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1. Introduction 
 
 This research aims to understand the motorcyclist’s departure time on school commute by considering the effect 
of intra-household interaction, such as parental escorting. This is important because the number of children’s active 
commutes to school, such as walking, cycling, or using public transport in Yogyakarta has plummeted in the last 20 
years1). Many children are more likely to be escorted by their parent. By understanding their departure time, we can 
precisely facilitate their travel mode to reduce the private vehicle usage and promote widespread use of public 
transport, walking, and bicycling in the immediate future. 
 
2. Conceptual Background 
 
(1) Traveler Behavior 
 Students who have to go to school have a designated time and place for their classes. If they arrive late at the 
destination point, they will be penalized for late arrival. Therefore they have to plan their home departure time to 
minimize the probability of being late. Since there is a relationship between departure time and penalty for lateness, 
it can be modeled as a function which depends on trip characteristics for each transport mode such as frequency and 
operation time for public transport or vehicle speed at every different time interval either for public transport or 
private vehicles2). 
 If ݐௗభis departure time and Tij is travel time, the arrival time (ta) can be specifically calculated by summing 
 ௗభand Tij. However, since travel time varies depending on the operational feature of road vehicles, eventually taݐ
cannot be easily determined as described. Using a probability density function (PDF), ta and Tij are dependent on 
departure time ሺݐௗభሻ  and distance (lij) from origin i to destination j and can be respectively denoted as 
,௧ೌ൫߬ห݈௜௝׎  :೔ೕ൫߬ห݈௜௝൯. The PDF of ta is therefore determined by்׎ ௗభ൯ andݐ
 

,௧ೌ൫߬ห݈௜௝׎ ௗభ൯ݐ ൌ ೔ೕ൫்߬׎ െ  ௗభห݈௜௝൯                                                                                                                                  ሺ1ሻݐ
 
 If ts is the designated starting time of school and lateness is defined as a condition where ta > ts , the probability 
of lateness (α) at a given home departure time ݐௗభ can be given as: 
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                                                             ሺ2ሻ 

 
 Since the students are penalized if they late arrive at the school, they will minimize its penalty by leaving home 
early. This behavior can thus be formulated as a function of lateness probability (D1 = f (α)). 
 The flexibility or strictness of starting time either at workplace or at school and the differences in levels of 
tolerance of individuals towards being penalized cause α to vary for different types of groups. In example, the 
students at elementary school have a lower elasticity to shift their transport mode in regards to time3). This indicates 
that they have a low tolerance for being penalized if they late to arrive at school due to shifting to other transport 
mode. Whereas travelers who have a flexible work/school starting time will determine their departure time from 
home based on an intent to avoid the possibility of experiencing disutilities such as an over-early arrival time at their 
destination place or congestion charging4). Assuming that every group of traveler occupation has a different response 
in deriving lateness penalty (δ), D1 as shown in Fig. 1 can be expressed as: 
 

ଵܦ ൌ δ. ݂ ሺαሻ                                                                                                                                                                        ሺ3ሻ 
 
 



 The Prospect Theory5) distinguishes the outcome of a decision in two arguments: a gain if the outcome is 
greater than reference point and a loss if lower. We will refer to this theory in deciding the departure time from home. 
Defining the earliest acceptable departure time as the reference point (ݐௗ೐), students will obtain a gain when they 
depart from the origin after ݐௗ೐ and a loss before ݐௗ೐. Using a simple linier function, D2 as shown in Fig. 1 can be 
expressed by: 
 

ଶܦ ቊ
  0                              if ሺݐௗమ ൒  ௗ೐ ሻݐ
ω൫ݐௗ೐ െ ݐௗమ൯        if ሺݐௗమ ൏ ௗ೐ ሻݐ                                                                                                                            ሺ4ሻ 

 
 In this case, the gain that will be obtained by the students is assumed to be zero illustrating that they do not feel 
disutility if they depart later than earliest acceptable departure time. 
 Referring to the two disutility values above, D1 and D2, derived from the morning trip, it is depicted that 
students want to depart from home as late as they can, but in the other side they do not want to arrive late at the 
destination point. We thus can conclude that students decide the optimum departure time which has the minimum 
value on both disutility values ൫ݐௗ ൌ  ௗభమ൯. This can be accurately found by summing the derivative between the twoݐ
given by: 
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 Each individual in every group of traveler occupation may judge of their maximum tolerable value of lateness 
probability (ߙ௠௔௫) differently. Therefore, ߙ௠௔௫ is defined as random variable. The distribution of the random 
variable ߙ௠௔௫ follows a log normal distribution. The PDF of ߙ௠௔௫ is shown in Fig. 1 as curve of ఈ݂೘ೌೣሺߙሻ. This 
result in the departure time also being a random variable determined by the inverse-transform of  ఈ݂೘ೌೣሺߙሻ given 
by: 
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 Further, considering the disutility attained by the motorcycle driver regarding the disagreements, mental and 
physical fatigue and the occurrence of traffic accidents6), we define D3 as a function of average travel speed (v) 
drawn as follows. 
 

ଷܦ ൌ ݂ሺݒሻ                                                                                                                                                                              ሺ7ሻ 
 
 Considering the relationship that if ݒ ՜ 0 then ݂ሺݒሻ ՜ ∞, D3 is further assumed as a ratio function of average 
travel speed (v) and minimum tolerable travel speed (vmin): 
 

ଷܦ ൜
ݒif ሺ                                  ݐ݊ܽݐݏ݊݋ܿ   ൒ ௠௜௡ ሻݒ
ݒଵሺߚ  ⁄௠௜௡ݒ ሻି ఉమ                        if ሺݒ ൏  ௠௜௡ ሻ                                                                                                          ሺ8ሻݒ

 
 When D3 is a function of average travel speed (v) where average travel speed itself is a function of home 
departure time ൫ݐௗయ൯, total disutility in range of departure time ሺݐௗయሻ and arrival time ሺݐ௔ሻ can be formulated as: 
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 However, there are difficulties in collecting the serial data of vehicle travel speed varying in both temporal and 
spatial dimensions. Therefore D3 is approximated by the Eq. (10), where ݒ୶ is travel speed in xth road section along 
lx. 
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 A motorcycle driver will decide departure time ൫ݐௗమయ൯ by minimizing disutility accumulated due to earliness of 
home departure time (D2) and road traffic congestion (D3). However, in the case where the motorcycle driver does 
not feel disutility due to traffic congestion, he/she will consider the lateness of arrival, and therefore he/she would 
choose ݐௗభమ . It thus can be concluded that the motorcycle driver would choose the earliest between ݐௗభమ  and 
 .ௗమయ(shown in Fig.1)ݐ 



 The personality differences of each person give each a unique rate in which they accumulate disutility related to 
the traffic congestion. We will therefore assume that D3 is randomly distributed according to a log normal 
distribution. Due to this, departure time will also be randomly distributed and will be assigned the notation ׎௧೏మయ

. 
 Finally, considering the effect of intra household interaction on morning commute, a behavior of family 
member ride sharing will be taken into account. Assuming that each person has a different designated starting time at 
school/workplace, the person who has an earlier designated start time will be more dominant in determining home 
departure time. This argument can be described as: 
 

ௗ೘೔೙ ൌݐ min
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൫ݐௗ ሺ௭ሻ൯ , ݖ ൌ 1, 2                                                                                                                                       ሺ11ሻ 
 
 The other person who must adjust his/her departure time, will be reluctant to wait at workplace/school before 
starting time for a long time, therefore he/she will seek the optimum departure time considering lateness arrival at 
first destination and earliness arrival at second destination. The optimal departure time can easily be approached 
using a proportion of two departure times as shown in Eq. (12), where γ ranging from 0 to 1. 
 

ௗ೚೛೟ݐ ൌ .ߛ ௗ೥స೘೔೙ݐ ൅ ሺ1 െ γሻ.  ௗ೥ಯ೘೔೙                                                                                                                        ሺ12ሻݐ
 
(2) Transportation System 
 The effect of departure time decision on arrival time will depend on the traffic condition, such as travel speed. 
Given an lij distance section and a travel speed of vij, it is clear that travel time can be determined as Tij=lij/vij . Since 
travel speed varies during every time interval and follows the probabilistic distribution, the PDF of Tij is given by: 
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where  Φ௩೔ೕ  is the distribution function of travel speed (vij) along lij road section and follows a log normal 
distribution: 
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 Since Tij in Eq. (2) represents the total travel time from door to door, total travel time consists of access travel 
time (Tac), riding time along the road (Tr), and egress travel time (Teg) as expressed by: 
 

௡ܶ ൌ ௔ܶ௖ ൅ ௥ܶ ൅ ௘ܶ௚                                                                                                                                                       ሺ15ሻ 
 
 Assuming that the student departs from home at t=td along lac , the PDF of arrival time along access road 
(denoted as ׎௧ೌ೎) is given by: 
 

,ௗݐ|ݐ௧ೌ೎ሺ׎ ݈௔௖ሻ ൌ ೌ்׎ ೎ሺݐ െ  ௗ|݈௔௖ሻ                                                                                                                                 ሺ16ሻݐ
 
where ௔ܶ௖ is the access travel time obtained by observation and is log normally distributed. 
 A very important factor in deciding home departure time is the variation of riding time along the route from 
origin to destination. To obtain a good estimate of riding time, a route along lij distance will be divided into x road 
sections. Total riding time is calculated by summing the riding time along all x road sections during the specific time 
interval when the vehicle passes on that road section. Given a specific road section with  ݈௫భdistance, the PDF of 
arrival time at the end of point x1 (denoted as ׎௧ೣభ

) is given by: 
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where ׎ ೝ்೗ೣభ

൫ݐ െ ,ଵݔ௫భหݐ ௫భ൯ represents the PDF of riding time ௥ܶ೗ೣభݐ
along a specific road section  ݈௫భ that depends 

on origin x1 and the arrival time at x1 (ݐ௫భ). ׎௧ೣభ
൫ݐ௫భหݔଵ൯ represents the PDF of arrival time at origin x1.  

 Considering the travel speed distribution along the  ݈௫భ road section ሺΦ௩ೣభ
ሻ, by substituting the distance  ݈௫భ 

and Φ௩ೣభ
ሺݒ௫భሻ into Eq. (13), ׎௧ೣభ

ሺݔ|ݐଵሻ can be calculated. This calculation is repeated until xth road section. 
 Finally, using the same equation for access travel time, the arrival time at school can be easily determined. 



 
3. Mod
 
(1) Data
 Surv
survey, a s
Indonesia 
randomly 
motorcycl
escorted b
research s
 To b
motorcycl
1. Type 1
2. Type 2
3. Type 3
 The 
responden
 The 
routes for
thus minim
surveying
The select
 

del Applicatio

a aggregation
veys were con
student arrival
were sample
distributed fo

le users, 11.2
by their parent
scope which fo
etter understa
le users were c
1: The student
2: The student
3: The student
student arriva

nt arrival time 
final survey 

r motorcycle u
mized the nu
 a limited num
ted route, obse

Figure 2: 

Figure 1: Di

on 

n 
nducted to co
l time survey,
d as responde
orms, 312 for

22% were bus
ts using a car. 
ocuses on trav
and the effect 
categorized in
t as the motorc
t as a motorcy
t as a motorcy
al time survey

at school befo
conducted wa
user responde

umber of route
mber of road 
erving points,

The area of st

isutility functi

ollect data of
 and a travel t

ents. The ques
rms (85.5%) w
s users, 3.53%
However, on

vel behavior fo
of intra-house

nto 3 types as 
cycle driver.

ycle pillion rid
ycle pillion rid
y was conducte
fore the survey
as the travel t
ents. Therefor
es by lumpin
sections as th
 and result of 

tudy: motorcy

ions in regard 

the school m
time survey. T
stionnaire surv
were recollec
% were bicyc
nly 232 sets of
or motorcycle
ehold interacti
follows: 

der escorted by
der escorted by
ed in conjunct
yors hand over
time observat
re, it will imp
ng together th
he representat
travel speed o

ycle selected ro

to deciding o

morning comm
The students fr
vey was cond
ted effectively

cle users, 8.97
f data will be u
e users.  
ion in mornin

y family memb
y family memb
tion with the q
r the question
tion. Based on
possible to sur
e road section
tive of all roa
observation ca

outes, observi

f departure tim

mute which c
rom Senior Hi
ducted on Mar
y. From 312 
7% walked to
used in this re

g commute m

ber on the wa
ber who retur
questionnaire 

nnaire form to 
n the question
rvey all moto
ns with simil
ad sections wi
an be seen in F

ing points, and

 
me 

consists of a 
igh School 1 i
rch 17th, 2009
respondents, 
o school, and
esearch due to

mode choice, th

ay to workplac
rns home after

survey. Surve
respondent. 

nnaire survey,
orcycle possib
ar characteris
ith the same c
Fig. 2. 

d travel speed

questionnaire
in Yogyakarta
9. Out of 365
74.36% were

d 1.92% were
o limits of this

he students as

ce. 
r escort. 
eyors note the

, there are 27
le routes. We

stics and then
characteristic.

 
d 

e 
a, 
5 
e 
e 
s 

s 

e 

7 
e 
n 
.  



(2) Model Result 
 Applying the above proposed model, the estimated parameters are shown in Table 1. In addition, the 
comparison between simulated and observed arrival time at school is displayed in Fig. 3. Using the chi-square test to 
compare the expected value and observed value, it is obtained that the chi-square value for motorcycle users from 
type 1 to 3 are 5.46 (p < 0.95), 1.64 (p < 0.9) and 2.37 (p < 0.95). This values show that the proposed model to 
understand travel behavior in regards to departure time can be accepted in case of motorcycle users. 
 Observing the psychological nature of individuals in regards to lateness avoidance, it was gained that 
elementary school students are the most fearful of being late (1.49), while workers have the most flexible arrival time 
associated with starting time at the workplace (0.84). From these results, it can be predicted that the elementary 
school students who are escorted to school by motorcycle have more difficulty to shift to public transport if the 
public transport service cannot guarantee a definitive arrival time at school. 
 Regarding the parents or family members who escort their children to school on the way to workplace, the 
model result shows that their children have a larger influence (0.89) in deciding the departure time and therefore 
result in an earlier departure time from home by the parents who are workers. 
 Students by motorcycle mode tend to arrive earlier than the designated starting time at school as shown in Fig. 
3. This behavior is different with worker behavior that tends to arrive at the latest moment before their work starting 
time7). In case of escorted adolescent students, there are two conditions of school arrival time: (1) a very early arrival 
at school if the escorting family member returns home after escort and (2) an arrival time close to the designated 
school starting time if the escorting family member escorts on the way to workplace. 
 

Table 1: The estimated coefficients of motorcycle users in deciding departure time 

 

 
Figure 3: The measured and theoretical distribution of arrival time at school 

 
4. Conclusion 
 
 We have successfully developed a departure time model on morning commute to school based on the 
psychological nature of students. This model considers disutility obtained by student in regards to arrival lateness, 
over-earliness of departure, and traffic congestion during the morning commute. The effect of intra household 
interaction, such as ride sharing, is also considered in the model. The model was calculated using empirical data 
obtained from a travel diary survey of students conducted in 2009 in Yogyakarta, Indonesia. 
 Observations show that adolescent students are more likely to arrive at school earlier than the designated school 
starting time. If escorted by family members, they tend to arrive very early if the escorts return home and arrive close 
to the designated starting time if the escorts are on the way to their workplace. 
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