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There are different preferences in the decision-making process of humans due to stochasticity. Therefore, this study 
was conducted to investigate the preferences in selecting a particular mode of travel. This involved using discrete 
choice modeling. The predictive performance of the model was also evaluated with the contribution of each variable 
to the model. This is useful for stakeholders to evaluate which factors have significant contributions enabling them to 
adjust policy accordingly. This study made use of surveys which incorporate revealed and stated preferences in the 
City of Langsa, Aceh, Indonesia to produce 13 variables including trip attributes and socio-demographic characteris-
tics. This study employs tree distinguished models based on age classes within the sample: all-data, old-age class, 
and young-age class. Seven variables namely trip frequency, willingness to travel frequency, level of education, 
household transport expenditure, number of family members, travel cost , and travel time exhibit significancy in every 
model albeit with diverse extents. With negative vectors, travel cost appears to have the greatest magnitude of scale 
parameter among variables in every model. Furthermore, each model managed to predict the outcome of alternative 
1 extremely well, scoring nearly a perfect 100% a piece. However, no model yields a good accuracy rate in predicting 
alternative 2, with all models scoring below 15%. All models exhibit good overall accuracy rates, correctly predicting 
in at least 7 out of 10 times.

Key words: discrete choice model, determinants, age-classes, trip attributes, socio-demography, accuracy

INTRODUCTION

Significant economic growths have been boosted by the 
implementation of free movement agreement for people 
and goods across borders and this is partly aided by low-
fare air carrier expansion. This means air transport is 
mostly preferred due to its minimum low travel time, but 
seaborne transportation provides an alternative particu-
larly for maritime countries like Indonesia. This is due to 
its abundance of maritime wealth, more eco-friendliness 
in term of CO2 emission per cargo ton [1], and the recent 
reduction in its fare [2]. Therefore, people’s willingness to 
make use of maritime instead of air transport need to be 
investigated. This is necessary to assist stakeholders in 
making appropriate investment decision in a sea-borne 
transportation system due to its economic feasibility. 
Moreover, it is possible to model the preference of peo-
ple in selecting a travel mode using the conventional sta-
tistical method called discrete choice modeling as well as 
more advanced approaches such as machine learning. 
A discrete choice model is usually applied to understand 
the effects of people’s behavior on their ability to decide. 
It has been implemented in extensive sectors such as 
transportation, economics, energy consumption, and 
several others with different goals including preference 
analysis, market share prediction, etc. [3]. Mode choice 
modeling has also been used to evaluate policy impli-
cations by developing accurate travel demand forecasts 
[4-7]. Moreover, Random Utility Maximization (RUM) has 
been widely used in modeling travel choice behavior. It 
is established on a premise that each person aims to 
optimize its utility based on a set of attributes after which 

the most optimized alternative is selected. As the name 
implies, it is a random process which involves each per-
son having distinct objective functions to optimize certain 
attributes more than the others. The model has the ca-
pacity to reflect an individual’s perceived value of these 
attributes. It is, however, impossible to make a definite 
and precise prediction of every person’s choice but the 
model can estimate the probability of a person opting for 
each alternative. This involved the consideration of the 
choice with the highest value as an individual’s preferred 
choice. In contrast to RUM, Random Regret Minimiza-
tion (RRM) is driven by aims to elude a case where, on 
some attribute, some non-chosen alternative outperform 
the chosen alternative hence its objective is preventing 
‘regret’ [8, 9]. However, empirical findings suggest that 
there is minimum discrepancy between RRM and RUM 
in term of performance. RUM aims to investigate the re-
lationship between choice alternatives and their possible 
determining factors. Previous studies suggested that this 
relationship tends to be non-linear and one of the most 
dominantly used techniques to model a non-linearity is 
the logit model. It is based on the consumer economic 
theory originally developed by McFadden [10] to explore 
the probability of a person making a particular choice. 
This concept is fed on a previously set utility function. It is 
considered simple but also allows unobserved variables 
to be represented in the term of stochasticity. According 
to Aloulou [11], this model performs well in separating 
determinants and analyzing a person’s random behavior 
towards discovering the tendency in line with motivation-
al and characteristics ground. Moreover, the logit model 
assumes that each choice is independent and identically 



Istraživanja i projektovanja za priverdu ISSN 1451-4117
Journal of Applied Engineering Science Vol. 20, No. 2, 2022

512

Sofyan M. Saleh, et al. - Investigating the determinants of travel mode choice across age classes in 
Langsa, Indonesia utilizing logit model

distributed (IID) and there is also the need to satisfy the 
premise of independence of irrelevant alternatives (IIA) 
to obtain unbiased predictions and consistent parameter 
estimations [12]. This model often ignores relationships 
among dependent variables because they are difficult to 
be included in the utility function [13]. Most researches 
in the scope of discrete choice modelling evaluate the 
model solely on statistical inference on the model and 
falling short of testing the model. Parady et al. [14] argue 
that the reliance on statistical goodness-of-fit in discrete 
choice models is not appropriate. The model should 
also be validated and has its predictive ability tested. In 
evaluating the predictive performance of the model, this 
study made use the k-fold cross-validation. This proce-
dure is aimed to reduce bias and avoid overfitting. K-fold 
approach divided the data into k-subsets with approxi-
mately same size, where k-1 groups of data were used 
to train the model while the remaining group was fitted 
into the model to test, make a prediction, and obtain the 
accuracy score. This process was repeated for k-time 
as cross-validation in which each subset was treated as 
the test set exactly once. Therefore, this study aimed to 
investigate people’s preference in selecting their travel 
mode choice using discrete choice modeling particularly 
in the context of a medium-sized city of Langsa with a 
population of 176,811. The effects of every variable on 
the model were evaluated. Each variable contribution is 
a useful consideration for stakeholders to evaluate which 
factors contribute the most hence they can adjust policy 
accordingly. The models were split based on age allow-
ing for an inference on variables distinguished impacts 
across age groups. Moreover, the models’ predictive 
capabilities were tested for further evaluation. The re-
mainder of this paper is divided into some sections be-
ginning with survey and data description, methodological 
approach, parameter estimation, result discussion, and 
conclusion and future work and the end.

MATERIAL AND METHODS

Material

This study focused on the City of Langsa, Aceh, Indo-
nesia which is located 400 km north-east of provincial 
capital Banda Aceh and has a population of 176,811 [15] 
contributing to a 737 people/km2 density. An internation-
al passenger sea route connecting Langsa and Penang, 
Malaysia, as shown in Figure 1, was opened in 2013 but 
was then terminated after operating for merely 3 months 
accommodating 35 trips. This study is also part of a proj-
ect which is originally aimed to evaluate and determine 
whether the city government should reverse its decision 
and reoperate the route. This led to the conduct of a 
survey for almost two weeks in November 2019 using 
eight surveyors that randomly disseminated question-
naires in-person and assist respondents in filling in the 
questions attributed to sociodemographic, trip attribute, 
and travel mode choice. The survey area is illustrated in 
Figure 2. Moreover, nine different hypothetical scenarios 
of travel cost and time were designed and included in 
the paper sheets to determine the preferred mode. The 
variables used in the logit model were derived from these 
questions. Only responses returned in complete form 
were considered for this study. A total of 402 question-
naires were adjudged to be valid for the study and the 
questions presented are summarized in Table 1. A small 
number of samples could significantly impair the normal-
ity of the dataset [16, 17], however with a sample size of 
at least 200, the normal distribution of the dataset should 
be maintained [16]. Using a formula stated in Lwanga 
and Lameshow [18] to estimate the sufficient number of 
sample, it is found that with 95% confidence level and 
10% sampling error, there should be at least 96 dataset. 
Hence, the dataset used in this study should represent 
the population properly thus warrant the validity of this 
study.

Figure 1: An international passenger sea-route connecting Langsa and Penang
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The questionnaire presented three different alternative 
modes of traveling to the respondents. Alternative 1 refers 
to ship through Langsa-Penang sea-route while alterna-
tives 2 and 3 correspond to airplane through Sultan Iskan-
dar Muda Airport in Banda Aceh (nearly 450 km north-
west of Langsa) and Kuala Namu Airport in Medan (more 
than 200 km southwest of Langsa) respectively which 
are reachable through car or bus. The fare for alternative 
1 was set at IDR 500,000 while alternative 2 costs IDR 
1,110,000 and alternative 3 costs IDR 925,000 in typical 
days. Moreover, alternative 1 normally takes 6-7 hours to 
complete, alternative 2 takes 10-12 hours, and alternative 
3 takes 8-9 hours depending on the weather condition. 
There were nine hypothetical scenarios involving combi-
nations of ship travel time and cost which were introduced 
to respondents and these included unchanged time and 
45% cheaper cost, unchanged time and 30% cheaper, 
unchanged time and 15% cheaper, 10% faster time and 
45% cheaper cost, 10% faster time and 30% cheaper 
cost, 10% faster time and 15% cheaper cost, 20% faster 
time and 45% cheaper cost, 20% faster time and 30% 
cheaper cost, and 20% faster time and 15% cheaper cost. 
The respondents were asked whether they prefer to take 
the sea route in each of these scenarios. These hypothet-
ical schemes are useful to understand the perception of 
the respondents about the value of travel time and cost 
as well as the importance of setting appropriate fare when 
introducing a travel mode. In total there were ten distinct 
scenarios each respondent needed to answer which gave 

Figure 2: Area of survey [20]

an equivalent of 4020 observations. Table 2 shows the 
descriptive statistics of the responses obtained. Alter-
native 1 was observed to have been selected in nearly 
every four out of five observations and on average re-
spondents travel from Langsa to Penang once in every 
quarter. It reflects the study conducted by Bergantino et 
al. [19] which indicates accessibility as a primary con-
stituent in airport provision. It confirms that cost and 
time taken to access affect travelers’ preferences. 

Table 1: Summary of the questionnaire

Item Description
Trip

Mode Travel mode choice
Frequency How many times respondent travel per month
Willingness
frequency

How many times respondent is willing to travel using 
alternative two

Individual
Gender Gender of respondent

Age Age of respondent
Education Education level of respondent

Employment Employment of respondent
Household

Income Household income of respondent per month
Transport expenditure Transport expenditure of respondent per month

Family size Number of respondent’s family member 
Car Number of cars owned by respondent

Motorbike Number of motorbikes owned by respondent
Travel time scenarios unchanged, 10%, or 20% faster
Travel cost scenarios 15%, 30%, or 45% cheaper



Istraživanja i projektovanja za priverdu ISSN 1451-4117
Journal of Applied Engineering Science Vol. 20, No. 2, 2022

514

Sofyan M. Saleh, et al. - Investigating the determinants of travel mode choice across age classes in 
Langsa, Indonesia utilizing logit model

Table 2. Descriptive statistics of respondents’ responses

Item Category Share Mean Min Max
Std.
Dev.

Trip
Mode 
(total)

Alternative 1 78.73 % - - - -
Alternative 2   0.17 % - - - -
Alternative 3 21.10 % - - - -

Existing 
Frequency

- - 0.25 0 6 1.06

Willingness
frequency

- - 2.86 0 6 2.48

Individual

Gender
Male 76.87 % - - - -

Female 23.13 % - - - -

Age

17-19 years   1.00 % - - - -
20-29 years 27.61 % - - - -
30-39 years 25.62 % - - - -
40-49 years 22.39 % - - - -
50-59 years 17.66 % - - - -
> 60 years   5.72 % - - - -

Education

Elementary 
school   8.46 % - - - -

Junior high 
school   7.96 % - - - -

Senior high 
school 62.93 % - - - -

Vocational 
study   4.23 % - - - -

Undergraduate 16.17 % - - - -
Postgraduate   0.25 % - - - -

Employment

Civil Servant/
Military officer/
Police officer

  2.74 % - - - -

General em-
ployee 12.19 % - - - -

Entrepreneur 50.00 % - - - -
Part-time/

retiree
  2.98 % - - - -

Housewife   8.96 % - - - -
Others 23.13 % - - - -
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Household

Income

IDR 1,000,000 
or less 19.15 % - - - -

IDR 1,000,000-
3,000,000 53.23 % - - - -

IDR 3,000,000-
5,000,000 23.63 % - - - -

IDR 5,000,000-
7,000,000   2.49 % - - - -

IDR 7,000,000-
10,000,000   0.75 % - - - -

More than IDR 
10,000,000   0.75 % - - - -

Transport 
expenditure

IDR 500,000 or 
less 68.66 % - - - -

IDR 500,000-
1,000,000 21.14 % - - - -

IDR 1,000,000-
1,500,000   8.46 % - - - -

IDR 1,500,000-
3,000,000   0.99 % - - - -

IDR 3,000,000-
3,500,000   0.50 % - - - -

More than IDR 
3,500,000   0.25 % - - - -

Family size - - 4.09 1 9 1.64
Car - - 0.10 0 4 0.38

Motorbike - - 1.45 0 7 0.82

It is important to note that more than three-quarters of 
the respondents were male and those aged 20-29 years 
were observed to be the most dominant age. Moreover, 
more than six-tenths of the respondents were graduates 
of senior high school while half of the sample set were 
entrepreneurs. It was also discovered that only 5% of the 
respondents earned more than IDR 5 million in a month 
while only one-tenth spent more than IDR 1 million for 
transportation purposes monthly. The mean of the re-
spondent's family members was approximately 4 while 
each household averagely had 0.10 cars and 1.45 mo-
torbikes. Meanwhile, the lack of data on alternative 2 led 
to its combination with alternative 3. There is a need to 
arrange the data in typical ways to help with model cal-
ibration due to its distribution. For example, the income 
section was sorted into two distinct clusters including the 
middle-low income (earning less than IDR 3 million) and 
middle-high income (earning more than IDR 3 million) 
instead of the previous six classes. Similarly, it also ap-
plies to the transport expenditure which was arranged 
into middle-low expenditure (spending less than IDR 
500,000) and middle-high expenditure (spending more 

than IDR 500,000), employment into entrepreneur and 
others, age into young (40 years or younger) and old (40 
years or older), education level into secondary educa-
tion and non-secondary education graduates, and mode 
choice into alternative 1 (ship) and alternative 2 (airplane 
via airport either in Banda Aceh or Medan). There was 
small difference between the share of income class with 
its corresponding transport expenditure class, as house-
holds with higher income tend to allocate more resource 
for transportation expenditure [21, 22]. Table 3 illustrates 
the data after some adjustments have been made.

Method
Some observed and deterministic factors influence the 
utility function in the logit model and they relate to the 
individual’s socioeconomic characteristics, the techni-
cal aspect of the alternatives, and the environment sur-
rounding the choice [11]. An unobserved factor which 
reflects the stochasticity of individuals’ ultimate choice 
and likely to be undetected by the model was also added 
to the model. The logit model assumes each unobserved 
factor is IID with a distribution of Gumbel type I extreme 

Item Category Share Mean Min Max
Std.
Dev.
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Item Category Share Mean Min Max
Std.
Dev.

Trip

Mode 
(total)

Alternative 1 78.73 % - - - -

Alternative 2 21.27 % - - - -

Trip frequency 
(times/month) - - 0.25 0 6 1.06

Willingness 
to travel          

frequency 
(times/month)

- - 2.86 0 6 2.48

Individual

Gender
Male 76.87 % - - - -

Female 23.13 % - - - -

Age
Young < 40 54.23 % - - - -

Old > 40 45.77 % - - - -

Education Secondary 91.54 % - - - -

Non-second-
ary   8.46 % - - - -

Employment Entrepreneur 50.00 % - - - -

Others 50.00 % - - - -

Household

Income
Middle-low 72.38 % - - - -

Middle-high 27.62 % - - - -

Transport 
expenditure

Middle-low 68.66 % - - - -

Middle-high 31.34 % - - - -

Family size - - 4.09 1 9 1.64

Car - - 0.10 0 4 0.38

Motorbike - - 1.45 0 7 0.82

Table 3: Data distribution after pre-processing

It can also be written in linear expression as shown by 
Equation 2

𝑈𝑈𝑖𝑖 = 𝛼𝛼0 + 𝛼𝛼1𝑋𝑋1 + 𝛼𝛼2𝑋𝑋2 + 𝛼𝛼3𝑋𝑋3 + ⋯+ 𝜀𝜀𝑖𝑖  1 (2)

Where:

Ui  = utility function of each alternative
Xi = factors affecting utility functions which 
include individual’s socioeconomic characteristics, tech-
nical aspect of the alternatives, and environment sur-
rounding the choice
α = scale parameters (coefficient of the vari-
ables and constant)
εi = random unobserved term

value and the utility function is illustrated in the following 
Equation 1.
𝑈𝑈𝑖𝑖 = 𝑓𝑓(𝑋𝑋𝑖𝑖) + 𝜀𝜀𝑖𝑖  1 (1)
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𝑃𝑃𝑖𝑖𝑖𝑖 =
𝑒𝑒𝑈𝑈𝑖𝑖𝑖𝑖

� 𝑒𝑒𝑈𝑈𝑖𝑖𝑖𝑖𝐽𝐽
𝑖𝑖=1

1 (3)

The choice with the highest utility value has the highest 
probability to be selected by an individual and is consid-
ered as the chosen alternative. Data obtained from ob-
servations were utilized to calibrate the scale parameters 
α. Maximum Likelihood Estimator (MLE) was employed 
in scale parameters calibration process, which was con-
ducted in Python-based module named Biogeme  [23]. 
In calibrating the model, some parameters called the 
Goodness-of-Fit were set as bars to determine whether 
the subsequent model fit well enough. These parame-
ters are Pseudo R-squared ( ρ ̅2) and significant student 
t-test. ρ ̅2 is defined as how far the ratio of the log of con-
vergent model to the log of the initial model deviates from 
1. The greater the value of ρ ̅2 is, the better the model
is. ρ ̅2 ranges from 0 to 1, and a 0.2 – 0.4 value of  ρ ̅2 
indicates an excellent model [24]. The scale parameter α 
was evaluated using a student t-test with a maximum of 
10% significance. A high significant error indicates an in-
significant parameter, consequently this parameter was 
then excluded from the model. This assessment was ex-
ecuted repeatedly until all remaining parameters in the 
model are considered significant. This procedure is illus-
trated in Figure 3.

Figure 3: Model calibration flowchart

The factors commonly employed by previous studies in 
investigating individual travel mode choice include the 
sociodemographic attributes such as the individual and 
household characteristics, trip attributes, mode-specific 
dynamics, built environment, environmental attributes, 
urban design, health-related characteristics, and mete-
orological conditions [25-28]. Factors used as the vari-
ables in this study are, therefore, presented in Table 4. 
In specifying the appropriate and good utility functions, 
trial-and-error was employed until all variables used in 
the models are significant which is unfortunately often 
time-consuming and vulnerable to flaws [29].

Table 4: Variables employed

Acronym Variable
ASC Alternative Specific Constant
TF Trip frequency (times/month)

WF Willingness to travel frequency (times/
month)

G Gender: male = 1, female 0.

A Young age: 40 years old or younger = 1, 
otherwise 0

LE Level of education: secondary or over = 1, 
otherwise 0

E Employment: entrepreneur = 1, otherwise 
0

I Household income: at least IDR 3 million = 
1, otherwise 0

TE Household transport expenditure: IDR 500 
thousand or more = 1, otherwise 0

FM Number of family members
C Number of cars owned
M Number of motorcycles owned
TC Travel cost of alternative 1 (million IDR)
TT Travel time of alternative 1 (hour)

K-fold cross validation was utilized to assess the perfor-
mance of each model in predicting travel model choice. 
It allows a minimization of bias and prevention of overfit-
ting. K-fold split the data into k-subsets with approximate-
ly same size. The first k-1 classes were used to train the 
model which ultimately was validated using the remain-
ing class. This would return a prediction which would be 
compared to the actual outcome to obtain accuracy rate. 
The value of k used in this research was 10, hence this 
process was repeated for 10 times as cross-validation. 
Each subset was treated as the test set in only one cor-
responding repetition.

RESULTS AND DISCUSSION

The logit model was calibrated using Biogeme devel-
oped by Bierlaire [23] on Python. The distribution of 
mode choice as dependent variable is presented in Fig-
ure 4. Of all 4020 observations, 78.73% were in favor 
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of alternative 1. Should the age classes be taken into 
account, 83.59% of respondents aged over 40 years 
preferred alternative 1 than 2, whereas that number de-
creased to 74.63% among young respondents (40 years 
old or younger). Table 5 shows the summary of the mod-
el alongside the coefficient of each variable on models 
either while using the entire dataset or when data being 
classified according to age classes. The value of ( ρ) ̅^2 
are 0.31, 0.45, and 0.24 in all-data model, old-age model, 
and young model respectively, all of which are deemed 
as excellent [24]. Of all 14 variables, 13 were found to be 
significant in the all-data-model, leaving variable “num-
ber of cars owned” to be excluded. That figure, though, 
lessen when the models were built upon age classes: 
only 9 variables were significant in old-age class and a 
mere 8 variables in young-age class. 7 variables name-
ly trip frequency, willingness to travel frequency, level of 
education, household transport expenditure, number of 
family members, travel cost of alternative 1, and travel 
time of alternative 1 exhibit significancy in every model 
albeit with diverse extents. While employment was in-
significant in old-age model as was household income 
in young-age model, the following variables showed im-
portance in exactly one of the models: gender in all-da-
ta model; number of cars owned in old-age model; and 
number of motorcycles owned in all-data model. Travel 
cost of alternative 1 appears to have the greatest magni-
tude of scale parameter among variables in every mod-
el. Each value is shown to be negative, meaning that it 
leans toward the opposite alternative. An IDR 1 million 
increase in alternative 1 travel cost will contribute to an 
increase of alternative 2 utility function as high as 2.48 
in the all-data model, 1.57 in old-age model, and 3.19 
in young-age model. More importantly, it is the change 
of the probability that is of the most interest. A similar 
travel cost raise result in 92%, 79%, and 96% less likely 
a person would choose alternative 1 mode in the corre-
sponding models. It indicates a pivotal role a reasonable 
fare could play in mode choice study, particularly in the 
context of new travel mode implementation. Considering 
each variable effect on alternative 1 utility function, level 
of education provides the biggest positive contribution in 
all-data model. Should a person has graduated at least a 

Figure 4: Mode choice distribution

secondary study, the utility is expected to go up by 0.47 
which generate a 60% increase in its parallel probability 
function. Even though it similarly occurs in old-age model 
with much larger degree (1.00 utility and 172% proba-
bility rise), a contrasting trend is observed in young-age 
model whose negative vector adding up alternative 2 
utility by 1.18 and 69% less likely a person would pick 
alternative 1.  A value of 1.23 belonging to trip frequency 
represents the largest sole positive coefficient on old-age 
utility model. It accounts for a mammoth 242% soar in 
alternative 1 probability. However, a reverse tendency is 
exhibited in all-data and young-age model, both of which 
contain negative vectors reflecting less likelihood. Fur-
thermore, young-age model sees employment as provid-
ing its biggest positive part, with 0.40 coefficient portrays 
49% more likely people would prefer alternative 1 if they 
are entrepreneur. The utility equations generated in this 
study are written in Equation 4, 5 and 6.

All data model:
         U = 3.42-0.37TF-0.52WF+0.17G-0.31A+0.47LE
         + 0.24E+0.22I-1.02TE+ 0.13FM-0.11M
         - 2.48TC-0.22TT
Old age model:        
         U = 1.59+1.23TF-0.51WF+LE+0.59I-1.17TE
         + 0.52FM-0.44C-1.57TC-0.32TT
Young age model:   
         U=5.51-0.44TF-0.41WF-1.18LE+0.40E
         - 0.89TE- 0.13FM-3.19TC-0.19TT

(4)

(5)

(6)

Table 6 describes the variation between the predicted 
outcome and the actual outcome of travel mode choice 
across sample size. It can be seen that there are insig-
nificant deviations shown between alternative 1 predict-
ed and actual data, whereas greater discrepancies are 
displayed in alternative 2 cases. Figure 5 shows the ac-
curacy attain by each model in accordance with the al-
ternatives. Each model managed to predict the outcome 
of alternative 1 extremely well, scoring nearly a perfect 
100% a piece. That is not the case, however, in forecast-
ing alternative 2. No model has shown a good prediction 
accuracy. The most accurate one, the old-age model, 
somehow display a mere 13.6% accuracy score, where-
as the others score much lower figures (6.8% for all-data 
and 9.8% for young-age). Limited data on alternative 2 
might play a huge part to blame. It might prevent the pro-
gram to better train and calibrate the models. Old-age 
model was found to be the best performing model overall, 
with a rate of 83% indicating a substantial increase from 
all-data model (78.6%) and young age model (74.2%).
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Name Variable All Data Age > 40 Age ≤ 40

Coef. ecoef. Sig. Coef. ecoef. Sig. Coef. ecoef. Sig.

ASC Alternative Specific Constant 3.42 - 0.00 1.59 - 0.05 5.51 - 0.00

αTF Trip frequency (times/month) -0.37 0.69 0.00 1.23 3.42 0.01 -0.44 0.64 0.00

αWF
Willingness to travel frequency (times/

month) -0.52 0.59 0.00 -0.51 0.60 0.00 -0.41 0.66 0.00

αG Gender: male 1, otherwise 0 0.17 1.19 0.08 - - - - - -

αA Age: young 1, otherwise 0 -0.31 0.73 0.00 - - - - - -

αLE
Level of education: secondary or over 

1, otherwise 0 0.47 1.60 0.00 1.00 2.72 0.00 -1.18 0.31 0.00

αE
Employment: entrepreneur 1, otherwise 

0 0.24 1.27 0.00 - - - 0.40 1.49 0.00

αI
Household income: middle-high 1, 

otherwise 0 0.22 1.25 0.03 0.59 1.80 0.00 - - -

αTE
Household transport expenditure: mid-

dle-high 1, otherwise 0 -1.02 0.36 0.00 -1.17 0.31 0.00 -0.89 0.41 0.00

αFM Number of family members 0.13 1.14 0.00 0.52 1.68 0.00 -0.13 0.88 0.00

αC Number of cars owned - - - -0.44 0.64 0.06 - - -

αM Number of motorcycles owned -0.11 0.90 0.03 - - - - - -

αTC Travel cost of alternative 1 -2.48 0.08 0.00 -1.57 0.21 0.10 -3.19 0.04 0.00

αTT Travel time of alternative 1 -0.22 0.80 0.00 -0.32 0.73 0.01 -0.19 0.83 0.06

Statistical summary

Sample size (N) 4020 1840 2180
LL (initial) -2786.45 -1275.39 -1511.06

LL (β) -1910.94 -687.30 -1134.38
ρ ̅2 0.31 0.45 0.24

Table 5: Variable coefficient estimation
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Table 6: Confusion matrix with k-fold cross-validation

All-data model Predicted choice Alternative 
accuracy Overall accuracy

Alternative 1
3901

Alternative 2
119

Actual choice

Alternative 1
3165

3104 61 98.1% 78.6%

Alternative 2
855

797 58 6.8%

Old-age model Predicted choice Alternative 
accuracy Overall accuracy

Alternative 1
1750

Alternative 2
90

Actual choice

Alternative 1
1538

1489   49 96.8% 83.0%

Alternative 2
302

261   41 13.6%

Young-age model Predicted choice Alternative 
accuracy Overall accuracy

Alternative 1
2062

Alternative 2
118

Actual choice

Alternative 1
1627

1563   64 96.1% 74.2%

Alternative 2
553

499   54 9.8%

Figure 5: Model accuracy

CONCLUSION AND FUTURE WORKS

People have preferences in making a decision when 
faced with several distinguished alternatives and these 
preferences often differ to indicate the existence of sto-
chasticity. The investigation of people's preferences re-
quires methods such as those related to statistics like 
discrete choice modeling. This study was, therefore, con-
ducted to investigate people's preferences when making 
choices on the mode of transportation to be used in trav-
eling through the application of discrete choice modeling. 
The predictive performance of the method was evaluat-
ed alongside the contribution of each variable. Each vari-

able contribution is a useful consideration for stakehold-
ers to evaluate which factors contribute the most that 
could be enhanced to further stimulate travel demand.
The surveys including revealed and stated preferences 
were conducted in the city of Langsa, Aceh, Indonesia, 
and the results obtained were analyzed. The 13 vari-
ables used include trip attributes such as travel cost and 
time as well as socio-demographic characteristics such 
as gender, age, household income, household transport 
expenditure, education level, employment, and others. 
This study employed tree distinguished model based on 
age classes within the sample: all-data, old-age class, 
and young-age class. Each model exhibits an excellent 
( ρ) ̅^2 value. 7 variables namely trip frequency, willing-
ness to travel frequency, level of education, household 
transport expenditure, number of family members, trav-
el cost of alternative 1, and travel time of alternative 1 
exhibits significancy in every model albeit with diverse 
extents. Travel cost of alternative 1 appears to have the 
greatest magnitude of scale parameter among variables 
in every model. A negative vector indicates that travel 
cost of alternative 1 lean toward the opposite alternative. 
Level of education, trip frequency, and employment are 
the biggest sole positive contributors to alternative 1 in 
all-data, old-age, and young-age models respectively.
In analyzing each model’s performance metric, a k-fold 
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