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INVESTIGATING THE EFFECT OF THE SPATIAL RELATIONSHIP
BETWEEN HOME, WORK PLACE AND SCHOOL ON PARENTAL
CHAUFFEURS' DAILY TRAVEL MODE CHOICE

Abstract

Since many parents travekparatelyfor escorting and commutingertain hidden
daily car tripsmay havebeenignored in previous researcagardingparental escort
behaviorsBy defining anescortspacemodel using thepatial relationships between
home the workplaceand schoqlthis study focusson thedaily modal splitamong
parental chauffeurasing datarom Qujing, Ching while focusing onthe effecs of
different escorspace mdels: spatial aggregatignjob-housing separation and
schoolhousing separationThe descriptive statistics garental chauffeurstravel
mode choice under the influenceof thesethree escorspace models are presented.
The statistical resultdemonstratéhatthe modal split®f parental chauffeunserform
significantly differenty under these three escepace modelsFurthermore the
determinants othe daily travel modeof parental chauffeursncludingescortspacs
and other selected variabjesre investigated using a multinomidbgit model. A
model withoutthe escortspace model is also presenfed comparisonThe results
show that the model with the escortspace moel has a more significant
goodness-ofit than the model withouthe escortspace modelBoth the job-housing
separatiorand schoolhousing separatioof parental chauffeurs result in the increase
of car trips, while the usage amount of car in daily joysnis higher than that in
escort tripsMoreover car ownershipbike ownership, household incomesidential
location,age gender, incomeand education levell significantly impact the daily
travel modechoicesof parental chauffeursThese findings can help policymake
createsuitablepoliciesto reduceexcessive car tripsy parental chauffeurs.

Keywords: ParentalChauffeurs; Escorspace Travel Mode ChoiceChild; Nearby

Enroliment Policy
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1INTRODUCTION

As increasinghumbers oparentshawe begun talrive their children to and from
school inthe past ten yearparental escort behavehae become anain focusin
many research fieldsecaus®f their negativeeffects onurban trafficandthe physical
and mental health of childrg@Zhang et al., 201 7Fyhri et al., 2011Mackett, 2013
Lu et al., 2017). To reduce parental car trips for picking up/dropping off their children,
most scholars have focused on promothgdrer independent mobility by walking
or cycling(Mandic et al., 201;AVen et al., 2008Vicdonald, 2008aMcdonald, 2008
Easton and Ferrari, 201l5Transportationscholars and geographefsund that
individuals’ dependencen carsis closely related taheir daily activity spacewhich
is formed by the seres of individuals’ continuous daily activitiesind travel(Wang
and Li, 2015 Yue and Chai, 20)3 Because there ia close relationship bebagen
travel mode choice and daily activity spageiding low-carbon travefor parental
chauffeurdrom the activity space perspectigeof greaimportance.

As a major daily activiy, the escort can form an activity space for parental
chauffeurs througttheir round trigg amang the escostelated locations Different
travel modechoices may occupetween daily traveand escort trips when parental
escort trips are separate from othegularmajor travel such as commuting to work
(Liu etal., 2017), especially under the influenceahted policies.

In many developing countries, especially China, sclgeld children in the
compulsory education stage should follow the nearby enrollment policy by attending
the school nearest their horf#hang et al., 2017; Li and Zhao, 201S)milar polides
can also be found in developed countriesr example, the United States has
implemented school zoning policidsr public elementary andecondary schools
(Wilson et al., 2010 However the uneven distribution of educational nesmesoften
meanghat many children cannenrollin a good schoakithin close rangeGenerally,
parentshavetwo possibleoptionsto obtain admissiomo high-quality schools for their
children. Theycaneitherpay entrance fees for cressgion schoolswhich are usually
far from home or, asincreasingnumbersof parents prefetbuy a small old property
in a good school district at a high pri¢8hang et al., 2007 The formersituation
shouldlead to a longer homschool distance faschooling childrenwhile the latter
situation usually leads to a longer hemerk distance for commuting paren®oth
of these situations may causspatial separation between esaetated locations.

As a result, many chauffeurs have to asgr as their main transport mode on
daily journeys even thoughhey choose nommotoriransport modes such as walking
or cycling for their children’s escort trips This behavioras not only exacerbated
urban traffic congstionbut alsoreduced the wellbeing of resideni® understand
thesehiddencar trips which were easily ignored inescort trips under the nearby
enrollment policy it is necessaryto study parental chauffeurdaily travel mode
choicewhile accountingor the spatial relationshipetween escoitelated locations.

This paper attempts to explore the influence of the nearby enrollment and other
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sociateconomic attributes on the choice of parental chauffeurs’ daily transport modes
in China, taking Qujing @ a case studyThe following sectionreviews existing
relevant literaturen the factors that influendee travel mode choice for children’s
school trips while the third section introduces the methodology of this sttioky
fourth section presents empmal evidence using data from Qujing, Chirtlae fifth
section summarizes and discusses the research resultsealas$t sectiorproposes
further research directions.

2 LITERATURE REVIEW

There is a large body of literature on actiMitygvel and joint tvel of adults.
(Gliebe and Koppelman, 2002hang et al., 2005Bhat and Pendyala, 200Arentze
et al., 2013Liao et al., 2013Liu et al., 201% ManyResearbers have focused on the
travel mode choice behavior in additionit®influencing factorsEmpirical evidence
indicatesthat escorting children as @pe of joint travel has a significant impact on
parental activitytravel patterngZhang et al., 2005&opperman and Bhat, 200He
and Giuliano, 2016 Therefore, factors that influence the school commuting mode of
children to a large extent also result in gagentstravel mode choice in daily trips.
This literature reviewocuseson the influence factorsf school travel mode choice.
Several factors have theotential to influence children’s school commuting mode,
including household characteristics, parental characteristics, children’stehatas
and spatial separation characteristics.

In school commuting studies, household characteristics usually include
household resources (income and vehicle ownership), household structure (numbers
of children, emplognent the elderly, etc.) and residential location. Household
resources aran important factor for individuals’ travel mode choice because children
from highincome households tend to be driven to and from school more than those
from low-income householdZhang et al., 201 1iu et al., 2017Li and Zhao, 201p
Additionally, childrenin carowner households are more likely to be escorted by car
than those from cdree household¢éLi and Zhao, 201p Notably, bikes (including
e-bikes) mustbe consideredhen investigatingehicle ownership because they are an
important travel mode in Chiniiu et al., 201}. Household structures may alke
another critical factor because employed or unemployed parents, siblings and the
elderly in a householdan affect the travel mode for a child’s school journey
(Evenson et al., 2003/cdonald, 2008pMitra and Buliung, 2014 However,since
this researcocuses on thetravel mode choice of parents who chauffeur their child
without others’ assistance, v not consider household structure in this study. In
addition, the residential locations of the chauffeurs should be considered, asethey ar
associated with the built environment of the city.

Parental chauffeurs’ characteristics are associated with their sociodemographic
variables. The sociodemograplaittributesinclude the age, gender, educaéibievel,
driving experience, work status and income of parental chauffeurs. It is widely
acknowledged that indiduals' age and gender significayntinfluence their travel
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mode choics. Eldelly people may prefer to take the bus rather than travelirgjkey
due to physical limitationgHabib, 201%. Mothers tend to make more chiéérving
stops thamo fathers(Schwanen et al., 2008lias and Katoshevsiavari, 2013 and

are less likely to dvie their children to/from school, whereas fathers tend to be drivers
(Liu et al., 2017. Educatioal level may alsdnfluence transport modehoices For
example, McMillan (2003) founthat parents withhigher educatiomre less likely to
escort their children by walking or cycling.he employment status of parental
chauffeurs isalso related to their daily travel mode choicéull-time employed
femalestend to drive their children to school, wherdalé-time employed maleare
less likey to pick up their children from school by c@farlagadda and Srinivasan,
2008) In addition, individuals with long driving experience tend to travel by car.
However, most Chinese parents who have driving licenses are druaear
households. Consequenttileyhaveto allocate the car on the basis of intrahousehold
interactions. Therefore, the income of parental chauffeurs is possibly redatteeir
daily ravel mode choice because income determines the allocation of ¢arsgsee
extent (Habib, 2014).

Among thechildren’s characteristics, age and gendemaost explored because
they exhibita significant influence on parental travel mode choice. Although the
results of different researcheudiffer, researchers believe that there is a close
relationship between age and active mode choice of childrieand Zhao, 2015
Zhang et al., 203 Mcdonald, 2012 In addtion, escort typs (i.e., onthe way, outof
theway and pure escort) that reflect the sp@oe relationship between children and
their parents in escort triggave been proposed by Liu et al. (2017). Those authors
found that children whose departure times differ from those of their parents, namely,
pure escorts, tend to be escorted by e-bike modes.

The escort spatial characteristics depends largely on the distances from home to
the parental workplace and school, and many found that the distance between
workplace and school affects children’s travel mode choice for school jouragys (
(Mcmillan, 2007 Mcdonald, 2008aL.i and Zhao, 2015He, 2013. He and Giuliano
(2017) further examined the distances between these three locations and found that
the workplacehomeschool relationship has a significant impact on the decision
making of parental escorts. The results showed that mothers are less likely to
chauffeur their children to school with an increasing distance from their workplace t
the school. Liu et al. (201@lso found that parents tend to drive their children to
school when the distance from home to school is long.

Previous studies havprovided valuable information onhildren's schooling
activity. However thusfar, these research focus on children's trenade choices and
joint parertchild travel mode choices. Parents' travel mode choice for daily trips is
rarely studied in the context of nearby enrollment policy. Little is knoxgarding
whether and why parental chauffeurs’ daily travel mode choiddfesent from that
of escorting children under the influence of this specific policy. This paper fouse
the choice of parental chauffeurs’ daily transport modes in Qujing, China, which has
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not been paid much attentigiven theinfluence of the nearbgnrollment policyThis
paper contributes to the current literature in two respects. First, the spatiahsklig
between the escerelated locations is considered, which contributes to reflect the
spatial impact of the nearby enrolling policy. Second, parental travel nade f
schooling and other daily trips are considered simultaneously, which regrieeent
children influence their parents' travel mode choice in the context of thbynea
enrollment policy.

3 METHODOLOGY

In contrast to bringing chilén with them on the way to work, many parents
travel only for the purpose of chauffeuring their childi@®ovsha et al., @04)
particularly in Chinajmplying that parental chauffeurs who do not need to travel for
their own purposes return home after escortiver children In this case, the travel
mode choice has a higher probability of being affected by spatial datsstitzan by
temporal constraintsWWe assumed that parental chauffeurs wish to escort their
children within an acceptablescortspaceand are more likely to use motorized
private vehicles when thescorispaceis outside their ideal rang@&herefore, stuigs
that consideescortspacewhen examining the daily travel mode choice of parental
chauffeurs may help us better understand the potential car trips involved in escort
behaviors. Notablynost parents only drop off their childrahschool butdo not pick
up them from schoollhe reasoffior this behavior is that the time for children to go to
school is close to or 1 hour earlier than that for parents to commute towbaieas
the timeat whichchildrenleaveschoolto travel homds quite different from thaat
which parents leavavork. Therefore, this paper mainly studies parental chauffeurs’
travel mode ofescortingtheir children from home to school and their daily travel
mode.

3.1The concept of escorspace

The escortspacepresented in this papées regarded as a special kind of activity
space that is formed through the increiasescort activities for children. The concept
of activity space originated in behavioral geography, which is an approach to studying
individuals’ activities and travel bavior in space, place and environmgablledge
and Stimson, 199MNorton, 200). The activity space concepan providea way to
understand individual behavior in space by establishing linkages between vitg acti
locations.Sincethe parents who are mainly responsible for escorting their child are
usually enployed Q'Fallon et al., 2004 their trips refer to three fixed actiwt
locations,namely, thaesidence, workplace and school (called esadated locations
in this paper), which create a space in the shape of a triangle. This paper treats the
triangle connected by home, workplace and school and the routes betweerehe thr
points as theescortspace A diagram of activity space including tlescortspaceis
shown in Figure 1.
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FIGURE 1 The activity space diagram (Golledge et al., 1997)

3.2 Escortspace measure

Methods such as the confidencdipske, kernel density estimation and the
minimum spanning tree thatrimarily aim to measure a range of space have been
widely used in previous studi€lsi and Tong, 2016 However, these methods are not
suitable for measuringscortspacebecause most escort behavior has a fixed réste.
escort trips require the chauffeurs and their children to coexist in the samdismgace
path, they are less flexible tharmet activities(He, 2013. Thus, the shape of the
spatial triangle of the chauffeurs is likely to have an impact on theice oftravel
mode. Based onthe existing literature reviewedbove we acknowddge that the
relationship among the locations of home, workplace and school may influence
chauffeurs’ travel mode choice. In fact, the spatial changes causszthdgl choice
and houseurchasing in a school district are different from each other. Therdfe
Euclidean distance between homarkplaceand school is accepted as a measure of
spatial relationships for activity locations in #&cortspace

3.3 Multinomial logit model

The main object of this study is to investigate the effect of thertesoace
model on parental chauffeurs’ mode choice in daily travel. However, the travel mode
choice is also the result of a number of factors, including household and individual
characteristics, in addition to the spatial model. To generalize logistiessign to
multiclass discrete outcomeshe multinomial logit model (MNL model) was
employed in this study.

We assume that there ddravel modesthe utility of which is knownonly by
the chauffeur ands denotedU, ,j=1L ,K. The expressio of the utility is given
asu,=>" 6,X,. e,, where &,1s a random error ternthat follows a double
exponential distributionThen,the probability that thei th chauffeurwill choose the

] thtravel mode can be calculated as follows:
g’
plj =

K eUik
k=1
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When usinghe MNL model, one category of the dependent variable is chosen as the
reference category. In general, a selettadel mode is taken as the reference group
the utility coefficients of which can bgivenas (6,,.6,.k,6,,)=(0,0k-,0. According

to the above formulathe probability ofthe ith chauffeur choosing other travel
modes can bealculatedusing the following log oddsatio (OR):

P exp(e“”’)
In| =L |=In T :ejo+9jlxil+K.+eiMXiM

In the model, the parental chauffeur was assumed to select the alternatitkewith
maximum utility from four travel modes, amdmaximum likelihood estimation was
performed KMcfadden, 197p By verifying the estimatécoefficients of MNL models,

we statistically test the suitability dheassumed models for the research. Focusing on
the differences betweemalking, biking,and taking théus ancdcar, we takethecaras

the reference group in the model and regard the household characteristics, individual
characteristics and esc@pace models as explanatory variables.

4.CASE STUDY

4.1 Study Area and Data

Quijing, the secondargest city of Yunnan Province in southwestChina, is
adopted as a case stufty this researchAt the end of 2014Qujing’s permanent
resident populatiomwas 6.01 million.Qujingis a typicallarge Chinesecity according
to the Standards fdCategorizing City SizeéThe Chinese Government, 2018)ilin
district is the main urban area of Qujingith a builtup areaof approximately ©
square kilometerandan estimated urbanization rate of 67.7%. The distriot the
early stage of rapid urbanization. Approximately 710 thousand urban individuals live
in this district and the per capita gross domestic product wag8487CNY/year
(nearly 4342 US dollars/yeann 2014 (Qujing Statistics Bureal2013. Along with
the accelerating urbanizatiggrocessand economic growththe expansion of urban
spatial structurgcould lead to significant changes in individual activity spaaes
consequently influence individuals’ dairavelmode.

We use the activiyravel survey of residents of Qujing, conducted by the local
statistics bureau in July 2018s adata source. The questionnaire included household
and individual characteristi@nddaily escort situations as well as a atay activity
diary designedo capture information oa personaldigital assistan{PDA). Although
the survey was conducteliing summer vacatignwhen most childrewlid not go to
school,the timinghad no influence onthe study lecause iaskedabouttheir daily
situations.Respondents would not have answered the question about lesicavior
if they never escortedn daily travel. The survey covered ifterent residential
communities evenly distributethroughout Qujing. khe of these communitiesn
Qilin district wereselected as our study area$ which Jiang NingLiao Kuo, Nan
Ning and Xiao Xiang are in the central area of the city in an aresxed land use
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with high densities of jobs and schools near public transport facillties other five
residential communities are the peripheral area. Compared ttwose inthe central
area these communities are in an areasofglefunction land use and tiaa low
population densityndpoor public transport facilities.o explore thetransportmode
choice of parental chauffeurs in daily travel under the influenadbeoéscat-space
model,the data wrefiltered according to the following principle&) me escorted
schoolaged child should be included in the househ(l ocne parenshouldmainly
pick up/drop off their childand (c) he chauffeur should also be a workeinally,
752 households with one main parental chauffeur were selected for Bhwadample
coveedthe majority of primary and high schools in Qilin distrand its distribution
Is shown in Figure 2.
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FIGURE 2 Study area of Quijin and sampledistributi on

4.2 Characteristics of Escortspace Models

According to themeasureof escortspace mentioned beforethe Euclidean
distance betweehomeand €hool, ltome and workplace ad schooland workplace
was calculated by the latitude and longitude of the locations. €keartspacesan
be built withthese three kinds of distancédthough individualescortspace differed
from each othetthey exhibitedsimilar spatial position relationships. Talculatethe
transformation ofin individuals escorspaceto a spatiakelationship cluster analysis
is adopted in this papelRecause of itgood performancen partitioning datasets into

a number of clustershe K-means algorithm has been widely applied in various fields

(Jiang et al., 2007 Therefore we useit to cluster theescortspaceof 752 individuals
andusethe relative distanssbetweenhome workplaceand school as theslustering
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variables To use theK-means algorithmthe number of clustermust be chosen
beforehand Therefore, we created 2-4 categories according to the distance
distribution and possible space combinations of indivelwesdcortrelatedlocations.
Comparing the clustering ressilof different groups we finally determired three
types of escorspace mods.

In Model 1 the escortrelated locations of parental chauffewrsre within a
relatively short average distandéis modé definedasspatial aggregationaccounts
for 70.6% of all modelsln Modd 2, thedistancefrom home toschool is farshorter
thanthe distancdrom home toworkplace androm workplaceto school. Thus, the
model is defined as job-housing separatior(12.8%). In contrast, theparental
chauffeursin Model 3travel a long distance from home to schaold a relatively
short distance fronmome toworkplace,and the model is definesks school-housing
separation (16.6%)lable 2presentshe summary statistics of the calationsfor
these three models. The variancehafdistances in Model 2 igreaterthan thain the
other two models suggestingthat the job-housing separation differamong the
individual parental chauffeurs.

Table 2 The summary statistics of the calculation

Distarce  spatial aggregation job-housing separation schoothousing separation

(unit: km) (Model 1) (Model 2) (Model 3
wiw wu w W wu ww ww wu ww
dow|  [dus|  ds] d.y Oy dow | d.,, dye |dau|
Mean 11 1.1 14 8.8 1.3 8.8 2.2 4.6 34
Variance 1.6 0.4 1.2 5.3 11 3.0 4.5 15 9.8
Maximum 5.7 2.8 5.4 16.0 4.9 14.4 9.8 10.2 9.9
Minimum 0.0 0.0 0.0 4.7 0.1 4.7 0.0 2.7 0.0

The spatial distribution of these three madelshown in Figure 3 (b), (c) and (d).
(a) is the reference group tfie spatial distribution before the classificatiovhere H
stands fothome S stands forschooland W stands for workplacand the Euclidean
distance is represented by the mean distance between therekted locationsThe
figure reflectsnot onlythe average travel distanoéthe parental chauffeurbetween
the escorrelated locationbut dso the spatial relationships betweleome workplace
and schoolA further analysis of the models is conducted as follows.

km km

O Spatial positiorscopd
—— Euclidean distance

Escorting space are

1. 1.
N q A 7 W N N » 0 -
-1.5-0. 5253545 km -1.5-0. 15253545 km
i5 15
2.5 2.5

-3.5 3.5

(a) Total sample (b) Spatial aggregation model
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(c) Jobhousing separation model (d) Shoothousing separation model

FIGURE 3 Escort-spacemodels

Figure 3 (a) shows that theverage travel distansdetween thescortrelated
locaions of parentathauffeurswerewithin 1.5 kmand fornmed an acute triangléor
the shape ofthe escorispace model.This shape suggestl that the chauffeurs
prefared to pick up/drop off their childrenat school within anaggregated
escortspace Figure 3(b) showsthatthe distances betwedine home, workplaceand
school were shorter than those of the reference group withredatively equal
distribution. This findingeflecedthe fact thatnost children in Qujing are escorted to
schoolwithin a reasonable range undke guidance of the nearby enrollment policy.

Figure 3(c) showsthat the distance from home tthe workplace wasmuch
longerthan thatfrom home to schoahndwas longer than that dahe total samples
One major reason for this result i@t parents buy a house in a good school district
that can provide a better education for their child under-thsigince commuting
conditions. @mpared to thelistance in th@ther modelsalthough the distandeom
home to school (1.3 kngecreasg the distance from home to workplace §&m) and
from workplace to schoo(8.8 km) increasessignificantly. As a result parental
chauffeurs who pick up/drop off their childrahschool by walking or cycling have a
higher possibility of using private cars mork commutes and workelated trips or
other daily activities tripsSince escort travel is onlgne componenof daily travel
for commuter parentghe use of cars in daily travel is more than that in escort trips
for agiven traffic network.

In contrast Figure 3(d) showsthatthe distance from home to school is longer
than that from home to workpla¢d.6 kmvs. 22 km). Thus, although thparental
chauffeurs have relatively short commuting distanttessymusttravel a long distance
to escort their dldren. Such a spatial separation model, which may be caused by
parents choosing good educational resources far from home for their children, may
also result in an increase in the chauffeurs’ car ttipadlition, by comparing these
two escortspace mods, we found thathe spatial separation of home and workplace
is more obvious than that of home and schsoggestinghat the behavior of buying
houses in good school districts may leathtweasedirban traffic problems.
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4.3 Escortspace Models and flavel Mode Choice

To investigatethe relationship between travel mode choice asdortspace
models among parentahauffeursthis study analyzes the travel mode distribution in
different models. As mentioneabove, the parent&iavel mode foescoring children
is likely to differ from that ofdaily trave| thus this paperperformsa statistical
analysis o these two groupsf travel mode choicesandthe resultsare shown in
Figure 4.

Il Travel mode for escorting Il Travel mode for escorting

70% - i 70% .
I Daily travel mode L I Daily travel mode

60% - 60% -

50% 50% -

40% 40% A

30% A 30%

20% 20% -

10%- 10%

0% - 0% -
Bus Walk Bike Car Bus Walk Bike Car
(a) Total sample (b) Spatial aggregian model

I Travel mode for escorting I Travel mode for escorting

70%- I Daily travel mode 0% I Daily travel mode

60% - 60% -

50% - 50% A

40%+ 40% +

30% 30%-

20% A 20% -

10% -+ 10%

0% -+— 0% =
Bus Walk Bike Car Bus Walk Bike Car

(c) Jobhousing separation model (d) Schoolhousing separation model
FIGURE 4 Travel mode choice by escofspace models

Figure 4 (a) showshat thecar is the most important travel mode of parental
chauffeursamong all ofthe sampes. Thee seems to be no significant difference in
themode share of carse as well as walkingbetween escort trips and daily tripge
found that parents prefer to escort their children by Wwhde the percentagef those
travelingdaily by bike (24.6%)is greatetthanthat travelingdaily by bus (16.5%) It
Is possible that 66.1% of children in the sample are older thaand3canot be
chauffeuredusinga bike. To better understand the reasons for the distributidheof
travel modesof parental chuffeurs in detajlthis paper further anatgsthe modal
split characteristics under each esespacemodd. Figure4 (b) shows thathe modal
splits inthe patial aggregation mdel are similar to those of the total samgipect
for car and waling. The percentage of parentgho drive their children to school is
greaterthan that who use car daily and the situatiorior walking is the opposite.
This finding confirms the results of previous studies that showed #wtorting
children increases the praion of car trig (Yoon et al., 2011; He et al., 2013).
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For the travel mode distribution the job-housing separation modghownin
Figure 4 (3), parental chauffeurs perform significantly diffedgnbetween escort
trips and daily travelalthough 38.6%escorttheir children by walkingonly 2.3%
travel daily on foot. Moreover car is the most important mode of daily traweith a
high proportion of 63.6%. In facthe percentage of careior escort tripsdoesnot
decreasdut ratherincreass (352% vs 41.5% and themode shares of cycling and
bus decreaseThese findings indicate that the reduction in distance from home to
school alone does not reduce the number of car tipsontrast,it significantly
increase car useby decreasing t homeschooldistance athe cost ofincreasing the
homeworkplacedistance(e.g.,because opurchasinghouses irgoodschool districts
The resuls are consistent with theaboveanalysis.In contrast to theop-housing
separatiormodel, Figure 4 (d) shows tlat there is no significant difference between
escort trips and other daily trips the travel distribution inthe <hool-housing
separationmodel. Howeverthe proportion of cawusein the two groupss much
higher than that of other travel modésat is the distance from home to school laas
great impact on car use. Whehildrenchoose schools fdrom home their parents
preferto use aar.

We can conclude frorfrigure 4thatthe modalsplit shows significantdifferences
in the different escortspacemodels, indicatinghat the spatial relationshifetween
home school andthe workplace have significanteffect on parentathauffeurs’
travel mode choice.Jobhousing separation andchoolhousing separationn
particularincrease the proportion ofcaseduringtravel Because parental chauffeurs
in the spatial aggregation mode account for a great proportion in this(3é9y9,
the mode share of carai escort tripgs comparable to that idaily travel However
with the continal progress ofurbanization in Quijingcity, the proportios of the
job-housing separatiomodel andhe £hoolhousing separatiomodelwill continue
to increase which may lead moreparentalchauffeursto use cas or more familieso
buy cars.Thereforethe mode share for car use in ddilgvelis greater than that in
escort trips
4.4 MODELING AND RESULTS

In this study, the escespace model is considered the main factor that influences
parental chauffeurs’ travel mode choice. Therefore, it is important tahegbint

significance of the variables capturing the impact of the spatial models on mode

choice (Modell) by comparing the model against a simplified model without these
spatial models (Moddll). Other factors thatnay influence the parental chauffeurs’

daily travel mode choice based on previous studies are considered in both of these two

models. All the explanatory variables were checked for multicollinearity ééking
entered into the models. These varialaded the corresponding definitions are listed
in Table 3. Notably, the children’s characteristics, including age and gendehdeave
excluded from the explanatory variables because they are not significantlyassoci
with the outcome variables.
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1 Table 3 Explanation of observation variables

Variables Classificationand definitions Sample
Household
Annual household income Less than 50,0081 32.5%
50,006100,00G:2 47.9%
More than 100,000=3 19.7%
Car ownership No car=0 33.6%
One ormore tharonecar=1 66.4%
E-bike ownership No bike=0 31.4%
One ormore than one bikel 68.64%
Household location Not core area=0 67.7%
Core areal 32.3%
Parental chauffeur
Age Less than 40 years old0 34.9%
40 or more than 40 years elil 65.1%
Gender Female=0 50.8%
Male=1 49.2%
Income Less than 2,0081 42.0%
2,0005,00G=2 271.8%
More than 5,0083 30.2%
Education level High school or less0 54.4%
College or morel 47.6%
Driving experience No driving experience=0 32.7%
1-3 yearsl 27.4%
3-10 years2 14.1%
Morethan 10 years3 17.8%
Escortspace model Spatial aggregation=1 70.6%
Jobhousing separation=2, 12.8%
Schoothousing separation=3 16.6%
Escorttype On-the-way escorts1 18.5%
Out-of-way escorts2 21.4%
Pure escorting3 60.1%
Spatial relatbnship
Escortspace model Spatial aggregation=1 70.6%
Jobhousing separation=2, 12.8%
Schoothousing separation=3 16.6%

Note: Bold font represents the reference group.

The estimationand evaluationresuls of Model | and Modelll (shown in
parentheses) areported in Table 4. As the selected variables that were not significant
at the 010 level were excluded, escort type is not included in Table 4. One possible
reason that this exceptional factor is not significant is that the $ipaeeelationship
between parents and their children during escort trips has little impact on the

~NOoO 0ok, W DN
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1 chauffeurs’ daily travel. Athe pvalue ofthe modelis 0.0 (<0.05), both Model | and
2 Model Il haveregressiomesultssuperior to thosef their null models.
3 Table 4Regressionresultsfor parental chauffeurs’ daily travel mode choice
Mode Walk Bus Bike
Coef. S.E P>|z] Coef S.E P>|z] Coef. SE P>z

459 095 0.00r 6.95 0.84 000 356 1.10 0.00*

Constant
(4.69) (086) (0.00  (6.03) (0.77) (000%  (2.97) (1.05)  (0.01%
Household
Household 025 041 054 -0.63 030 0.04* -0.38 034 0.27
income2 (027)  (0.40) (0.50) (0.50) (0.29) (0.09%) (0.29) (0.34) (0.39)
Household -0.31 054 057 -1.14 040 000* -0.77 048 0.0
income3 (02)  (0.33) (062)  (-1.08) (0.39) (0.01*) (-0.73) (0.47)  (0.12)
. -3.78 055 0.00* -3.18 050 000* -351 050 0.00*
Carowning
(-343)  (0.51) (0.00% (2.92) (0.45) (0.00%) (3.27) (0.47)  (0.00%)
) ) -0.21 034 053 -0.31 025 022 332 0./ 0.00*
Bike-owning
(-0.30) (0.3) (0.37)  (0.29) (0.24) (0.23) (3.32) (0.75)  (0.009
0.30 0.38 0.42 092 03 0.0+ 005 0.3 087
Centerarea

(0.05) (0.35) (0.89) (1.23) (0.2 (0.00  (0.16) (0.30)  (0.60)
Parental chauffeurs
051 0.37 0.16 -0.67 025 0.000 -0.09 029 0.76

(0.34) (0.3) (0.34)  (0.58) (0.24) (0.01%) (0.01) (0.28)  (0.96)
-0.92 0.37 0.01* -0.40 0.27 0.13 004 0.3 0.89

>40 years old

Father
(-0.98) (0.3 (0.00¥) (-0.42) (0.2 (0.11) (0.03) (0.31) (0.92)
-0.01 0.40 097 -0.91 033 0.0 -0.09 035 0.78
Income2
(-0.09)  (0.39) (0.81) (-0.89) (0.30) (0.00%) (-0.07) (0.34)  (0.82)
-0.96 0.46 0.03* -0.88 042 085 -0.77 0.4 0.06*
Income3

(-1.07) (0.45) (0.02%) (-0.95) (0.32) (0.00%) (-0.85) (0.40)  (0.03%)

05 035 0.09* -0.07 026 078 -0.60 031 0.05*

College or more
(0.64) (039 (0.07*) (0.13) (0.26) (0.62)  (0.66) (0.20)  (0.08%

Driving -3.30 063 0.00*+ -2.97 058 0.0+ -3.19 060 000*
experiencel (-316)  (0.62) (0.00% (-2.90) (0.57) (0.00¥) (-3.09) (0.59)  (0.00%)
Driving -3.20 066 0.00+ -3.69 061 0.0+ -3.81 064 000
experience (-3.08) (065 (0.00% (-3.29) (0.59) (0.00¥) (-3.79 (0.63)  (0.00%)
Driving 533 095 0.00+ -3.48 062 0.0+ -510 071  0.00*
experience8 (5.11)  (0.94) (0.00% (-3.34) (0.60) (0.00¥) (-4.97) (0.69)  (0.00%)
Escort-space

Spatial model 2 -1.42 079 0.0/ -436 119 000* -151 069 0.03*
Spatial model 3 0.85 0.41 0.03* -0.95 036 0.01* -0.33 038 038
N=752 LR ch=671.52 (622.390)

Log likelihood:

L(0)=-862.28 {830.59)

L(B)=-526.53 {519.39)
McFadden Pseud®®  0.344 (0.319)

Note: * significance at th&0% level
8 As indicated in Table 4he R value(i.e. likelihood ratio index) of Model Is
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equalto 0.344, which is more than ¢ value (0.319) of Model IIR?is one of the
most importantndexesfor evaluating theotal performance ofariousmodels. When
the R valueis approximately 0.4, it maindicatean excellent fit forthe daily trave
mode choice of parental chauffeurOrtuzar and Willumsen, 20)11Thus, t shows
that the model withthe escortspace models has more significant goodnesx-fit
than the mdel withoutthe escortspace modelsThis finding confirmsthatthe main
variable in this studythe escortspacewhich reflecs the spatial relationship between
home workplace, and schodtlisplays a significant impact on the daitgvel mode
choice of parental chauffeursMoreover individual socioeconomic attributes and
household characteristics also significantly impact the daily travel modeechbic
parental chauffeurs

Thenegative coefficientsfdhe job-housing separation model, compared to those
of the reference groumre highly significant fowalk, bus and bike This finding
suggestshat parental chauffeurs under the influence of spatial separation between job
locations and residential locations anerelikely to travel daily bycar Fa instance
the spatial model 2 coefficient for bus-#36, which implies thateteris paribushe
OR (r,/Rr,.) for parental chauffeurbelongingto the spatial model & OR=exp
(4.36)=78.26 timedargerthan that for parental chauffesbelongingto spatial model
1. In other word, he parental chauffeurs who live in jbbusing separation model
are more likely to use car in their daily trips relative bias than the parental
chauffeurs who live living in spatial aggregation modatilar trends could also be
found in travel mode choice of walk anloike. However, comparedvith those in
spatial model 2, parental chauffeurs in fpatial model 3how differentpreference
for travel model The spatial moded coefficiens for walk and bikeare0.85 and -0.95,
respectivelywhich implies that th®©Rs for parental chauffeurs belong to the spatial
model 3are OR=exp (.85)=2.34and 0.39 timesrespectivelyJarger thanthosefor
the reference groupThus parental chauffeursunder the inflence of spatial
separation between school locations and residential locgirefsr to walk in their
daily trips rather than usgcar, whereashey are less likely to ussebusthan acar.
Thereis na a statistically significantifference betweeunsinga bike andacar These
findings demonstrate that the spatial separation is a major barrier that grevent
parental chauffeurs from using bus on their dailytrips and that jokbhousing
separation has a significant impact on their car use.

Regarding hougmld characteristicshousehold annual incomsignificantly
influences parental chauffeurstravel mode choice for daily tripsSince the
coefficiens are negative, compared to those whose annual household inedess
than 50000 CNYceteris paribuspther chauffeurs are more likely étoosecar than
bus.Chauffeurs from households with cars are ntiasly to choosethe car as their
daily travel mode as shown by highly significant antegativecoefficiens. This
result implies that parents who are responsible for escorting their childreroeze m
likely to usea car, which agreeswith thefindings of previous studs Furthermoreit
can be coduded thatparental chauffeurs often drive to othesti@tions ontheir
daily journeys evenwhenthey esca their child by walking or cycling. Simildy,
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chauffeurs from households withikes tend to usdikes as their daily travel mode
the coefficient of 3.3 was large ahdyhly significant. These findings reveal that the
allocation ofthe household vehicléo some extent depends on the parewilf to
escort their childMoreover, theresidential location has a significantpact on the
daily mode choice. Parental chauffeurs living within the center m@®entpositive
coefficients for botlwalking and busThis resultis probably caused by intensive land
use and relativelperfect public transpofacilities inthe @nter core

In terms of parental chauffeursharacteristicsage hasmegativeeffects onthe
travel mode choiceof the bus.The OR for parental chauffeurs older than 40 is
OR=exp (0.67)=0.51 times larger than that for the reference grotps result
suggestghat parental chauffeurs older than 40 prefeuse cas in their daily trips
rather than buses The negativecoefficientsfor the fatherregardingthe choiceto
walk indicate that fathechauffeurs are more likely to usecar as their daily travel
mode thanare mother chauffeurs.Similady, a significant difference betweenus
choice and reference growas found in term of income 2jndicating thatparental
chauffeurs withanincomebetween 2,000 and 5,0@NY prefer to use car on their
daily journeysrather thara bus.However,chauffeurs with income greater than 5,000
CNY have an opposite preference of daily travel mode ch@ice.possibleeasons
thathousehold carareusually allocated to males because they are pitiynarcharge
of earning money to support the famigccording to traditional Chinese concept
Another possible reason is thaking is the main daily travenode for the chauffeurs
who cannot afford to buy a car. Howevehauffeurs in caowner households are
more willing to use cars thaikes, even if they havbikes.In contrast tdhe findings
of McMillan (2007), thepositive coefficientfor collegeor higher education for the
choice ofthe busindicatesthat parental chauffeurs with a high education are more
likely to adopt public transport as their main travel mode. Morem&driving
experience increasgsarental chauffeurs have a haglpossibility of using thearand
are less likely to ustnebike on dailytrips.

5 DISCUSSIONAND POLICY IMPLICATIONS

Like many of the Western countries, to guarantee the implementation of the

nineyear compulsory education syste the Chinese governmentequires that
schoolage children enter schools closethe place of household registratiobhe
purpose of the nearby enrollment policy to avoid inequalitiesn educational
resources and to providenannobilized travel environmenfor children. Howeverit
directly cause$0.1%parents travel separately for escorting and commiiniq@ujing.
Thus, esearchregardingparental chauffeurglaily travel mode choicéhat takes into
account the spatial relationship between esadated locations is needdd addition,

this researchcan help better understand the daily use of cars by parental chauffeurs

and guide them lowcarbon travel choices through the implementation of relevant
policies
This study reveals thatthough both types of spatial separation contriltatéhe
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increase in daily car tripghey result in different chauffeurs' travel mode choices.
When the escortspace pertains to schodbousing separation, many parental
chauffeurs are willing to choose public transport as their daily travel mode under the
condition of a short jolnousingdistance. However, when tlescortspacepertains to
job-housing separation, the choice of the car is far more popular than other travel
modes, even though the distance between home and school isTekamain reason
may be that the daily travel mode choice of parental commuters depends largely upon
their homeworkplace distanceParents usually need to live farther frotheir
workplaces, whicltonsiderably increases their car uSensequently, decreasing the
distance between home and school at the expense of an increased distance between
homeand workplace leads to increased daily car ti¥us. confirm that the nearby
enrollment policy, which encouragéiigherincome parents to buy properties near
high-quality schools fotheir children, actually increases their car use for daily trips.
Therefore,in addition to shortening the distance between home and school by
improving the distribution of higlquality schools (Zhang et al., 2017), attention
should be paid to public tnaport and educational resources in areas near workplaces.
Moreover,the government should encourage and support the free sharing of resources
between higkguality schools and ordinary schools to reduce the purchases of houses
in particular school distrist

There are at leashitee methods to reducthe use of cardy parentsin the
cultural and institutional contexbf Quijing. First, we find thatcar ownerships an
important factorthat influences parental chauffeursdaily car trips Currently
approxmately &.3% of the people in Qujing have driving licensest only 36.7%
choosethe car as their main travel modg#ue to insufficient car availability in
householdsBikes, especially ikes, are likely to be the main mode of transport for
carfree housholds.The finding of Liu et al. (2017) also show that mothersn
carfree households tend to usebikes to escort their children to/from school.
However with the development ahe social economy and urban sprawlcreasing
numbers ofparents currenty tend to buy a second carespecially those from
high-income households hus,travel demangboliciesbased on the modeling results
should beimplementedto avoid the excessiveuse of cars Since highincome
households contribute the increasingpurchae and use of carthe government
shouldraisethe purchase tax on private cars when a household plans tasrgond
car and increase parking feedhe cental area where both educational resous@and
public transport are relatively good.

Second, lke-sharing schemdsavebeen sweeping across China since 20h@&
bike-sharing boom is a good opportunity to encougegental chauffeut® commute
via bike becausdhe presencef bikes has astrong positive impact othe chace of
cycling. Since the spatial separation betweevorkplaces and homes the leading
cause of parent chauffeurs' car use for daily tbpsed on our research findings,
bike-sharing systens alone can hardly changthose chauffeurs travel modes.
Thereforea marriage between bilgharing and rail transis essentialdi et al. (2016)
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found that young commuters and high-incacnenmutersare willingto use the public
bike as a feeder mode to rail transitherefore,bike-shaing companiesand the
government should pay more attentito optimal resource configuration for an
integrated bikesharing and rail transit systema.g., increasing the suppbf bikes
near the metro statioms the peripheral area.

Finally, becauseparenal chauffeus play a keyrole in household vehicle
allocation as analyzed previouslpolicymalersshould considetheir characteristics.
For parents oldethan 40 the bus company and the government should encourage and
support work units to offer public transportation allowances for them if possible,
addtion to improving the service quality dofie public transit system in Qujindn
addition, it is important toenhanceparentalpublic awareness of lowarbon travel
(Zhang et al., 2017)For example schoolteachershould encourage environmental
consciousness in childreio that they can pagsonto their parents.

6. CONCLUSION

This study investigatethe daily modal split among parental chauffewrhile
focusing onthe effecs of different escortspace models: spatial aggregation,
job-housing separationrand schoehousing separation. The findings stemirmhat
spatial separation is a major barrier that prevents parental chauffeurs frgmhesin
bus on their daily trips and th@tb-housing separatiois associated with thewar use.
Decreasing the distae between homand schoolat the expensef an increased
distance between home atie workplace leads to increased daibyr trips.Therefore,
polices focusing onan activity space perspectiae helpful for developingand
creating a sustainable tramsgation system

This research contributes to understanding parental chauffeurs’ daily traveel mod
choiceunderthe effects of theearby enroliment policyParental chauffeurs’ car use
for daily trips should not be overlooked under the influence of the uneven distribution
of educational resourceparticularly in regard tdhe spatial separation caused by
urban sprawl. Moreover, we discuss implications for policy and practice froel tra
demand management, urban planning and individual behavior leveLd®eddferent
spatial models result in different travel mode choicadditional studies should
explore the factar that can influence parental chauffeurs’ mode choice for each
spatial model. Moreover, the built environment, urban structure and school
distribution should be considereas factors (Lin et al., 2010; Broberg et al., 2015;
Easton et al., 2015). Furthermore, leegn activitybased survey diary data for both
children and their parents are needed, which sitemld be the focus omportant
question of futurestudies.
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