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Abstract: This paper discusses discrete choice experiment (DCE) that was used in the stated 

preference surveys to observe the impact of new transport infrastructure on the travel 

behaviour change of the commuters and other travellers located in the vicinity of the new 

transport infrastructure. Multinomial logit model (MNL) was developed to estimate the 

attributes coefficients amongst the alternate routes. The market shares (modal share) were 

calculated using  stated preference (SP) survey data. This research allowed interactions among 

variables/attributes such as travel time, distance to the main mode, travel delay, travel cost, 

waiting time, weather, and level of personal safety. The case study focuses on how DCE was 

constructed based on the ‘efficient design’, establish attributes dimensions for choice routes 

based on reasonable assumptions for developing country context. The results will assist 

transport planners in predicting travel behaviour change resulting in the development of new 

major transport infrastructure.   

 

Keywords: Discrete choice experiments, Stated Preferences, Efficient Design, Experimental 

Design, Multinomial logit (MNL). 

 

 

1. INTRODUCTION  

 

In recent decades, we have seen an increase in the use of discrete choice experiments (DCE) 

in transport due to  it’s  flexibility to predict transport demand based on captured travel 

behaviour for individual’s mode preference. Discrete choice analysis (DCA)  was extensively  

developed by incorporating stated preference (SP) surveys in the form of stated choice (SC) 

questionnaires (Ben-Akiva & Lerman 1985; Kløjgaard, Bech & Søgaard 2012; Ortúzar & 

Willumsen 1994). DCA produces discrete choice models (DCM) through discrete choice 

experiments (DCE). The DCM are recommended as an ideal method in analysis traveller’s 

behaviour, such as an individual‘s travel demand choice (McFadden 1977; Srinivasan & 

Ferreira 2002). 

The use of discrete choice methods in measuring individual preferences in the multi-

attribute environment is now common in the investigation’s  travel behaviour. Stated 

Preference studies investigate the choices made by individuals under experimental conditions 
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to estimate utility functions and thus make an important contribution to the transport planning 

context.  

The paper presents a case study of the SP experiment design to observe the changes in 

transport route choices before and after a new bridge being built in eastern Indonesia. The 

uniqueness of the case study culture will add a new dimension to DCE in the transport field. 

The main aim of such studies is to gain a better understanding of travel demand based on 

travellers’ preferences and to develop utility functions that closely match with the actual 

travel patterns.  

In developed countries, these cutting-edge discrete choice studies are well established 

and extensively used, however, in the case of  developing countries, not many studies have 

reported  results  from such choice models Aldian (2006) indicated that conducting travel 

demand modelling projects in developing countries is more challenging than in developed 

nations, as they need to accommodate local features such as culture, behaviour and economic 

situations.  

These features show different characteristic, including social demography and 

commuting characteristics.As DCE models for the developing counties require different 

assumptions when compared to the developed countries,, it is important and necessary to gain 

a broader understanding of context through empirical studies in the case of  developing 

countries. 

Among stated preference experimental design methods, the orthogonal design is one 

of the most popular methods, through some other methods have been used such as efficient 

experimental design to reduce the errors with lower sample size. Orthogonality is important in 

linear models since it avoids a multicollinearity problem. However, since the discrete choice 

model is nonlinear, keeping orthogonality has no direct relationship with minimizing their 

standard errors. As a result, many researchers are recently making efforts to obtain 

experimental designs that minimise the asymptotic variance-covariance (AVC) matrix of 

discrete choice models and provide more reliable parameter estimates with lower sample size. 

This study has made progress in this research direction and obtained reliable parameters using 

efficient design experiments. 

A multinomial logit model (MNL) is employed, to investigate the preference of route 

choice of commuters and other travellers that deal with new infrastructure development. MNL 

is well-known as an analytical method based on Gumbel distribution (Ben-Akiva, Moshe E & 

Lerman 1985; Ben-Akiva, Moshe E., Ramming & Bekhor 2004). 

However, before gathering respondent’s feedback to investigate their preferences, the 

experiment design was tested to ensure that the hypothetic choice scenarios are designed 

optimally to obtain a meaningful result. Therefore, qualitative research was conducted earlier 

before the design was finalized. A pilot study and focus group discussions with local transport 

experts were conducted to narrow down factors or attributes. Additional assumptions were 

made for obtaining the priors for establishing experimental design equations. The choice set 

design was implemented to a traditional paper-based household survey in the selected case 

study area.  

Following, a brief literature review, model specification prior choice set design, 

experimental design used N-gene (econometric software), and the estimation results of the 

MNL model are designed to demonstrate the DCE design process which more suitable with 

developing country context.  

 

 

 

 



 

 

 2. LITERATURE REVIEW 

 

2.1 Efficient Design in Stated Preference Experimental Design  

 

The efficient design may offer significant benefits in terms of minimising the budget 

expenditure for a survey by reducing the required sample size. On the other hand, efficient 

designs have a drawback as the design process is more complex than other designs due to the 

prior knowledge required of the estimated parameters. However, if the assumed prior 

parameters have better estimate representation of the underlying true parameters, this might 

obtain better results in efficient design (Rose & Bliemer 2009).   

Efficient design has four principal criteria: orthogonality; level balance; minimal 

overlap and utility balance. According to Huber and Zwerina (1996) if all those criteria is 

satisfied, a design can be said to have a smaller D-Error. Efficient design aims at minimising 

correlation in data for estimation purposes with the lowest possible standard of error, for 

example, reducing the sample size requirements  (Kanninen 2002; Klaus Zwerina, Joel Huber 

& Warren F. Kuhfeld 1996; Rose & Bliemer 2009). 

 Efficient design helps to ensure realistic attribute values in the choice task before it is 

presented to the respondents. In experimental design, respondents’ experience with attribute 

values needs to be perfectly captured and reflected into the choice task. For instance, the 

travel time for the individual choice task should reflect the real situation. For this purpose, 

some alternatives are provided based on commuters’ actual trips (Rose & Bliemer 2009). 

 The low number of literate individuals in developing countries  makes it difficult  

conduct stated preferences interviews, especially in remote areas (Arentze et al. 2003). This 

study also faced similar difficulties especially in Muara Tami District. So to tackle this 

problem, we designed questionnaires with feature such as pictures when conducting  face to 

face survey. Rose et al. (2009)  noted that socio-economic and national characteristics 

influence the complexity of stated choice experiment. 

The experimental design process involves several stages: problem definition 

refinement; stimuli refinement; experimental design consideration; generate the experimental 

design, allocating attributes to design columns, generating choice sets, randomising choice 

sets and constructing survey instrument (Hensher, David A, Rose & Greene 2015). 

 

2.2 Statistical Efficiency Criteria  

 

The efficient design must perform the efficiency of the design itself that can be derived from 

the AVC matrix. In this case, D-error, A-error, S-estimate are indicators to measure the 

efficiency of the design.  

According to the standard errors for the parameter, constants have a large impact on 

efficiency. This measure of efficiency can be the determinant of the AVC matrix: 

𝐷 − 𝐸𝑟𝑟𝑜𝑟 = det(𝛺)
1

𝐾           (1)  

A-error is a trace of AVC matrix and K= number of parameters (size of the matrix) 

𝐴 − 𝐸𝑟𝑟𝑜𝑟 =
tra(Ω)

𝐾
            (2)  

S-estimate generates a lower sample size by applying asymptotic t-ratio. Assuming the 

t-ratio is larger than 1.96, a 95 per cent confidence level is obtained (Bliemer & Rose 2009). 



 

 

N-gene computes the efficiency and the variance–covariance matrix, but the procedure 

to obtain the asymptotic variance-covariance (AVC) matrix have to begin from the estimation 

of  the utility function, Multinomial probability, Log- likelihood function, Fisher information 

Matrix respectively then we will determine the AVC Matrix  (Bliemer & Rose 2011). AVC 

matrix is the approximation of true variance-covariance matrix, while asymptotic is mean 

when repetition occurs for several times. 

 

Utility function                 𝑉𝑛𝑠𝑗 =  ∑ 𝛽𝑘𝑋𝑛𝑠𝑗𝑘
𝐾
𝑘=1   (3) 

Multinomial Probability 

 𝑃𝑛𝑠𝑗 = Pr(𝑌𝑛𝑠𝑖 = 1) = 
exp(𝑉𝑛𝑠𝑗)

∑ 𝑒𝑥𝑝(𝑉𝑛𝑠𝑖)
𝑗
𝑖=1

    (4) 

Log likelihood function       

𝐿𝑁 = ∑ ∑ ∑ 𝑌𝑛𝑠𝑗
𝐽
𝑗=1

𝑆
𝑠=1

𝑁
𝑛=1 𝐿𝑜𝑔𝑃𝑛𝑠𝑖    (5) 

Fisher Information Matrix  

𝐼𝑁 = −𝐸 (
𝜕2𝐿

𝜕𝛽𝜕𝛽′) = 𝑍′𝑧     (6) 

𝑍 ∈ 𝑅𝑁𝑆𝐽𝑥𝐾, 𝑧𝑛𝑠𝑗𝑘 = (𝑋𝑛𝑠𝑗𝑘 − ∑ 𝑃𝑛𝑠𝑖𝑋𝑛𝑠𝑖𝑘
𝑗
1=1 )√𝑃𝑛𝑠𝑗 (7) 

    AVC matrix  

            𝑁 = 𝐼𝑁
−1                               (8)  

Whereas;  

𝑃𝑛 = Probability of an individual n choosing the (i) alternative 

𝑉𝑖𝑛 =  Deterministic (systematic) part of the utility 

𝐶𝑛 = Choice sets 

𝑉𝑛𝑠𝑗 = Modelled value for utility perceived by individual for alternative j 

𝛽𝑘   = Parameters known by decision maker reflecting utility weight but unknown to the 

observer.    

𝑋𝑛𝑠𝑗𝑘= Value the sjk relevant attribute (explanatory attribute) which is hypothesised to 

influence travel behaviour   

 

2.3. Multinomial Logit 

 

The MNL model regression is applied when the categorical dependent variables have more 

than two choices. However, this model is based on strict assumptions namely the constant 

variance and zero covariance in a restrictive form. MNL model employs IID (Independent and 

Identically distribution), whose function is to indicate the random variable independently and 

identically distributed. In other words, it is independent between the 𝑗 𝑎𝑛𝑑 𝐽𝑛  (an alternative 

choice) because it implies zero covariance or correlation and the distribution is identical 

because it implies similar distribution of unobserved effects.    



 

 

𝑃𝑗 (𝑎𝑙𝑡 𝑗 𝑖𝑠 𝑐ℎ𝑜𝑠𝑒𝑛) =
𝐸𝑥𝑝 𝑉𝑛𝑠𝑗

∑ 𝐸𝑥𝑝𝑉𝑛𝑠𝑗
𝐽
𝑗=1

    ,   𝑗 = 1. 𝐽  (9) 

2.4 A Case Study of Jayapura, Indonesia 

 

Located in the eastern part of the Indonesian archipelago, Jayapura is currently developing a 

new infrastructure within planning the time frame of 2016-2019. A new bridge, the 

Holtekamp Bridge is being built to connect Southern Jayapura with Muara Tami district. The 

construction of Holtekamp Bridge was considered priority, given the lack of social and 

economic infrastructure facilities (e.g. hospital, school facilities, roads and telecommunication 

facilities), within and between two main districts of Muara Tami and Southern Jayapura. 

The total population of Jayapura city at the end of 2010 was 258,705. The population 

around the new bridge in 2017 was 2.854 (Muara Tami) and 76.848 (Southern Jayapura). 

Figure 1 shows three possible routes connecting two districts  A to B illustrates the Origin – 

Destination from A (Southern Jayapura) to B. This study investigates the anticipated traveller 

behaviour  ans mode choice of people living around this new infrastructure. . 

 

Figure 1. Illustration of the Origin – Destination from A (Southern Jayapura) to B  

Muara Tami  

 

2.5 Assumptions 

 

As a first step, this study observed  attributes (or variables) such as travel time, distance and  

access to the main mode. This observation was aimed at experiencing the actual travel time of 

existing available route choices and to record the commuting distance e.g. walking distance 

from the potential household residence of participants to transportation point (main mode, 

paratransit stop). 

Following this procedure, a pilot survey was conducted in October 2017 with the main 

aim to narrow down some attributes that were observed highlighted some important 

weaknesses. Firstly, the scoring method for aggregating the variables was inefficient, and that 

a ranking system was more suitable. Secondly, language use for the survey needed to be 

adapted to the local context. Some pictorial cues in questionnaires assisted respondents with 

limited literacy skills to respond to the questionnaires (Arentze et al. 2003). From this pilot 

survey, nine attributes obtained from the first observation were narrowed down into seven 

attributes. The early attributes from the first procedure were travel time, distance, maximum 



 

 

travel time delay, total cost, weather, level of vehicle capacity, and level of personal safety, 

level of comfort and frequency public transport services. The new seven attributes are travel 

time, travel cost, access distance to the main mode, travel delay, weather, level of personal 

safety and waiting time (for public transport services). 

 

2.6 Selection Process for Attributes and Levels  

 

Zsolt Sándor (2002) categorised two types of alternatives, namely outside alternative and 

attribute levels of interest; the attribute levels played an important role in the designing 

process. Despite this, each choice set in design has to be obtained from the actual situation.  

Meng (2013) underlined that in determining the hypothetical situation, the choice contributes 

to a great extent to the level of the design validity value and how much it resembles the actual 

situation. In other words, the decision of the hypothetical situation has a great deal of effect in 

generating validity. This study utilised the stated preferences design  to investigate the 

preference route choice made by Jayapura’s commuters. The route choice selection included 

three alternatives labelled as Waterway (boat), Bridge, Nafri (longer land road). The design 

dimension was based on previous literature on potential attributes that represent 

characteristics of travel behaviour within developing countries context.     

Table 1 illustrates the alternatives and attributes in developing a model of experimental design. 

Table 1. Alternatives and attributes 

Alternatives Travel 

Time 

(TT) 

Travel 

Cost 

(TC) 

Access 

Distance 

to main 

mode 

(ACM) 

Travel  

Delay 

( TD )  

Level of 

personal 

safety 

(LOS ) 

Weather Waiting 

Time 

(WT) 

Waterway  𝑇𝑇11 𝑇𝐶12 𝐴𝐶𝑀13 𝑇𝐷14 𝐿𝑂𝑆15 Weather 16 WT17 

New Bridge 𝑇𝑇21 𝑇𝐶12 𝐴𝐶𝑀23 𝑇𝐷24 𝐿𝑂𝑆25 Weather 16 WT27 

Longer land 

road  

( Nafri road) 

𝑇𝑇31 𝑇𝐶32 𝐴𝐶𝑀33 𝑇𝐷34 𝐿𝑂𝐶35 Weather 16 WT37 

 

The format of the c utility functions developed for  this project are listed below: 

 

𝑈𝑤𝑎𝑡𝑒𝑟𝑤𝑎𝑦    = 𝛽0 + 𝛽1𝑇𝑇𝐵𝑜𝑎𝑡 + 𝛽2𝑇𝐶𝐵𝑜𝑎𝑡 + 𝛽3𝐴𝐶𝑀𝐵𝑜𝑎𝑡 + 𝛽4𝑇𝐷𝐵𝑜𝑎𝑡+𝛽5𝐿𝑂𝑆𝐵𝑜𝑎𝑡 +

𝛽6𝑊𝑒𝑎𝑡ℎ𝑒𝑟𝐵𝑜𝑎𝑡. 𝑇𝑇𝐵𝑜𝑎𝑡 + 𝛽7𝑊𝑇𝐵𝑜𝑎𝑡  

𝑈𝐵𝑟𝑖𝑑𝑔𝑒 = 𝛽01 + 𝛽8𝑇𝑇𝐵𝑟𝑖𝑑𝑔𝑒 + 𝛽9𝑇𝐶𝐵𝑟𝑖𝑑𝑔𝑒 + 𝛽10𝐴𝐶𝑀𝐵𝑟𝑖𝑑𝑔𝑒 + 𝛽4𝑇𝐷𝐵𝑟𝑖𝑑𝑔𝑒+𝛽5𝐿𝑂𝑆𝐵𝑟𝑖𝑑𝑔𝑒 +

𝛽6𝑊𝑒𝑎𝑡ℎ𝑒𝑟𝐵𝑟𝑖𝑑𝑔𝑒 . 𝑇𝑇𝐵𝑟𝑖𝑑𝑔𝑒 + 𝛽7𝑊𝑇𝐵𝑟𝑖𝑑𝑔𝑒    

𝑈𝑁𝑎𝑓𝑟𝑖 =              𝛽11𝑇𝑇𝑁𝑎𝑓𝑟𝑖 + 𝛽12𝑇𝐶𝑁𝑎𝑓𝑟𝑖 + 𝛽10𝐴𝐶𝑀𝑁𝑎𝑓𝑟𝑖 + 𝛽4𝑇𝐷𝑁𝑎𝑓𝑟𝑖+𝛽5𝐿𝑂𝑆𝑁𝑎𝑓𝑟𝑖 +

𝛽6𝑊𝑒𝑎𝑡ℎ𝑒𝑟𝑁𝑎𝑓𝑟𝑖. 𝑇𝑇𝑁𝑎𝑓𝑟𝑖 + 𝛽7𝑊𝑇𝑁𝑎𝑓𝑟𝑖     (10) 

 

Where; 

Travel Time (𝛽1, 𝛽8, 𝛽11), Travel Cost (𝛽2,𝛽9,𝛽12,), Distance Access to main  mode 

( 𝛽3, 𝛽10) ,Travel Delay (𝛽4), Weather (𝛽5),Level of personal safety (𝛽6), Waiting time  (𝛽7). 



 

 

 

The priors for travel time and travel cost were different for each utility, and  we 

developed two types of priors for distance access to main mode between land transport and 

water transport. Travel delay, weather, and level of personal safety and waiting time are 

generic priors. 

 

2.7 Specification Conditions 

 

Bliemer and Collins (2016) highlighted that there is a simple way of determining reasonable 

priors without conducting a pilot study. They assert that ‘good’ priors can be obtained from 

previous studies, literature, or be based on expert judgement. Table 2 illustrates the level of 

attributes for the the study area. Balancing the priors scales, we assume constant for waterway 

is   𝛽0 =0.00005 and for bridge is 𝛽01=0.07.  

Table 2 presents seven parameters which assumes that weather value for all route 

alternatives has the same value (0.1). As mentioned in Rose and Bliemer’s (2009) study the 

attribute level balance property is really essential to ensure that the parameters can be 

estimated well on whole range of levels, instead of just having a data point at only or few of 

attributes levels.  

In addition, if dummy attributes are needed in a number of levels, these levels of 

attributes have to be predetermined. All attributes have essential relationships, and they 

resemble the character of system transport in Jayapura city. This experimental study only used 

origin-destination from point A to B (Holtekamp to Hamadi).  Travel Time (TT) is 90 minutes 

for 33, 99 km with the average vehicle speed of 40 km/h. It is assumed that vehicles 

experience severe traffic congestion.  

Access distance from commuters’ residence to the transportation point or egress (km) 

in option scenario is assumed to be between 0.5 to 2.5 Km and it is assumed that potential 

commuters access the main road by OJEK (taxi bike) from their homes.  

It is assumed that Jayapura commuter’s  driving behaviour is similar to other o 

developing countries where the traffic is likely be interrupted all the time by pedestrians, 

bicycles or motorbikes. In addition, most of the vehicles share lanes in the road among cars, 

motorbikes and trucks, buses. Only a small number of main roads have concrete barriers to 

separated cars and motorbikes. 

The diagram below illustrates the stages and attributes dimension of Jayapura’s 

commuter and other travelers route choice alternatives between the longer road (via Nafri 

road), via the new Holtekamp bridge (still under construction), and by Youtefa Bay by boat. 

In this case, the route distances via various alternative options  for a trip from A to B,  i.e.  

from Hamadi- Holtekamp (B Holtekamp – A Hamadi) are  shown 



 

 

 

                                                                            

Figure 2. Origin-Destination Diagram 

A. Hamadi  (Southern Jayapura)                                           B. Holtekamp (Muara Tami) 

Where ; 

Origin – walking or Ojek (taxi bike) – public transport (paratransit) – destination  

Origin – automobile (car, motorbike) - destination  

Origin – walking or Ojek (taxi bike) – boat – walking or Ojek (taxi bike) - destination  

 

(± 15Km) 



 

 

Table 2.  Dimensions for generating an efficient design (Route choices of Muara Tami- South Jayapura) 

Alternatives Attributes (unit) Prior    

( 𝜷 ) 

Number of Levels Attributes level Level code   

Waterway 

(Boat) 

Access distance to 

main mode (egress), 

walking or by Ojek 

( Motorbike 

transport ) 

-0.25 1,2,3,4 2.5 Km, 1.5 km ,1 

Km, 0.5 Km  

[0.5,1,1.5,2,5] 

Travel time -0.2 1,2,3,4 60,50,45,30  

(minutes) 

[30,45,50,60] 

Delay in Vehicle   -0.075 1,2,3,4  20 

minutes,15minutes,10 

minutes,5 minutes  

[5,10,15,20] 

Level of personal 

safety 

0.05 1,2,3 Poor, Enough, Good [2,4,6] 

Weather 0.1 1,2,3,4 Wet and windy, 

windy, hot, fine  

[0,2,4,6] 

Waiting Time -0.125 1,2,3,4,5,6 60,30,20,15,10,0  

(Minutes) 

[0,10,15,20,30,60] 

Total cost -0.15 1,2,3,4 3 dollars, 2dollars, 

1.5 dollars, 1 dollar 

[1,1.5,2,3] 

 

New Bridge 

(Automobile) 

Access distance to main mode (egress), 

walking or Ojek 

-0.225 1,2,3,4 2Km, 1 Km, 0.5 Km ,0Km  [0,0.5,1,2] 



 

 

Travel time  -0.35 1,2,3,4 60,45,30,20 (Minutes) [20,30,45,60] 

Delay in Vehicle (DELAYTI) -0.075 1,2,3,4  20 minutes,15minutes,10 

minutes,5 minutes  

[5,10,15,20] 

Level of personal safety 0.05 1,2,3 Poor, Enough, Good [2,4,6] 

Weather  0.1 1,2,3 Wet and windy, windy, hot, 

fine  

[0,2,4,6] 

Waiting Time  -0.125 1,2,3,4,5,6 60,30,20,15,10,0  [0,10,15,20,30

,60] 

Total cost  -0.3 1,2,3,4 2.5 dollars, 2 dollars, 1.5 

dollars, 1 Dollar 

[1,1.5,2,2.5] 

Longer land road 

/ Nafri Road 

(Automobiles) 

Access time to main mode (egress), or Ojek -0.225 1,2,3,4 2 Km, 1 Km, 0.5 Km,0  [0,0.5,1,2] 

Travel time  -0.175 1,2,3,4 90,75,60,45 (Minutes) [45,60,75,90] 

Delay in Vehicle (DELAYTI) -0.075 1,2,3,4  20 minutes,15minutes,10 

minutes,5 minutes  

[5,10,15,20] 

Personal security  0.05 1,2,3 Poor, Enough, Good [2,4,6] 

Weather  0.1 1,2,3 Wet and windy, windy, hot, 

fine  

[0,2,4,6] 

Waiting Time  -0.125 1,2,3,4,5,6 60,30,20,15,10,0 

  (Minutes) 

[0,10,15,20,30

,60] 

Total cost  -0.115 1,2,3,4 3.7 Dollars, 2.5 Dollars, 1.5 

Dollars, 1.2 dollars 

[1.2,1.5,2.5,3.

7] 



 

 

 

 

3. EXPERIMENT AND APPLICATION  

 

3.1 Experimental Design Stated Preference  

 

The empirical application of this study uses the data gained from the paper-based survey 

conducted for travelers in Jayapura city. The Stated preferences (SP) experiment of route choice 

was conducted for Jayapura city, Papua Indonesia. The survey gathered 15440 observations from 

429 respondents. Following the design procedure, we formulated the study objectives and 

labelled the route options and then constructed design dimensions based on alternative routes for 

attributes (as described in assumptions development stage).    

The questionnaires were distributed in two districts in this city namely Muara Tami and 

South Jayapura. 429 responses were obtained from 18 different sub-districts. Data of commuters 

who live around Youtefa bay were excluded to avoid bias in the model as they have only the 

option using waterway due the type of vehicle that own (boat). After the data cleaning process, 

the observations left for the analysis were 12348 observations. 

The data from the survey was then processed with N-gene software, developed by choice 

metric institution. This tool generates an experimental design in stated choice experiments, 

particularly building choice models in logit. N-gene software basically aids with users to 

optimise the experimental design, by minimising the D-error. As an efficient design concept, this 

software computes several measurement efficient indicators.  

 

3.2 Data Requirement and Output  

 

As mentioned in equation (4), the syntax was designed based on utility functions. At first, syntax 

began by mentioning the available commute choices (Alternatives-Alts), then model type and 

efficiency criterion (eff) are specified using. The utility functions are derived using a model as 

discussed below. Figure 2 shows various alternative choices and attribute.  



 

 

 

 

 

Figure 3. Output in N-gene and transfer process from experiment design to questionnaires 

After finalizing the SP design, the choice set was transferred to the questionnaire. The 

questionnaire design for this research was structured in two main parts: the general information and the 

stated preferences experiments. The first part of general information consists of a brief introduction on 

the scope of the study, social demographic information of the participants and activity diary. The 

second part consists of choice task for a fixed origin-destination (O-D), Hamadi to Holtekamp 

(Holtekamp to Hamadi). 

Table 3. Choice design scenario probabilities 

Choice 

situation 

Waterway Holtekamp 

Bridge 

Longer land  road 

( Nafri) 

1 0.309295 0.261581 0.429124 

2 0.500856 0.06829 0.430854 

3 0.589775 7.00E-06 0.410219 

4 0.648522 0 0.351478 

5 0.598005 0.393881 0.008114 

6 0.416996 0.128128 0.454877 

7 0.145452 0.531017 0.323531 

8 0.098098 0.677505 0.224397 

9 0.38356 0.349655 0.266786 

10 0.476389 0.462286 0.061325 

11 0.348479 0.256859 0.394662 

12 0.275003 0.388283 0.336714 

                                  Source: N-gene output from analysis  



 

 

 

 

Table 3 indicates the probability of individual preferences in choosing their selection in 

12 different scenarios. For example, scenario 1 from 0 – 1 , the highest probability of 

respondents prefer using the longer road (Nafri road) approximately 0.429124, followed by 

probability preference of respondents via Holtekamp bridge 0.261581, then 0.309295 was the 

probability of respondents who chose waterway. In other words, this experiment measures the 

dominance of each choice, and balances all choices to gain perfectly utility balance (Rose & 

Bliemer 2009).  

 

3.3 Efficiency Measures 

 

The Efficiency measures are applied for calculating the efficiency value to estimate an efficiency 

error (also called D error).  The lower the value of D-error or A-error, the more efficient is the 

design. This analysis resulted D-error of  0.029949, and a sample size estimate  of  128(approx.)  

respondents. It should be noted that the first survey obtained  429 respondent’s  feedback much 

more than the minimum required sample size) that represent travelers from two main districts 

connected by the new bridge 

. 

Table 4. Multinomial Logit efficiency measures. 

 

 

 

 

 

 

 

 

(Source: data analysis) 

 

 

4. CHOICE MODELLING RESULTS  

 

4.1 MNL Coefficients for Parameters 

 

Upon inputting the data, N-Logit software was utilized to estimate the MNL logit model. From this 

estimation, we calculated the coefficient for parameters and the market shares for route alternatives 

(Table 4 and Table 5). The comparison between guest priors for attributes and contanct in the 

experimental design are presented in Table 4. For example, the negative value for the coefficient of 

access to the main mode indicates that when the distance to access for an alternate route (waterway, a 

new bridge or longer land road) increases, the probability of route being chosen decreases. However, 

when the level of personal safety is positive, indicating that when the higher level of personal safety is 

achieved, the probability of that route being chosen increases.  Previous studies argued that commuters 

make rational decisions by choosing the alternatives that maximize their utility (Arbués et al. 2016). 

 

 

MNL efficiency measures             

                                                                                                                       

D error 0.029949             

A error 0.365692             

B estimate 53.131335             

S estimate 127.76524             



 

 

 

 

 

Table 5. Comparison MNL Coefficients and Priors for Parameters. 

Priors (constants) MNL  Priors Efficient Design   

WATERWAY  

 

Priors Efficient 

Design   

BRIDGE 

 

ASC WATERWAY 

(constants) 

-0.90151* 0.00005 - 

ASC BRIDGE (constants) 0.40242* - 0.07 

TRATIME -0.00998 -0.2 -0.225 

ACCTOMO -0.19124 -0.25 -0.35 

DELAYTI -0.01375 -0.075 -0.075 

TOTALCO -0.14712 -0.15 0.05 

WEATHER -0.00031 0.1 0.1 

LOSEC 0.30329 0.05 -0.125 

WAITING -0.00975 -0.125 -0.3 

LL (ASC) -5014.68744   

LL  -4480.19505   

𝝆𝟐 0.10658    

*Significance at 1 % level  

(Source: data analysis) 

 

 Table 4 also presents alternatives specific constant (ASC) for each route. The longer 

road (Nafri road) was set to zero as an identification. In this model, ASC Waterway is not 

significant, that means that waterway is not more or less preferred compared to the longer road 

(Nafri road). ASC Bridge is positive and significant at 1% which means that bridge is a preferred 

option when compared to the longer road Nafri.       

 

4.2 Share Markets and Commuting Characteristics  

 

Travelers’ commute characteristics, such as the acesss distance from their residence to the main 

mode and the level of personal safety significantly influenced their  route choice. In addition, 

some social-demographic variables such as gender and level of income also influenced the 

commute choice.  

Commuters may consider and compare the distance they must travel to access the route choices. 

For example, a commuter who chooses the waterway route might need to take into account the nearest 

dock they can access. 

Table 6. Market shares of alternate routes 

Choice          Pr  Utility (ASC model) 

Waterway 0.1663 -.50181 

New bridge 0.5587 .72964 



 

 

 

 

Nafri 0.2748 0 

(Source: data analysis) 

𝑃𝑗 (𝑎𝑙𝑡 𝑗 𝑖𝑠 𝑐ℎ𝑜𝑠𝑒𝑛) =
𝐸𝑥𝑝 𝑉𝑛𝑠𝑗

∑ 𝐸𝑥𝑝𝑉𝑛𝑠𝑗
𝐽
𝑗=1

…………….. (MNL logit) (11) 

 

Pr 𝑊𝑎𝑡𝑒𝑟𝑤𝑎𝑦 =   
𝑒𝑊𝑎𝑡𝑒𝑟𝑤𝑎𝑦

𝑒𝑊𝑎𝑡𝑒𝑟𝑤𝑎𝑦 + 𝑒𝑁𝑒𝑤 𝑏𝑟𝑖𝑑𝑔𝑒 + 𝑒𝑁𝑎𝑓𝑟𝑖
=

𝑒−0.50181

𝑒−0.50181 + 𝑒0.72964 + 𝑒0
=

0.6054

0.6054 + 2,033 + 1
= 0.1663 

 

Pr 𝑁𝑒𝑤 𝑏𝑟𝑖𝑑𝑔𝑒 =   
𝑒𝑁𝑒𝑤 𝑏𝑟𝑖𝑑𝑔𝑒

𝑒𝑁𝑒𝑤 𝑏𝑟𝑖𝑑𝑔𝑒 + 𝑒𝑊𝑎𝑡𝑒𝑟𝑤𝑎𝑦 + 𝑒𝑁𝑎𝑓𝑟𝑖
=

𝑒0.72964

𝑒0.72964 + 𝑒−0.50181 + 𝑒0 =
2,033

2,033 + 0.6054 + 1
= 0.5587 

 

𝑃𝑟𝑁𝑎𝑓𝑟𝑖 =   
𝑒𝑁𝑎𝑓𝑟𝑖

𝑒𝑁𝑎𝑓𝑟𝑖 + 𝑒𝑊𝑎𝑡𝑒𝑟𝑤𝑎𝑦 + 𝑒𝑁𝑒𝑤 𝑏𝑟𝑖𝑑𝑔𝑒
=

𝑒0

𝑒0 + 𝑒0.72964 + 𝑒−0.50181 =
1

2,033 + 0.6054 + 1
= 0.2748 

We estimated the probability of each utility (Pr) as calculated above; the probability of 

people choosing to commute via the new bridge is higher rather than via the longer road route or 

via the waterway. Also, in Table 5 Utility (ASC model) constants for new bridge and waterway 

are shown. 

 

4.3 Policy Analysis 

 

The results of the model discussed in the previous section could be used to formulate new 

transport policies. 

By looking at the results of probability (Pr) calculation, it is clear that there will be 

significant increase in the traffic flow road via a new bridge in future. So there is a need to 

develop new speed limit regulation and install new traffic sign around the proposed bridge.  

This research has also revealed the importance of public transport service frequency. So it 

is recommended that public transport routes both via proposed bridge and via waterway need to 

be improved. 

 

 

5. CONCLUSION   

 

This paper exhibits the experimental design process by constructing efficient design in the SP. 

The parameters and values in this experiment design are largely based on assumptions. The 

results of this experimental SP design were implemented through of a SP survey for a case study 

in Jayapura, Indonesia. The constant (priors) in this experimental design were used for the design 

of the questionnaire . Once the survey was conducted, the priors or constants were obtained 

based on the individual responses. As the results, the MNL model indicates constants (priors) for 

parameters based on N=429 respondents). A comparison was made between the priors in the 

experimental design and the real-constants from the survey.  

The survey sample size for this study exceeded the minimum sample size requirement. 

The results from this study are encouraging and this study revealed that the use of MNL models 

are quite appropriate for the case study area to predict the travel behaviour change.  



 

 

 

 

The result of this study indicates that is necessary develop new regulation and installation 

of new traffic sign around the proposed bridge.  
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