsible 

 

 

Res_Child_Work 
Dropping off your children at 
school (on your way to work) 

1=Not at all 
responsible 

p2 4 = Neutral  

 
7=Completely 
responsible 

  

 
ChildEmergency 

While at work, how often do you 
need to attend to your children 
in an emergency in a month? 

1=Never 

p3 4 = Neutral 

  7=Every time 

Public 
transport 
impractical 
changes 

0.92 

  

PT_Home_Work_Time_ 

The total commuting time with 
public transport between home 
and work (include waiting and 
changing times) 

1=Perfectly 
acceptable 

q1 4 = Neutral 

 
7=Totally 
unacceptable 

 
PT_Home_Work_Changin
gTimes_ 

The amount of time you need for 
making public transport changes 
(including waiting times) 

1=Perfectly 
acceptable 

q2 4 = Neutral 

7=Totally 
unacceptable 

  

 
PT_Home_Work__Chang
es_ 

The number of transport 
changes you need to make to 
get to work (for example, 
changing buses) 

1=Perfectly 
acceptable 

q3 4 = Neutral 

  
7=Totally 
unacceptable 

Rigid 
schedule 

0.79 

  

Flex_JourneyHome_Work 
Flexibility of your daily schedule 
for the journey to work 

1= Extremely 
Flexible 

r1 4 = Neutral 

 
7=Rigid  

 
Flex_WorkHours 

Flexibility of number of work 
hours in a day 

1= Extremely 
Flexible 

r2 4 = Neutral 

7=Rigid 

  

 
Flex_JourneyWork_Home 

Flexibility of your daily schedule 
for the journey home from work 

1= Extremely 
Flexible 

r3 4 = Neutral 

  7=Rigid 

Non-urban 0.73 
 

NonUrban_1 Which best describes your 0 = Urban 



Latent 
Variable 

Alpha Indicator Measure Scale 

s1 neighbourhood? 1 = non-Urban 

  

 

 

PopDensityRating 
Please rate the population 
density of your neighbourhood. 

1 = Extremely 
dense 

s2 4 = Neutral 

 
7 = Not at all 
dense 

 
PT_Unavail_Home_Work 

Public transport availability when 
you need to leave to work on 
time 

1=Not at all 
unavailable 

s3 4 = Neutral 

7= Always 
unavailable 

  

 
PT_Unavail_Worke_Hom
e 

Public transport availability from 
the workplace to your home 

1=Not at all 
unavailable 

s4 4 = Neutral 

  
7= Always 
unavailable 

Carpool 
(output 
variable) 

0.84 

  

Accept_CarpoolDriver 
Will you carpool as the driver of 
the carpool (i.e., you drive your 
colleague(s)) 

1=Totally 
unacceptable 

z1 4=Neutral 

 
7=Perfectly 
acceptable 

 

 Carpool_1 
Are you currently in a carpool to 
work with your colleagues (i.e. 

you share a car ride to work with 
your co-workers)? 

1= Yes 

z2 0= No 

   

 

 

CarpoolConsider 
I would consider carpooling my 
first choice of transportation to 
work 

1=Strongly 
disagree 

z3 4=Neutral 

 
7=Strongly 
agree 

 

 

CarpoolNextTimeWork 
The next time I travel to work, I 
will carpool 

1=Strongly 
disagree 

z4 4=Neutral 

 
7=Strongly 
agree 

 

 

CarpoolFuture 
I look forward to carpooling to 
work in the future 

1=Strongly 
disagree 

z5 4=Neutral 

 
7=Strongly 
agree 

 

 

CarpoolEmployerBenefits 

I will carpool if my employer 
provides me with other benefits, 
for example, a reserved parking 
spot for carpoolers. 

1=Strongly 
disagree 

z6 4=Neutral 

 
7=Strongly 
agree 

  

 

CarpoolNextFewMths 
I will carpool to work in the next 
few months 

1=Strongly 
disagree 

z7 4=Neutral 

  
7=Strongly 
agree 



Confirmatory Factor Analysis  

RMSEA Estimate 0.0468 

Bentler Comparative Fit Index 0.9839 

Bentler-Bonett NFI 0.9767 

Bentler-Bonett Non-normed Index 0.9788 

Structural Equation Model  

RMSEA Estimate 0.0443 

Bentler Comparative Fit Index 0.9835 

Bentler-Bonett NFI 0.9779 

Bentler-Bonett Non-normed Index 0.9667 

“Public transport impractical 

changes” Rigid schedule

Carpool

Family

Public transport impractical 

changes Rigid schedule Non-urban

Public transport impractical 

changes – Non-urban” Public transport impractical changes – Rigid 

schedule Rigid schedule – Non-urban





Latent Variable Indicator Estimate t Value 

    Family p1 Res_Child_Home 0.9347*** 84.7576 

p2 Res_Child_Work 0.9231*** 82.5312 

p3 ChildEmergency 0.6437*** 32.0507 

     Public transport 
impractical changes 

q1 PT_Home_Work_Time_ 0.8392*** 78.4397 

q2 PT_Home_Work_ChangingTimes_ 0.9561*** 168 

q3 PT_Home_Work__Changes_ 0.8893*** 107.3 

     Rigid schedule r1 Flex_JourneyHome_Work 0.9062*** 45.4799 

r2 Flex_WorkHours 0.6627*** 28.8552 

r3 Flex_JourneyWork_Home 0.6791*** 30.0357 

     Non-Urban s1 PT_Unavailable_Work_Home 0.9410*** 139.1 

s2 PT_Unavailable_Home_Work 0.9568*** 150.1 

s3 NonUrban_1 0.3091*** 10.3727 

s4 PopDensityRating 0.3631*** 12.6782 

*p< 0.05; **p< 0.01; ***p<0.001 

Variable 1 Variable 2 Estimate Standard Error t Value 

Family PT impractical -0.06488 0.03409 -1.90318 

Family Rigid schedule 0.05313 0.03574 1.48681 

Family Non-urban -0.02189 0.03411 -0.64174 

PT impractical Rigid schedule 0.2762*** 0.03329 -8.29815 

PT impractical Non-urban 0.78833*** 0.01417 55.63135 

Rigid schedule Non-urban 0.27215*** 0.03324 -8.18682 

*p< 0.05; **p< 0.01; ***p<0.001 



Variable Estimate Standard Error t Value 

e-p1 0.12629*** 0.02062 6.1259 

e-p2 0.14784*** 0.02065 7.15896 

e-p3 0.58564*** 0.02586 22.64915 

e-q1 0.29572*** 0.01796 16.46775 

e-q2 0.08584*** 0.01088 7.88934 

e-q3 0.20914*** 0.01474 14.19063 

e-r1 0.17888*** 0.03611 4.95384 

e-r2 0.56087*** 0.03044 18.42715 

e-r3 0.53888*** 0.0307 17.55041 

e-s1 0.11458*** 0.01274 8.99706 

e-s2 0.08453*** 0.0122 6.92898 

e-s3 0.90445*** 0.01842 49.09397 

e-s4 0.86816*** 0.0208 41.74258 

e-Carpool 0.96251*** 0.01227 78.44883 

*p< 0.05; **p< 0.01; ***p<0.001 

 

(i)

(ii)

‎





 

‎

‎

 



 et al.

‎

US State   

Total 
respondents, 

N 

Carpoolers to work as a percentage 
of the total population in 
employment in 2014 (%) 

Total population 
in employment 

in 2014 

Alabama 18 8.6       2,999,928  

Arizona 21 10.4       4,360,251  

California 110 10.5     25,486,535  

Colorado 25 9.6       3,904,224  

Connecticut 10 8.1       2,573,850  

Florida 79 9.1     13,097,864  

Georgia 33 10.1       6,553,039  

Illinois 34 8.0       8,927,357  

Indiana 23 9.0       4,545,939  

Kansas 16 9.5       2,095,610  

Kentucky 17 10.0       2,819,662  

Louisiana 14 9.8       2,952,109  

Massachusetts 26 7.4       4,910,975  

Maryland 16 9.3       4,296,274  

Michigan 43 8.9       6,564,595  

Minnesota 16 8.8       4,218,358  

Missouri 16 8.9       4,159,785  

North Carolina 33 9.7       6,610,357  

New Jersey 29 7.9       6,301,885  

New York 52 6.5     13,369,977  

‎



US State   

Total 
respondents, 
N 

Carpoolers to work as a percentage 
of the total population in 
employment in 2014 (%) 

Total population 
in employment 

in 2014 

Ohio 32 7.8       8,013,526  

Oklahoma 13 10.5       2,591,579  

Oregon 20 10.8       2,668,648  

Pennsylvania 47 8.5       8,814,905  

South Carolina 18 9.3       3,158,271  

Tennessee 30 9.2       4,275,700  

Texas 67 10.6     18,345,773  

Virginia 42 9.3       5,896,293  

Washington 24 10.1       4,873,585  

Wisconsin 16 8.2       4,290,777  

Total   940 
 

  193,677,631  

SAS 9.4 PROC MIXED

 et al.

Public transport impractical changes Non-urban 

 et al.

Family Rigid schedule

 



  Model 1   Model 2   Model 3   Model 4   

  
Type III 
estimate   

Standard 
error   

Type III 
estimate   

Standard 
error   

Type III 
estimate   

Standard 
error   

Type III 
estimate   

Standard 
error   

Random part 
                Level 2 

intercept/intercept 0.3551 
 

0.4961 
 

0.01883 
 

0.4193 
 

0.436 
 

0.5371 
 

2.8722 
 

5.8533 
 Level 2 PT impractical 

changes/intercept 
            

0.2234 
 

0.3086 
 

Level 2 PT impractical 
changes/PT impractical 
changes 

            
0.02518 

 
0.03396 

 Level 2 Non-
urban/intercept 

            
-0.4851 

 
0.6186 

 Level 2 Non-urban/PT 
impractical changes 

            
-0.04335 

 
0.04611 

 Level 2 Non-urban/Non-
urban 

            
0.08444 

 
0.08066 

 Level 1 
intercept/intercept 60.4765** 

 
2.8283 

 
58.9644** 

 
2.7772 

 
59.7874** 

 
2.8428 

 
57.8857** 

 
2.8502 

 

                 Fixed part 
                Intercept 19.772** 

 
0.2845 

 
23.8803** 

 
0.8339 

 
21.8554** 

 
0.8523 

 
24.7592** 

 
1.1228 

 Family 
        

0.1074* 
 

0.04418 
 

0.1015* 
 

0.0438 
 PT impractical changes 

    
-0.09519 

 
0.0587 

     
-0.05616 

 
0.06905 

 Rigid Schedule 
        

-0.1976** 
 

0.05798 
 

-0.1476* 
 

0.05927 
 Non-urban 

    
-0.1761* 

 
0.07662 

     
-0.1792 

 
0.09853 

 

                 -2 Loglikelihood 6480.0 
   

6375.7 
   

6269.3 
   

6171.7 
   AIC 6486 

   
6385.7 

   
6279.3 

   
6195.7 

   BIC 6490.2 
   

6392.8 
   

6286.3 
   

6212.5 
   Level 2 (State) N= 30 

                Level 1 (Individual) N= 940 
                **p< 0.01; *p< 0.05                                 



−2𝐿𝐿𝑀𝑜𝑑𝑒𝑙 1 − −2𝐿𝐿𝑀𝑜𝑑𝑒𝑙 4 = 6480.0 − 6171.7 = 308.3

circa

Family Rigid schedule 

Public transport impractical changes Non-urban



Family ß Rigid schedule ß

Non-urban ß Public transport impractical changes

ß

Family Rigid schedule

Public 

transport impractical changes Non-urban

 

(i)

ii)

‎ ‎



 

‎

‎ ‎

 

(i)

(ii)

(1) family; 

(2) public transport impractical changes; (3) rigid schedule;  (4) living 

in non-urban areas



Public transport impractical changes 

‎

Rigid schedule

Carpooling

Rigid schedule

ß

Carpooling



Rigid schedule

Public transport impractical changes 



Family

Rigid 

schedule Public transport impractical changes



Public transport impractical changes Rigid schedule

 ß 



 

‎ ‎ ‎ ‎



 

‎



 

 

(i)

(ii)

(iii) 

‎

‎



(i) target demographics, (ii) selling points for marketing, (iii) carpooling 

partner programs (iv) multiple employer ‘super-pools’

‎ ‎ ‎ ‎

N=

(1) family responsibility; (2) public transport 

impractical changes; (3) rigid schedule;  (4) live in non-urban area.

N=



 

 ‎

 et al.

 ‎



 ‎

 ‎



 

‎

‎

(i)

(ii)
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