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The dissemination of traffic information through variable message signs is expected to minimize con-
gestion effectively by guiding travellers to make better route selections. In light of the fast expansion of
motorcycles in developing countries and the gap in the literature, the purpose of this research is to analyze
the key attributes that affect motorcyclists' preferences to divert from their original routes. A stated prefer-
ence experiment was conducted to recognize the en-route decisions in response to VMS messages. A binary
logit model was introduced to estimate the parameters associated with the two choices: stay or divert. As a
result, it was revealed that motorcyclists prefer to adjust routes when the alternative provides shorter dis-
tances, wider roads, less traffic, and lower trip durations. Individual characteristics, including age, occupa-
tion, education, and the habit of accessing traffic information sources while riding, also had a significant
influence on this behaviour. Motorcyclists showed a strong tendency to divert when route suggestions were
presented, leading to the study's implication of spreading traffic to create more balanced networks.
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1. INTRODUCTION

Traffic congestion is a severe problem in many cit-
ies throughout the world, especially in developing
countries. This condition is exacerbated by the rapid
growth of motorcycle ownership, the most prevalent
mode of transportation in South-East Asian coun-
tries, leading to gridlock mechanisms during peak
hours. There are numerous causes for these phenom-
ena, in general, the existing infrastructure has be-
come inadequate to accommodate traffic demand.
Nonetheless, constructing new roads to increase ca-
pacity is not always the foremost solution. This
scheme may result in a vicious circle of congestion
that is predicted to constitute a feedback loop since
the flow of vehicles will also rise to fill the additional
space. In fact, it was observed that the distribution of
traffic accumulation in road networks is not balanced
in occupying the entire links. Some paths are very
congested due to their popularity and familiarity
among travellers, whereas other sets of roads may not

be completely functional for a variety of reasons, in-
cluding human perceptions and tendencies. In light of
these issues, a number of prior studies suggested traf-
fic information as an effective and efficient method
for alleviating traffic congestion? in terms of time,
cost, and resources. This method will improve the
performance of traffic systems? since travellers will
be able to make better-informed route decisions.

A variable message sign (VMS) is a kind of intel-
ligent transportation system (ITS) device installed on
the road that can convey information about either
traffic conditions or early alerts of incidents. As a re-
sult, the utilization of available transportation infra-
structure can be optimized® by encouraging travel-
lers to prevent heavily used roads4. The existence of
this electronic board device may affect the prefer-
ences of travellers in both normal and congested traf-
fic by providing traffic guidances). However, the sig-
nificant benefits of VMS cannot be earned by motor-
cyclists in Indonesia, as VMSs are exclusively in-



stalled on highways and toll roads, which are not ac-
cessible to two-wheeled vehicles. Therefore, by mod-
elling and analyzing the route diversion behaviour of
motorcyclists, the objective of this research was to
assess how the provision of VMS in urban road net-
works could impact their routing decisions.

2. LITERATURE REVIEW

In essence, route choice is a daily decision made
by a vast number of travellers who select specific
routes based on a variety of attributes of the available
alternatives®. As individual characteristics and per-
ceptions contribute significantly to this decision-
making process, different vehicles may take diverse
routes between the same origin-destination. In addi-
tion, even though a pre-trip route choice has been
made, the observed circumstances or individual ur-
gency may cause the traveller to alter their original
path, which is afterward referred to as en-route route
choices. This route diversion behaviour tends to
demonstrate the distinction between the current and
expected best routes?.

Several existing studies have analyzed the factors
that most stimulate road users to deviate from their
intended route, however, all are focused on passenger
car drivers. A recent study on route diversion was
completed by Diop et al. (2020)®. Using a stated pref-
erence (SP) survey of drivers in Dalian, China, the
effect of driver acceptance of VMS information on
this behaviour was examined. The combination of the
Technology Acceptance Model (TAM) and the Hy-
brid Choice Model resulted in the fact that socioeco-
nomic characteristics, including age, gender, income,
driving experience, and style of route choice, affect
drivers' perceptions of VMS. Moreover, the message
should be as comprehensive as possible to assist road
users in making better travel decisions.

Another article was by Vacca et al. (2017)9), who
compared two different model structures, binary
logit, and mixed binary logit models, in order to de-
termine the best-fit model for characterizing the route
diversion behaviour. In contrast to prior research, the
study did not evaluate the reaction of drivers to the
traffic information, but rather their desire to deviate
due to a variety of route attributes and personal char-
acteristics, including habit and learning effect varia-
bles. Both traffic delay and distance were shown to
have negative coefficients, indicating drivers' disutil-
ity toward longer and more crowded routes. Younger
drivers, males, workers or self-employed, those with
less driving experience and lower monthly expenses
are more likely to divert from the original path. Ad-
ditionally, drivers were less favoured to change
routes with regard to their travel habits. Previously,
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Vacca and Meloni (2015)19 used GPS-based data in
Cagliari, Italy, to determine the major factors that in-
duce drivers to divert to alternative routes. The study
found that gender, age, income, driving age, percep-
tion of time, the number of traffic lights, and the pro-
portion of highways had a significant influence.

Ma et al. (2014)1D) estimated a multinomial logit
model to recognize variables that contribute to driv-
ers' compliance in Beijing, China, with the VMS
message. From the collected SP data, the model
demonstrated that driver characteristics, including
gender, driving experience, vehicle type, personality,
frequency of travel, and familiarity, influence the ten-
dency for route diversion. Meanwhile, Kattan et al.
(2010)12 evaluated similar responses, but toward in-
cident information delivered by VMS. The estimate
of a latent discrete choice model revealed that driver
experience, network familiarity, travel time, distance
purpose of travel, and complementary information
sources, affect the preferences to divert.

3. METHODOLOGY

(1) Data collection

In view of the fact that VMS is currently unavaila-
ble and inaccessible for motorcyclists in Indonesia, a
hypothetical choice experiment was required to cap-
ture the desired behaviour in this research. Accord-
ingly, the appropriate data collection technique for
specifying the preferences in route diversion to be ap-
plied is stated preference (SP). In addition to being
able to account for the non-existent markets, this
method offers many other advantages, including the
capability to avoid multicollinearity across attrib-
utes!®, as well as its time and cost efficiency.

As a combination of selected attributes, the hypo-
thetical scenarios were derived from the discrete
choice experiments (DCE) introduced by Aizaki et al.
(2014)4. Two primary groups are classifying the de-
terminants of the route diversion propensity: (1) route
attributes (i.e., distance, road width, travel time, traf-
fic flow), and (2) individual characteristics, which
consist of socioeconomic and motorcycle riding
properties. The latter, however, was not adopted to
generate the experimental design for the SP survey.

The experiment began by directing respondents to
visualize themselves riding a motorcycle from home
to the workplace. In the middle of the trip, they were
supposed to notice the traffic information from the
VMS. In this situation, sampled motorcyclists were
asked to decide whether to change routes to the alter-
native road informed by VMS or to continue along
their original path. The underlying assumption in the
experiment is that all respondents travel alone in the
same origin-destination pair.



In accordance with previous studies identifying the
most effective VMS display style, the traffic infor-
mation was delivered in the pictogram style, which
refers to the combination of graphic and text format
content. For the graphical message, the traffic condi-
tions were given as a color-coded map with three dis-
tinct colors (green, yellow, and red) indicating each
level of the traffic flow (light, moderate, and heavy
traffic), respectively, to allow the respondent to com-
prehend the report quickly. On the contrary, the travel
time and delay on the roads were disseminated in text
format. Figure 1 depicts the example of VMS pre-
sented to respondents in the SP survey.

Route 6 175 mins

Route 4

245 mins

G STRAIGHT TO ROUTE &

Fig.1 Example of VMS scenario given in the SP survey.

(2) Modelling approach

In the stated preference experiment, sampled mo-
torcyclists were offered two alternatives given the
traffic situation scenarios displayed in the VMS. Re-
spondents had to decide between staying on the pre-
sent route or diverting to an available alternative
route. In light of the sufficiency of the discrete choice
model in describing choice probabilities, the identifi-
cation of this sort of route diversion behaviour with
two choices necessitated the estimation of a binary
logit model specification.

To derive the logit model, equation (1) represents
the general utility function (Uj,) of the decision
maker n facing alternative j. The function funda-
mentally can be decomposed into two parts: the de-
terministic component of the utility (V};,), and the er-
ror terms of the model that assume independently and
identically distributed (i.i.d.) extreme value type |
(&n). The former is comprised of the marginal utili-
ties indicated by g and the vector of observable varia-
bles is denoted by the variable x;p,.

Un=Vinté&n=Bxpn+&n V] D

In this research, the relationship between explan-
atory variables and the tendency of motorcyclists to
deviate from the original path was examined using
BIOGEME?®® by estimating the size and direction of
the coefficients. The choice probabilities can then be
derived in the binary logit structure, as shown in
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equations (2a) and (2b).

B’x'n
Pjn = i = i 7 (2a)
Z{:1 eB'xin 1 —e’in"Vjn
P+ Py =1 (2b)

(3) Sample characteristics

In addition to behavioural responses, individual
characteristics of respondents, including socioeco-
nomic and motorcycle use properties, have also been
acquired through the SP survey. The data overview is
listed in Table 1.

4. MODEL RESULTS

For the purpose of discovering the most significant
variables that motivate motorcyclists to divert from
the original path, a binary logit model specification
was initially tested for all available variables, includ-
ing route attributes and individual characteristics.
The latter was also taken into account in the model,
considering its substantial impact on routing deci-
sions®., However, it was found that not all variables
affected riders' propensity for route diversion, lead-
ing to the decision to eliminate those variables from
the model. As a result, the final model specifying this
en-route routing decision is reported in Table 2.

Even though this study gathers data via SP sur-
veys, which typically include multiple hypothetical
observations for a single respondent, it is important
to note that the serial correlation has been tried to be
relaxed by implementing the flattening panel data
function technique available in BIOGEME software
3.2.10 version?5). Referring to the statistical parame-
ters, it was concluded that the model specification
summarized in Table 2 could adequately describe the
route diversion behaviour of motorcyclists. It is
worth noting that both generic and alternative-spe-
cific attributes have been estimated. Thus, a hypoth-
esis test must be conducted to statistically verify a
better-fitting model. This resulted in the likelihood
ratio test rejecting the null hypothesis with 5 degrees
of freedom and a 10% significance level, as denoted
by the lower likelihood ratio of 5.479 in comparison
to the chi-square distribution value (2 = 11.07).

The alternative specific constant (ASC) represents
the average effect on the utility of all variables not
accounted for by the model®). Accordingly, for the
model to be consistent with the theory, one alterna-
tive constant must be normalized to a value of 1. The
positive sign of ASC in the estimation results implies
that respondents prefer to stay on the existing route
rather than divert to another one.



Table 1 Individual characteristics (proportion in parenthesis).
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Socio-economic - Gender

Socioeconomic - Monthly income

3: undergraduate 101 (37.3%)

1: male 95 (35.1%) 1: no income 60 (22.1%)

2: female 176 (64.9%) 2: less than Rp 5,000,000 150 (55.4%)
Socioeconomic - Age 3: Rp 5,000,001 — Rp 10,000,000 45 (16.4%)

1: 17 - 24 years old 137 (50.6%) 4: Rp 10,000,001 — Rp 15,000,000 14 (5.2%)

2: 25 - 35 years old 84 (31%) 5: over Rp 15,000,000 2 (0.7%)

3: 36 - 50 years old 38 (14%) | Riding - Type of motorcyclists

4:51 - 60 years old 10 (3.7%) 1: commuter 262 (96.7%)

5: over 60 years old 2 (0.7%) 2: non-commuter 9 (3.3%)
Socioeconomic - Education Riding - Professional (taxis, couriers)

1: middle school or less 12 (4.4%) 1: yes 100 (36.9%)

2: high school 152 (56.1%) 2:no 171 (63.1%)

Riding - Driving license ownership

4: graduate 6 (2.2%)
Socioeconomic - Occupation
1: unemployed 11 (4.1%)
2: student 101 (37.3%)
3: government employee 12 (4.4%)
4: private sector 119 (43.9%)
5: freelancer 27 (10%)
6: retired 1 (0.4%)

1: valid
2: expired
3: none

234 (86.4%)
11 (4.1%)
26 (9.6%)

Riding - Length of experiences

1: less than one year
2:1to 3 years

3: 3to 5 years

4 over five years

32 (11.8%)
87 (32.1%)
70 (25.8%)
82 (30.3%)

Socioeconomic - Transport eExpenses

Riding — Daily frequency

1: less than Rp 1,000,000
2: Rp 1,000,000 — Rp 3,000,000
3: Rp 3,000,001 — Rp 5,000,000

188 (69.4%)
73 (26.9%)
10 (3.7%)

1: less than three times
2:3to 5 times
3: over five times

124 (45.8%)
107 (39.5%)
40 (14.8%)

5. DISCUSSION

Referring to Table 2, the results of the binary
model estimation pointed out the variables that sig-
nificantly affect the behaviour of motorcyclists with
regard to route diversion. The greatest effect on en-
route decisions among the route attributes evaluated
in the model arises out of the length of the path. As
expected, motorcyclists prefer to stick with their pre-
sent route when the distance of the alternative is
larger, which is consistent with the findings of Vacca
et al. (2017)19 and Kattan et al. (2010)!? in the case
of passenger car drivers. The degree of traffic flow
conditions (light, moderate, or heavy traffic), and the
travel time required to reach the destination, also fol-
low a similar trend. The negative signs of these coef-
ficients imply the disutility of motorcyclists toward
denser roads and longer trip times. The latter is in line
with Khattak et al. (1994)17.

Despite the benefits of two-wheeler vehicles' mod-
est size, which enables them to move freely on all
types of roads, including alleyways and narrow

shortcuts, it was found that motorcyclists still prefer
wider roads. This may be in consideration of traffic
safety and comfortability as a result of fewer disturb-
ances and obstacles compared to roads of lower clas-
ses in the hierarchy. Overall, the findings support the
a priori belief that the propensity to divert routes is
higher when the alternative route saves time, has
fewer queues, and is shorter in the distance, so as to
enhance their own travel performance and ultimately
disperse the severe congestion on the networks.
From the perspective of individual characteristics,
the age impact on motorcyclists' tendency to deviate
produced intriguing outputs. In contrast to the other
age groups, the senior rider, which is defined as being
over 60 years old, favours staying on their original
path rather than diverting route in response to the
VMS message broadcasting information about traffic
conditions, as also discovered in Jou et al. (2005)2.
Considering the aggressiveness of Indonesian motor-
cyclists on the road and the slower reaction time of
the elderly compared to younger age groups, this may
also be attributed to safety concerns. In the same



manner, student motorcyclists are more likely to
change routes than public workers, who have a strong
marginal utility to remain stationary. Moreover, in
the case of respondents who often access traffic in-
formation sources while riding motorcycles, the de-
sire for route diversion is more significant. In addi-
tion to the habit of updating the pre-trip route choice,
this is predictably also likely due to the awareness
and familiarity with traffic information delivered
from a variety of sources. Nevertheless, in compli-
ance with Vacca and Meloni (2015)1), it was re-
vealed that monthly income and transportation ex-
penses did not influence motorcyclists to divert.
Furthermore, the stated preference experiment in
this study also attempted to recognize the effect of
VMS route recommendation on the routing decisions

Table 2 Binary logit model estimation results.
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of motorcyclists. The model estimation summarized
in Table 2 confirms the hypothesis that when route
guidance is transmitted, motorcyclists are more likely
to alter the route with higher certainty. This discovery
may be interpreted and implemented in the practical
field to aid and control the proportion of motorcy-
clists on the road since they tend to adhere to the of-
fered suggestion. In the end, it is expected that the
distribution of vehicles across networks will be more
balanced, and the vehicle time spent on the road will
decrease. It is also noteworthy that the provision of
VMS neither distracts drivers nor jeopardizes traffic
safety, since no equipment on the rider's side is nec-
essary1l), Therefore, this strategy is good and secure
for regulating motorcycles on networks.

Estimated parameters Utility Interaction Coefficient t-test p-value
Constants
ASC (stay on the current route) 1.56 4.66 0.00
Route attributes
Path length (kilometers) Both -3.08 -2.80 0.01
Minimum road width (meters) Both 1.79 242 0.02
Traffic flow degree Both -0.56 -5.78 0.00
Average travel time (minutes) Both -0.08 -1.83 0.07
Provision of route suggestion Vdivert 0.51 2.97 0.00
Individual characteristics:
Age from 17 to 24 Vstay -0.95 -4.01 0.00
Age from 25 to 35 Vstay -1.17 -6.03 0.00
Age from 36 to 50 Vstay -1.25 -5.49 0.00
Age from 51 to 60 Vstay -0.93 -2.25 0.02
Age over 60 Vstay 5.87 11.30 0.00
Government employee Vstay 1.05 2.19 0.03
Student Vstay -0.42 -1.82 0.07
Lack a valid driving license Vstay 0.81 2.66 0.01
Master's degree graduate Vdivert 1.61 2.71 0.01
Habit of observing traffic information while riding Vdivert 0.32 1.68 0.09
Model parameters:
Null log-likelihood (LLg) -982.16
Initial log-likelihood (LLasc) -619.67
Final log-likelihood (LLp) -535.61
Rho-square (p?) 0.136
Rho-square-bar (adjusted p?) 0.108
Akaike Information Criterion (AIC) 1105.22
Bayesian Information Criterion (BIC) 1186.74




6. CONCLUSION

This research explores the propensity of motorcy-
clists to adjust routes under a VMS environment. A
web-based stated preference experiment was con-
ducted in order to evaluate the routing decisions of
individuals when encountered with numerous hypo-
thetical choice scenarios. Since respondents were
presented with two options, staying on the original
path or diverting to an alternative road, the route di-
version behaviour of motorcyclists was investigated
by estimating a binary logit model.

The model specification revealed that motorcy-
clists are more likely to divert when the alternative
route offers better conditions in terms of traffic vol-
ume, travel times, and distance. Nonetheless, it was
discovered that almost all motorcyclists favour di-
verting routes, except those over 60 who prefer to
stay on their current route. The provision of route
suggestions on the VMS display proved to cause mo-
torcyclists to deviate significantly. As a result, it is
considered that broadcasting real-time traffic infor-
mation is an effective strategy for managing traffic
and reducing congestion by guiding travellers to dis-
perse throughout road networks. Thus, a practical
recommendation can be made, which is to broaden
the implementation of VMS to varying road types
that are accessible by a range of vehicles.

Several limitations of this study should be
acknowledged. First, the data obtained through hypo-
thetical choice scenarios only accounted for one
origin and destination pair, which might restrict the
preferences that were recorded. Second, the investi-
gation did not differentiate the level of awareness to-
ward VMS-delivered messages. Adding more attrib-
utes to capture this behaviour might result in a more
extensive model describing the tendencies of motor-
cyclists in route diversion. Accordingly, considering
the limitations mentioned above, some future work
should be done to extend the scope of this research.
The threshold of each essential attribute that would
motivate motorcyclists to change their current path
can be explored to enrich the references for practical
implementation. In addition, the different VMS for-
mats should be assessed in order to determine the
most appropriate and effective display for travellers
in Indonesia. The day-to-day dynamic routing deci-
sion-making process must be observed, allowing for
gathering varied route patterns, as well as distinct in-
dividual urgencies and characteristics.

REFERENCES
1) Jou, R.C., Lam, S. H., Liu, Y. H., and Chen, K. H. : Route

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

5 67 B AFEPMARRS - HRE

switching behavior on freeways with the provision of differ-
ent types of real-time traffic information, Transp. Res. Part
A Policy Pract., pp. 445-461, 2005.

Shang, H., Huang, H., and Gao, Z. : Design real-time traffic
information by cell transmission model, J. Beijing Univ.
Aeronaut., VVol. 34, No. 2, pp. 234-238, 2008.

Lee, C., Choi, K., and Lee, S. : Evaluation of drivers' re-
sponses to ATIS: A practical VMS-based analysis, KSCE J.
Civ. Eng., Vol. 8, No.2, pp. 233-237, 2004.

Yan, X., and Wu, J. : Effectiveness of variable message
signs on driving behavior based on a driving simulation ex-
periment,. Discrete Dyn. Nat. Soc., 2014.

Peeta, S., Ramos, J. L., and Pasupathy, R. : Content of vari-
able message signs and on-line driver behavior, Transp. Res.
Rec., Vol. 1725, pp. 102-108, 2000.

Bapat, S. V., Zala, D. R. L. B., and Amin, A. A. : Route
choice analysis: A case study of NH 8 and NE 1, Interna-
tional Journal of Recent Trends in Engineering and Re-
search, Vol. 3, pp. 216-227, 2017.

Chen, R., and Mahmassani, H. S. : Learning and risk atti-
tudes in route choice dynamics, In Kitamura, R., Yoshii, T.
(eds.), Expanding Sphere of Travel Behavior Research, Em-
erald: Bingley, UK, pp. 791-818, 2009.

Diop, E. B., Zhao, S., Song, S., and Tran, V. : Modelling
travellers' route switching behaviour in response to variable
message signs using the technology acceptance model,
Transport, Vol. 35, pp. 1-15, 2020.

Vacca A., Prato C. G., and Meloni 1. : Should | stay or
should 1 go? Investigating route switching behavior from re-
vealed preferences data, Transportation, VVol. 46, No. 1, pp.
75-93, 2017.

Vacca A., and Meloni I. : Understanding route switching be-
havior: an analysis using GPS based data, Transp. Res. Pro-
cedia, Vol. 5, pp. 56-65, 2015.

Ma, Z., Shao, C., Song, Y., and Chen, J. : Driver response
to information provided by variable message signs in Bei-
jing, Transp. Res. Part F Traffic Psychol. Behav., Vol. 26,
pp. 199-209, 2014.

Kattan, L., Habib, K. M. N., Nadeem, S., and Islam, T. :
Modeling travelers' responses to incident information pro-
vided by variable message signs in Calgary, Canada,
Transp. Res. Rec., Vol. 2185, pp. 71-80, 2010.

Abraham, J. E., McMillany, S., Brownlee, A. T., and Hunt,
J. D. : Investigation of cycling sensitivities, Presented at
Transportation Research Board Annual Conference, Wash-
ington D.C, U.S., January 13-17, 2002.

Aizaki, H., Nakatani, T., and Sato, K. : Stated preference
methods using R, Chapman & Hall/CRC Press: Boca Raton,
FL, USA, 2014.

Bierlaire, M. : A short introduction to Pandas Biogeme,
Technical Report TRANSP-OR 200605, Transport and Mo-
bility Laboratory, ENAC, Ecole Polytechnique Fédérale de
Lausanne, Switzerland, 2020.

Train, K. : Discrete choice methods with simulation (Second
Edition), Cambridge University Press, 2009.

Khattak, A. J., Kanafani, A., and Colletter, E. L. : Stated and
reported route diversion behavior: implications on the ben-
efits of ATIS, Transp. Res. Rec., Vol. 1464, pp. 28-35,
1994,

(Received July 1, 2009)
(Accepted November 1, 2009)



