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Summary 
Since major airports are reaching capacity, some solutions have to be found to solve the actual 

transportation problem. The government sees the development of secondary airports as a solution to 

this problem. First, this would result in air traffic diversion and secondly this would permit new 

economical opportunities to the concerned region. However, airlines and air passengers are the airport 

users, and in order to make secondary airports economically profitable, the attractiveness of these 

airports plays an important role. Therefore, getting more insight in the effects of airport location on air 

passengers' choice would be helpful for the decision process of implementing or not a secondary 

airport. Additionally, investigating air travellers' preferences may assist airports and airlines to adjust 

their strategy on air travellers' needs in order to gain a larger market share. 

I n order to achieve this objective, using discrete choice modelling and more specifically stated choice 

(SC) experiments, is a proven way for estimating and forecasting travellers' behaviour. Since the 

reliability o f the estimated parameters can be relying on the estimating models used or on the 

underlying experimental designs, more and more researches realise that so-called efficient design are 

able to produce more efficient data in the sense that more reliable parameter estimates can be obtained. 

Because this new knowledge has never been applied on practical cases, the aim of this study is to 

perform a SC experiment and to reach the following objectives: (i) determining which factors are 

influencing air passengers' choice in selecting flight itineraries, and (ii) proving that efficient designs 

result in more reliable parameter estimates than orthogonal designs. 

A SC experiment is defined as presenting a sample o f respondents with a number o f hypothetical 

scenarios, consisting o f universal but finite number of alternatives that differ on a number of attribute 

dimensions. I n this research the alternatives consist of trips f rom Amsterdam Airport Schiphol (AAS) 

to Barcelona city. Since the city o f Barcelona has two airports, namely Barcelona airport and the further 

away located Girona airport, travellers may take into account the airport location in their itinerary 

choice. I n each choice situation, respondents wil l have to choose one alternative between 5 proposed. 

Each alternative is composed of six attributes: airline, price, transfer time, departure time, egress time, 

and egress time. Generally, the chosen alternative is the one that maximizes the traveller's utility. I n 

total each respondent wi l l face 6 different choice situations. Obviously, there are many ways of 

assigning combinations of attribute levels to the attributes in each situation. The purpose of the 

underlying experimental design is to determine these combinations in the best possible way. The 

different methods for constructing experimental designs yield the generation o f three designs, namely 

an orthogonal design with 108 choice situations, an efficient design with 18 choice situations, and 

another efficient design with 108 choice situations. Collecting data can be done by several ways, such as 

pen & paper surveys, CAPI surveys, or internet surveys. I n this research, an internet survey has been 

performed because of its advantages compared to other methods, looking similarly to the real website 

of an online travel agent (e.g. ebookers). TeamVier, a Dutch market research company, provided a 

heterogeneous sample of respondents for this study. I n the end, the collected data consist in 3,300 

observations collected f rom 550 respondents. 

The collected data has been estimated with two different estimation models. The first model is the 

well-known multinomial logit (MNL) model and the second model is the more advanced panel mixed 

v 



Summary Master thesis 

logit (ML) model. The results o f both models yield better model fit of the panel M L model regarding to 

the M N L model, which leads in better estimations o f the parameter estimates. With the outcomes of 

this model, statements can be done regrading to travellers' behaviour in itinerary choices. The 

outcomes of the analyses have shown that price and transfer time are the most important attributes 

influencing travellers' itinerary choice. The willingness to pay o f travellers to avoid one hour of transfer 

time has been estimated on approximately €37. Additionally, the airport location plays an important 

role in travellers' itinerary choice. Due to the less egress time, travellers have a preference for arriving 

at the main airport instead of at the further away located secondary airport. I n this study case, the 

egress time f rom Girona airport is about 40 to 60 minutes longer than f rom Barcelona airport, 

therefore people are willing to pay about €20 to travel to Barcelona instead of Girona. 

When comparing the data coming f rom the different experimental designs, the outcomes of the 

analyses show that efficient designs result in more reliable parameter estimates than orthogonal designs. 

Additionally, the results have shown that efficient designs permit the reduction of required sample size 

to produce a fixed level of reliability in the parameter estimates. This leads to the fact that, designs with 

a limited number of choice situations can be as efficient as larger designs. 

From now on, it is recommended to construct an efficient experimental design instead of an 

orthogonal design as it leads to more reliable parameter estimates and necessities a lower sample size, 

which is the most expensive part when performing a SC experiment. The statements on travellers' 

preferences in itinerary choice can be used by airports and airlines to adapt their strategies on the 

consumer needs. Although travellers have a preference for arriving at the main airport, this study has 

shown that the disadvantages of the location o f secondary airports can easily be compensate with better 

price offers, which make them even more attractive than main airports. Developing regional airports 

could be a good alternative to solve the capacity problems of main airports. However, because this 

study focussed on the effects o f the arriving airport location, further research is required on travellers 

having business proposes or on the influence of access time and access prices on local travellers' 

behaviour. 
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Ai r service: 

Airline: 

Airport location 
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Attribute-level label: 
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Coding: 

Degrees of freedom: 

Design degrees of 

freedom: 

Discrete choice: 

Egress time: 

Egress price: 
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Itinerary: 

Observation: 

OTA: 

Panel data: 

Parameter: 

Amsterdam Airport Schiphol 

additional facilities offered by an airline within a specific flight 

a commercial enterprise that provides scheduled flights for passengers 

and air transport services 

distance between the arriving airport and the final destination 

options containing specified levels of attributes 

a design in which the levels of any given attribute appear the same 

number of times as all other levels for that particular attribute 

characteristics of an alternative 

a specific value taken by an attribute 

the narrative description corresponding to an attribute 
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combinations to decision makers 
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Route: path f rom a point of origin to a specific destination 

Significance level: a value representing the probability that the analyst is willing to reject the 

null hypothesis when in fact the null hypothesis is correct 

Stated choice experiment: an experiment involving hypothetical choice scenarios and research-

specified attributes and attribute levels 

Flight transfer: additional stop during allowing travellers to change of aircraft 

Utility: the level of happiness that an alternative yields to an individual 

Utility maximization: the act of seeking the alternative that yields the highest level of utihty 

WTP: willingness to pay 
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Part I - Demarcation and Conceptualisation 

This first part consists of a demarcation and conceptualisation of relevant concepts for this research. I t 

provides the background of this research and defines the issues of the problem while discussing the 

actors and stakeholders involved. 
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Chapter 1 Introduction 

1 . 1 Regional airports: background and literature review 

During the last decades of the 20 t h century, the demand for air travel grew at an average rate of 5% per 

year, and despite the impacts of the global economic downturn and the events of 9/11, annual growth 

levels of 5.1% are forecasted for the next 20 years (Hess & Polak 2005). While the growth in traffic has 

been accompanied by a high increase of seat-kilometres, runways and terminal, capacities have not been 

enlarged proportionally. 

Many major airports are congested and overcrowded which creates delays and other nuisances for the 

aircraft, passengers, and cargo, and this could be seen as an actual transportation problem. 

Additionally, these airports are these days surrounded by established communities that are badly 

affected by the pollution, and noise produced by the airport exploitation (De Neufville 2000). Some of 

those problems can be solved rapidly. For example, traffic congestion may be reduced by establishing 

regulations, pricing strategies, etc. On the other side, the growth in traffic results in an environmental 

degradation, but these can also be mitigated by various forms of regulation. Sophisticated landing and 

take-off patterns have been used, and the way of propelling the engines has also been evolved in order 

to minimize the noise effects. Nevertheless, airports cannot handle infinitely with this traffic growth 

and some long term alternatives have to be found. Several options are feasible, namely supplying the 

travel needs by other modes (e.g. high-speed rail), increase the airport size by enlarging the terminals 

and adding runways, or finally building a secondary regional airport. 

How additional airport capacity should be built is a major policy issue for both local and national 

governments and business interests, but the more obvious question is whether the additional airport 

capacity should be located at the existing major airport or elsewhere, at a secondary regional airport 

(De Neufville 2000). 

The construction of secondary airports can have great advantages. First, it may have heavy commercial 

interests for the region (employment facilities, welfare and economic growth) and they have a 

geographically defined niche market. However, a secondary airport wi l l only be a success i f it is 

sufficient attractive. Passengers and airlines wi l l not use a secondary airport when they can get a better 

service elsewhere (De Neufville 1995). I n the passenger's perspective, the geographically accessibility, 

the high frequency of departures, and the low fares are the most attractive reasons for using secondary 

airports. For the airlines' perspective, a secondary airport is commercially attractive only i f i t provides a 

good market. Observable is that airlines can be competing according to different strategies. Some are 

competing on costs and may choose to reduce their level o f services e.g. low cost carriers (Barrett 

2000), whereas others are competing on quality and may choose to operate at airports with the highest 

access and egress and high slot availability e.g. network carriers. Hence, secondary airports offer many 

opportunities for airline attempting to reduce costs on level services. 

Nevertheless, building a second regional airport requires a very good understanding in travellers' 

behaviour and in demand forecasting. Because the decision-making process in airport expansion 

depends on the passengers' demand, many studies on modelling travellers' choice behaviour have been 
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conducted. Although this area o f research has attracted increased activity the last ten years (Veldhuis et 

al. 1999, Pels et al. 2001, Basar & Bhat 2004), the development o f an understanding of airport choice is 

still at an early stage and particularly compared to other dimensions of travel choice. 

Observable is the fact that carriers only view passengers as their customer group, whereas airports both 

regard airlines and passengers as their key customers (Graham 2001). Though, passengers choose 

among different airports based on locality, they also choose on a series of airport and airline level-of-

service attributes (fare, travel time, ease of access or egress, comfort, ect). Although, the fare is 

generally the most important factor influencing the decisions-making process, other attributes appear 

as important too. These attributes can be classified into two categories, namely the flight characteristics 

(flight frequency, flight travel time, number of stops, aircraft type) and the airport characteristics 

(airport access time, access costs, lounge, parking facilities) see (Harvey 1987, Loo 2007). Harvey 

(1987) and Ashford & Bencheman (1987) f ind in their study that airport access time and flight 

frequency are both significant attributes whereas Pels et al.(2001) indicate in their research for airport 

and airline choice that travellers are more likely to switch between airlines than between airports. This 

would mean that travellers may not be willing to use secondary airports. On the other hand, Basar & 

Bhat (2004) showed in their research that flight frequency (which is higher at secondary airports than at 

main airports) was the most important aspect and that it dominated the access-time factor. 

As can be seen f rom all the previous studies, passengers' airport choice in multi-airport regions is an 

important research topic in the field o f transportation. Despite all studies on passengers' behaviour, a 

trade-off wil l always have to be made between the three most important attributes: price, travel time, 

and frequency. 

1 .2 Problem demarcation 

1.2.1 A pol icy m a n a g e m e n t p r o b l e m 

As seen in the above literature review, a dilemma exists between extending (as far as possible) current 

airports and developing new secondary regional airports. Typically, the development of secondary 

airports highly depends on the operating airlines and on travellers. I f airports are not attractive for 

airlines nor for travellers, implementing a secondary airport wi l l have no benefits. Additionally 

governmental authorities see the development of secondary airports as a trade-off between a benefit 

for the regional economy and travel opportunities against the deterioration of the local environment. In 

fact, in case of success, the implementation o f a secondary regional airport could be a good opportunity 

for companies to relocate into the region as well as it would lead to an economical regional welfare 

favourable for the local merchants. 

The literature, nowadays, gives none information on the influence of airport location in travellers' 

itinerary choice. This means that i f decision makers chose to develop a secondary airport instead of 

extending the actual main airport, uncertainty exists in the earning capacity of such projects. 

When an individual decides to undertake an air travel trip (from an airport of origin to any destination), 

he usually considers all possible route alternatives before making his final itinerary choice. His itinerary 

choice may depend on several factors such as transport services or the existing traffic network. In this 

case, airports (e.g. airport location, airport services, etc) and airlines (e.g. company image, flight 

4 



Chapter 1 - Introduction June 2008 

characteristics, etc) may both have an impact on individual's choice. Figure 1-1 represents the 

constitution of the airline market and its most important stakeholders influencing it. The three boxes at 

the bottom give an overview of what research & development could add i f the research is focussed on 

the travellers, the airline market, or the airlines and airports. I n this study the focus wil l be set on boxes 

1 and 2. 

Demand side 

Regulator 
Regional 

Authorities 

Policy 
SUDOIV side 

Preferences w Travellers Airline market 

Regional economical 
welfare 

Supply 

Supply 

Airlines 

Research & Development(1) 

Which travel preferences do 
travellers have? 

Research & Development (2) 

How many travellers would 
make use of secondary 

airports? 

r 

t 
Supply 

I 

Airports [* 

Strategy 
and 

objectives 

Research & Deve!opment(3) 

Is it interesting to operate at 
secondaryairpots? 

Figure 1-1 Airline market and its stakeholders 

1.2.2 I n t r o d u c t i o n of a n e w methodology 

Question 1 and 2 (mentioned in the R & D boxes o f Figure 1-1), are questions that refer to demand 

analysis, which can be solved by modelling travellers' travel behaviour. 

Since their introduction by Hensher and Louviere (1982), designed choice experiments have grown in 

popularity and specially stated choice (SC) methods are now a widely accepted data paradigm in the 

study o f behaviour response of agents (Hensher 2003). This has lead to an increase of interest in the 

design o f choice experiments in the transportation field and whereas a lot of books handle the topic o f 

discrete choice modelling (Ben-Akiva & Lerman 1985, Louviere et al. 2000, Hensher et al. 2005), no 

books exists for designing SC experiments (Bliemer & Rose 2006). Furthermore, theoretical 

developments in and estimation o f discrete choice models have had a large impulse and have lead to 

the expansion of several new techniques for determining designs for SC experiments, but such 

procedures have never been used in practice yet (Bliemer & Rose 2006). Therefore, air travellers' 

behaviour in travel choices is a rich field for applying this new methodology and analyse the 

performance of such methods compared to the old ones. 
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1 .3 Research objectives 

Most of the studies in the literature review focus on travellers' airline preferences, when departing or 

arriving at the main airport situated closely to the city. Additionally, most o f studies are based on the 

trade-offs between access time versus flight frequency. However, no research has been conducted on 

egress time, which is highly dependent on the landing destination. Recently, Loo (2007) noticed that 

ticket price is the most important airport level-of-service attribute. Most noticeable is that, nowadays, 

secondary airports are only used by low-costs carriers. Their strategy targets to attract the largest 

amount o f customers by offering the lowest prices and a minimum of services. They attempt reducing 

costs by using online reservation facilities instead of call centres and reservations employees, and by 

paying less airport taxes (due to the further away location). These strategy choices permit low-costs 

carriers to offer customers interesting flight options at low prices. Travellers during their decision 

malting in choosing a flight itinerary, have to make a trade-off between low prices coupled with a long 

egress time and higher prices coupled with a shorter egress time. Figure 1-2 shows the situation in 

which travellers have to deal with this dilemma. 

Airport of origin 

I \ 
I \ 

Right time/ ' 
Price •g^j^^y ytJ£gs&> Flight time/Price 

Main airport 

Egress time/ 
Egress price 

IIP 
Regional airport 

Egress time/Egress price 

Final destination 

Figure 1-2 Trade-off between travel time and costs 

By applying discrete choice modelling on air itinerary choice, this study gets a twofold aim. Firstly, as 

mentioned earlier, the purpose o f this research is to provide information and more knowledge on 

travellers' behaviour to airports and airlines. Secondly, as secondary regional airports are an important 

topic, this study aims to secure new knowledge related to the influences of airport location in travellers' 

itinerary choices. Hence, f rom this empirical perspective, the objectives of this study are: 

a. To determine which factors are currently influencing air travellers in selecting flight itineraries 

and to what extent. 
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b. To learn more about the effects of airport location on travellers' travel choices. 

Stated choice experiments are often used in transportation studies for estimating and forecasting 

behaviour of travellers, though the reliability of the estimated parameters can be relying on the 

estimating models used or on the underlying experimental designs. Also more and more researchers 

realise that so-called efficient designs are able to produce more efficient data in the sense that more 

reliable parameter estimates can be obtained with an equal or lower sample size (Bliemer & Rose 2006). 

By applying the new knowledge on airline choices, the methodological perspectives of this study are: 

c. To design a stated choice experiment based on different types o f experimental designs. 

d. To prove that the use of efficient experimental design results in more reliable parameter 

estimates than orthogonal experimental designs. 

In other words, this research aims (i) to determine the influence of airport locations on air travellers' 

itinerary choice and (ii) to determine which type of experimental design in stated choice experiments 

result in the most reliable parameter estimates. 

1 .4 Research contribution 

The first outcomes of this research wil l result in information concerning air travellers' behaviour in 

itinerary choices and especially in the attractiveness o f regional secondary airports relative to main 

airports. As airports and airlines both have an impact on air travellers' itinerary choice, investigating air 

traveller's preferences may assist airports and airlines to adjust their strategy on travellers' needs in 

order to gain a larger market share. 

Since Amsterdam Airport Schiphol (AAS) reaches its capacity, the Dutch government attempts to f ind 

other solution than expanding the airport and increasing the already highly noise emissions, and thus, 

developing a secondary airport could be an interesting resolution. Two secondary airports located close 

to AAS could be developed, namely Rotterdam airport and Lelystad airport. Because Rotterdam airport 

attained its capacity, the issue would be to develop Lelystad airport. 

Since a lot o f studies have already been done on airport access time (Ashford & Bencheman 1987, 

Harvey 1987, Pels et al. 2003, Basar & Bhat 2004), we choose to focus this research on the influence of 

the arriving airport location on travellers' itinerary choice. Additionally, inhabitants of a country have 

knowledge about access mode option and access times and prices, whereas all these familiarities are 

mostly unknown when arriving in a foreign country. This argues why the research focus is set on the 

effects of egress time and egress price on travellers' itinerary choice. Note that, the outcomes of this 

research can only be representative to foreign passengers travelling to the Netherlands. Consequently, 

this research partially contributes in giving insight in air travellers' behaviour in itinerary choices, which 

is necessary into the decision process of implementing a secondary airport. Furthermore, we wil l see 

that the decision o f developing or implementing a secondary airport not only depends on the travellers. 

Other stakeholders may have different perceptions on this issue and can easily be a threat during the 

decision making process. Analysing the influence of these involved actors may contribute in facilitating 

the progression of taken some critical decisions. 
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The second outcome of this research relates to the methodological part of this study. Since the 

introduction o f new techniques for designing SC experiment, they have never been applied so far. By 

generating different types of experimental designs and comparing their data estimation outcomes, this 

thesis research wil l contribute in the practical validation o f the benefits o f new designing methods for 

SC experiments. I f it can be proven that efficient designs result in better parameter estimates than 

orthogonal designs, applying these new designing methods wil l permit analysts to improve their 

research. 

1 .5 Research approach 

1.5.1 D i s c r e t e cho ice m o d e l l i n g a n d perspect ive on data-co l lec t ion 

In order to achieve the formulated objectives, using discrete choice models is a proven way to obtain 

insight into travellers' behaviour. However, the outcome of a particular choice process is based on a 

specific data set. When considering the issue of data for travel behaviour analysis, and in particular the 

analysis o f travellers' choices for travel alternatives, i t can be argued that there are three categories o f 

data-types that together represent the bulk o f the theoretical and empirical research efforts in this field 

(Chorus 2007). These data types can be simulated data, Stated Preference (SP) data or Revealed 

Preference (RP) data. The most frequent data-types in use are RP and SP data, and wil l be discussed in 

the following paragraphs. 

RP data relates to people's actual choices in real-world situations. The data is obtained by asking 

travellers to report about their choice situations before having undertaken a certain trip (most of the 

time, this trip is their latest trip made). RP data has the advantage that it reflects actual choices. For this 

reason they widely used in travel behaviour research (e.g. Hensher & Bradley (1993), Polydoropoulou 8c 

Ben-Akiva (2001), ect). According to Train (2003), such data is limited to choice situations and 

attributes of alternatives that currently exist or have existed historically. In addition, only the chosen 

alternative is observed and the non-chosen alternatives have to be constructed by the researcher, which 

is not an easy task and results in limited value range and in correlation between the attributes. 

On the other hand, SP data is data collected in experimental or survey situations where respondents are 

presented with hypothetical choice situations. Then the respondents state their needs, willingness to 

pay, or preferences for the alternatives. The advantage of SP data is that the experiments can be 

designed to contain as much variation in each attribute as the researcher thinks appropriate (Train 

2003). Furthermore, the SP approach enables the evaluation of the demand for products and services 

that are not yet available in the market at the time of the investigation. The main disadvantage of this 

method is its limited external validity, the analyst can never be sure that the observed hypothetical 

behaviour resembles the behaviour in real life. What people say they wil l do is often not the same they 

actually do. This discrepancy is called hypothetical bias. 

While the majority o f studies o f air travel choice behaviour make use o f RP data, an increasing number 

of analyses are now carried out on SP data (e.g. Bradley 1998; Adler et al. 2005; Hess et al. 2007). As it 

has been seen in the precedent paragraphs, SP data has the advantage o f being based on accurate 

records of all information, which is generally not the case with RP data. Hence, SP studies are generally 

more successful in retrieving significant effects for crucial factors having a huge influence on the 

choices (Hess 2007). However, by combining SP and RP data the advantages of each can be obtained 
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while mitigating the limitations. SP data provide the needed variation in attributes, while RP data 

ground the predicted shares in reality (Train 2003). 

Because of its advantages compared to RP experiments and because no RP data is available, in this 

research an SP experiment wi l l be set up; sampled respondents wi l l be presented with a number of 

hypothetical choice situations that differ on a number of attribute dimensions. These respondents are 

asked to specify their preferred alternative f rom the proposed set of alternatives. 

1.5.2 C a s e scenar io 

I n order to perform the SP experiment, a hypothetical choice situation has to be assumed. While 

conducting the case scenario, there has been chosen to deal with real departure location and a real 

destination instead o f choosing two random locations. The reason is that, respondents may better 

conceive the choice situations when alternatives look more realistic instead of being subjective (e.g. 

people may better visualize a travel itinerary between Amsterdam and Barcelona than between location 

A and location B). Making the SP experiment look as real as possible (real departure/destination 

location, real airlines brands, etc) may result in better estimation o f travellers' preferences than in the 

case of having a non-existing scenario frame (destination A / B , Airline 1/2/3, etc). 

I n this case scenario there has been chosen for a holiday trip between Amsterdam Airport Schiphol 

(AAS) and Barcelona city, assuming that Barcelona is one of the most famous European leisure 

destinations having a main airport and a regional airport. The context o f the scenario is as follows: 

"Imagine making a holiday trip (7 days) to Barcelona, leaving f rom AAS. I n the following experiment 

hypothetical search results f rom an online travel agent website wi l l be showed and the respondent wi l l 

be asked to choose his most preferred flight. 

There are two airports near Barcelona city, namely Barcelona Airport and the further away located 

Girona Airport (see map Figure 1-3). In order to reach the city, additional travel is necessary f rom both 

airports (additional travel time and travel price to reach the city)." 

Respondents have been asked to review the different travel options (see Figure 1-4) and to make a 

choice. 
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1.5.3 R e p o r t s tructure 

The report is outlined in three different parts. 

Part I is the so-called demarcation and conceptualisation o f relevant concepts for this research. In 

chapter one, an overview of the literature background is given and the problem definition as well as the 

research objectives have been formulated. Chapter 2 consists o f an actor analysis where the objectives 

and instruments of each actor involved in the airline market wi l l be discussed. This chapter leads to a 

demarcation o f the research and offers a broader insight for who the outcomes of this study can be 

helpful. I n chapter 3, the concept of travel choice analysis wil l be introduced. This chapter wi l l end 

with the set up of a choice model needed later on in the research. 

Part I I o f the study wil l present how to generate a stated choice experiment for an airline case. Chapter 

4 discusses the model specification needed to conduct an experimental design. Herein, wi l l be discussed 

the choice set composition, the number of alternatives, and the number of attributes included in the 

model. Chapters 5 and 6 provide a description o f the generation of two different types of experimental 

designs, namely an orthogonal design and an efficient design. The last chapter o f this part gives an 

insight how to make a survey questionnaire on the basis of which data wi l l be collected. 

Part I I I is the last part o f the report. The focus in this part wi l l be set on the analysis of the collected 

data. Chapter 7 provides an overview of the sample o f respondents that observed the survey. In 

chapter 8, the estimating models and their outcomes wil l be discussed. Chapter 9 presents the 

comparison of different generated experimental design followed by chapter 10 which forms the 

conclusions of the report. 

I n the last pages a bibliography is presented including all sources used in the main text as reference. 

Additionally an appendix has been added where some background or additional information can be 

read on some specific topics discussed in the report. 
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Chapter 2 Stakeholders of the Airline Market 

2 .1 Introduction 

As seen in chapter 1, a trade-off exists between expending current main airports and developing 

secondary regional airports. I t has been explained that a secondary airport is only profitable i f it gets 

attractive for travellers and airlines. However, not all involved stakeholders have the same point of 

view on such policy implementations, and those can easily be obstructed or delayed i f the interest of all 

stakeholders are not considered, as resources needed are spread across multiple actors and not 

exclusively in the hands of the government (Van De Riet 2003). I n order to facilitate the decision 

process, the interest and objectives of affected stakeholders is not negligible and wil l therefore be 

discussed into the next sections. However, the next section wil l first discuss the concept of multi-actor 

complexity. 

2.2 Multi-actor complexity 

A multi-actor policy setting is characterised by a multi complexity (Van De Riet 2003). This complexity 

arises f rom the diversity in problem perceptions among the actors involved. The interest of actors 

(outcomes of interests) determines their objectives. The existence of multi actor complexity puts 

additional demand on the policy analysis. Van De Riet identifies three classes' requirements that a multi 

actor context puts on the research. This can be visualised in Figure 2-1. 

Dealing with Multi-
actor complexity 

Figure 2-1 Additional requirements on analysis due to multi-actor complexity (Van De Riet 2003) 
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MO requirement: trustworthy analysis 

Stakeholder analysis is an input for the MO requirement. "Trust can be enhanced by giving stakeholders 

a voice in the analysis. Giving them a voice leads stakeholders to perceive the analysis process as 

trustworthy. I n addition it broadens the acceptability o f the results in that i t makes actors more willing 

to live with policies that are, in their view, less than perfect." (Van De Riet 2003). 

M1 requirement: bridging interests 

"Bridging stakeholders' interests is essential in multi-actor policy settings i f the aim is to provide useful 

knowledge. The effort o f bridging interest implies a multi-dimensional search for a solution in which 

the interests of all stakeholders are taken into account and the occurrence of losers is avoided as much 

as possible" (Van De Riet 2003). 

M2 requirement: Multi-Perspective Research Focus 

"The final requirement is that the research takes a multi-perspective research focus in analysing the 

problem and assessing the effects of the policy options" (Van De Riet 2003). The multi-perspective 

research focus demands that the problem is explored f rom the reality perspectives f rom a multi-actor 

point of view. This chapter identifies these perspectives and proposes three stakeholder disciplines with 

their respective perspectives. 

2.2.1 Stakeholder typology 

A first categorisation of stakeholders can be made on the level they operate. However, the problem is 

different on the various levels. A t national level, the problem is the main airport's small capacity which 

threatens its functionality. The considered option is to use a secondary regional airport, where traffic 

can be diverted to. 

The problem is that, such solutions are beneficiary for some stakeholders tough, there are 

disadvantages for others too. Involved stakeholders around the regional airport wi l l see this as a benefit 

as i t creates new welfare opportunities. On the other hand, it might increase the air traffic which forms 

the core of the problem for stakeholders with environmental issues. For example, airlines may have to 

shift their operations to another location which may create additional problems (e.g. airlines may 

become less attractive due to the further distance of airports to major cities). Obvious is that, further 

distinction of stakeholders type (i.e. governmental agencies, interest groups, regulators, suppliers and 

users) and their perspectives is needed. 

Van De Riet and Turk (2006) described different possible points of view that an individual could have 

on an infrastructure, namely the society point of view, the user's point o f view, and the supplier's point 

of view. According to Van De Riet and Turk, the society view captures the perspective of the 

community or all stakeholders affected by the infrastructure. The user view represents the perspective 

of each separate actor that uses or receives the services provided. I n opposite of i t , the supplier view 

captures the perspective of diverse organisations that provide the desired services, including 

production, trade, transport, and distribution. 

13 
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Notice, that this actor typology is an abstraction. I n fact there are many possible perspectives toward 

airport use and planning. Other perspectives can be seen as combinations o f these three basic actor 

views. For example, airports (seen as the suppliers) incorporate the users' goals in their corporate 

strategy in order to please potential clients (airlines, travellers...) and maximise their market share. 

However, in order to deal properly with the multi-actor complexity, these three mentioned perspectives 

wil l be discussed to sort the stakeholders involved in the airline market. 

The next paragraph puts forward which stakeholders are relevant for the system. Those stakeholders 

are the one whom might be interested in the research outcomes o f this report. 

2.2.2 Stakeholders analys i s 

As explained in Chapter 1, the Dutch government is interested in the development of a secondary 

regional airport close to Amsterdam. For this reason, there has been chosen to develop the 

stakeholders' analysis based on the Dutch airline market. The interest of this chapter is to get more 

knowledge concerning the stakeholders playing a role in the decision processes concerning the 

development and extension of a secondary regional airport in the Netherlands, namely Lelystad airport. 

By asking the following questions the identification is facilitated and actors are not forgotten (Enserink 

et al. 2002) 

• What actors are actively involved in the problem? 

• What actors can be involved in either the origin or the solution to the problem? 

• What actors have resources that can be important to the problem? 

• What actors can be expected to have desire to be involved in the problem? 

• What other stakeholders, not actively participating in the problem, wil l be influenced by the 

problem? 

2.3 Stakeholders wi th a societal perspective 

2.3.1 N a t i o n a l authorit ies 

Currently, the government's decisions concerning airports extension depend on the noise contour 

constraining factor that is allowed around the airports. On national level, the directly involved 

ministries are Ministry of Transport, Ministry of Economy and Ministry of Economic Affairs. Those 

are the three principal ministries responsible for aviation policy and airport planning into the 

Netherlands. However some ministries may be involved in second stage. For example, in Lelystad 

(where a regional airport is located) ministry of Agriculture, Nature, and Food Quality is involved as a 

Dutch national park is situated in the same province. As an illustration, Figure 2-2 represents the 

influence of the government on the Dutch aviation system. 

14 
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Governmental policy 

J 

Figure 2-2 Governmental influence on the Dutch aviation system (Heerkens Thi jssen 2007) 

The role o f the government is to assure stability in the aviation system and expects a high performance 

of it . Therefore, the government can use some measures to evaluate the performances of the airline 

market. I n his research Gosling (2000) proposed some aviation performance measures. The one listed 

below are those with which the government can control the stability and the performances of the 

aviation system. 

• Mobility and accessibility: under mobility and accessibility, four different categories are 

distinguished. The considered groups are the travel time, delay (difference between actual 

travel time and travel times in optimal conditions), access to desired destinations, and the 

access to airport system. 

• Economic ivell-being. noticeable is that, what matters here, is not the share of transportation final 

demand but rather the productivity of the transportation sector. The problem is that the 

productivity of the airline market cannot simply be reviewed by the input provided by airport 

authorities but must also consider the airport related inputs by the airlines as well as the air 

traffic control system. These last two are hard to estimate. 

• Sustainability: two aspects play an important role for the ability o f future generations to meet 

their transportation needs. The first aspect is the dependence of the transportation system in 

oil-based fuels whereas the second aspect is the issue of deferred maintenance and renewal o f 

the transportation infrastructure. 

• Environmental quality: several environmental standards have been established concerning 

measures for commercial air service, aircraft noise exposure, and emission o f pollutants. 
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• Safety and security: although aviation accidents are very low compared with the accident rates for 

other mode of transportation, they are o f great concern of air travellers and especially 

potential terrorist attacks on airports or aircrafts remain a immense policy concern. 

Obvious is that, policy regulations on the airline market are based on these described performance 

measurements. A t the end, the government is the final decision maker who decides about the 

implementation of new policies. Therefore, such performance measures might be used to evaluate i f 

stakeholders stick to governmental policies. 

2.3.2 R e g i o n a l authorit ies 

I n the Netherlands, government's aim is to make the Dutch provinces the leading authorities for 

regional airports (Ministry of Transport 2006). That way, provincial authorities may behave 

autonomously concerning their economical interests and may accept the consequences of their actions 

on travel growth and environmental impacts. Nevertheless, constraints with regards to environmental 

and external safety wil l be set by the government as well as the safety of the airports remains the 

government's responsibility. 

As shown in Figure 2-3, three provinces and municipalities may have their importance in the traffic 

diversion f rom the main airport to the regional airports. Those provinces are the province of South 

Holland where Rotterdam airport is located, the province of Flevoland where Lelystad airport is sited 

and the province of Nor th Holland where Amsterdam Schiphol airport is placed. 

1 Governmental goHc^ j 

Issues by the province of South I 
[ Holland J 

Amsterdam 
Schiphol 
airport 

Issues by the province of North 

Figure 2-3 Provincial influences on the Dutch aviation System (Heerkens Thi jssen 2007) 

Noticeable is that Rotterdam airport is operating at capacity. This means that diverting flights f rom 

AAS to Rotterdam airport is not an issue. Also, airline carriers located on AAS wil l not switch to the 

regional airport of Rotterdam as the operating capacity is already attained. A t the moment Rotterdam 

airport is used by low-cost carriers; the principal airlines operating at Rotterdam airport are Transavia, 
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V L M airlines and K L M Cityhope and they only serve European destinations. Lelystad airport on the 

other hand is planning to extent the runway for offering future capacity. Because of the small density in 

that area, the affected population due to noise impact and air pollution wil l be limited. In the future, 

Lelystad might obviously become the second largest airport and would take over AAS's market share. 

However, because of this potential growth, municipalities as environmental interest groups around 

Lelystad may have an important counting opinion and therefore have to be involved in the policy 

decision process rapidly. Notice that the municipality of Rotterdam not only has an interest in the 

Rotterdam airport but also in AAS as this last one is owned by 75% by the national government, 2,4% 

by the municipality o f Rotterdam himself, and 21,8% by the municipality of Amsterdam (Schiphol 

2008). 

I n the future, due to its vicinity to AAS and the catchment area of AAS, which is roughly the Randstad1 

area, Lelystad might become the most growing regional airport of the Netherlands. Obviously, 

Rotterdam is located closer to the Randstad area but in contrast to Lelystad airport cannot increase 

anymore because of the densely populated area. Therefore, powerful stakeholders such as provinces or 

municipalities have a high interest in the development of regional airports and help the airport 

financially for a better growth. Moreover, the Dutch ministry of Transportation has set a part of its 

focus on the infrastructural development o f the province of Flevoland and especially around Lelystad; 

this is reported in the Dutch coalition agreement report of 2007 (Dutch government 2007). 

This analysis show that Dutch authorities (national and regional), see the development o f secondary 

airports as a positive aspect since it might solves the capacity problems at the main AAS and results in 

an improvement of regional economies. 

2.4 Stakeholders wi th a supplier perspective 

2.4.1 Airpor t s 

On its website, Schiphol airport precisely clarifies its objectives: 

"The mission of Schiphol Group is to create sustainable value for its stakeholders by developing AirportCities and by 

positioning Amsterdam Airport Schiphol as the leading AirportCity. [...] It views an airport as a city that offers tailor-

1 The Randstad (Rim City, i.e. a city at the rim o f a circle, wi th empty space in the centre) is a conurbation in the 

Netherlands. I t consists o f the four largest Dutch cities (Amsterdam, Rotterdam, The Hague and Utrecht), and 

the surrounding areas. Wi th its 7.5 mil l ion inhabitants (almost half of the population of the Netherlands; when 

other conurbations connected to this area are also taken into consideration, i t would have a population a little 

over 10 mi l l ion , almost 2/3 of the entire Dutch population) it is one o f the largest conurbations in Europe. Its 

main cities are Almere, Amsterdam, De l f t , Dordrecht, Gouda, Haarlem, Hilversum, Leiden, Rotterdam, The 

Hague, Utrecht, and Zoetermeer. The cities o f the Randstad more or less fo rm a crescent or chain. This shape has 

given the Randstad its name (rand means r im or edge and stad means city or town). The area that is enclosed by 

the larger cities is called the Green Heart (Groene Hart). 
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made facilities to a broad range of users. [...] It is the company's ambition to become one of the world's leading airport 
companies" (Schiphol 2008). 

Nevertheless, to attain their objectives AAS would have to come in agreement with some policy 

constrains. The problem facing AAS is that it is running out of capacity and wil l not be able to 

accommodate growth in the near future. The forecast capacity shortage is largely a result of 

governmental constraints on aircraft movements, the number of passengers, the amount of cargo and 

the amount of noise emissions (Walker et al. 2001). A question that could be asked is until when AAS 

may accommodate the demand growth? In addition, authorities may not be willing to invest in more 

capacity and are interested in redistributing passengers over different airports (Van Eggermond 2007). 

For those reasons, diverting air traffic to secondary regional airports may be considered. Hence, i f this 

really happens, competition between airports wi l l exist, especially concerning the European flights (as 

most o f the airlines operating at regional airports do not go overseas). Additionally, AAS risks losing an 

important part of its incomes since 35% of its total revenues stem f rom non-aviation business activities 

e.g. car-parking, concessions, advertising, etc (Schiphol 2008). Hence it sees the development of a 

secondary airport as a threat for its annual turnover when actual airlines would shift to the new airport. 

The aim of developing regional airports (e.g. Lelystad airport) can be defined as maximizing the 

contribution o f airports to their local economies, while also relieving pressure on congested main 

airports (Graham & Guyer 2000). However, due to their unattractive location, travellers have 

preferences for the centrally located main airport (Tron et al. 2007). For this reason, most airlines 

operating at secondary airports have a different strategy approach than airlines operating at main 

airports (see 2.5.1). 

Concerning the airport demand, f rom a marketing perspective, both airlines and travellers can be seen 

as consumers. The airlines are the one that buy the airport facilities and the travellers are more the one 

that consume or utilize the airport product. I f passengers' choice wil l rely on the nature of offered air 

service, for the airlines, the factors having the most importance are related to the nature of catchment 

area. As the flying route has to be attractive for the airlines, the catchment area has to be attractive for 

business and tourism. I n his research about A i r p o r t managing', Graham (2001) developed the factors 

for airlines as well as for travellers that affect their choice in airports. Those factors are listed in Table 

2-1 below. 

Table 2-1 Consumers' factors affecting the choice of airport 

P a s s e n g e r s A i r l i n e s 

Destination of flights Catchment area and potential demand 

Flight fare Slot availability 

Flight availability and timings Competition 

Frequency o f flights Network compatibility 

Image and reliability o f airline Ai rpor t fees and availability of discount 

Airline alliance policy and frequent flyer programme Other airport costs (e.g. fuel, handling) 
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Surface access cost to airport 

Ease o f access to airport 

Car park costs 

Range and quality o f shops, catering and other 

commercial facilities 

Image o f airport and ease o f use 

Source (Graham 2001, p. 184) 

I n order to increase their revenues, main airports as well as regional airports need to adapt their 

strategy on travellers' needs. Hence, gaining knowledge in air travellers' needs is one of the research 

objectives of this thesis. 

2.4.2 Regula tors : A i r T r a f f i c C o n t r o l the N e t h e r l a n d s 

As an Independent administrative body, Air Traffic Control the Netherlands (LVNL) provide air traffic 

control by order o f the Minister o f Transport, Public Works and Water Management (Air Traffic 

Control the Netherlands - L V N L 2008). 

AAS is a complex runway system, designed in a time with small traffic volume. Nowadays, the traffic 

volume is so large that the regulator (LVNL) handles more than 100 flights an hour. However to 

accomplish the wishes o f AAS, L N V L supports the mainport's objectives and tries to optimize the 

airspace within the limiting conditions for safety and environment. 

For regional airports, the same safety criteria apply as for international airports whereas the amount o f 

traffic is much smaller. Beside AAS, L V N L is also responsible for the development o f flight procedures 

and routes of Rotterdam airport, Groningen airport and Maastricht airport. Especially for airports in 

vicinity o f each other, i t might be that air traffic routes interfere with each other. Therefore capacity 

planning on the ground is not negligible and has to be controlled in cohesion with available airspace 

possibilities. 

Depending o f the overlap of the T M A 2 areas, conflicting air traffic routes or flight paths wil l result. 

Rotterdam airport and Lelystad airport, which are relative small airports, already overlap and interfere 

with the T M A of AAS. A n increase in traffic at Lelystad airport wi l l also affect the overlap in both 

TMA's . Therefore, regulators as L V N L use the T M A as indicator for reviewing the airspace capacity. 

Figure 2-4 illustrates the relation between the AAS's T M A and the different control zone (CTR). The 

CTR is the controlled airspace set up to protect air traffic operating to and up that airport. I t can be 

seen that a traffic growth f rom and to Lelystad airport wil l demand a high security level as both TMA's 

could interfere in uncontrolled areas. 

2 Every airport needs a Terminal Manoeuvring Area (TMA) wi th in which incoming aircrafts are directed to the 

airport and outgoing air traffic is send in the right direction. The conflicts between incoming and outgoing traffic 

are generally solved within the T M A 

Range and quality service 

Ease o f transfer connections 

Maintenance facilities 

Environment restrictions 
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0 Rotterdam airport 

9 Lelystadairport 

% Schiphol a i rport 

Control zone Rotterdam (CTR) 

Control lone Lelystad (CTR) 

Control zone Schiphol (CTR) 

- — — - Terminal Area Schiphol airport 
(TMA) 

Figure 2-4 Schiphol's T M A and airports'control zone (AIS 2008) 

Globally while optimizing the use of the airspace above the Netherlands, L V N L tries to f ind a balance 

between its three outcomes of interest; namely safety, efficiency and the environment. Therefore, it 

plays an important role regarding the objectives and future functions of AAS as well as those of 

regional airports experiencing rapid growth (e.g., Lelystad airport). 

2.5 Stakeholders wi th a user perspective 

2.5.1 A i r l i n e s 

Airlines are the first users of the airport capacity and therefore have in this research a user perspective. 

Since the airline deregulation, a competition between airlines and airlines alliances exists (Button 1991). 

As a result o f i t , economy fares have fallen and have tended to increase the importance of the airport 

costs in the average fare (Barrett 2000). Since that moment, two different types o f carriers with 

different strategies could be distinguished namely the already existing network carriers (NC) and the 

upcoming low cost carriers (LCC). In the coming paragraphs, the mission of both different types o f 

airlines wi l l be discussed. 

N e t w o r k carr iers ( N C s ) 

In order to determine the mission of the network carriers the case of K L M (a Dutch NCs) wi l l be 

discussed. On its internet site K L M explains its objectives which are: 

"KLM wishes to play an active part in setting the criteria necessary to realise its objectives: growth opportunities at the 

Schiphol home base, access to all markets that add to the quality of the network, and a level playing field for all. KLM 

seeks to balance the company's interest ivith those of its local surroundings. [...] KLM's strategic goal is profitable and 

sustainable growth. Together with Air Trance, it will achieve this through the further development of its three core 

activities in the most attractive markets, through cooperation within SkyTeam and through further reductions in unit 

costs" ( K L M 2008). 
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Franke (2004) argues that at this time, NCs try to draw more and more traffic to their hubs, since they 

could create a disproportional increase in connections at incremental cost. Also he explains that the 

NCs predominant optimization targets are a coverage o f as many demand categories as possible and 

connectivity in the hub which can be found back in KLM's objectives. The hup-and-spoke network has 

enabled the airlines (and alliance partners) to offer a wide range of products to all kinds o f customer 

needs (e.g. business or leisure customers; continental or intercontinental routes, rebooking facilities, in

flight services...) and at the same time allows them to bundle the traffic flows and thereby increase cost 

efficiency. Though, this strategy has some important negative aspects which reflect a loss of 

convenience for the passenger who would prefer direct flights, and a high cost penalty for the airline 

on the operational side. Franke, named some consequences of those negative aspects: temporary 

congestion (reduced airside productivity), time-critical connection (special process required), and 

strongly fluctuating utilization of ground handling facilities. A l l this consequences could additionally 

lead to poor punctuality performances which as a summation might be decreasing the travellers' 

perception o f network carriers. Although NCs are unwilling to switch their services to secondary 

airports (De Neufville & Odoni 2003), airlines are focussed on a high frequency o f service, which is 

easier to maintain when operating at secondary airports. Typically, LCCs align their strategies on such 

kind of issues and permit to be competitive to NCs on medium-short distances. 

L o w C o s t C a r r i e r s ( L C C ) 

I t is with a completely different business model that LCCs have entered the airline market. The so-

called LCCs have successfully designed a focused operation providing them with a significant cost 

advantage. Experts estimate that they operate with up to 60% lower unit costs than network carriers 

(Hansson et al. 2003). During their growths, LCCs have created a unique value of proposition through 

product and process design that enables them to propose low fare rate in exchange to no service. 

Gillen Sc Morrison (2005) proposed several examples o f service feature trade-offs: less frequency, no 

meals, no free or any alcoholic beverages, more passengers per flight attendant, no lounge, electronic 

tickets, and less legroom. Also LCC are usually operating at secondary airports which are further 

located to the main cities. Although the connectivity for accessing or feed the airport is not often as 

good as at main airports, the aircraft taxing times are much cheaper than at main airports. Mason 

(2000) argues that the operational strategy of secondary airports allows airlines to achieve utilization of 

its aircraft o f two hours per day more than a network carrier based on a main airport. 

Transavia which is one of the biggest LCCs in disserving European destinations applied this above 

mentioned business model; this is noticed in their strategy approach: 

"The strategy of transavia.com is aimed at positioning the company as a "web-based" travel brand with flights as its key 

activity and at close collaboration with business partners in the expansion of its package of products, transavia.com 

would like to distinguish itself in the marketplace by basing its activities on "low-cost, low fare with individual service". 

It is also crucially important to transavia.com's healthy future that the company is successful in its selective growth, 

aimed at healthy returns and based on a carefully devised route network and revenue management" (Transavia 2007). 

In Figure 2-5, are aligned the drivers on which LCCs base their strategy and reduce their costs. 
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Although airline attributes have the big impact on travellers' travel choice, airport location seems to 

play an important role as well. For example, in his study on airport choice behaviour, Bondzio (1996) 

showed the travellers' value for travel time plays an important role regarding airport choice behaviour 

and specifically the access time to the airport. Also, he demonstrated that access time is more 

important for business travellers than for leisure, which can be understandable. The same conclusions 

have been repeated in the research done by Pels et al (2003). These results show that, travellers not 

only focus on airlines' low fares or prices but that, good infrastructural facilities are needed as well in 

order to make the access to the airport attractive for passengers. 

2.6 Network analysis 

In this chapter, different stakeholders affecting the airline market have been described. Important is 

that those stakeholders can be sorted in different groups, namely in the one having a social perspective, 

a supplier perspective and a user perspective. A l l of those stakeholders have their own perception on 

the market and try to influence the market in order to attain their objectives. 

Given the stakeholders of the aviation market, i t is essential to see whether the involved stakeholders 

are critical for the future development and growth o f the system. I f it seems that their resources are not 

replaceable and their dependency has a high level, then the involved stakeholder is called a critical actor 

for the system. Resource may include expertise, money, asset and lobby. The stakeholders' dependency 

is determined by three levels, namely low, medium or high level. Notice that, stakeholders' position and 

influence on the system might change depending on the scenario and the topic of the discussion. 

Another important factor is the power o f each involved party. The power permits the involved actors 

to obstruct or to advance the processes. I t might happen that, at the end of long discussion processes 

and after having obtained some cooperation and consensus, people do not wish that other dominant 

parties became a hindrance for the decision process. In this situation all the named stakeholders, 

excepting the travellers, do have a critical position. In Table 2-2, answers on previous formulated 

questions by Enserink et al. ((2002) are listed. 

The outcomes o f this analysis shows that, despite of their importance due to their production power 

(demand in aviation), travellers are not critical actors for the market. I n fact travellers may have the 

choice to use other transportation modes to undertake their trip (car or train) unless the destination is 

not reachable with other transportation modes. This results in the fact that making destination choices 

might constrain the mode choice. Van Zuylen (2005) demonstrated in his framework that the freedom 

of choice depends on the time. That means that, once a decision is undertaken, some other choices are 

not possible anymore, and depending on the time period, choice possibilities get restricted. So, i f 

travellers' destination is only accessible by plane, their only choices result in airline choices and in 

airport choices. 

Concerning the other stakeholders of the market, their resource, power and dependency determine i f 

they will be critical or not in some new decision-making processes. Noticeable is that all other 

mentioned actors are defined as critical and play an important role in the maintenance of the aviation 

system. Notice that the implementation of a regional secondary airport wi l l be a benefice for the local 

economy. However, local companies are not critical in the decision process o f implementing a 

secondary airport. Because they can only perceive the consequences of a secondary airport in their 
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region, they might be able to subsidy a part o f the implementation costs. Nevertheless they are not 

critical in the decision process. 

Table 2-2 Network analysis 

S takeholder R e s o u r c e s P o w e r D e p e n d e n c y C r i t i c a l 

Governmental • Expertise • Productive power High Yes 

authorities (Ministry o f 

transportation, Ministry 
• Subsidies • Start decision 

of Economic Affairs) o Policy rules • Law and enforcement 

(directives) 

Provinces 

© 

Area plan 

Subsidies (money for area 

development) 

• Law and enforcement 

• Blocking power (area 

plans) 

Medium Yes 

Airports a 

• 

o 

• 

Money 

Expertise 

Assets 

lobby 

• Productive power 

• Blocking power 

High Yes 

Regulator 0 expertise • law and enforcement Medium Yes 

Airlines o 

• 

lobby 

expertise 

• Productive power 

• Blocking power 

High Yes 

Ai r travellers • indirect production power • Boycotting Low N o 

Local economy • subsidies • productive power Low N o 

(companies) 

Since stakeholders have different perception on this issue, it is interesting to analyse i f stakeholders 

encourage or not the development of a secondary airport. Table 2-3 presents an overview of the 

stakeholders' opinion on the implementation o f a secondary airport. Obvious is, that the government 

and the air regulator are favourable to the development of a secondary airport. A reason is that i t would 

solve the capacity problems at AAS and could be a nice opportunity to increase the concerning regional 

welfare. On the other hand, the development of a secondary airport would be a threat for AAS which 

would prefer to expand its airport instead of developing a secondary airport. Concerning the airlines, 

operating at secondary airports is not necessarily a bad thing as the operating costs would be lower 

than at the main airport. However, airlines depend on the travellers demand. Despite the fact that air 

travellers have no critical status in the air market, they do have an important impact on the decision 

process o f implementing a secondary airport. Since travellers are the users of airports and airlines, 

without travellers, airports and airlines wi l l not make any profit . For this reason, having more insight 

air passengers travel preferences is necessary in order to analyse i f secondary airports are attractive or 

not. Based on the advantages and inconveniences of implementing a secondary airport and on the 
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stakeholders' perception on it , the government wi l l finally have to take a decision as he is the decision 

maker of this problem. 

Table 2-3 Stakeholders' perception on the development of a secondary airport 

Stakeholder P e r c e p t i o n on the deve lopment of a secondary airport 

Governmental authorities 

(Ministry o f transportation, 

Ministry of Economic Affairs) 

Pro: secondary airport w i l l solve AAS's capacity problem while offer ing new 

route possibilities. Also i t enables the economical development o f a new 

region. 

Provinces Pro: enables the increase o f the regional welfare 

Airports (AAS) Against: sees the development of a regional airport as a threat and as a lost 

of prof i t . 

Regulator Pro: permits to divert the traffic which leads in more traffic security 

Airlines Unclear: see regional airports as an opportunity to decrease the operational 

costs. However, staying at the main airport takes out all the risk o f non 

attracting people. 

A i r travellers Unclear: secondary airports usually are cheaper but located further away 

f r o m the city centres. This result in more travel time. More insight in 

travellers' perception w i l l be ginven by the conclusions o f this research. 

Local economy (companies) Pro: the implementation o f a secondary airport would signify that the region 

wi l l become more attractive which is good fo r the local economy. 

2.7 Conclusion 

I n this chapter different stakeholders of the airline market have been analysed. I n this research the 

societal interests have been set on the parameters influencing air travellers' in their travel choices. 

Therefore, the outcomes o f this study are mostly important for the airlines, which may adapt their 

strategy on travellers' needs, but also for the airports as travellers and airlines form the airport demand. 

Looking at the airline market (Figure 1-1), the outcomes o f this research should give answers to the 

first and second research boxes which should be beneficent for the involved stakeholders to improve 

their objectives. I n Table 2-4 below, all the discussed stakeholders' goals and instruments (possible 

actions) have been enumerated as a concise overview. 

Concerning regional airports, stakeholders of the aviation market have different perceptions on their 

implementation. On one hand, governmental authorities perceive this as a solution to solve AAS's 

capacity problems, and as a way for improving the local economical welfare. On the other hand, AAS 

sees the development of a secondary airport as a threat to its market share, and wil l try to obstruct 

governmental decisions to develop a secondary airport. Finally, airlines see secondary airports as an 

opportunity to increase their flight frequency and decrease their operating costs. However, good access 

to, and f rom, the airport is necessary in order to attract travellers. Air travellers' preferences in itinerary 

choice are therefore an important aspect in the decision process of implementing a secondary airport. 
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Table 2-4 Objectives and instruments of the stakholders involved in the airline market 

Objectives Instruments 

-a u 
c ;2 
<~ in 
w o 
C J3 

s 1 
> 
o 

O 

G _ 0 1 Solve capacity problems at AAS G_I1 

G_I2 

G_03 Increase the public value o f regions G_I3 

having airports 

G _ 0 4 Assure a healthy, clean and safe G_I4 

living environment (passenger and 

environmental) 

Extent AAS 

Implement a regional secondary airport 

Investment in infrastructure and 

subsidies 

Implement policy restrictions 

concerning noise emissions, safety and 

security 

A P _ 0 1 Increase the number o f airlines 

operating 

A P _ H Reduce the operating costs and taxes 

AP_I2 Assure faster operating services 

A P _ 0 2 Increase the number of travellers AP_I3 Increase the number of operating 

airlines deserving more destinations 

AP_I4 Reduce airport fees (tax) 

0 a, a AP_I5 Improve services and transfer facilities 

< (shopping facilities, decrease in waiting 

AP_16 

times...) 

Improve airport accessibility (public 

transportation, bus shuttle), 

A P _ 0 3 Increase non-aviation business 

revenues 

AP_I7 Improve commercial facilities (car-

parking, shops, restaurants, hotels...) 

-• R _ 0 1 Create capacity for strengthening 

the aviation network 

R_I1 Optimise the airspace controls and the 

interfering airspace areas 

0 
R _ 0 2 L imi t the regional hindrance R_I2 Assure an optimal airspace safety and 

R
eg

ul
al

 

capacity 

R_03 Create a clear perspective for R_I3 Optimise the airspace control methods 

spatial development and techniques 

A _ 0 1 Reduce airports costs A _ I 1 Operate at secondary airports 

A _ I 2 

A _ I 3 

Reduce airport services 

Fly at off-peak hours 

A
ir

li
ne

s 

A _ 0 2 Reduce f l ight costs A _ I 4 

A_I5 

A_I6 

Reduce in-f l ight services 

Reduce kerosene consumption 

Optimise aircraft occupation rate 

— A _ 0 3 Reduce operation costs A _ I 7 Use electronic ticketing 
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A_I8 Reduce personnel 

A . . 0 4 Increase travellers volume A_I9 Increase routes/f l ight destinations 

A_I10 Reduce ticket prices 

A _ I 1 1 Increase marketing operations 

T_ 01 Minimise travel costs T _ I 1 Choose itinerary wi th lowest fare 

T_ I2 Choose airline wi th low fare 

T_I3 Choose airport wi th low fares 

T_I4 Travel less (frequent) 

T_ 0 2 Minimise travel time T_I5 Choose for itinerary wi th minimum 

u 
travel time 

ve
lle

 

T_ I6 Choose airline wi th short travel time (no 

Tr
a transfers) 

T_I7 Choose airport wi th short access and 

egress times 

T_I8 Choose other travel mode 

T_ 0 3 Maximize comfort T_I9 Choose airline wi th high quality service 

T_I20 Choose airport wi th high quality service 
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Chapter 3 Travel Choice Modelling 

3.1 Travel choice in the field of transportation 

T r i p m a k i n g is the result o f i n d i v i d u a l choice behaviour . A n i n d i v i d u a l person decides whe the r he w i l l 

leave home to do an ac t iv i ty elsewhere or no t , where he w i l l do that ac t iv i ty , and h o w he w i l l t ravel to 

that des t ina t ion (Bovy et al. 2006). A l l these decisions are dependent o n many factors , such as the 

avai labi l i ty o f the t ranspor t services or the exis t ing t r a f f i c n e t w o r k . A person w h o chooses to go to 

w o r k by car, us ing a certain route has made these decisions based o n his knowledge , preferences, and 

constraints (such as t ime and budget constraints) . 

Schoemaker et al. (1999) developed a f r a m e w o r k (Figure 3-1) that represents the characteristics and the 

c o m p o s i t i o n o f t ranspor t systems. 

Economic ac t iv i t ies | 

Travel d e m a n d 
{ 
: T ranspor t marke t 

I 
Supply 

T ranspor t services 

Vehic le d e m a n d 

-

Traff ic marke t Supp ly 

Traf f ic serv ice 

Figure 3-1 Transportation layer model (Schoemaker et al. 1999) 

T h e act ivi ty-layer relates to the activit ies p e r f o r m e d by people , companies or organisat ions. Hence, 

typica l activit ies can be l i v i n g , w o r k , study, shopping , etc. Since activit ies have d i f f e r e n t locat ions i n 

space and t ime , people have to make t r ips . The t ranspor t services-layer o f f e r s t ranspor t faci l i t ies to 

people. Just as i n the act ivi ty-layer , many actors are i n v o l v e d ( f r o m indiv iduals to organisations) each 

o f f e r i n g t ranspor t services to faci l i ta te the t rave l demand. I n fact , this layer provides a supply out l ine i n 

space and t ime f o r the t ranspor ta t ion o f people. T y p i c a l characteristics o f this supply are the levels o f 

service, prices, and qual i ty (Schaafsma et al. 2001). I t is i m p o r t a n t to not ice that the actual t ravel 

demand is n o t equivalent to the desired t ravel demand. Travel lers m i g h t choose activit ies that are 

d i f f e r e n t to the m o s t p re fe r r ed chosen act iv i ty because o f the l o n g t ravel t ime or the h igh prices related 

to the t ranspor t services. I n add i t ion , w h e n a traveller decides t o undertake a t r i p , i t can be assumed 

that his ac t iv i ty loca t ion choice has already been de termined , and that the r ema in ing choices concern 

the route choice, the mode choice, and the departure t ime choice. W h e n m o d e l l i n g traveller 's choice 
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behaviour , this aspect m i g h t include some uncer ta in ty and i t w o u l d be always be d i f f i c u l t to guarantee 

that travellers behave i n real i ty as at observed i n a mode l . 

I n air t r anspor ta t ion , w h e n a t ravel ler decides t o make a t r i p , his ac t iv i ty l oca t ion choice and the mode 

choice are fixed and a choice has t o be made between several f l i g h t alternatives, where alternatives are 

mutua l ly exclusive possibi l i t ies f o r m a k i n g a t r i p o f w h i c h only one can be chosen at the same m o m e n t 

(Bovy et al. 2006). The f l i g h t cou ld be characterized by a certain a m o u n t o f at t r ibutes w h i c h w i l l 

i n f luence the travel ler to make a ra t iona l choice among the d i f f e r e n t p roposed alternatives. The re fo re , 

the t ravel ler decides accord ing to his o w n personal views and preferences and tries t o opt imise his o w n 

personal s i tua t ion by choos ing the alternative that suits h i m the best. Fu r the rmore , travellers become 

su f f i c i en t l y i n f o r m e d about the p r o d u c t category, w h i c h they are l o o k i n g at, to f o r m preference 

o rde r ing w h i c h involves t r ad ing o f f p r o d u c t at tr ibutes possessed by p r o d u c t alternatives. Hence , 

travellers develop a preference o rde r ing f o r alternatives, and depending on budget or other 

considerat ions, make decisions w h i c h alternative to purchase (Louviere et al. 2000). 

O n e o f the goals o f this research is to gain better unders tanding o f the needs and wants o f i n d i v i d u a l 

air travellers and this can be p r o v i d e d by focus ing o n the re la t ionship between travel lers ' choice and 

the factors that in f luence them to make a specific t r i p . Based on the t ravel choice f r a m e w o r k developed 

by Proussoulaglou (1999), and i n order t o p rov ide a bet ter ins ight i n t ravel lers ' air l ine choice, a 

conceptual f r a m e w o r k f o r air t ravel choice is presented i n Figure 3-2. 

Th i s f r a m e w o r k shows that by searching and learning, the traveller gains knowledge o n wha t satisfies 

his needs. Consequently, the traveller f o r m s an ideal alternative based o n his preferences and begins t o 

compare the value o f his i n i t i a l al ternative to the available set o f alternatives. I n the case that none o f 

the p roposed alternatives matches w i t h the i n i t i a l p r e f e r r ed al ternative, the traveller has to adapt 

a n d / o r r e f o r m his i n i t i a l preferences according to the available set o f alternatives. I f the traveller 

decides to purchase an ac t iv i ty , the decision m a k i n g process w i l l end. The chosen al ternative is the one 

that is most p re fe r red , g iven the available op t ions . 
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r N 
Gender 

Age 
Income 

Frequent-flyer-program 
Previous experience 

Carrier loyality 

Figure 3-2 Air travel choice framework 

3.2 Choice modelling based on utility maximisation 

M o d e l l i n g t r ave l behaviour is a key aspect o f demand analysis, where aggregate demand is the 

accumula t ion o f ind iv idua l s ' decisions. T h e ind iv idua l dec i s ion-making ent i ty depends o n the par t icular 

appl ica t ion ; hence, the decis ion maker can be a person or g roup o f people (such as an organisat ion f o r 

example) . Beside the decis ion-maker, the f r a m e w o r k f o r a discrete choice m o d e l is presented by a set o f 

general assumptions about alternatives, w h i c h determine the op t ions available to the decision-maker, 

and at t r ibutes, w h i c h measure the benef i t s and costs o f an al ternative to the decision-maker (Ben -Ak iva 

& Bier laire 1999). 

The ind iv idua l ' s preferences f o r c o n s u m i n g goods or f o r services can be expressed i n " u t i l i t y " . N o t i c e 

that the amoun t o f u t i l i t y is represented by a relat ive and abstract value and cannot be observed no r 

measured by i tself . Sat is fact ion and happiness t o w a r d a consumed g o o d or service w i l l be translated 
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i n t o a pos i t ive u t i l i t y , whereas dissat isfact ion w i l l be expressed as a negative u t i l i t y . Each i n d i v i d u a l is 

assumed to behave ra t ional ly , such that he or she w i l l choose that alternative w h i c h gives the largest 

relative u t i l i t y . 

A l t h o u g h the decision-maker has a per fec t d i sc r imina t ion capabil i ty, the analyst is assumed to have 

incomple te i n f o r m a t i o n , and therefore w h e n de t e rmin ing ind iv idua l ' s u t i l i t y , uncer ta inty has to be taken 

i n t o account . M a n s k i (1977) ident i f ies f o u r d i f f e r e n t sources o f uncer ta inty: (i) unobserved alternative 

at t r ibutes, (ii) unobserved i n d i v i d u a l characteristics, (i i i) measurement errors, and (iv) p r o x y (or 

ins t rumenta l ) variables. Hence, t o ref lec t this uncer ta inty, the u t i l i t y is composed o f t w o parts. The first 

par t is the observed determinis t ic par t ( V ) and the second par t is the non-de te rmin is t i c , unobserved 

par t o f the u t i l i t y mode l l ed as a r a n d o m variable { £ ) • M o r e specif ical ly, the u t i l i t y U i q that i n d i v i d u a l 

q associates w i t h al ternative i&Cq , where Cq is the set o f available alternatives f o r i nd iv idua l q, is 

g iven by: 

where the determinis t ic observed par t Vj. is described by a f u n c t i o n ƒ (/3,X.[q), where f j is a vector o f 

taste parameters and Xk/ is a vec tor o f a t t r ibute levels f o r al ternative i that can be measured or 

observed (such as pr ice and t ravel t ime) . I n add i t ion , socio-demographic at t r ibutes o f decis ion-maker 

q (such as gender or income) can be inc luded i n the determinis t ic part o f the u t i l i t y f u n c t i o n . T h e n o n -

determinis t ic non-observable par t o f the u t i l i t y f u n c t i o n £ i q is assumed to f o l l o w a g iven r a n d o m 

p robab i l i t y d i s t r i b u t i o n (Ben -Ak iva & L e r m a n 1985). 

A s m e n t i o n e d before , i t is assumed that all decis ion makers a im to maximise their u t i l i t y , and select the 

al ternative that has the highest u t i l i t y among the alternatives i n the choice set. The p robab i l i t y that 

alternative i is chosen by decision-maker q f r o m choice set Ciq is therefore : 

P(i\Cq) = P[U,ll>UJqVjeCq]. (3.2) 

I t is i m p o r t a n t to realize that only the di f ferences between ut i l i t ies are relevant here and no t u t i l i t ies 

themselves. Th is can be seen by r e w r i t i n g equat ion (3.2) as f o l l o w s : 

P<f\C,)-FLU„-UMZWje C,h (3.3) 

A p p l y i n g this general u t i l i t y max imi s ing theory to the p r o b l e m o f t ravel choice i n air t ravel , some 

decisions have to be made about the f u n c t i o n ƒ (J3,X. ) and the r a n d o m variable £• . I n this research, 

every al ternative i w i l l represent a t r i p t o Barcelona ci ty . A l s o , i n the next paragraphs w i l l be described 

h o w t o generate a set o f alternatives C . F u r t h e r m o r e , the alternatives i and at tr ibutes X that w i l l be 

used w i l l be discussed, as w e l l as the assumptions that have to be made about the r a n d o m part o f the 

u t i l i t y S, . 
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3.3 Alternatives 

I n this study, each alternative represents a t r i p f r o m A A S to Barcelona ci ty . A s seen previously , the a im 

o f the research is to get more knowledge about the at tr ibutes i n f l u e n c i n g travellers ' t ravel choice. Each 

alternative is composed o f a f l i g h t part and o f a g r o u n d t r anspor ta t ion part . 

Al te rna t ives may be characterised by be ing labelled o r unlabel led. A n alternative is de f ined as labelled i f 

a "name" card is a t t r ibu ted on i t . I n the case o f air t rave l choice, label led alternatives w o u l d have been: 

A i r France, K L M , Iber ia , etc. I n the same case, unlabel led alternatives are alternatives w i t h o u t specific 

names i.e. t r i p A , t r i p B , t r ip C, etc. T h e advantage o f unlabel led alternatives is t o o f f e r more f l e x i b i l i t y 

i n creat ing alternatives. F o r example, a choice set w i t h labelled alternatives w o u l d only have considered 

the compar i son between A i r France, K L M , and Iber ia , whereas a choice set w i t h unlabel led alternatives 

also allows the compar i son be tween K L M (1), K L M (2), and Iber ia . Unlabe l led alternatives have 

disadvantages t h o u g h , i t restricts the researcher to use generic parameters. Parameters are called 

al ternat ive-specif ic w h e n the parameter f o r a certain a t t r ibute d i f f e r s across the d i f f e r e n t alternatives 

(e.g. the parameter f o r t ravel t ime may be d i f f e r e n t f o r d i f f e r e n t t ravel modes) . I f parameters are the 

same across al l al ternatives, parameters are called generic. The disadvantage o f us ing unlabel led 

alternatives is that only are generic parameters m e a n i n g f u l whereas labelled alternatives may con ta in 

al ternat ive-specif ic parameters on ly a n d / o r w i t h generic parameters. 

3.4 Choice model specifications 

3.4.1 Set of alternatives: Cq 

I n thei r f r a m e w o r k (Figure 3-3), B o v y & Stern (1990) i n t roduced various sets o f alternatives, called 

choice sets. I n choice behaviour mode l l i ng , the choice set is mos t ly described according to the 

traveller 's p o i n t o f v iew. H o w e v e r , i t m i g h t be that this choice set d i f f e r s i f i t is seen f r o m another 

v i e w p o i n t e.g. the researcher's perspective. I n the f o l l o w i n g part , b o t h d i f f e r e n t perspectives w i l l be 

discussed. 
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Transport system 

Figure 3-3 Conceptual framework for choice set formation of an individual traveller (Bovy & Stern 1990) 

Set of alternatives f rom the traveller's perspect ive 

Travel lers and researchers have d i f f e r e n t knowledge o f the t ranspor t system, and hence o f alternatives 

available f o r a specif ic t r i p . A l t h o u g h the number o f t r ip alternatives m i g h t be large, on ly a subset o f 

t h e m is k n o w n to , feasible to , and considered by the i n d i v i d u a l (Hoogendoorn-Lanse r 2005). I n 

add i t ion , B o v y (2008) argued that on ly the k n o w n alternatives that satisfy the traveller constraints w i l l 

f o r m the choice set available f r o m the perspective o f the traveller. The traveller 's percep t ion o f 

relevant alternatives and their at t r ibutes are incomple te and inaccurate and again are hnked to his t ravel 

experiences and t ravel preferences. These i n d i v i d u a l traveller 's propert ies that in f luence his decision

m a k i n g can be f o u n d l is ted o n the l e f t side o f the f r a m e w o r k . 

I n her P h D thesis, Hoogendoorn -Lanse r discussed the d i f f e r e n t choice sets w h i c h can be dis t inguished 

f r o m the perspective o f an i n d i v i d u a l traveller. Those are d e f i n e d i n Table 3 - 1 . Fu r the rmore , she 

argued that psychologists suggest that the number o f alternatives that mos t travellers are able to 

consider i n their f i n a l choice process is l i m i t e d to more o r less 7 alternatives. Figure 3-4 shows the 

relat ionships between the t r i p characteristics (exist ing, k n o w n , feasible . . . ) and the cor responding set o f 

alternatives. 
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Table 3-1 Choice set notions from the travellers' perspective 

T e r m i n o l o g y D e f i n i t i o n 

Universal choice set 

Actual master set 

Actual subjective 

choice set 

Actual consideration 

set 

Actual chosen 

alternative 

Set o f all existing route alternatives in a given network f r o m an origin to a destination. 

Subset o f the individual choice set containing all route alternatives known by an 

individual, travelling between an origin and a destination and leaving at a preferred 

departure time satisfying his or her travel needs. 

Subset of the individual choice set containing all route alternatives known by and 

feasible to an individual, travelling between an origin and a destination and leaving at a 

preferred departure time satisfying his or her travel needs, (e.g. cost and time sensitive 

travellers) 

Subset of the subjective choice set containing all route alternatives considered by an 

individual in the choice process. Those remaining alternatives are constructed by the 

traveller's preferences (specific carrier preference, departure interval, type o f aircraft . . .) 

Alternative that is actually chosen and is part o f the consideration set. 

Actual subjective 
choice set 

Actual consideration 

Actual chosen 
alternative 

Ó Ó 

9 f ï o 

Existing alternatives 

9 

ó ó 

Known alternatives 

0 

Feasible alternatives 

o 
Considered 
alternatives 

Chosen 
alternatives 

Figure 3-4 Relationship between the alternatives' characteristics and the corresponding sets 

Set of alternatives f r o m the researcher 's perspect ive 

General ly, a researcher may generate choice sets f o r f o u r d i f f e r e n t k inds o f applicat ions namely: (i) 

analysis o f available alternatives, (ii) es t imat ion o f parameters i n u t i l i t y f u n c t i o n s or o ther choice 

models , ( i i i ) p r e d i c t i o n o f choice probabi l i t i es , and (iv) data c o m p l e t i o n (Hoogendoorn-Lanse r 2005). 

I n this inves t iga t ion , generated choice sets w i l l be used i n analysis and es t imat ion appl icat ions. 
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Genera t ion o f choice sets is a complex task, since travellers and researchers o f t e n have d i f f e r e n t 

i n f o r m a t i o n about the s i tua t ion and researchers do no t precisely k n o w travellers ' preferences and 

considerat ions. Table 3-2 lists the d i f f e r e n t choice set no t ions f r o m the researcher's perspective. 

Table 3-2 Choice set notions from the researchers' perspective 

T e r m i n o l o g y D e f i n i t i o n 

Universal choice set 

Observed/generated 

objective choice set 

Observed/generated 

subjective choice set 

Observed/generated 

consideration set 

Observed/generated 

chosen alternative 

Set o f all existing routes in a given network f r o m a specific origin to a specific 

destination. I n this case i t consists o f all the alternatives between the moment that a trip 

generation has been decided and the moment o f departure. 

Subset of the universal choice set observed/generated by a researcher containing route 

alternatives that are assumed to be logical and feasible to an individual, leaving within a 

preferred departure time interval satisfying their travel needs. 

Subset of the universal choice set observed/generated by a researcher containing route 

alternatives that are assumed to be known to an individual, leaving at a preferred 

departure time that satisfy their travel needs. 

Subset o f the universal choice set observed/generated by a researcher containing route 

alternatives that are assumed to be considered by an individual in the choice process. 

Alternative observed/generated by a researchers and assumed to be chosen by the 

traveller 

W i t h i n t ravel choice m o d e l l i n g and f o r the es t imat ion o f parameters i n u t i l i t y f unc t i ons , the generated 

choice set o f alternatives has to f u l f i l l some cond i t ions , w h i c h are: 

• The observed chosen alternative needs to be inc luded i n the generated choice sets 

• Choice sets should no t include d o m i n a n t alternatives 

• Choice sets should show su f f i c i en t va r ia t ion i n choice at tr ibutes 

• Generated choice sets need no t be exhaustive, b u t rather be a subset o f all relevant 
alternatives. 

A s a summary, Figure 3-5 shows the re la t ionship between the observed/generated choice sets f r o m the 

researcher's perspective and the choice sets f r o m a traveller 's v iew. 
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Figure 3-5 Relationship between researcher's and traveller's choice sets 

3.4.2 Attr ibutes re lated to e a c h alternative: X 

I d e n t i f i c a t i o n of attributes 

N o w that choice sets o f alternatives have been f o r m u l a t e d , i t is necessary to find out wha t characterizes 

the alternative diversi ty. I n fact , alternatives are described by their co r respond ing at t r ibutes . 

A c c o r d i n g to B e n c k e n d o r f f (2006), i d e n t i f i e d at t r ibutes can be classified i n to three groups based o n 

their relative impor tance , namely basic at t r ibutes , p i v o t a l a t t r ibutes , and supplementary at tr ibutes. T h e 

basic at t r ibutes represents the basic level o f service. Hence , f r o m a pract ical perspective, i t includes al l 

the i n f o r m a t i o n about f l igh t s , schedules, and b o o k i n g f u n c t i o n s needed to satisfy the t ravel demand. 

P ivo ta l a t t r ibutes w i l l enhance sat isfact ion i f del ivered and w i l l cause dissat isfact ion i f n o t present. A n 

example o f such a t t r ibute is the management o f f r equen t flyer programs w h i c h m i g h t result i n 

f r u s t r a t i o n i f unavailable (and par t icular ly i f o f f e r e d by compe t i to r s ) . A t last, supplementary at tr ibutes 

are at tr ibutes that may lead to sa t is fact ion bu t w i l l no t cause dissat isfact ion i f they are n o t present, e.g. 

the value added service ( l egroom, enter ta inment faci l i t ies , f o o d choice) falls i n t o this category. 

Based on previous l i terature o f traveller 's behaviour f o r air l ine choice (Proussaloglou & K o p p e l m a n 

1999, Theis et al. 2006, G a r r o w et al. 2007, Hess 2007, Park 2007) , Table 3-3 gives an ins ight i n t o the 

at t r ibutes that m i g h t be taken i n t o account by travellers i n the i r i t inerary choice. N o t i c e that the air l ine 

choice on ly depends on at tr ibutes impl ica ted w i t h the air l ine, whereas i n the i t inerary choice the 

at t r ibutes related to the a i rpor t play an i m p o r t a n t role as w e l l . 

Table 3-3 Classification of all attributes playing a role in air travellers' itinerary choice 

B a s i c P ivo ta l S u p p l e m e n t a r y 

Flight price Availability for use o f Frequent flyer program Entertainment 

Departure time Switching costs Food choice 

Arrival time Passenger satisfaction Legroom 

Total time in air Airl ine (airline image) Service expectation 

Total trip time Airpor t Location Type of aircraft 
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Number of stops/transfer time On time performance Travel insurance 

Egress time Ai rpor t / c i ty centre Reliability (on time performance) Accommodation 

Egress Price A i r p o r t / city centre Egress mode choice Seating comfort 

I n choice m o d e l l i n g , an increase i n the number o f at tr ibutes w i l l have an i m p o r t a n t impac t o n the 

m o d e l size, t h o u g h decision makers require a m i n i m u m number o f at t r ibutes o n w h i c h f o u n d i n g their 

choice. Foerster (1979) explains tha t individuals rank the at t r ibutes i n order o f decreasing impor tance 

and selects the alternative w i t h the most p re fe r red pe r fo rmance o n the first a t t r ibute . A l s o i f 

alternatives are ident ica l i n terms o f this a t t r ibute , the decis ion maker w o u l d repeat the procedure 

based o n the second a t t r ibute and so on , u n t i l a single alternative is selected. Obv ious is, that a trade 

o f f has to be made w h e n generat ing the choice mode l . O n one hand a h igh number o f at tr ibutes 

increases the mode l dimensions (DeShazo & Fe rmo 2002, Hensher 2004b, Caussade et al. 2005), bu t o n 

the o ther hand a m i n i m u m amoun t o f attr ibutes are needed f o r the decision maker to make his choice. 

Rela t ing to the amoun t o f number o f alternatives, the l i terature stays loose about the subject. Firs t 

Louvie re et al (1997) argued that increasing the number o f a t t r ibute associated w i t h a g iven number o f 

alternatives w i l l no t s igni f icant ly a f f ec t choice outcomes. Secontly, more recent studies showed that the 

n u m b e r o f at tr ibutes do have some impac t i n the variance o f the error t e r m (Del laer t et al. 1999, 

DeShazo & Fe rmo 2002, Hensher 2004b) . Based o n this last outcomes and hav ing i n m i n d that i t has 

an impac t o n the mode l d imensional i ty , there has been chosen to select a subset o f at tr ibutes among all 

the above men t ioned . 

Those selected at tr ibutes are al l the standard attr ibutes tha t are necessary to make a choice w h e n 

b o o k i n g a t r i p onl ine (departure t ime , pr ice , a i r l ine , etc). A d d e d to those at t r ibutes , are the attr ibutes 

related to the effects o f a i rpo r t loca t ion , w h i c h m i g h t have any in f luence o n travellers ' i t inerary choice. 

Regarding to the Amste rdam-Barce lona case, the retained at t r ibutes are l is ted here below; observable is 

that the f o u r first at tr ibutes be long to the f l i g h t characteristics ( A A S to ar r iva l a i rpor t ) whereas the 

three last one are feature o f the g r o u n d t ranspor ta t ion f r o m the ar r iva l a i rpo r t (Barcelona or Gi rona) to 

Barcelona ci ty . I n this case, the a t t r ibute ' A i r p o r t l o c a t i o n ' is seen as the distance between the a r r i v ing 

a i rpo r t to the f i n a l des t inat ion. N o t i c e that the chosen at tr ibutes mos t ly be long to the 'basic' category. 

A t t r i b u t e s o f o ther category w o u l d be i m p o r t a n t i f the analyses were focussed on airl ine choice. 

A t t r i b u t e s as enter ta inment or f o o d choice w o u l d then be essential to analyse travellers ' preferences i n 

airl ine choice. G i v e n the focus o f this research o n i t inerary choice and due to the restr ic ted numbers o f 

at tr ibutes that can be inc luded i n t o the exper iment , other at t r ibutes than those retained seem n o t 

hav ing an i m p o r t a n t impac t o n travellers ' i t inerary choice. 

• A i r l i n e ( A I R ) 

• F l i gh t price (PR) 

• Depar tu re t ime ( D P T ) 

• T rans fe r t ime ( T R T ) 
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• Egress price (EGP) 

• Egress t ime ( E G T ) 

• A i r p o r t l oca t ion ( D E S T ) 

3.4.3 B a s i c cho ice m o d e l 

T h e comple te spec i f ica t ion o f the u t i l i t y f u n c t i o n s o f the choice m o d e l can be de te rmined f r o m the 

prev ious ly described alternatives and cor responding at tr ibutes. T h e m o d e l consists o f a choice set 

C w i t h i al ternatives, each composed o f six at tr ibutes. T h e u t i l i t y f u n c t i o n o f the choice m o d e l can be 

de f ined as: 

U. =/3A,-AIR. + PP-Pr. + fin„DPT + • Tr +B EGP +B EGT + e V i e C 
iq i AIR tq ' P R iq > DPT iq 'TRT iq ' egp tq ~ egt iq iq q 

vk 

(3.4) 

Where p represents the estimated parameter, and £ [ the r a n d o m error componen t . A I R w i l l be treated 

as a categorical variable. Fu r the rmore , other at t r ibutes may be expressed us ing d u m m y c o d i n g to 

inc lude possible non- l inear ef fects i n es t imat ion later o n (see Chapter 6). 

A s can be seen f r o m the u t i l i t y f u n c t i o n (3.4) each al ternative i is composed o f an unobserved par t £ , 

and the re fo re some assumptions are needed concern ing this r a n d o m error t e rm. Based on the 

assumpt ion that the r a n d o m terms £ are independent ly and ident ica l ly d i s t r ibu ted (i . i .d) f o l l o w i n g an 

extreme value type I ( E V I ) d i s t r i b u t i o n , M c F a d d e n (1974) p roposed the so-called m u l t i n o m i a l log i t 

( M N L ) mode l . T h e choice probabi l i t ies o f each al ternative i f r o m choice set Cq can be calculated as: 

' i ^ ' V - ^ r (3-5) 

T h e M N L m o d e l is the mos t wide ly used discrete choice m o d e l due to its s imple mathemat ica l 

s tructure and ease o f es t imat ion. H o w e v e r , some o f the assumptions made o n £ are rather restr ict ive 

have lead to the deve lopment o f extension models to the M N L m o d e l , such as the m i x e d log i t ( M L ) 

mode l . 

M L is a h igh ly f lex ib le m o d e l that can approximate any r a n d o m u t i l i t y m o d e l (McFadden & T r a i n 

2000). I t obviates the three l imi t a t i ons o f standard l o g i t by a l l o w i n g f o r r a n d o m taste va r i a t ion , 

unres t r ic ted subs t i tu t ion patterns, and cor re la t ion i n unobserved factors over t ime (Tra in 2003). 

Whereas i n M N L models , the p o i n t parameters /3 are estimated, i n M L models , the parameters o f the 

d i s t r ibu t ions o f the parameters are est imated. Hence, accord ing to T r a i n (2003), the expected choice 

probabi l i t ies are n o t anymore as described i n equat ion (3.5) and may be calculated as f o l l o w i n g : 
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£(C) = J ^ r V T / ( W , (3.6) 
t > L e '" 

j 

where ƒ is a mul t ivar ia te d i s t r i b u t i o n f u n c t i o n over vector parameters /3. The es t imat ion 

m e t h o d o l o g y o f these models can be f o u n d i n A p p e n d i x C. 

I m p o r t a n t is t o remember that this exper iment is an unlabel led exper iment , and there fore al l 

alternatives consist o f generic parameters. Howeve r , w h e n es t imat ing the m o d e l , alternative specific 

constants w i l l be added to the mode l . Th is is a c o m m o n way to prevent bias i n the parameter estimates 

due to the o rde r ing o f alternatives i n each choice s i tuat ion (see Chapter 9). 

3.5 Choice model application 

By apply ing discrete choice methods , the a im is t o estimate the parameters i n the above f o r m u l a t e d 

u t i l i t y f u n c t i o n (3.4). A stated choice (SC) survey w i l l be conduc ted i n order to ob ta in the choice data 

f r o m respondents. As i l lus t ra ted by Figure 3-6, the next par t o f the repor t w i l l describe the generat ion 

o f the SC exper iment and in the part af ter that , the m o d e l parameters w i l l be est imated based o n the SC 

data. 

Experimental design Questionnaire 

Figure 3-6 Steps for conducting a SC experiment and estimating the models 
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Part I I - Designing Stated Choice Experiments 

I n this second par t o f the thesis, a stated choice exper iment -will be set up . A f t e r designing exper imenta l 

designs, a web survey w i l l be conduc ted and data w i l l be col lected. 
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Chapter 4 Generating Experimental Designs 
I n this chapter a Stated Choice (SC) exper iment w i l l be set up . B l iemer & Rose (2006) def ine a SC 

exper iment as present ing a sample o f respondents w i t h a n u m b e r o f hypo the t i ca l scenarios, consis t ing 

o f a universal bu t finite number o f alternatives that d i f f e r on a number o f a t t r ibute dimensions. I n this 

research the alternatives consist o f t r ips f r o m A A S to Barcelona ci ty . Figure 4 - 1 , shows an example o f 

such alternatives. 

KLM K L M 
From To Departure Arrival Stops Travel Time Price 

Flight Amsterdam Barcelona Airport 12:00 14:00 0 2 hr 00 min €100 
Ground Transportation Barcelona Airport Barcelona City 0hr30min € 3 

Choose this ticket 

Transavia flHWIMW* 

From To Departure Arrival Stops Travel Time P r i c e Choose this ticket 
Flight Amsterdam Girona Airport 18:00 21:00 1-(1 hrOO) 3 hr 00 min €100 
Ground Transportation Girona Airport Barcelona City 1 hr20 min €12 

Figure 4-1 Hypothetical scenario consisting of two alternatives 

The a t t r ibute levels (such as departure t ime 6:00 or price €100) i n each choice s i tua t ion i n the survey 

come f r o m an unde r ly ing exper imenta l design. A s presented i n Figure 4 - 1 , an exper imenta l design 

consists o f a ma t r i x o f numbers where each r o w o f the ma t r i x represents a single choice s i tua t ion , and 

each c o l u m n an a t t r ibute . A c o m b i n a t i o n o f several at tr ibutes characterizes an al ternative. T h e numbers 

i n the ma t r i x cor respond to the d i f f e r e n t levels assigned to the at tr ibutes i n each choice s i tua t ion . 

W h e n generat ing an exper imenta l design, the analyst typical ly uses design cod ing (e.g. 0, 1, 2) or 

o r t hogona l cod ing (e.g. -1,0,-1) t o code the d i f f e r e n t a t t r ibute levels. Th i s cod ing is n o t necessarily the 

same cod ing that respondents w i l l face i n the survey. A s such, a f te r hav ing generated an exper imenta l 

design, the analyst may have to conver t the design cod ing i n t o the real level values. 

There are many d i f f e r e n t ways o f assigning c o m b i n a t i o n o f a t t r ibute levels to the at t r ibutes i n each 

s i tua t ion . Hence, the purpose o f the exper imenta l design is to determine these combina t ions i n the best 

possible way i n order to gain the m a x i m u m amoun t o f i n f o r m a t i o n ou t o f i t . Bl iemer and Rose quo ted 

d i f f e r e n t questions that should be answered be fo re set t ing up the exper imenta l design. These questions 

are the f o l l o w : 

• H o w many alternatives are inc luded i n each choice set? 

• H o w many levels per a t t r ibute are used? 

• W h a t are the a t t r ibute level ranges? 

• W h a t type o f design should be used? 

I n order t o a t ta in the research object ives these above m e n t i o n e d questions w i l l be discussed i n the 

f o l l o w i n g o f this chapter. 
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4.1 Number of alternatives 

A n i m p o r t a n t aspect is h o w indiv idua ls deal w i t h the amoun t o f i n f o r m a t i o n that they are asked to 

evaluate. The re fo re , the number o f alternatives that i nc luded i n each choice s i tua t ion plays a cr i t ica l 

role . 

Realism i n t ravel choice m o d e l l i n g arises f r o m the fac t that respondents are asked t o undertake similar 

actions as they w o u l d do i n real markets . H o w e v e r , f o r an i n d i v i d u a l respondent , even k n o w i n g that SC 

experiments are hypothe t ica l scenarios, realism may be lost i f the described alternatives do no t 

realistically por t ray that respondent 's experiences or alternatives are considered as no t credible (Rose & 

Hensher 2005). Fu r the rmore , some researchers suggest that an increase i n choice set complex i ty w i l l 

compromise choice consistency (Heiner 1983, DeShazo & Fe rmo 2002). He iner argues that increasing 

choice complex i ty w o u l d w i d e n the gap between an ind iv idua l ' s cogni t ive abi l i ty o n the demand o f 

decision; w h i c h w o u l d lead to a res t r i c t ion o f the range o f decisions considered. A l s o , DeShazo and 

Fe rmo showed i n the i r study (2002) that o n f r o m behavioura l perspective, an increase i n the quant i ty o f 

i n f o r m a t i o n p r o v i d e d increases the variance w i t h w h i c h indiv iduals make their choices. However , f r o m 

a statistical perspective, i f one increases the number o f alternatives i n a choice set up to a th reshold 

number , the variance decreases and then increases. The re fo re , i t is i m p o r t a n t that choice sets have to 

be generated i n c l u d i n g a s t r ic t de f in i t e n u m b e r o f alternatives such that the i n d i v i d u a l does no t get 

over loaded w i t h i n f o r m a t i o n w h i c h c o u l d result i n some losses i n the es t imat ion accuracy. 

Despi te al l the comple ted studies about the impac t o f design d imens ional i ty and number o f p ro f i l e s o n 

behavioura l response o f respondents (Arentze et al. 2003, Hensher 2004a, Hensher 2004b, Caussade et 

al. 2005), Rose et al. (2007) argued that no evidence has been f o u n d that the number o f choice tasks 

had more than a margina l impac t u p o n the behavioura l responses o f respondents. I n 2005, Caussade et 

al. tested some hypotheses concern ing the in f luence o f each design d imens ion in a SC exper iment and 

conc luded that i f the designs were ranked i n terms o f numbers o f alternatives, those w i t h f o u r 

alternatives w o u l d come f i r s t , f o l l o w e d by the f ive alternatives and at last the one w i t h three 

alternatives (Caussade et al. 2005). 

W h e n compar ing , f o r the same t r i p purpose, d i f f e r e n t On l ine T r a v e l Agents ( O T A ) , s t r ik ing ly is tha t al l 

o f t hem show (on each page) d i f f e r e n t number o f alternatives (e.g. V l i e g w i n k e l 8 alternatives, Ebookers 

12 alternatives, Cheaptickets 8 alternatives, Budgetair 6 alternatives.. .) . 

Since i n a SC exper iment the same respondent faces mu l t i p l e choice si tuations, and because the 

exper iment is unlabel led, i t is no t necessary to show al l alternatives i n one screen, bu t rather can be 

d i s t r ibu ted over m u l t i p l e choice screens. Hence present ing the respondent 2, 3, or more alternatives 

per choice si tuations w o u l d have no impac t on the parameter estimates. Choos ing f o r present ing the 

respondents a h igh n u m b e r o f alternatives i n each choice s i tua t ion (as Ebookers or Cheaptickets) 

w o u l d have a large impac t o n the design d imensional i ty . The re fo re a t r a d e - o f f has been made between 

design d imens iona l i ty and real ism accord ing t o the O T A ' s , and there has been chosen t o generate 

choice sets i n w h i c h each respondent faces f i v e d i f f e r e n t alternatives. 
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4.2 Attribute level refinement 

4.2.1 N u m b e r of attribute levels 

A s seen previously , the numbers i n the exper imenta l design cor respond to the d i f f e r e n t levels assigned 

to an a t t r ibu te . Essentially, each a t t r ibute w i l l have t w o or more levels. I f nonhnear effects are expected 

f o r a certain a t t r ibute , then a m i n i m u m o f three a t t r ibute levels are needed i n order t o estimate these 

nonl inear i t ies . 

D u e to the p roper ty o f balancing the a t t r ibute levels (see sect ion 4.2.3), i t is wise n o t to m i x t o o many 

d i f f e r e n t numbers o f levels, as this w o u l d increase the n u m b e r o f choice si tuations. Fu r the rmore , 

choos ing f o r all even or a l l o d d numbers o f levels w i l l typical ly restr ic t the n u m b e r o f choice si tuations 

needed. 

D i f f e r e n t studies (Del laer t et al. 1999, Caussade et al. 2005) p r o v e d that increasing the number o f levels 

had a negative e f fec t o n the er ror variance that becomes higher. 6 airlines have been inc luded i n the 

survey ( A i r France, K L M , Iber ia , V u e l i n g , Transavia, and Easyjet) , hence f o r the a t t r ibute A I R six 

levels are used. F o r al l the other at t r ibutes three level are used. By choos ing 6 levels f o r the airl ine 

at t r ibutes , and 3 levels f o r all the o ther a t t r ibutes , i t enables nonhnear effects est imations, bu t also 

keeps the n u m b e r o f levels l i m i t e d f o r l ower er ror variances i n es t imat ion . A d d i t i o n a l l y c o m b i n i n g 

at tr ibutes hav ing 3 and 6 levels (where 6 is a m u l t i p l e o f 3) facil i tates the f i n d i n g o f a relative small 

design. 

4.2.2 R a n g e of attribute levels 

A c c o r d i n g to Bl iemer and Rose (2006), us ing a w ide level range is statistically better than using a 

n a r r o w range as this leads to more reliable parameters estimates w i t h a smaller standard error . O n the 

o ther hand, w h e n generat ing a SC exper iment , despite alternatives be ing comple te ly hypothe t ica l , better 

results are ob ta ined f r o m a behaviours p o i n t o f v i ew i f the combina t ions o f levels i n each alternative 

have some realism. T h e r e f o r e , choos ing f o r a w i d e r range may on ly be statistically better, bu t no t i n 

practice. For example, i f the price range is really wide (€1-€1,000), this m i g h t have a d o m i n a n t e f f ec t o n 

traveller 's choice regarding to o ther at t r ibutes . Ac tua l l y travellers evaluate levels o f one a t t r ibute against 

levels o f o ther at t r ibutes by w e i g h t i n g and t r ad ing o f f all at t r ibutes. T h u s , a t r a d e - o f f exists between the 

statistical preference f o r a w ide level range and the pract ical considerat ions that may l i m i t the level 

range. 

I n this research the a i rpo r t l oca t i on has t o have a decisive role i n traveller 's air l ine choice. F o r this 

reason the price a t t r ibute , w h i c h is usually the most i m p o r t a n t fac tor i n t ravel choices (Loo 2007), has 

been assigned a relat ively n a r r o w level range. Th i s w i l l avo id the price parameters hav ing a t oo 

d o m i n a n t in f luence i n t ravel lers ' choice and w i l l p e r m i t more reliable es t imat ion o f the in f luence o f 

other at t r ibutes . Table 4-1 i l lustrates al l the retained at t r ibutes and their respective levels and range. 
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Table 4-1 Attribute levels and level range 

Attr ibute L e v e l U n i t R a n g e 

Airline 6 - Airline name 

Flight price 3 € (50-100) 

Departure time 3 Hours (6:00-18:00) 

Transfer time (number o f stops) 3 Minutes (0-120)) 

Egress price 3 € (1-5) or (9-15) 

Egress time 3 Minutes (20-40) or (60-100) 

Observable are the t w o d i f f e r e n t level ranges assigned f o r egress price and egress t ime. The reason is 

that, egress price and egress t ime may change accord ing to the a i rpo r t at w h i c h travellers l and . I n this 

case, f r o m Barcelona a i rpo r t to the ci ty , t r ave l t ime varies between 20 and 40 minutes , and egress price 

alters the values between €1 and €5. F r o m G i r o n a a i rpo r t to the c i ty o f Barcelona, t ravel t ime is 

expected t o be between 60 and 100 m i n whereas t ravel costs are between €9 and €15. 

Not iceable is that w h e n generat ing the d i f f e r e n t designs, a des t ina t ion a t t r ibute has to be added to the 

m o d e l such that al l egress t ime and price at tr ibutes are observed an equal numbers o f t imes. The 

dest inat ion a t t r ibute ( w i t h 2 levels) w i l l on ly be needed f o r the creat ion o f the design, and w i l l n o t be 

retained i n to the m o d e l est imations as i t already is correlated w i t h egress price or egress t ime. 

4.2.3 Attr ibute level ba lance 

The a t t r ibute level balance p rope r ty means that each a t t r ibute level appears an equal number o f t imes 

f o r each a t t r ibute i n the exper imenta l design, such that h igh levels and l o w levels are al l represented 

w e l l . H o w e v e r , appl ica t ion o f this p rope r ty is mi t iga ted . O n one hand, accord ing t o Bl iemer and Rose 

(2006), the a t t r ibute level requi rement is i m p o s i n g constraints o n the p r o b l e m o f m i n i m i s i n g the 

design's e f f i c i ency error , and m o r e e f f i c i e n t designs may be f o u n d w h e n this assumpt ion is n o t 

considered. 

O n the o ther hand, a t t r ibute level balance ensures that parameters can be w e l l est imated o n the who le 

range o f levels w h i c h is better than hav ing data po in ts at on ly some levels. F o r this reason, a t t r ibute 

level ba lancing is generally considered as desirable w h e n conduc t ing exper imenta l designs. I n this 

research o n air t ravel choice, the generated designs w i l l ma in ta in the a t t r ibute level balancing proper ty . 

I t can be perceived that , to ob ta in an a t t r ibute level balanced design, the n u m b e r o f choice situations 

needs to be a mu l t i p l e o f the number o f a t t r ibute levels. I n o ther w o r d s , the n u m b e r o f choice 

si tuations needs to be divis ible by 3 and 6. Th i s is the reason by m i x i n g numbers o f levels may lead to 

large designs. 

4.3 Maximum and minimum number of choice sets 

W h e n generat ing an exper imenta l design a m i n i m u m n u m b e r o f choice si tuations are requi red . Th i s is 

requi red to estimate the models p roper ly (see chapter 9). The m i n i m u m number o f choice situations 
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requi red equals the degrees o f f r e e d o m o f the m o d e l tha t w i l l be est imated. A degree o f f r e e d o m is 

d e f i n e d as the to ta l number o f parameters (excluding the constants) , plus 1. A l l constants are accounted 

f o r i n tha t added degree o f f r e e d o m (Bl iemer & Rose 2006). Here , the smallest n u m b e r o f choice 

si tuations needed to satisfy this p rope r ty is 1 1 + 1 = 1 2 . 

T h e m a x i m u m number o f choice sets can be f o u n d by generat ing a f u l l f r ac t i ona l design. N e x t 

paragraph discusses h o w to conduc t such k i n d o f designs. 

4.4 Types of designs 

4.4.1 F u l l f rac t iona l and frac t iona l factor ia l des igns 

R e f e r r i n g to the l i terature (Hensher & Louvie re 1982, Bl iemer & Rose 2006), several exper imenta l 

designs can be considered. T h e type o f generated design mos t l y depends on the p re fe r red statistical 

proper t ies , o n the available i n f o r m a t i o n and on the p re fe r red size o f the design. A c c o r d i n g to these 

three po in t s , t w o sorts o f designs can be const ructed , namely f u l l f ac to r i a l designs or f r ac t iona l 

fac to r ia l designs. F u l l f ac to r i a l designs are designs i n w h i c h al l possible choice si tuations are 

enumerated i.e. each possible c o m b i n a t i o n o f the a t t r ibute levels. I n this research this w o u l d mean that 

the to ta l number o f c o m b i n a t i o n is 6 s • 3 5 " 5 • 2 s = 4 , 8 9 T 0 ' w h i c h is an incred ib ly h igh n u m b e r o f 

combina t ions . Obv ious ly , i t is n o t feasible to let respondents face al l these choice si tuations. I n order 

to reduce the number o f choice si tuations, d i f f e r e n t possibil i t ies exist: i t may be possible t o b lock the 

design such that each respondent does n o t need to face every choice s i tua t ion , or t o create a f r ac t i ona l 

f ac to r i a l design. B l o c k i n g w i l l no t he lp , as there are just t o o many choice si tuations. Hence a f r ac t iona l 

f ac to r i a l design w i l l be created. 

Frac t iona l fac to r ia l designs are designs that on ly use a subset o f choice si tuations f r o m the f u l l f ac to r i a l 

design. Th i s is mos t ly the easiest way to reduce the n u m b e r o f choice si tuations f o r each respondent . 

A g a i n , d i f f e r e n t types o f f r ac t i ona l f ac to r i a l designs exist. So-called o r t hogona l designs and e f f i c i e n t 

designs are the ma in types. A l s o the a im o f this research is to compare those t w o design types. Th i s is 

discussed i n the next section. 

4.4.2 C o m p a r i n g des igns 

E s t i m a t i n g data c o m i n g f r o m d i f f e r e n t design types lead t o d i f f e r e n t parameter estimates. One o f the 

object ives o f this research is t o determine w h i c h type o f design results i n the mos t reliable parameter 

estimates. I n order to make the compar i son possible, i t is necessary that al l the designs have been 

observed an equal n u m b e r o f t imes such that each design has the same n u m b e r o f observat ions (see 

Chapter 6). 

I n order to analyse w h i c h design results i n the mos t reliable parameter estimates, i t suff ices to compare 

the standard errors and the t-ratios o f the parameter estimates f o r d i f f e r e n t sample sizes. Because the 

parameter estimates are asymptot ical ly converg ing t o one single p o i n t , the m a i n d i f fe rence that can be 

observed between the designs is the rap id i ty w i t h w h i c h u se fu l and reliable i n f o r m a t i o n can be 

obta ined. A s an example, Figure 4-2, i l lustrates t w o d i f f e r e n t designs (design 1 and design 2) . Here , the 

f igure shows that design 2 needs m u c h more observations t o at ta in the same outcomes o f design 1. 
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Thi s means that f o r a certain amoun t o f observat ions, design 1 results i n better and more reliable 

parameter estimates than design 2. 

É 

+ s.e. 

P 
-s.e. 

I 
f 

Nbr o f o b s e r v a t i o n s 

Des ign 1 Des ign 2 

Figure 4-2 Convergence of the parameter estimate p in function of the sample size 

T h e next c o m i n g chapter describes the mos t w e l l - k n o w n design, namely the o r thogona l design. Later 

o n , Chapter 6 w i l l discuss the e f f i c i e n t design. 

48 



Chapter 5 — Orthogonal Designs June 2008 

Chapter 5 Orthogonal Designs 
For a long time orthogonal designs have been used in the experimental design literature (Hensher & 

Louviere 1982, Proussaloglou & Koppelman 1999, Adler & Golany 2001, Caussade et al. 2005, 

Grammig et al. 2005, Garrow et al. 2007). However, despite the upcoming new techniques, leading to 

better reliable estimate outcomes, orthogonal designs still remain the main form of design used today 

(Bliemer & Rose 2006). 

5.1 Def in i t ion of orthogonality 

According to Bliemer and Rose, the definition of orthogonality is as follows: 

"A design is said orthogonal if it all parameters are independently estimable. This translates into the definition that the 

attribute levels for each column in the design need to be uncorrected. " 

A n orthogonal design requires at least equal distance between the attribute levels. I f attribute levels are 

not at equal distance f rom each other, orthogonality may be violated because of the apparition o f 

correlation between attribute levels. Hence, the levels are assumed equally spread over the attribute 

level range, e.g. price wi l l have levels €50, 75, and 100. 

5.2 Generating an orthogonal design 

5.2.1 Number of choice situations 

The most diff icult part in generating a fractional factorial orthogonal design is to f ind a design that 

satisfies design degrees of freedom, attribute level balance and orthogonality. Regarding to the airline 

model (equation 4.1), an orthogonal design has to be found for seven attributes (6+destination) having 

respectively six, three, three, three, three, three, and two levels. Concerning the degrees of freedom 

requirement, the smallest number of choice situations possible to satisfy the property equals 12, 

assuming dummy-coded attributes AIR and Dep. 

Due to the attribute level balance property, the number o f choice situation should be divisible by six, 

three and two. Hence the minimum number o f choice situations that respects both properties equals 

18, but unfortunately an orthogonal design, with such a number o f choice situations, does not exists (or 

has not been found). Even orthogonal designs with 36 or 54 choice situations could not be found. This 

results that, only a design including 108 choice situations as the minimum number of choice situations 

could be found. This study shows that it is not always easy to find an orthogonal design satisfying all 

the required conditions. Additionally, adding an attribute or an attribute level may lead to much larger 

designs. In the worst case, no orthogonal design can be found. 

5.2.2 Design blocking 

When an orthogonal design has been found, it may occur that the design is still too large to give all the 

choice situations to a single respondent. By using the blocking method, the design is split into several 

smaller designs and a single respondent faces only a subset of choice situations f rom the orthogonal 

design. Each block by itself is not orthogonal, only the combination of all blocks is orthogonal. 
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Nevertheless, attribute balance is respected in each block such that respondents do not only face 

attributes with only high or low levels. 

The orthogonal design o f 108 choice situations found before, has been blocked in 18 blocks by 

determining an extra orthogonal column with 18 levels. Hence, each respondent wil l face six different 

choice situations wherein five different alternatives wi l l be presented. Also a minimum of 18 

respondents is required to fu l f i l the entire design constituted of 108 choice situations. 

While orthogonal designs can only be created manually for the smallest problems, the final design in 

this report has been created using a software programme called Ngene, which automatically generates a 

design once the model specifications have been specified (number of alternatives, number of attributes, 

attribute levels, number of choice sets, number o f blocks, utility function, etc). The syntax used to 

compute the design and the final created orthogonal design can both be found in Appendix A. 

5.3 Orthogonality issues 

One of the reasons why orthogonal designs are so much liked is because of their property o f 

uncorrelated attribute levels which enables estimation of unbiased parameters. However, orthogonaUty 

is easily lost while collecting the data. Furthermore, the property of uncorrelated attribute levels is 

important for linear models and does not translate to nonlinear model such as the M N L model. 

Firstly, it is important to understand that parameters are estimated from the collected data set and not 

f rom the underlying experimental design. In case of non-response, some choice situations wi l l be 

missing which wil l lead to a loss o f orthogonality within the data. Furthermore, i f the design is blocked, 

such that the respondents do not have to face all choice situations, and some respondents do not 

correctly f u l f i l the survey, some blocks wil l be missing and the data wi l l loose its orthogonality. 

Secondly, i f the attribute levels are not equidistant, as mentioned before, the design wi l l lose its 

orthogonality once the orthogonal design coding is replaced with the real labels. 

Thirdly, orthogonality in the data only holds i f linear effects are to be estimated. I f nonlinear effects 

using dummy or effect coding are estimated, the corresponding data is no longer orthogonal. 

The above demonstrated properties o f orthogonality may not be that important for discrete choice 

models and wil l likely be lost in the data anyway (due to dummy-coding). I n the next chapter, efficient 

designs wil l be introduced, which theoretically should outperform the orthogonal design in terms of the 

reliability o f the parameter estimates. 
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Chapter 6 Bayesian Efficient Designs 

6.1 Introduction 

A characteristic of orthogonal designs is the non-correlation structure between the attribute levels o f 

each choice alternative. However, because of the non-linearity of discrete choice models (Train 2003), 

it is the correlation o f the differences in the attribute levels which should be of concern when 

generating designs. Neglecting orthogonality results in an aim that does not try to minimize the 

correlation in the data (as in orthogonal designs), but tries to result in data that generates parameters 

estimates with the smallest possible standard errors (i.e. the square roots of the diagonal elements o f 

the asymptotic variance-covariance (AVC) matrix). 

By conducting efficient designs, the aim is to generate designs that (i) improve reliability of the 

parameters estimated f rom SC data, (ii) reduce the sample size required to produce a fixed level of 

reliability in the parameter estimates, and (iii) can rule out dominant alternatives in choice situations as 

much as possible (Bliemer et al. 2007). For example, with orthogonal designs, it might be possible to 

face a choice situation where one of the alternatives is dominant, e.g. flight 1, non-stop flight, €50, 

against flight 2, 1 hour transfer, and €100. Obvious is that every individual would choose the first 

flight, and the analyst would gain no additional information out of this choice situation. When 

generating efficient designs, dominant alternatives are ruled out due to some degree of utility balance3 

(Huber & Zwerina 1996), which leads to the construction o f more efficient choice situations. 

6.2 Def in i t ion of efficiency and efficiency measures 

6.2.1 Efficient designs 

Bliemer and Rose (2006) define efficient designs as follows: 

"An experiment design is called efficient if the design yields data that enables estimation of the parameters with as low 

as possible standard errors". 

The asymptotic 4 variance-covariance (AVC) matrix is an output of the estimation procedure. The roots 

of the diagonals of the matrix are the so-called standard errors. I t turns out that these standard errors 

can already be determined for a given design before conducting the survey (Huber & Zwerina 1996). I n 

order to minimize all the standard errors simultaneously, different efficiency measures have been 

proposed and wil l be discussed in the next subsection. 

3 A design is more utility balanced i f there are no dominating alternatives in the choice situations, and all the 
alternatives have more or less an equal observed utility. 

4 The term asymptotic refers to the fact that it is consistent in large samples, or it is representative as an average 
for all samples when the survey would be repeated many times. 
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6.2.2 Efficiency measures 

The efficiency o f a design can be derived f rom the AVC matrix. The most widely used efficiency 

measure is called the D-error, which takes the determinant o f the A V C matrix Q, scaled to the 

number of parameters K (Huber & Zwerina 1996). The D-error is given by: 

D - e r r o r = d e t ( £ 2 ) " * . (6.1) 

A design with the lowest D-error is called D-optimal. Other efficiency measures have been proposed, 

such as the A-error, which minimizes the sum of the diagonal elements of the AVC matrix. However, 

this measure is sensitive to scaling o f the attribute levels, hence the D-error is the preferred efficiency 

error measure. 

The AVC matrix £2 dependents on the parameter estimates (see section 6.3). Because these parameter 

estimates are unknown, some prior parameters, used as best guesses of the true parameters (see section 

6.4), are used to construct £1 . As these priors are never known beforehand with certainty, Sandor and 

Wedel (2001) propose to use prior parameter distributions instead of fixed values. Different sets of 

prior parameter values lead to different D-errors as in equation (6.1). Therefore, assuming probability 

distributions of prior parameter values means that the D-error wil l also be stochastic. Following Sandor 

and Wedel (2001), the mean (expected) D-error wi l l be used as efficiency measure, called the Bayesian 

D-error. The Bayesian D-error is given by: 

Bayes i an D - e r r o r = J d e t ( Q ( y S l [ p \ ju,a2)df3, (6.2) 

where, ƒ is a multivariate normal probability density function o f the parameters. Other distributions 

can be used, however the normal distribution is the most widely used. 

This integral can only be approximated by simulation, increasing the computation time for evaluating 

the efficiency of a given design. Since thousands i f not millions of designs need to be evaluated for 

determining an efficient design, computation time is an issue. By using smart techniques such as 

Gaussian quadrature and Halton draws, the time for calculating the Bayesian D-error can significantly 

be reduced (Bliemer et al. 2007). 

Bliemer and Rose (2005) introduced another efficiency measure related to the required sample sizes to 

estimate each parameter to a statistically significant level. Bliemer and Rose argue that, i f some 

parameters need much higher samples sizes than others to be estimated, it may be better to focus on 

the parameter that has difficulties to be estimated with high levels o f statistical significance. This 

measure looks at the asymptotic t-ratio for each parameter, extracting the theoretical minimum sample 

size needed for all parameters to be statistically significant. The design is then optimised for sample 

size, and the design with the lowest so-called S-estimate needed is the most efficient design. 

Since the S-estimate only focuses on the minimisation of one parameter, instead o f all the parameters 

of the matrix diagonal, there has been chosen to use the Bayesian-D-error as efficiency measure for this 
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research, which is the most widely used measure since 1994 (see (Bunch et al).). The A V C matrix Q. is 

input for this measure and wil l be derived in the next section. 

6.3 Derivation of AVC matrix 

As illustrated by Figure 6-1, data required to estimate model parameters is obtained by performing a 

survey which depends on the underlying experimental design. 

Experimental design 

Cset XI X2 X3 X4 

1 -1 J 
2 -1 1 1 -1 
3 -I 1 1 1 
4 -1 1 1 -1 
5 1 -1 1 1 
6 1 -1 1 -1 
7 1 1 -1 1 
8 

<. 1 

1 -1 J 

Model estimation 

Survey 

Data 

and 
AVC matrix 

Figure 6-1 Steps to obtain parameter estimates and AVC matrix 

However, it is possible to determine the AVC matrix beforehand, and without conducting any survey. 

The derivation of the AVC matrix wil l be described in the section below.. 

As illustrated by equation (6.3), the AVC matrix is the negative inverse of the Hessian matrix, also 
called Fisher information matrix (Train 2003), where the Fisher matrix is the second derivative of the 
log-likelihood function. 

nN(X,Y,/3) = -[E(lN(X,Y,/3))Y1 

d2LEN{X,Y,j3) 

d/3dj8' 
(6.3) 

where / „ ( X . F , / ? ) is the Fish er information matrix with N respondents, and LLN (X ,Y, /3) is the 

log-likelihood function in case of A' respondents. 

The log-likelihood function (see Chapter 9) can be calculated as in following equation (6.4): 

N S J 
EEN{XJ,p) = Y J Y Y j y B A 0 Z { P s j { X , Y , / 5 ) ) (6.4) 

where Y = [y ] equals one i f respondent n chooses alternative j in choice situation 5 and zero 

otherwise, and P (/?) is the M N L probability in equation (3.5). By taking the second derivative of the 

log-likelihood function, Y drops out o f the equation (see (McFadden 1974, Huber & Zwerina 1996)). 

Hence, the AVC matrix directly depends on the choice probabilities of the alternatives. Notice that 

each different design wil l yield a different AVC matrix since the choice probabilities o f the alternatives 
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will change. I n order to compute this probabilities, prior values for /? are needed. As mentioned 

before, the next section wil l discuss how to f ind those prior parameter values. 

6.4 Prior parameters 

A main difference with orthogonal designs is that efficient designs rely on prior values for the 

parameters. Adding this information enables the researcher to make the design more efficient. 

Knowledge of only the sign of a parameter (e.g. price has typically a negative parameter) already 

provides information. Since the objective o f the survey is to return these values, the exact parameter 

values are clearly unknown. Nevertheless, several approaches exist to obtain prior parameters. 

Some methods are to realise a literature research, focus groups, or to ask for expert judgement (Sandor 

& Wedel 2001). Another approach is to perform a pilot study. I t consists of generating an SC 

experiment where the estimated parameter estimates wi l l later be used as prior parameters for 

constructing a more efficient SC experiment. Notice that the model estimated in the pilot study has to 

be the same model as the one estimated in the main experiment. This method of executing a pilot study 

is one of the most accurate ways to f ind some prior parameter, and is also used in this research. 

6.5 Generating Bayesian efficient designs 

6.5.1 Pilot study 

I n order to f ind some prior estimates, a pilot study has been conducted. A n orthogonal design, as 

described in the previous chapter has been constructed. The design consisted in 108 choice situations 

of 5 alternatives each composed o f the 6 previously mentioned attributes (Air, Pr, Dep, Tran, Egp, and 

Egt). The 108 choice situations have been blocked into 18 blocks such that each respondent faces 6 

choice situations. The design used for the pilot study is exactly the same orthogonal design as 

constructed in Chapter 5 (see appendix B). In total 36 respondents have participated at the survey. 

Hence, only two complete designs have been completed by all respondents together, but as this is a 

pilot study, it is enough to get some information needed about the parameters (in total 216 choice 

situations have been observed). 

The parameter estimates o f the pilot study have been estimated according to a M N L model (see 

equation 3.5)). Table 6-1 shows the outcomes o f this pilot study. 

Table 6-1 Outcomes of pilot study 

Attribute Unit Parameter Beta Standard error t- value 

Air France (AIR1)* - -.516 .323 -1.596 

KLM (AIR2)* - .194 .293 .661 

Iberia (AIR3)* - -.218 .298 -.729 

Vueling (AIR4)* - .125 .294 .426 

Transavia (AIR)5* - -.547 .310 -1.765 

Price (Pr) Euro -.040 ..004 -8.444 

Departure time 6:00 (DT0)* - .215 .221 .974 
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Departure time 12:00 (DTI) - .614 .213 2.883 

Transfer time (Tr) Minutes -.006 .002 -3.298 

Egress price (EGP)* Euro -.027 .030 -.904 

Egress time (EGT) Minutes -.018 .005 -3.265 

R-squared=.190, LL=-266, * non significant parameters at 95% level. 

These parameter estimates wil l be used as prior parameters when conducting the efficient designs. 

Notice that for the generation o f Bayesian efficient designs, a distribution of the prior parameters is 

needed. Therefore, it wi l l be assumed that all parameters are distributed according to a normal 

distribution j3 - N G~) where the mean ft can be seen as the estimation value of the parameter 

and where the standard deviation O is the standard error of the parameter. I f the parameter estimates 

are non-significant, the prior parameters have been put equal to zero wi th the corresponding standard 

error as value for the standard deviation (e.g. fiEap ~ N(Q,0.03")). 

6.5.2 Number of choice situations 

The generation of efficient designs requires the same characteristics as when generating an orthogonal 

design. However efficient designs loose the property of orthogonality, and do not necessarily require 

attribute level balance. This last property has been kept as it assures that all levels are uniformly 

represented. Because one of the objectives of this research is to compare orthogonal designs with 

efficient designs, the model used for the construction o f the efficient design is the same as the one 

used for the construction of the orthogonal design. I n other words, the model consists in 5 alternatives, 

each composed of the 6 previously mentioned attributes and their corresponding levels (see equation 

3.5). 

Clearly, more choice situations result in more data per respondent, (at an increased burden), and the 

efficiency wi l l automatically increase with more choice situations. However, by normalising the 

efficiency error, it does not make that much difference how many choice situations are chosen (Bliemer 

& Rose 2006). Therefore, the minimum required number o f choice situations only depends on the 

degrees of freedom needed to estimate the model and the property of attribute level balance. 

When generating the orthogonal design, the minimum number of choice situations due to the degree of 

freedom was 12 (assuming that A I R and Dep were dummy-coded attributes). In this case, the 

construction of an efficient design still requires 12 degrees of freedom. However some estimation 

models, other than the M N L model (mixed logit model), may require more degrees of freedom (see 

Chapter 9). I n order to be able to estimate the parameters later on with different estimation models, the 

minimum degrees of freedom required becomes 18. 

According to the above characteristics, two different efficient designs wil l be conducted. The first one 

consists of an efficient design o f 18 choice situations, which is the minimum number o f choice 

situations required according to the degrees of freedom. Additionally, a second efficient design wil l be 

created with the difference that i t wi l l consist o f 108 choice situations, which is the same number of 

choice situations as the orthogonal design has. The objective by creating two different efficient designs 
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is to acquire more knowledge not only in how better efficient designs outperform orthogonal designs, 

but also in the impact of sample size (18 versus 108 choice situations) on the parameter estimates. 

6.5.3 Design blocking 

In order to make a comparison possible between orthogonal and efficient designs, i t is necessary to 

block the efficient design such that respondents would face the same number o f choice situations 

independently o f which design they would be faced with. Thus, the efficient design of 18 choice 

situations has been blocked in 3 blocks, and the design of 108 choice situations is blocked in 18 blocks, 

such that each respondent again faces 6 choice situations. 

Both efficient designs have been generated by using the software programme Ngene, and designs have 

been optimised according to the minimised Bayesian D-error. The syntax used to compute the designs 

as well as the created efficient designs can be found in Appendix B. 
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Chapter 7 Construction of the web-Survey 

7.1 Introduction 

Given the model to be estimated and the experimental designs, the survey needs to be constructed such 

that observations can be collected. Different kinds o f SC surveys can be conducted, such as pen & 

paper surveys, CAPI (computer aided personal interviewing) surveys, or internet surveys. In this 

research we have chosen to perform an internet survey because of its advantage compared to other 

methods. Internet surveys are very flexible and easy to execute (only have to send a link). Also the data 

is directly readily available. A disadvantage is, that the survey is only accessible by respondents with a 

computer and internet, which may potentially lead to a restricted sample. However, nowadays the 

penetration rate of the computers and internet in households is considered sufficiently high to avoid 

sampling problems. Hence performing an internet survey is the easiest way to collect respondents' 

observations. The data coming f rom these observations wil l later on be estimated (see Chapter 9). The 

estimation outcomes wil l be interpreted and more insight on attributes influencing air travellers' 

itinerary choice wil l be obtained. 

This chapter wil l discuss how the questionnaire has been constructed after having established the 

model to be estimated and aftere having designed the related experimental designs. I f the reader is 

interested in the considerations for the construction o f the survey in terms o f how and when to ask the 

right questions, then, he is advised to consult sources on this subject (see (Dillman 2000)). 

7.2 Context scenario 

The construction o f a survey demands some specific attention as this is the only part respondents wi l l 

be faced to. Respondents wi l l have to answer the questionnaire without having any background on how 

the survey has been generated. Therefore, it is important that the analyst creates a decision context in 

which respondents wi l l have to make their choices. For example, when choosing between two 

alternatives for travel choices, respondents might give different response depending on the context 

scenario (e.g. the choice might change i f the trip has a business or a leisure purpose). After the scenario 

description, the respondent wi l l be asked to observe several choice sets of different alternatives and to 

choose the most preferred one. 

For this research, respondents have to imagine making a trip f rom AAS to Barcelona city. Therefore, 

they have the choice between flying to Barcelona airport, which is the main airport, or to Girona 

airport, which is the secondary airport. I n both situations, additional ground transportation is needed 

to access the city of Barcelona. Independent of the airport destination, respondents have to assume 

that flights f rom AAS to both airports take 2 hours (direct flight). I t might be that some travel time has 

to be added to those two flight hours in case of an possible transfer through another airport. The 

prices shown in the travel tickets are all single trips (one way). A screen shot o f the proposed case 

scenario can be found in Figure 7-1. 
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Scenar io 

Imagine making a holiday trip (7 days) to Barcelona, leaving from Amsterdam (Schiphol Airport). In the following experiment 
we will show hypothetical search results from an online travel agent website and you will be asked to choose the most preferred 
flight. 

There are two airports near Barcelona city, namely Barcelona Airport and the further away located Girona Airport (see map). In 
order to reach the city, additional travel is necessary from both airports (additional travel time and travel price to reach the city). 

In choosing your preferred flight, the following needs to be considered: 

• prices are shown for a single trip only and include all taxes, return trips are double the prices shown. 
• Flights are not necessarily direct but may include a transfer. 
• Flight prices are all for economy class. 
• all flights have a 2 hours inflight time plus a possible transfer time. 

The purpose of this survey is to get more information about the aspects 
playing a role in your choice when booking a flight, and we are especially 
interested in the influence of the airport location on your choice. We ask that 
when you review the different flight options and make a choice, you do so as 
closely as possible to how you would if you were making the choice in real 
life. 

I have properly read all the information above. • 

Continue 

# / # 

Figure 7-1 Screen shot of the case scenario 

7.3 Realism of the survey 

As described in Chapter 1, i t has been shown that realism in the survey may affect the way how 

respondents may answer the survey. Even knowing that SC experiments are hypothetical scenarios, 

realism may be lost i f the described alternatives do not realistically portray that respondent's 

experiences or alternatives are considered as not credible. Therefore, one of the aims of this study is to 

perform a web-survey that looks identically as the website o f OTA's. So, respondents have the 

possibility, as in reality, to use a set o f tools in order to facilitate them to find their preferred flight. 

Respondents were able to select or deselect a show button, that showed or masked the attributes in 

which they were interested (or not) in. Additionally to the six attributes represented in the choice 

model, the arrival time and the travel time have been added to the alternatives. Notice that since the in

flight time has been fixed to two hours, those variables only depend on the departure time and on the 

transfer time. Observable is, that at the beginning, the default setup showed all the attributes. Two 

additional attributes were presented but not marked by default, namely the total price and the total 

travel time. Those two attributes give the sum of the flight price and the egress price / flight travel 

time and egress travel time. Furthermore, respondents were able to rank the presented attributes on any 

of the showed attributes. A screen shot o f those command buttons can be seen in Figure 7-2. 
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Attribute S h o w Sort by Informat ion 

Flight 

Airline 

Departure Time 

Arrival Time 

Number of Stops / Transfer Time 

Travel Time 

Price 

Ground transportation 

Travel Time 

Price 

Total Travel Time 

Total Price 

m 
m 
m 
a 
m 

a 
a 
Ü 

• 

O 
O 
O 

e 

o 
O 

Depature time * inflight time * transfer time 

Time spent waiting at the stop(s) 

Travel time needed from Amsterdam to Barcelona airport or to Girona airport 
(including inflight time and transfer time) 
Ticket price (flight only) including fees and taxes 

Additional price for traveling from the arrival airport to the city centre 

Additional time needed to travel from the arrival airportto the city centre 

Total travel time (including inflight time and ground transportation travel time) 
from Amsterdam airportto Barcelona City 
Total price (including flight price and ground transportation price) from 
Amsterdam to Barcelona City 

Figure 7-2 Command options for finding most preferred flight 

Due to its possibilities to show or mask some attributes, and to sort the presented flight on any of the 

attributes, the survey looks pretty similar to the OTA's websites. I n order to make the survey even 

more realistic, the different travel alternatives are presented as a list f rom top to bottom. As a 

comparison between the survey and a real OTA, Figure 7-3 shows the screenshot of an existing OTA 

whereas Figure 7-4 illustrates the conducted web-survey. 

vlieguuinkel.nl 
Home Newsletter Shoppingcart FAQ Log in 

Er Is moor één vliegwinkel. 

C o n t a c t 

look and book offer; 

O u r Vliegwinkels 

Crave [information cus tomerservice 

- V j t I - P I 
I Lowest price Guarantee ; 

our shops 

All about payment About i t irchargt | 

« y « wTiü HM:aBi-*a nut ' 

vueling 

date 
» Fr 9 May 

(Ticket p.p.: C 68,- + Tax C 47,- ) 

from 
Amsterdam 

to 
Barcelona 

flightno. dept. arr. 
VYS174 19:50 -» 22:00 

s tops 
DO 0 

details conditions 

Tota l price: C 116 , - 5ho ' . \ m o r e f l i g h t s S e l e c t • 

MBERI/X f 
(Ticketp.p.: C 7 9 , - + Tax C 40,-

date from 
ö F r S May Amsterdam 

to flightno. 
Barcelona IBS704 

dept. arr. stops 
21:05 -> 23:10 0 

details conditions 

Total price: C 119,- show more fliahts 

— (Tick«t p.p.: C 65,- + Tax C 39.- )«V1LUJ 
date from 

a Fr 9 May Amsterdam 
to flightno. 
Barcelona HV5131 

dept. arr. stops 
06:15 -» 08:20 0 

details conditions show alternative times 

Toul price: C 124,- shrt'A mci - flrahti V S e l e c t • 1 

Tips for this page 

• Click show alternative 
times for other departure 
times with the same fare. 

• The lowest fare doesn't 
match your wanted departure 
time? Please choose show 
more flights for more 
options of this airline. 

• Inform your friends? Please 
choose the button E-mail on 
the bottom of this page. 

Figure 7-3 Screen shot of a Dutch OTA 
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Attribute S h o w Sort by Information 

Flight 

Airline a e 
Departure Time È © 
Arrival Time a e Depature time * inflight time * transfer time 

Number of Stops / Transfer Time a Time spent wailing at me stop(s) 

Travel Time a © Travel time needed from Amsterdam to Barcelona airport or to Girona airport Travel Time a © (including inflight time and transfer time) 

Price a é Ticket price (flight only) including fees and taxes 

Ground transportation 

Travel Time a O Additional price for traveling from the arrival airportto the city centre 

Price a Additional time needed to travel from the arrival airport to the dty centre 

Total Travel Time a o Total travel time (including Inflight time and ground transportation travel time) 
from Amsterdam airport to Barcelona City 

Total Price a : 
Total price (including flight price and ground transportation price) from 
Amsterdam to Barcelona City 

Iberia /BTK/sil Total 3 hr 40 mm € 6 5 

Flight 
Ground Transportation 

From 
Amsterdam 
Girona Airport 

To 
Girona Airport 
Barcelona City 

Departure 
6:00 

Arrival 
8:00 

Stops 
0 

Travel Time 
2 hr 00 min 
1 hr 40 min 

Price 
€ 5 0 
€ 1 5 

C h o o s e this ticket 

T o t a l 5 hrOO m!n € 6 5 

Flight 
Ground Transportation 

From 
Amsterdam 
Girona Airport 

To 
Girona Airport 
Barcelona City 

Departure 
1200 

Arrival 
16:00 

Stops 
1 - ( 2 h r 0 0 ) 

Travel Time 
4 hrOO min 
1 hrOOmin 

Price 
€ 5 0 
€ 1 5 

C h o o s e th is ticKet 

Vueling » » * > 9 T o t a l 4 hr20 min € 8 4 

From To Departure Arrival Stops Travel Time p r i c e C h o o s e th is t icket 
Flight Amsterdam Girona Airport 6:00 9:00 1 -(1 hrOO) 3 hr 00 min € 7 5 
Ground Transportation Girona Airport Barcelona City 1 hr20 min € 9 

Figure 7-4 Screen shot of the constructed web-survey 

7.4 Survey issues 

7.4.1 Randomization of choice situations 

As explained in Chapter 4, each row in the experimental design translates into a different choice 

situation wi th attributes having each their attribute level. Each respondent wi l l face one specific block 

of a certain design, where each block consists o f 6 choice situations (see Chapters 5 and 6) 

In the end, i f a good comparison wil l be done between the three designs (orthogonal design, Bayesian 

efficient design with 18 choice situations, and Bayesian efficient design with 108 choice situations), i t is 

important to assure that each block within each design is observed a same number of times. The two 

designs of 108 choice situations have been blocked in 18 blocks, whereas the efficient design consisting 

of 18 choice situations has been blocked in 3 blocks. Hence, these last ones have to be observed six 

times as much as the other blocks of the two other designs. Finally, each block within each design is 

faced by respondents an equal number of times in order to obtain the same number of observations in 

each design. The final survey is composed of 54 blocks, where blocks number 1 to 18 belong to the 

orthogonal design, blocks number 19 to 36 belong to the efficient design with 18 choice situations (the 

3 blocks have been repeated 6 times), and the blocks number 37 to 54 fall to the efficient design 

consisting o f 108 choice situations. 
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Notice that i f a respondent logs in on the survey but does not complete i t entirely, its data wil l not be 

saved and the corresponding design block wil l still have to be observed by another respondent. Because 

the blocks are distributed randomly (according to the number of times they have already been observed 

by previous respondents), respondents do not know which block of which design they are faced to. A 

user id is assigned to each respondent that logs in on the survey as this permits to keep track of which 

block of which design has been assigned to the respondent. 

A n important issue when performing a survey is to randomize the choice situations. By randomizing 

the order of choice situations for each respondent, the respondents wil l view the choice situations in 

different order. When multiple respondents observe the same block, because respondents may learn 

during answering the survey, randomizing the choice situations eliminates the order bias in the 

experiment. In this research not only the choice situation order has been randomized, but also the 

order of the alternatives. As alternatives are shown f rom top to bottom, the top alternatives may be 

preferred to the ones that are listed on the bottom. Changing the order of the alternatives rules out 

order bias as much as possible. 

7.4.2 Transformation of the design coding into attribute levels values 

The way how experimental designs are coded (design coding) does not correspond to the same code 

that respondents wi l l face in the survey. Obviously, the matrix fu l l of numbers is meaningless to a 

respondent, and therefore, the analyst has to convert the experimental design in choice situations with 

attributes having real levels. Table 7-1 illustrates which attribute level value corresponds to each design 

code. 

Table 7-1 Attribute level corresponding to each design coding 

Design code Air Pr Dep T r E G P E G T 

0 Air France €50 6:00 Non stop €1* or €9 20 min* or 1 hr 

1 KLM €75 12:00 60 min €3* or €12 30 min* or lhr20 

2 Iberia €100 18:00 120 min €5* or €15 40 min* or lhr40 

3 Vueling 

4 Transavia 

5 Easy Jet 

* I f destination is Barcelona, other values are for destination Girona. 

As an example, Figure 7-5 illustrates the changes between the design coding and the final survey. 
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Design coding 

Air Pr Dep Tran EGP EGT Dest 

A l t l 1 0 0 1 1 2 1 

Alt 2 2 1 2 2 2 1 0 

! 
Survey 

KLM KLJM 
From To Departure Arrival Stops Travel Time P r i c e Choose this ticket* 

Flight Amsterdam Girona Airport 6:00 9:00 1-C1 hrOO) 3 hrOO min € 5 0 
Ground Transportation Girona Airport Barcelona City 1 hr40 min €12 

Iberia /BERlAt 

From To Departure Arrival Stops Travel Time P r i c e Choose this ticket* 
Flight Amsterdam Barcelona Airport 18:00 22:00 i - ( 2 h r 0 0 ) 4 hr 00 min €75 
Ground Transportation Barcelona Airport Barcelona City 0 hr20 min €5 

Figure 7-5 Conversion from design coding to survey 

7.4.3 Sample respondents 

After the construction of the web-survey, respondents have to be sampled. As the estimation outcomes 

wil l depend on the sample of respondent, it is necessary that the sample of respondents is 

representative for a whole population. Therefore, a nice spread of the population on gender or income 

is required (e.g. a fu l l time working male wi l l not have the same income as a part time working female, 

and so, might have different travel preferences). To control these issues, at the end of the survey, the 

respondents have been asked to answer some questions concerning their flight habits (frequent flyer 

programme membership, or how many times they have flown the last years, etc), and some personal 

questions (such as age class, gender and income). 

I n order to get a sample of respondents, nicely spread over the population, Team Vier, a Dutch market 

research company, has been asked to collaborate in this project by providing a sample of approximately 

500 respondents in the Netherlands. 

Given the collected data, the analysis and the model estimations can be effectuated. This wil l be 

presented in the last part o f this report. 
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Part III - Estimations and Analyses 

This last part focuses on the data estimation and on the analyses. First the characteristics o f the data 

wil l be made followed by the model(s) estimations. I n the end, conclusions related to the estimation 

outcomes wil l be presented. 
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Chapter 8 Data Statistics 
As mentioned in the previous chapter, the Dutch market research company, Team Vier, provided a 

sample of respondents for this study. I n this chapter, the collected data wi l l be explored as well as its 

dispersal according to demographically aspects with the aim of showing that (i) the sample is 

heterogeneous and representative, and (ii) the collected data is suitable to perform the required analysis. 

8.1 Collected data 

8.1.1 Ful l data 

In total 3993 emails have been sent out. I n the end, a total of 6,450 observations were collected from 

1,075 respondents. After excluding responses with insufficient data (uncompleted surveys), 3,384 

observations, collected f rom 564 respondents, remained in the data set (response rate of 52%). 

After analysing the data, as illustrated in Figure 8-1, i t seems that 4 respondents needed more than an 

hour to respond the survey. Additionally, 10 respondents filled in the survey in 3 minutes or less. Even 

by observing the survey really quickly, it seems impossible to answer the survey rationally that fast. 

Because these observations (14 in total) are behaviourally irrational, these observations have been 

thrown out of the data set, such that estimations wil l not be biased. The cleared ful l data consists of 

3,330 observations collected f rom 550 respondents. 

16 

* 3 - U 1 U 3 r ^ C O C n O r H f N 1/1 ID f*» CO 0\ O 

Response time in minutes 

Figure 8-1 Time response frequency 

Notice that the fu l l data o f 3,330 observations is composed of observations coming f rom all three 

generated designs (orthogonal design, efficient design with 18 choice situations, and efficient design 

with 108 choice situations). This fu l l data wi l l be used later on to obtain the parameter estimates of the 

model. 
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8.1.2 Specific data to each experimental design 

As already mentioned in Chapter 4, comparing the designs is only possible i f the number o f observed 

choice situations is the same for all the designs. Also, it is necessary that each block of each design is 

observed the same number o f times. Because each respondent observed one random block belonging 

to one o f the three designs, the total number o f observed blocks of each design had to be monitored, 

such that in the end, each block of each design would be observed an equal number of times. 

Finally, the total number of respondents collected permits that each design was in total observed 8 

times. Hence, for each experimental design (orthogonal, efficient 18, and efficient 108), a total of 972 

observations were collected f rom 162 respondents. 

8.2 Demographic sample characteristics 

In the survey, the last questions concerned individual's background information (gender, age group, 

income, etc). Such typical demographical information is important for the analyst, such that its 

conclusions not only apply for a specific respondent's category, e.g. i f the sample is not equally spread 

over all age groups, it might be that conclusions only apply for a certain age group of the population. 

Also, it is important with regard to the estimation outcomes, that the sample is properly distributed 

over all three designs, not that one design has been observed by only men with a high income and 

another design by women with a lower income. Hence, it is essential that all designs approximately 

have the same sample characteristics. 

Figure 8-2 shows how the sample is spread over different designs. I t can be seen that all three designs 

more or less have the same sample characteristics, especially regarding gender. Concerning 

respondents' age, in the efficient design with 108 choice situations, a shift occurs between groups age 

18-25 to 35-45. Other age groups are equally spread over all designs. Regarding the number o f 

respondents having a frequent flyer membership, approximately 20% of them have a Flying Blue 

membership (Air France and K L M ) , and almost none have another membership with any other airline 

or airline alliance (Iberia or Oneworld). The graph showing respondents' employment status indicates 

that only a few students answered the survey, the remaining respondents being fu l l time, part-time, or 

even non working. This employment status dispersal has probably an impact on the respondents' 

income, which is relatively equally spread over the sample. Finally, it can be seen that only 20% of the 

respondents travelled with one specific airline in the last three years. This could be clarified by their 

loyalty towards a specific airhne, but it might also be possible that those respondents only travelled 

once during that period (76% of the respondents flew less than 6 times during the last three years). 
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Respondents' age group 

18-25 26-35 35-45 45-59 

Age group 

Efficient design 18 • Efficient design 108 • Orthogonal design 

Gender of respondents 

Efficient design 18 « E f f i c i ë n t design 108 • Orthogonal design 

Number of respondents having a frequent flyer 
membership 

Respondents' employment status 

140 
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Efficient design 18 • Efficient design 108 D Orthogonal design 

Full time Part t ime 
work work 

Have no Wou ld rather 
work no t say 

Efficient design 18 I Efficient design 108 • Orthogonal design 

Number of airlines respondents flew with in the 
last 3 years 

Respondents' income 
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Efficient design 18 • Efficient design 108 I I Orthogonal design 
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Figure 8-2 Demographic sample characteristics 

8.3 Conclusion 

This chapter has described the demographic characteristics of the collected data. First it has been 

showed that all three designs have been observed an equal number of times with each essential to 

compare the designs. Additionally, it has been seen that all three designs have more or less the same 

sample characteristics. This shows that the spread of respondents over the designs is heterogeneous as 

well. 

Heterogeneity o f the sample is essential for the interpretation and clarification of the estimation 

outcomes. This chapter has shown that respondents are spread approximately equally over the sample. 

There are no groups that are not represented which could influence the interpretation of the estimation 

outcomes. 

Given a heterogeneous and representative data, the next chapter describes the different model types 

chosen to estimate the fu l l data. Later in Chapter 10, all three generated designs wil l be evaluated and 

compared to each other. 
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Chapter 9 Model Estimations 
This chapter provides the outcomes of different estimation models. Firstly, a simple MNL model is 
estimated, followed by 2 other models: another but more complex MNL model and an advanced ML 
panel model. All model estimations will be realised with the help of an integrated econometrics package 
called NLOGIT. For more information about this software package, the reader can visit the company's 
website (www.NLOGIT.com) or seek to Uterature on this software (see (Hensher et al. 2005)). 

9.1 Simple M N L model 

In Chapter 3, a basic utility function has been presented. Estimating the parameters of this utility 
function (see equation 3.4) can be done with a simple MNL model according to its log-likelihood 
function maximization (see Appendix C). As mentioned previously, some alternative-specific constants 
representing the weight of the ordering, have been added to the utility function (equation 3.4), this is to 
prevent some bias in the parameter estimates due to the ordering of the alternatives in each choice 
situation. 

The outcomes of this MNL model are revealed in Table 9-1. 

Table 9-1 Simple MNL results 

Variable Unit /? coefficient t-value 

Price (Pr) Euro -.0406 -30.102 

Departure time 6:00 (Dep(O)) - .2776 5.516 

Departure time 12:00 (Dep(l)) - .5914 11.497 

Transfer time (Tr) Minutes -.0172 -37.184 

Egress price (EGP) Euro -.0312 -4.733 

Egress time (EGT) Minutes -.0162 -12.897 

Air France (AIR1)* - .1357 1.790 

KLM (AIR2) - .6178 8.524 

Iberia (AIR3)* - -.0108 -.139 

Vueling (AIR4) - -.2946 -3.758 

Transavia (AIR5) - .2960 4.044 

Constant 1 (CI) - .4845 7.421 

Constant 2 (C2) - .3429 5.138 

Constant 3 (C3) - .3561 5.268 

Constant 4 (C4) - .1979 2.821 

Log-Likelihood _ -3887 
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.254 Adjusted /? 

* Significance level of 5% 

Most of the estimates are significant and of the expected sign. The results show that price and transfer 
time appear to be the most important attribute influencing travellers' itinerary choice, as they 
contribute the most to the utility (parameter * average attribute level). Both parameters have the 
highest t-value, which means they are the estimates with the highest accuracy. The fact that those 
parameters are the most important in travellers' itinerary choice is not a surprise since travellers mostly 
choose the itinerary with the shortest travel time and the lowest price. Other attributes such as 
departure times or airlines seem secondary attributes with which travellers' determine their preferences 
for a specific itinerary in case of multiple options. Because of the non-significance of some of the 
airlines, the NCs, Air France and Iberia, seem not to be relevant in travellers' choices and have the 
same attractiveness as the LLC, Easyjet. In contrast, travellers' have a high preference for the Dutch 
airlines (KLM and Transavia) compared to Easyjet. This can be clarified by the fact that the data has 
only been collected into the Netherlands. At last, Vueling seems less preferred compared to Easyjet as 
it has a negative parameter estimate. Concerning the departure times, travellers have a preference for 
travelling at noon or in the morning instead of in the evening (departure times have positive signs 
compared to the reference which is departing in the evening). Finally, the constants show that 
respondents were more likely to choose the first alternatives presented. This can be explained by the 
fact that respondents had the opportunity to sort the alternatives on their preferred attribute. In this 
case, the preferred attributes on which respondents might have sorted on are price or transfer time. 

In their study, Rose and Bliemer (2006) mention that most discrete choice model estimation include 
covariates (i.e. interactions with socio-demographical attributes of the respondents). Including 
covariates into the utility function could change the value of the parameter estimates. In the next 
section, another MNL model including covariates will therefore be estimated. 

Notice that the estimation outcomes described above will be used in Chapter 10 to compare the 
different designs. In the design generation, the covariates were not taken into account, although it is 
suggested they should be (Bliemer & Rose 2008). However, it is far from common practice to do this. 

9.2 Advanced estimation models 

As announced in the previous section, a more developed MNL model including covariates has been 
specified and estimated. Many different plausible interaction combinations could be specified between 
the socio-demographical attributes and the parameters characterising a trip (e.g interaction between age 
and price, gender and departure time, etc). When estimating some of those covariate combinations, 
some interactions appeared to be non-significant. This was the case for all interaction including gender, 
the interaction between income and price, or age and departure time. A positive correlation was 
expected between price and income. An explanation might be that Dutch consumers are typically stingy 
and highly price sensitive despite of the income. 
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The basic utility function formulated in equation (3.5) has been enlarged with the following covariates: 
airoine and frequent flyer program (AFF), age and price (APr), and age and travel time (ATr). The new 
extended utility function results in: 

U. =C +PAI-A1R. +/? Pr +f3np-DPT + B„-Tr. +B • EGP +B EGT 
iq iq ' AIR iq ~ Pr iq ' DPT iq ' TR iq ' egp >q ' Ml iq 

(9.1) 
+PAF-AIR. * F F +pAP AGE "Pr +B1T AGE. *Tr +e 

' AFF iq iq <r~ APr iq \q ' ATr \q iq iq 

where C.? represents an alternative specific constant and Bf is the usual type I extreme value term, 

distributed identically and independently over alternatives and observations (see Chapter 3). Note that 
attributes AIR and DPT are expressed using dummy coding. 

Two choice model types have been applied to estimate the defined utility function presented in 
equation (9.1). The first model is the well-known MNL model already used in the previous section. The 
second model is the more advanced panel mixed logit model and should result in better estimates (see 
Chapter 3). 

With the help of NLOGIT, the MNL and panel ML models are estimated according to the theory of 
log-likelihood maximization (see Appendix C). As discussed in Chapter 4, the parameter estimates were 
estimated as generic across the SC alternatives. When estimating the panel ML model, the time 
parameters (transfer time, egress time and departure time) were allowed to be random assuming normal 
distributions. Other remaining parameters were estimated as non-random. Table 9-2 present the results 
of the MNL model and of the panel ML model. 

Table 9-2 Outcomes MNL model and panel ML model with covariates 

Variable Unit P coefficient t-value P coefficient t-value 

MNL Panel ML 

Random parameters 
function 

in utility 

Transfer time (Tr) Minutes -.0154 -16.305 -.0233 -10.281 

Egress time (EGT) Minutes -.0164 -12.899 -.0193 -10.176 

Departure time 6:00 (Dep(0)) - .2789 5.517 .2722 2.810 

Departure time 12:00 Pep(l)) - .5841 11.302 .6478 7.929 

Non random parameters 

Price (Pr) Euro -.0312 -12.715 -.0378 -11.454 

Egress price (EGP) Euro -.0307 -4.624 -.0530 -5.977 

Air France (AIR1)* - .1155 1.413 .0985 0.952 

KLM (AIR2) - .5823 7.490 .7633 7.597 

Iberia (AIR3)* - -.0201 -.254 -.1634 -1.625 
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Vueling (AIR4) - -.2990 -3.798 -.4854 -4.903 

Transavia (AIR5) - .2886 3.925 .3320 3.567 

Air France/Flying Blue (A1FF1)* - .1206 .810 .2115 1.084 

KLM/Flying Blue(A2FFl) * - .2424 1.805 .3047 1.754 

Air France/Skyteam (A1FF3)* - -.1945 -.505 -.1698 -.359 

KLM/Skyteam (A2FF3) - -.9200 -2.324 -1.0653 -2.242 

Iberia/Iberia plus (A3FF2) - .8068 1.362* 1.3842 1.991 

Iberia/Oneworls (A3FF4)* - -.4558 -.668 -.0664 -.081 

Age(l8-25)/Price (AGlPr) Euro -.0216 -3.877 -.0224 -3.105 

Age(26-35)/Price (AG2Pr)* Euro -.0229 -6.136 -.0296 -5.711 

Age(36-45)/Price (AG3Pr)* Euro -.0125 -3.638 -.0185 -3.805 

Age(45-60)/Price (AG4Pr)* Euro -.0053 -1.757 -.0052 -1.274 

Age(18-25)/Transfer time (AGlTr)* Minutes -.0006 -.276 .0004 .077 

Age(26-35)/Transfer time (AG2Tr)* Minutes -.0017 -1.245 -.0037 -1.143 

Age(36-45)/Transfer time (AG3Tr)* Minutes -.0048 -3.403 -.0081 -2.512 

Age(45-60)/Transfer time (AG4Tr)* Minutes -.0017 -1.397 -.0023 -.806 

Constant 1 (CI) - .4689 7.137 .6084 7.045 

Constant 2 (C2) - .3353 4.996 .4388 5.068 

Constant 3 (C3) - .3552 5.226 .4382 5.058 

Constant 4 (C4) - .2032 2.882 .2744 3.069 

Derived standard deviation of 
parameter distributions 

Transfer time (NsTr) Minutes - - .0183 15.447 

Egress time (NsEGT) Minutes - - .0192 11.248 

Departure time 6:00 (NsDep(O)) - - - 1.6145 14.449 

Departure time 12:00 (NsDep(l)) - - - 1.0313 9.746 

Log-Likelihood (LL) - -3848 -3509 

Adjusted p - .259 .339 

* Significance level of 5% 

The analysis reveals that most of the coefficients in the MNL model and in the panel ML model are 

statistically significant and of the expected sign. The standard deviation parameters for all attributes of 

the panel ML model are also statistically significant suggesting that significant taste heterogeneity exists 

among the respondents for these attributes. The only unexpected sign is the interaction between KLM 

and the FFP Skyteam. This value will be explained later on in this section. In terms of model fit, the 
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panel ML model obtains a very significant improvement in log-likelihood (LL) of 339 units over the 

MNL model. However, the panel ML model has more parameters. The adjusted p~ (which corrects for 

the used number of parameters) of the panel ML model is significantly higher than the one for the 

MNL model (.339 compared to .259) which reveals the better model fit of the panel ML over the MNL 

model. 

Comparing parameters estimates of different models with each other is not allowed. Only by 
comparing the willingness-to-pay (WTP), parameters can be compared with each other. The WTP is the 
ratio between a parameter and another (cost) parameter, where the parameters can be fixed or random. 
In order to simplify its calculation, Train (2003) suggests to use fixed costs parameters instead of 
random. 

Comparing the Willingness to Pay (WTP) of both models, the WTP for transfer time (tr) and egress 
price (EGP) slightly appear to change between the model estimations. In order to interpret the 
outcomes in terms of consumer preferences, only the model that fits the best will be discussed, i.e. the 
panel ML model 

At first, an analysis has been performed in order to gain more insight into the contribution of each 
attribute to utility. As an example, two itinerary choice options have been assumed. As illustrated in 
Table 9-3, both itineraries arrive at the same airport and are assumed to be operated by the same carrier 
(Easyjet). Both utility functions have been determined and the itinerary with the highest utility would 
be chosen by the traveller (property of utility maximisation). The relative utility of both itineraries are 
illustrated in Figure 9-1. 

Table 9-3 Value for chosen and non-chosen itinerary (focus on transfer) 

Chosen itinerary Non-chosen itinerary 

Description Utility Contribution Description Utility Contribution 

Flight Price €100 -3.78 71% €75 -2.835 58% 

Transfer 
time 

No transfer - - 60 min -1.398 28% 

Departure 
time 

12:00 .647 12% 6:00 .023 1% 

Egress price €3 -.159 3% €5 -0.265 5% 

Egress time 40 min -.772 14% 20 min -0.386 8% 

Total -4.063 100% -4.856 100% 
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Figure 9-1 utility of chosen and non-chosen itinerary (focus on transfer) 

In the chosen itinerary of the above illustrated case, fare contributes most to utility with 70%, followed 
by egress time (14%) and departure time (12%). In the non-chosen option, the fare contribution drops 
to 58%, due to the addition of a transfer in the itinerary. This shows that the contribution of transfer is 
almost 30% of the disutility. Additionally it shows that travellers have a preference for departing at 
noon instead of early morning (which is preferred towards departing in the evening). The departure 
time is in this case the only positive contribution to utility. In other cases where different airlines are 
involved, the airhne may contribute positively to utility. We may conclude that price and travel time 
and departure time are the three most important attributes influencing travellers' itinerary choice. 

In the next case, both itineraries would consist of a direct flight but will have a separated airport 
location. This will permit to get more insight into airport location's importance on travellers' itinerary 
choice. The proposed itineraries are as presented in Table 9-4. Again, the relative utility of both 
itineraries are illustrated in Figure 9-2. 

Table 9-4 Value for chosen and non-chosen itinerary (focus on airport location) 

Chosen itinerary (to Barcelona) Non-chosen itinerary (to Girona) 

Description Utility Contribution Description Utility Contribution 

Flight Price €100 -3.78 71% €75 -2.835 52% 

Transfer 
time 

No transfer - - No transfer - -

Departure 
time 

12:00 .647 12% 6:00 .023 1% 

Egress price €3 -.159 3% €12 -0.265 12% 

Egress time 40 min -.772 14% lh40 min -0.386 36% 
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Total -4.063 100% -5.373 100% 
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Figure 9-2 Relative chosen and non-chosen itinerary (focus on airport location) 

In this case, it can be seen that arriving at a secondary airport (which is further located from the city) 
drops the fare contribution from 71% to 52%. This drop is due to the additional travel fare and the 
additional travel time needed to reach the city departing from the further located airport. Also it can be 
seen that contribution of egress time increase heavily (more than twice as much) when the airport is 
located further away from the final destination. The contribution of egress price is four times as much 
as in the previous case. 

Both analyses have shown that travellers are price and time sensitive. Both attributes are the most 
contributing to utility followed by secondary attributes as departure time. The objective of these 
analyses is to determine to what extent the attributes are influencing travellers' choices. In the next 
section, the WTP of different parameters will be determined. This will result in more perceptible 
interpretations of the model outcomes. 

As the panel ML model estimates the parameters of the distribution of the parameters, the WTP's are 
probability distribution functions and not fixed values. Figure 9-3 illustrates the probability distribution 
function of the WTP for avoiding one hour of transfer time and one hour of egress time. It can be seen 
that the mean of the distribution function of the WTP for avoiding one hour of transfer time is 
estimated at €37 while WTP is estimated at approximately €22 for an hour of egress time. Hence, this is 
the amount of money travellers are willing to pay more in order to avoid one additional hour of travel 
time. 
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Figure 9-3 probability distribution function of WTP for one hour of transfer and egress time 

In this case, Girona has an egress time of about 40 to 60 minutes more than Barcelona, therefore, 
travellers are willing to pay about €20 to travel to Barcelona instead of Girona. 

Concerning the departure times, notice the extreme high value of the standard deviation parameters 

compared to the parameter estimates (the variation coefficient of /?0 is 600% and is 160% for 3^). 

This reveals that travellers' preference for departing at a specific moment of the day depends regarding 
to each individual. Additionally, the low t-value for Dep(0) showed that the model had difficulties in 
estimating the parameter value. Nevertheless the significant parameters permit to determine the WTP 
for departing at a certain moment of the day. Notice that the presented value is the mean of the 
distribution function of the WTP, which means it is averaged value. The WTP for departing in the 
morning (6:00) instead of in the evening (18:00) is approximated on €7,20 whereas the WTP for 
departing in the afternoon (12:00) instead of in the evening is estimated on €17,15. 

The outcomes of the model show that Air France an Iberia have no more attractiveness compared to 
Easyjet (the estimates are non significant). It could be that some of the respondents had a bad 
experience with one of those airhnes in the past and have no preference anymore in a specific airline. 
However, the results show respondents' preferences for the Dutch airhnes. On one hand, the 
willingness to pay for travelling with KLM instead of Easyjet is around €20 and is estimated on 
approximately €13 for Transavia. On the other hand, Vueling has a negative impact on travellers' 
choice and the WTP to travel with Easyjet rather than with Vueling is estimated on €9. 

Surprising are the interactions between airlines and FFP. Roughly, the results show that having a FFP 
does have none significant impact on travellers' itinerary choice. Apparent is the non significance of 
Iberia's parameter whereas the correlation between Iberia and Iberia's FFP is positive and significant. 
This means that Iberia only becomes more attractive than any other LCC if travellers are in possession 
of an Iberia FFP. Additionally, the results demonstrate that travellers prefer travelling with Easyjet 
rather than with KLM while having a skyteam FFP (which is the same as having a KLM FFP). 
Obviously, this outcome is strange and seems not completely reliable. The really low t-value of this 
parameter estimate demonstrates that the significance of this parameter could be a coincidence, and 
thus, no interpretation on this parameter will be given. Again, the constant estimates show that 
respondents were likely to choose the first alternatives presented. The sorting options could clarify this 
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phenomenon, as well as the fact that European people read from left to right and from top to bottom. 
In this survey the alternatives were presented from top to bottom. 

Finally, the interaction between age with price and age with transfer time result in the following 
outcomes: young travellers are more sensitive for price than older travellers. Travellers of the first age 
group (18-25) are 59% more price sensitive than travellers of the last age group (60+), travellers of age 
of the second age group are 78% more sensitive, and travellers of the third age group are 48% more 
sensitive. Even i f the interaction between income and price was non-significant, the differences of price 
sensitiveness according to the age groups might be explained by peoples' income as it generally 
increases with age. Generally, younger travellers are more likely to spend more time while travelling 
than spending money. For this reason they mostly choose for low budget tickets. 

9.3 Conclusions 

In this chapter, different outcomes of estimation models have been discussed. It has been seen that 

panel ML models have a better model fit compared to MNL models {p'PanclML > PMNL) which leads in 

better estimations of the parameter estimates. With the outcomes of the panel ML model, statements 
can be done regarding to travellers' behaviour in travel choices, and thus, the first two research 
questions of Chapter 1 can be answered. As seen in the previous section, the outcomes of the analyses 
show that price and travel time are the most important attributes influencing travellers' travel choice. 
Also, young travellers are more sensitive for price than older people and therefore are willing to spend 
more time travelling in exchange for a lower travel price. Generally, travellers prefer to travel in the 
morning or at midday instead of later on the day. Although this really depends according to individual 
preferences, this might be explained by the context scenario which involved undertaking a holiday trip. 
This would mean that travellers prefer to leave earlier in order to enjoy their trip at maximum and gain 
an extra day. 

As observed in the model's outcomes, travellers are sensitive for egress times. Because secondary 
airport are located further away of the city than main airports, travellers have a preference for arriving 
at the main airport due to the less egress time which is related to the airport location. As well, the 
results show that travellers are willing to pay approximately €22 to avoid one hour of egress time. Since 
the airhne type (NC or LCC) does not really affect travellers' choice (Iberia or Air France are not 
significantly preferred to Easyjet and Transavia is as LCC significantly preferred to other NCs), the 
attractiveness of secondary airport for travellers will mostly depend on the offered travel prices. 

Regarding the airlines, operating at secondary airports is not necessarily a disadvantage. Because airport 
taxes are less than at main airports, it permits to offer cheaper travel prices to travellers. As seen in 
Chapter 2, reducing ticket prices is one of the airhnes' instruments to attract more travellers and travel 
prices are the most important attribute for travellers' travel choice. Additionally, the high frequency 
service of secondary airports might even be an advantage for airhnes to increase their traffic volume. 

Now that the empirical research questions have been answered, the next chapter will discuss the 
methodological perspectives of this research. After having designed different experimental designs (see 
Chapter 5 and 6), those will be compared in order to determine the estimates' reliability of each design. 
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Chapter 10 Designs Comparison 

10.1 Introduction 

As seen in chapter 5 and 6, three different experimental designs have been generated: an orthogonal 
design, an efficient design with 18 choice situations (efficient 18), and an efficient design with 108 
choice situations (efficient 108). Bliemer and Rose (2007) mention two benefits of efficient designs 
compared to orthogonal design: (i) the improvement of the parameter estimates' rehability and (ii) the 
reduction of required sample size to produce a fixed level of rehability in the parameter estimates. Since 
these statements have never been confirmed in practical cases, the aim of this chapter is to compare all 
three experimental designs and verify the validity of the theory. 

The first section of this chapter discusses the designs' comparison methodology, whereas the second 
section presents the comparison outcomes and a discussion on the results' interpretations. 

10.2 Comparison methodology 

Comparing the designs with each other can be done by estimating the collected data derived from each 
different design. Since each experimental design has been optimised for an MNL model, this type of 
estimation model suits the best to determine the designs' performances. 

When estimating models with different data, the model fit (p~) usually permits to determine which of 

the models reveal the best reliable parameter estimates. However, since the data differ for each design, 
this criterion is not valid for determining the model performances. So, in order to determine which of 
the three designs result in the best parameter estimates, three comparing criteria will be analysed 
between different designs: (i) the parameter estimates over different sample sizes, (ii) the standard error 
over different sample sizes and (iii) the t-ratios over different sample sizes. 

The parameter estimates of different designs are compared to the parameter estimates of the simple 
MNL model (see Chapter 9) since this estimation has been done over the full data. However, because 
the estimates are asymptotically converging, it might be that the most reliable parameter estimate has 
not completely converged yet, which could mislead the analyst in his conclusions. Comparing the 
standard errors of the parameter estimates is a more accurate comparison criterion, since that the most 
reliable parameter estimate is the one with the lowest standard error (see Chapter 6). 

The second benefice of efficient design relative to orthogonal design should be the reduction in sample 

size needed without losing any level of reliability in the parameter estimates. In order to analyse this 

statement, the t-ratios over different sample sizes are compared. Since t = B/s.e., and in order to 

compare the t's, the standard error (s.e.) is computed per design, and B is kept fixed at the reference 

i.e. the reference is the B of the simple MNL model (estimation with the most data). 

In the next section, the outcomes of the models estimations are presented and discussed. 
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10.3 Results and interpretations 

The results of the estimation models are presented in three different graph types representing 
respectively the estimated parameter value, the standard error of the parameter, and the t-value 
(significance) of the parameter, each in function of the number of respondents having observed the 
survey. The outcomes are presented in Figure 10-1 and Figure 10-2 below. 

In order to determine which design yields the most reliable parameter estimates, the parameters' 
standard deviation of each estimation model have to be analysed. In Figure 10-1 and Figure 10-2, the 
graphs in the second row represent the parameters' standard deviation in function of N (number of 
respondents having answered the survey). When analysing the standard error outcomes for each design, 
the two efficient designs seem, for five of the six parameters, to perform better than the orthogonal 
design. This can be explained by the fact that, both efficient designs have been optimised on the base 
of prior estimated parameters (see chapter 6). However, for some parameters (i.e. price and Dep(l)), 
the orthogonal design seems to perform as good or even better than both efficient designs. This means 
that those parameters were easy to estimate compared to other parameters. This can be seen when 
looking to the t-values of the parameters. Statistically, a parameter estimate becomes significant i f its t-
value exceeds 1.96. However, the results show that, the price and transfer parameter estimates are 
already significant after 18 observations. Figure 10-3, represents the t-value outcomes of the parameters 
needing less than 18 observations to become significant. Even then, the graphs show that the price and 
transfer parameter estimates are directly significant for the orthogonal and the efficient 18 design. 
These outcomes support the fact that those parameters are easy to estimate compared to other 
parameters as EGP or Dep(0). 
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Figure 10-1 Estimation results for MNL model for each experimental design (part 1) 
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Figure 10-2 Estimation results for MNL model for each experimental design (part 2) 
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Figure 10-3 Significance of easy estimating parameters in function of N 

Furthermore, the final t-value reveals the significance value of each parameter estimates. Figure 10-1 
and Figure 10-2 show that parameter estimates of the efficient designs have a higher significance level 
than parameter estimates of the orthogonal design. Hence, it seems obvious that efficient designs yield 
better parameter estimates compared to orthogonal designs, where the efficient designs seem to 
optimise particularly for parameters that are more difficult to estimate. However, interpreting both 
efficient designs' comparison seems to be more difficult. Beside that both perform better than the 
orthogonal design, they both result in approximately the same estimates reliability. Although none of 
both are especially better regarding their performances, it is easier to construct an efficient design with 
18 choice situations rather than 108. Since there is not much difference between sing 18 and 108 choice 
situations in the design, it suffices to generate a design with 18 choice situations for a comparable 
efficiency. In other words, designs can be kept limited in size. 

In terms of required sample size, the models' outcomes show that efficient designs require, as revealed 
by the theory, a lower sample size to produce a fixed level of reliability in the parameter estimates. This 
can be distinguished when observing the t-value of EGP and Dep(0), which are the most difficult 
parameters to estimate. In order to yield significant parameter estimates, both efficient designs require 
approximately 90 respondents to estimated EGP versus 144 for the orthogonal design, and 70 
respondents to estimate Dep(0) against 90 for the orthogonal design. Notice that if the efficient designs 
would have been optimised according to the S-estimates instead of the D-error, the EGP parameter 
would have been the optimised criterion parameter, and even lower sample sizes can be expected. 
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10.4 Conclusions 

By conducting such experiments, the aim of this chapter was to verify and validate the theory 
concerning the benefits and improvements of efficient design against orthogonal design. Since the 
literature on designing choice experiments and on design efficiency has been introduced relatively 
recently (see (Bliemer & Rose 2005, Rose & Bliemer 2006, Bliemer et al. 2007)), this research is the first 
that applies the theory in order to compare different design types on a practical case. 

The outcomes of these analyses have shown that, as expected, efficient designs result in more reliable 
parameter estimates than orthogonal designs. In terms of sample size requirement, the results show 
that for parameters which are difficult to estimate efficient design require a lower sample size than 
orthogonal designs. The comparison of both efficient designs (with 18 choice situations or with 108 
choice situations) has proved that designs with a limited number of choice situations can be as efficient 
as lager designs (which take more computation time to generate). 
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Chapter 11 Conclusions 

11.1 Introduction 

Since main airports are running out of capacity, a trade-off exists between building additional airport 
capacity at the existing airport and developing a secondary regional airport located elsewhere. In order 
to get some information on the attractiveness of these secondary airports, it is necessary to have 
knowledge on air travellers' preferences in selecting flight itineraries. Hence the purposes of the first 
objectives were to determine the factors influencing travellers' choice, and more especially to learn 
more about the effects of airport location on their itinerary choices. The second objectives had a total 
different aspect and concerned the methodology for constructing experimental design in SC 
experiments, which is a frequently used method to analyse travellers' behaviour. In this chapter, the 
conclusions of this study will be presented following by some recommendations. 

11.2 Travellers' behaviour and decision attributes 

When undertaking a trip, the traveller makes a series of decision. Some of these decisions are 
influenced by the traveller's preferences and some depend on the offered transport characteristics. 
Each traveller's choice is made from a specific choice set of alternatives, in which each observed 
alternatives is assumed as known and available to the traveller. Finally, the traveller chooses the 
alternative that maximizes his utility. It is necessary that the utility to undertake the trip has to be 
higher than the utility of not taking part of the trip. 

In this study, the attributes influencing travellers' itinerary choice for leisure activity purpose have been 
identified. In the situation where two different airports are available, the choice of undertaking a trip 
depends on price, travel and transfer time, departure time, and airport location. The airport location 
has its importance since the egress travel time and the egress prices (prices to access the final 
destination from the airport) vary according to the airport location. The outcomes of the study show 
that the most important attributes influencing travellers' in their itinerary choice are respectively price, 
transfer time, egress time, and departure time. 

In an average chosen itinerary, fare yields a relative large contribution to utility with 70%. In itineraries 
containing a transfer, the transfer yields in a disutility contribution of almost 30% and fare contribution 
approximately drops to 60%. Travellers prefer departing in the afternoon or rather than in the evening, 
as it contributes of 12% of utility. Departing in the morning is slightly preferred but has a negligible 
utility contribution (1%). 

In the case itineraries have different airport locations, arriving at a secondary airport drops the fare 
contribution to utility to approximately 50%. This drop is the result of the additional egress time and 
egress price needed to access the final destination. Egress time and egress price contribute respectively 
to 36% and 12% of disutility. This study has shown that travellers prefer arriving at main airports 
rather than at secondary airports and avoid additional travel time to access their final destination. 

In terms of willingness to pay, travellers are disposed to pay about €37 to avoid one hour of transfer 
time and €22 to avoid one hour of egress time. The willingness to pay for departing in the afternoon 
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(12:00) instead of in the evening is around €17, whereas it is estimated on €7,20 for departing in the 
morning instead of in the evening. Travellers have no significant preference for travelling with NCs or 
with LCCs. However, Dutch travellers prefer travelling with a Dutch airhne company (KLM or 
Transavia). Travellers are prepared to pay €20 on their travel ticket in order to travel with KLM and 
approximately €13 to travel with Transavia. 

11.3 Parameter estimates reliability towards experimental designs 

Constructing an optimised experimental design is the base to perform a good SC experiment. Since the 
AVC matrix can be determined without conducting any survey, it is possible to determine in advance 
the efficiency of the design. In this study, three different experimental designs have been generated, 
namely an orthogonal design (type of design used in the literature) with 108 choice situations, an 
efficient design with 18 choice situations, and second efficient design with 108 choice situations. 

The results of the design comparison have shown that, efficient designs are outperforming orthogonal 
designs as soon as parameters are difficult to be estimated. When estimating the collected data, the 
obtained parameter estimates seem to be more significant when the data relied on an efficient design 
rather than on an orthogonal design. 

In terms of sample size requirement, data estimation relying on efficient designs requires a smaller 
sample size than data relying on orthogonal designs while reaching the same significance level. Because 
of the high value price and the difficulties of collecting data, this outcome is a great improvement in 
the methodology of how to perform SC experiments. No significant difference has been found between 
both efficient designs. It is suggested to generate an efficient experimental design with the smallest 
number of choice sets as possible, as an increase in choice sets will result in a higher required sample 
size. 

11.4 Recommendations 

While the government has to decide where to build new airport capacity, this study has permit to gain 
more insight into air travellers' preference, which can be used by airports and airlines to better adapt 
their market strategy in the case of the implementation of a secondary airport. In this section, some 
recommendations are made towards the main stakeholders affected by the problem. This section will 
end with some recommendations for further scientifically research. 

Recommendation for airlines 

The results have shown that airhne type (NC or LCC) and image is not valued as very important by 
passenger (no significant preference between non Dutch airlines). Hence, all airhnes can be attractive 
for travellers. In order to reduce their costs, airhnes could take some new decisions. All measures as 
flight on off-peak hours, operating at secondary airports, abolishing labour costs, etc, will lead in cost 
difference. Obviously, secondary airports are not attractive for travellers because of their further 
location to main cities. However, this study has shown that price, transfer time and departure time are 
the other important factor influencing travellers' itinerary choice. Hence, offering tickets based on 
travellers' preferences (low prices, no transfer, preferred departure time...) would balance the 
unattractive airport location. This is why LCC, operating mostly at regional airports, are so successful 
the last 10 years. 
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Recommendations on the issue of developing a secondary airport 

Given the capacity problems of the main airports, a solution would be to develop a secondary airport. 
Airports have two kinds of customers, namely the airhnes and the travellers and it seems difficult to 
satisfy both while increasing their own profit. As every service, a secondary airport is only profitable i f 
it is used by consumers. We have seen in this report that all stakeholders involved with this issue do 
not have the same perception on this topic. Despite that main airports are the main opponent regarding 
the development of secondary airports, the government has the final having the last word and has to 
take a decision. This research has shown that price and travel time are the most important factors 
influencing travellers in their itinerary choice. Hence, secondary airports are not the most preferred 
itinerary as their location is further way from the main cities. However, since the price plays an 
important role as well, it is easily possible for airhnes to decrease their prices and still make the same 
profit as the airport taxes are lower at regional airports than at the main airports. This means that if the 
price advantages overrule the disadvantages of the airport location, regional airport still be attractive 
for travellers. In this case, it would be an option to separate airport strategies according to distinct 
consumer segmentation. For example, secondary airport would be used for domestic flights (inter 
Europe), and the main airport would be developed for network/hub operations and for international 
flights. Both airports would have individual strategies and a different market segmentation as a result of 
which regional airports will not be main airports' competitors. 

However, this research focussed on the effect of the arriving airport location on air passenger's choice. 
This means that the results apply for passengers travelling to the Netherlands, and no additional 
information is known on the local passengers' preferences. I f the prices are attractive, foreign travellers 
will use the airport but is this still the case for local travellers who have knowledge on the access 
facilities? Hence, before taking the decision to develop the regional airport of Lelystad, it would be 
necessary to get more insight in Dutch travellers' behaviour and more precisely in the importance 
accorded to access time. Additionally, the research demarcation focussed on travellers with leisure 
purpose. Passengers travelling for business would certainly have other preference. Hence, this research 
partially contributes in the decision of developing a secondary airport and further research (on business 
traveller, on local travellers, etc) is required in order to get all travellers' perception on regional 
secondary airports. 

Recommendation for further scientifically research 

While generating an efficient design, prior parameters are used to determine the efficiency of the 
design. However, even if coming out of a pilot survey, prior parameters always have some uncertainty. 
Using Bayesian prior parameters instead of fixed parameters permit to take into account a part of that 
uncertainty and yields more robust designs. However, estimating data with estimation models yields 
new parameter estimates. This new estimates should then be re-used as prior parameters for a 
secondary experiment where a new optimal efficient design would be generated. Hence some research 
should be done such that, each time a respondent observers the survey, the so far collected data is 
estimated which will results in new parameter estimates. Then the last outcomes should be used as 
prior parameters and a new design should be generated and presented to a new respondent. That way, 
after each observation, a new optimal efficient design is generated and yields each time on more reliable 
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parameter estimate. However, including such kind of tools in the software should not be easy as the 
Ngene (software required to generate designs) is not linked to the survey outcomes. 

While the experimental designs have been optimised for MNL models, some other estimation models 
have been estimated (ML). Despite that efficient designs constructed for MNL model may relatively be 
efficient for ML model estimations, it should be interesting, to compare two designs, one optimised for 
MNL model and the other one optimised for ML model. Due to the long running time for generating a 
ML design, no efficient ML design could be found that was more efficient for ML estimation than the 
design optimised for MNL model. Further investigation on this topic should be interesting. 
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Appendix A - Adopted Orthogonal Design 

Ngene syntax 

Design 
; a l t s = a l t l , a l t 2 , a l t 3 , a i r 4 , a l t5 
;rows = 108 
;block = 6 
; o r t h = sim 
;model: 

U ( a l t l ) = a i r * a i r [ 0 , 1 , 2 , 3 , 4 , 5 ] + p r * p r [ 0 , l , 2 ] + dep*dep[0,1,2]+ t r * t r [ 0 , 1 , 2 ] + 
egp*egp[0,1,2] + egt*egt[0, 1, 2] + des t*des t [0 ,1] / 

U(al t2) = a i r * a i r [ 0 , 1 , 2 , 3 , 4 , 5 ] + p r * p r [ 0 , l , 2 ] + dep*dep[0,1,2]+ t r * t r [ 0 , 1 , 2 ] + 
egp*egp [0 ,1 ,2] + egt*egt [0 ,1 ,2] + des t*des t [0 ,1] / 

U(al t3) = a i r * a i r [ 0 , 1 , 2 , 3 , 4 , 5 ] + p r * p r [ 0 , l , 2 ] + dep*dep[0,1,2]+ t r * t r [ 0 , l , 2 ] + 
egp*egp [0 ,1 ,2] + egt*egt[0,1 ,2] + des t*des t [0 ,1] / 

U(al t4) = a i r * a i r [0, 1, 2, 3, 4, 5] + p r * p r [ 0 , l , 2 ] + dep*dep[0,1,2]+ t r * t r [ 0 , 1 , 2 ] + 
egp*egp[0,1,2] + eg t*eg t [0 ,1 , 2] + des t*des t [0 ,1] / 

U(al t5) = a i r * a i r [ 0 , l , 2 , 3 , 4 , 5 ] + p r * p r [ 0 , l , 2 ] + dep*dep [0, 1,2] + t r * t r [ 0 , l , 2 ] + 
egp*egp[0,l ,2] + egt*egt[0,1 ,2] + dest*dest[0,1]$ 

89 



Appendices Muster thesis 

• .-: • i ill a- all Of a l l * i l l dv:t :-• s • ai2c! •• • all 601 Sl2r>r:t £.''jii a'J Iran :'•:•:< êïteqJ fcttfet a*4 a >r ï\i w |M m 114 Iran all ecjo all eat aMffest i-i i - l!5ff : : • :- i l l m Bixk 
1 4 100 2 0 15 60 1 4 100 0 !20 5 20 0 4 too 0 0 3 20 0 1 100 1 60 9 60 1 1 100 2 0 1 30 0 1 
2 5 75 2 0 3 40 0 2 75 2 60 12 SO 1 0 100 2 60 5 20 0 5 75 2 120 3 40 0 4 SO 0 120 S 40 0 1 
3 0 50 0 so 1 30 0 3 100 0 0 1 30 0 2 75 2 0 15 100 1 2 50 1 60 3 20 0 5 23 0 60 3 20 0 1 

0 79 120 3 40 0 2 SO 1 60 9 60 1 5 GO 0 120 3 30 0 1 50 0 0 9 80 1 0 75 2 60 IS 60 1 1 
5 5 100 0 60 IS 60 1 50 1 120 3 40 0 75 1 120 9 100 1 3 75 0 0 15 60 1 2 SO t 120 9 100 1 1 
E 60 120 9 80 1 3 75 2 0 15 100 1 3 50 1 60 9 00 1 3 100 2 120 5 40 0 3 too 1 0 12 60 1 1 

7 2 75 2 60 1 20 0 100 1 120 9 60 1 5 100 120 9 80 t 4 100 2 60 15 100 1 0 60 2 60 3 30 0 2 

8 4 100 2 60 12 80 1 5 75 0 0 12 too t 1 100 1 0 3 30 0 2 50 0 120 1 30 0 3 too 0 120 5 20 0 2 
g 3 100 D 120 5 30 2 100 | 0 5 20 0 3 75 120 15 00 1 0 75 2 eo 12 100 1 4 75 t 0 5 40 0 2 
10 3 50 0 9 100 ) 4 75 0 60 5 30 0 0 SO 0 1 40 0 4 75 0 120 15 80 1 2 75 2 0 9 100 1 2 

u 75 1 0 12 60 t 0 GO z 120 3 20 0 2 so 00 5 40 0 0 50 1 0 3 20 0 2 (00 t 120 i i GO 1 2 
12 2 SO 0 120 5 40 4 50 2 60 9 100 1 4 75 1 60 12 GO 1 5 100 1 0 1 eo o 4 50 0 60 i 60 t 2 
13 

4 
75 0 SO 1 40 3 75 2 0 9 100 1 0 SO 120 5 20 0 1 100 0 60 1 20 0 0 75 1 ta> i 40 0 3 

14 0 100 120 3 20 5 75 2 60 3 20 0 I too 1 120 9 too 1 5 50 0 60 12 60 1 4 50 2 0 3 30 0 3 

15 5 75 1 120 15 100 0 100 0 0 5 30 0 5 too 60 12 too t 0 75 2 0 5 30 0 4 100 0 60 1 20 » 3 
H Z 50 0 SO 5 30 4 50 1 120 15 60 t 3 50 1 0 1 20 0 2 75 1 120 12 100 1 0 100 2 60 15 GO 3 

17 3 50 2 0 9 BO 1 1 100 0 120 12 100 1 2 75 60 15 60 1 4 50 2 0 9 60 1 2 50 1 0 15 SO t 3 
H 100 2 0 12 60 1 2 SO 1 1 30 0 4 75 0 3 30 0 3 100 1 120 5 40 0 S 75 4> 120 12 100 1 3 

19 0 100 0 5 30 3 100 1 60 3 30 0 2 75 1 60 5 20 0 3 100 0 120 1 20 0 0 100 2 60 1 40 0 4 
20 5 50 2 60 12 100 1 2 100 1 120 15 100 t 3 50 60 9 100 1 1 50 0 120 3 20 0 1 75 0 120 3 30 6 4 
21 75 0 9 60 1 75 0 0 9 too t 1 75 120 1 20 0 4 75 1 D 12 100 1 3 SO 0 0 5 20 0 4 
22 4 100 2 60 3 30 3 SO 2 60 1 » 0 5 50 0 12 100 1 5 75 2 60 5 30 0 ' 50 1 0 9 60 1 4 
23 5 75 0 120 20 1 60 2 0 5 30 0 4 100 1 0 5 V 0 0 50 2 60 9 60 t 5 75 2 120 ts 80 1 4 
24 0 SO 0 120 IS 100 1 5 75 0 120 12 » 1 0 too 110 12 80 1 2 100 1 0 15 100 t 5 100 1 GO « 100 t 4 

25 
26 

5 100 0 • _ 3 40 4 60. D 0 12 60 1 4 50 1 00 15 80 1 4 100 0 60 15 100 1 1 75 0 0 3 20 0 5 25 
26 50 0 0 15 60 f 0 100 2 60 5 30 0 0 50 120 9 00 1 5 50 1 120 1 30 0 1 SO 1 GO 5 40 9 5 
27 0 50 SO 9 60 1 3 so 0 60 1 40 0 5 too 60 3 20 0 0 75 0 60 12 100 1 5 100 2 120 5 30 a 5 

SS 0 75 2 1 » 5 30 2 100 2 120 9 60 1 1 75 1 120 5 40 0 1 75 1 120 5 30 0 0 100 0 120 9 80 j j t 5 

29 4 100 2 120 1 40 1 75 1 0 5 40 0 3 75 0 3 40 0 3 50 2 0 3 20 0 3 50 2 GO 12 too i 5 

30 5 75 60 12 SO 1 S 76 1 120 12 80 1 2 too 0 9 60 1 2 100 2 0 9 60 t 5 75 1 0 J>- 60 i 5 

31 0 75 t 60 12 SO 1 4 100 2 60 5 40 0 3 75 0 5 30 0 5 100 0 0 15 100 1 1 50 2 120 3 20 0 6 

32 2 100 1 60 9 too 1 0 75 1 120 9 60 t 4 75 60 9 80 1 0 50 1 SO 1 30 0 1 100 0 0 5 40 0 6 
33 50 0 0 5 20 2 75 1 0 12 100 1 2 100 60 5 40 0 5 75 1 SO 15 80 1 3 75 2 60 1 30 J S 6 
34 

t 
100 2 120 40 3 100 2 120 3 30 0 1 50 1 0 12 60 1 1 75 0 0 3 40 0 2 75 1 60 15 60 1 6 

35 5 75 0 0 15 80 1 4 SO 0 60 9 60 t 5 100 1 120 3 40 0 4 50 2 120 3 20 0 3 100 1 0 12 100 1 6 
3D 0 SO 2 120 3 20 2 so 0 0 5 20 0 0 50 120 9 60 1 o too 2 120 9 60 1 5 50 > * (20 4 60 1 E 

37 5 50 1 120 15 80 1 3 50 1 0 3 30 0 4 50 120 5 30 0 2 75 0 0 12 80 1 0 50 0 120 3 40 7 

38 3 100 1 120 3 20 100 0 120 9 too I 0 50 1 0 1 30 0 3 60 1 60 5 20 0 3 75 1 60 1 20 0 7 
39 1 76 2 0 1 40 5 50 1 60 5 40 0 2 100 1 120 9 00 1 0 100 0 0 5 30 0 4? 103 1 0 5 30 0 7 
40 ] 100 0 60 3 20 1 75 2 120 15 80 1 5 75 00 5 40 0 2 100 2 120 12 100 1 2 ICO 0 0 9 80 1 7 

3 50 2 0 15 60 1 0 75 2 0 1 20 0 t 100 00 12 SO 1 4 50 2 120 9 100 1 1 75 2 60 12 60 f 7 
42 2 75 0 60 9 100 t 5 100 0 60 12 60 1 3 75 0 12 too 1 4 75 1 60 1 20 0 5 SO 2 120 15 100 I 7 
43 0 too j 0 1 30 a 50 2 0 15 100 1 5 50 1 60 12 too 1 5 75 1 0 9 60 1 2 7S 0 0 5 40 0 B 
44 5 50 1 0 12 100 J 4 100 1 60 9 60 1 1 50 120 5 40 0 0 100 2 60 3 40 0 5 50 1 60 1 3D 0 8 
45 4 50 2 60 5 40 1 50 2 60 3 30 0 3 100 60 9 80 1 1 50 1 0 15 60 1 3 100 2 120 1 20 0 8 
45 •4 75 0 120 9 60 1 3 100 1 120 3 40 0 0 75 1 120 3 20 0 5 50 2 SO 9 100 1 t 100 0 120 12 60 I 8 

47 2 100 0 120 12 80 1 2 75 0 0 1 30 0 2 75 0 1 20 0 i too 0 120 5 30 0 1 50 2 GO 15 80 t 8 
48 0 75 2 60 5 20 0 3 75 0 120 15 60 1 4 100 0 15 80 1 3 75 0 120 3 30 0 3 75 1 0 12 100 t 8 
49 S 100 2 0 ! 20 0 5 100 0 60 15 60 1 0 75 1 60 1 30 0 2 75 2 0 3 30 0 2 100 2 GO 3 20 0 9 
SO so . A. 60 . ft- 30 __ 4> . 4 100 0 120 1 30 0 1 50 0 60 12 60 1 3 tOO 2 0 15 60 1 3 75 0 120 « 0 9 

Figure A-1 Orthogonal design 

90 



Appendices J/me 2008 

Figure A-2 Orthogonal design 
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Appendix B - Adopted Efficient Designs 

Ngene syntax efficient design - 18 choice situations 

D e s i g n 
; a l t s = a l t l , a l t 2 , a l t 3 , a l t 4 , a l t 5 
;rows = 18 
;bdraws = h a l t o n ( 1 0 0 0 ) 
; e f f = (mnl,d,mean) 
;b l o c k = 3 

;cond: 

i f ( a l t l d e s t = 0, a l t l Egp = [ 1 , 3 , 5 ] ) , 
i f ( a l t l d e s t = 1, a l t l Egp = [ 9 , 1 2 , 1 5 ] ) , 
i f ( a l t l d e s t = 0, a l t l E g t = [20,30, 40] ) , 
i f ( a l t l d e s t » 1, a l t l E g t = [ 6 0 , 8 0 , 1 0 0 ] ) , 
i f ( a l t 2 d e s t = 0, a l t 2 Egp = [ 1 , 3 , 5 ] ) , 
i f ( a l t 2 d e s t = 1, a l t 2 Egp = [ 9 , 1 2 , 1 5 ] ) , 
i f ( a l t 2 d e s t = 0, a l t 2 E g t = [ 2 0 , 3 0 , 4 0 ] ) , 
i f ( a l t 2 d e s t = 1, a l t 2 E g t = [ 6 0 , 8 0 , 1 0 0 ] ) , 
i f ( a l t 3 d e s t = 0, a l t 3 Egp = [ 1 , 3 , 5 ] ) , 
i f ( a l t 3 d e s t = 1, a l t 3 Egp = [ 9 , 1 2 , 1 5 ] ) , 
i f ( a l t 3 d e s t = 0 , a l t 3 E g t = [20,30, 40] ) , 
i f ( a l t 3 d e s t = 1, a l t 3 E g t = [ 6 0 , 8 0 , 1 0 0 ] ) , 
i f ( a l t 4 d e s t = 0, a l t 4 Egp = [1, 3 , 5 ] ) , 
i f ( a l t 4 d e s t = 1, a l t 4 Egp = [9, 12,15] ) , 
i f ( a l t 4 d e s t = 0, a l t 4 E g t = [ 2 0 , 3 0 , 4 0 ] ) , 
i f ( a l t 4 d e s t = 1, a l t 4 E g t = [ 6 0 , 8 0 , 1 0 0 ] ) , 
i f ( a l t 5 d e s t = o, a l t 5 Egp = [ 1 , 3 , 5 ] ) , 
i f ( a l t 5 d e s t = 1, a l t s Egp = [ 9 , 1 2 , 1 5 ] ) , 
i f ( a l t 5 d e s t = 0, a l t 5 E g t = [ 2 0 , 3 0 , 4 0 ] ) , 
i f ( a l t 5 d e s t = 1, a l t 5 E g t = [ 6 0 , 8 0 , 1 0 0 ] ) 

;model: 

U ( a l t l ) = A i r . D u m m y [ 0 I 0 I 0 I 0 I 0] * A i r 
+ P r [ ( n , - 0 . 0 4 0 , 0 . 0 0 4 8 ) ] * P r [ 5 0 , 7 5 , 1 0 0 ] 
+ Dep.Dummy[(n,0,0.22) I (n, 0.614, . 2 1 ) ] * Dep 
+ T r [ (n,-.360, . 1 1 ) ] * T r ( 0 , 1 , 2 ] 
+ d e s t [ 0 ] * d e s t [ 0 , l ] 
+ E g p [ ( n , 0 , 0 . 0 3 ) ] * E g p [ 1 , 3 , 5 , 9 , 1 2 , 1 5 ] 
+ E g t [ ( n , - . 0 1 8 , - 0 0 5 7 ) ] * E g t [ 2 0 , 3 0 , 4 0 , 6 0 , 8 0 , 1 0 0 ] / 

U ( a l t 2 ) = A i r . D u m m y * A i r 
+ P r * P r [50, 75, 100] 
+ Dep.Dummy * Dep 
+ T r * T r [ 0 , l , 2 ] 
+ d e s t * d e s t [ 0 , 1 ] 
+ Egp * E g p [ l , 3 , 5 , 9 , 1 2 , 1 5 ] 
+ E g t * E g t [ 2 0 , 3 0 , 4 0 , 6 0 , 8 0 , 1 0 0 ] / 

ü(alt3)=Air.Dummy * A i r 
+ P r * P r [50, 75, 100] 
+ Dep.Dummy * Dep 
+ T r * T r [ 0 , l , 2 ] 
+ d e s t * d e s t [ 0 , 1 ] 
+ Egp * E g p [ l , 3 , 5 , 9 , 1 2 , 1 5 ] 
+ E g t * E g t [ 2 0 , 3 0 , 4 0 , 6 0 , 8 0 , 1 0 0 ] / 

U ( a l t 4 ) = A i r . D u m m y * A i r 
+ P r * P r [50, 75, 100] 
+ Dep.Dummy * Dep 
+ T r * T r [ 0 , 1 , 2] 
+ d e s t * d e s t [ 0 , 1 ] 
+ Egp * Egp [1, 3, 5, 9, 12,15] 
+ E g t * E g t [20, 30, 40, 60, 80, 100] / 

U ( a l t 5 ) = A i r . D u m m y * A i r 
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+ P r * P r [ 5 0 , 75, 100] 
+ Dep. Dummy * Dep 
+ T r * T r [ 0 , l , 2 ] 
+ d e s t * d e s t [ 0 , 1 ] 
+ Egp * Egp [1, 3, 5, 9, 12,15] 
+ E g t * E g t [ 2 0 , 3 0 , 40, 60, 80, 1 0 0 ] $ 

Ngene syntax efficient design - 108 choice situations 

D e s i g n 
s a l t s = a l t l , a l t 2 , a l t 3 , a l t 4 , a l t 5 
;rows = 108 
,-bdraws = h a l t o n (1000) 
; e f f = (mnl,d,mean) 
;block=18 

(The r e s t i s t h e same as f o r t h e e f f i c i e n t d e s i g n w i t h 18 c h o i c e s i t u a t i o n s ) 
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Figure B- l Efficient design - 18 choice situations 
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Figure B-2 Efficient design - 108 choice situation (part 1) 
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Figure B-3 Efficient design - 108 choice situation (part 2) 
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Appendix C - Estimation Methodology 
Several statistical approaches for estimating parameters of choice models exist. The following 
paragraph discusses the method of maximised likelihood estimation, which is the most commonly used 
estimation method (Louviere et al. 2000). The maximum likelihood estimates are that set of population 
parameters that generate the observed sample most often i.e. that predicts the observations with the 
largest probability. The application of such a procedure can be helpful in the estimation of the 
parameter estimates and their asymptotic t-value, or in measuring the goodness of fit for the model as a 
whole (Louviere et al. 2000). 

According to the multinomial probabihty distribution, the probability p = [ r ^ j of person n choosing 

the alternative that was actually chosen in choice situation 5 can be expressed as: 

Yl(Piqsf'" > (12.1) 

where y = ] = 1 i f individual n chooses alternative j and zero otherwise. Note that since y. s = 0 

for all non-chosen alternatives and Piiis raised to the power of zero equals 1, this term is simply the 

probability of the chosen alternative. 

The probability of observing a sequence of choices over all choice situations 5 , is equal to 

Q s 

n n a 2 - 2 ) 
1 s 

Finally observing a certain sequence over the whole population has a probability of 

n n i W v > a " ) 
i q s 

We would like to maximize this probability, which is called the likelihood. Instead of maximizing the 
likelihood, typically the logarithm of the likelihood is maximized, giving the same outcome (this in 
order to deal with large numbers instead of very small numbers). The log-likelihood can be defined as 

ll(B)=iognnn^^)"" • ( i ^ 
1 = 1 ? = 1 s = l 

where Q denotes the total number of respondents, S is the total number of choice situations faced by 

respondent n, I is the total number of alternatives in each choice set, and P=[F ] 

(for q = l,...,Q ,5 = 1,... ,S , and ï = 1, —, / ) is the probabihty of choosing alternative i e S, and J3 is 

a vector of parameter to be estimated. 
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However, some models (i.e. mixed logit models) are estimating the parameters of assumed distributions 
of the parameters instead of fixed parameter estimates. This is because the parameter estimates across 
the poplation may vary due to the heterogeneity of respondents. Therefore, the parameters are assumed 
random following a certain probability distribution, and the expected log-likelihood will be maximized. 
This leads to the following (expected) log-likelihood function to be maximized (Revelt & Train 1998, 
Bliemer & Rose 2008): 

LL(9) = log n n n ( U ' ) ) ' (12.5) 

where 6 is the vector of distributed parameters. 

By assuming that all decisions makers are independent, and since E[AB] = E[A]- E[B], equation (12.5) 

can be rewritten as: 

LL(0) = log 

= 2 > g 

I S 
e nn(>u*)) v 

1=1 s = l 

1 S 

(12.6) 

= ^ o g j ] J ] J ( P i J r 3 ) y - f ( B \ d ) d B 

where ƒ is a multivariate distribution function over vector parameters B with distributional 

parameters 6 to be estimated. Notice that in choice experiments, a single respondent faces multiple 
choice situations and therefore these observations are dependent (Revelt & Train 1998). Models taking 
into account this dependency are called 'panel mixed logit models' and equation (12.6) defines the 
maximum log-likelihood function of such models. 

However, some estimation models (e.g. cross-sectional ML models) assume that choice observations 
from a single respondent over a series of choice situations are independent from each other. In that 
case, the maximisation of the log-likelihood can be written as: 

LL(0) = ±log(flflE((Fje)y><-)) 

= iiiy,J°SE{R,(0)) (12.7) 
;=1 ,,=1 Sm) 

= iijlyi^oslPijB)f(B\0)dB. 
i=\ q=\ s=} p 

Clearly, if parameters are assumed fixed instead of random, this likelihood function simplies to the 
well-known function for the MNL model: 
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