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Management summary English  

Airports all over the world are important for the transportation of passengers and cargo. 

However, many airports are surrounded by their home cities and the available space for the 

expansion of these airports is very limited. The problem of expanding the airport and the 

airport terminal is even more effected by the worldwide expected annual growth of 5.8% per 

year. A growing rate of this size would mean that the amount of passengers that need to be 

transported each year will be doubled within 15 years. This enormous growth in passenger 

numbers is caused by the many technical innovations that occurred in the last century. Air 

travelling changed from a business need to mass tourism. Many terminals are not designed 

for these changes of business and the amount of passengers that keep on growing. The 

privatization of the flying industry also had a large impact on these changes. Since the 

privatizing in the late 1980’s, it is possible for new airlines to travel passengers as well. Low 

Cost Carriers (LCC) such as, Ryanair, Transavia, Wizzair, Easy Jet, e.g. were able to transport 

passengers for lower prices and with different business plans. Most of the time these airlines 

use the secondary airports, which are not located near busy city centers. However, these 

airports are not designed for handling these amounts of passengers which are partially caused 

by these LCC. The increase rate of passenger amounts at these small airports is often higher 

than the expected 5.8%. 

 The goal of this graduation thesis is to discover whether there is a relationship between 

the choice behavior of passengers and the lay-out of a small airport terminal. If there is such 

a relationship, it will be possible to guide the passengers through the airport terminal and help 

to control the crowdedness. For this research the following research sub-questions are 

important:  

 

- What stakeholders are present in the terminal building? 

- To what extent is it possible to group the passengers into different groups with 

different attributes?  

- What are the people’s walking patterns at airports regarding visiting the facilities like 

the coffee shop, check-in, restrooms, etc.?  

 

The main research question is:  

- What is the relationship between passenger activity choice behavior and terminal-

lay out at small airports? 

The literature study shows that there are different stakeholders present inside an airport 

terminal. The stakeholders described and investigated for what can be changed inside an 

airport terminal are the visitors/passengers, the airlines, the airport organization and the 

concessionaires. Most of the time if an airport is renovated or build, the most important 

stakeholder is most of the time forgotten. The most important stakeholder are the visitors/ 

passengers. Eventually, the airport terminal design could not function as good as it was 

designed to do and the lay-out does not fit to the needs of the passengers. A terminal could 

also not be able to deal with larger amounts of passengers than expected. The forecast which 

is used for determining how the terminal should look like is based upon a forecast for the next 

20 years. 

 In order to answer the other sub-questions a questionnaire is held and the 

respondents were asked to fill in this questionnaire. The respondents that filled in the 
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questionnaire are based on a convenience sample. This means that most of the respondents 

are friends and family. The questionnaire consisted out of three parts. The first part (Part I) 

asked the respondents about their previous experiences inside an airport terminal. The 

second part (Part II) was a Stated Preference. This part asked the respondents what activity 

they would choose in a certain situation. There are 27 different situations and in each situation 

the location of certain facilities, group size, time restriction, check-in or not and the 

crowdedness of certain facilities is changed. The goal is to find out whether these changes 

would influence the passengers activity choice behavior. The final part of the questionnaire 

(Part III) asked the respondents about their personal characteristics. 

 The data is analyzed by using a Multinomial Logit Regression. This method investigates 

whether or not there is a relationship between the above mentioned contexts and the activity 

choice behavior of the passengers.  

 The research results showed that on average passengers do 3.1 activities before going 

to the security. The location of the supermarket to go seems to be very important in 

influencing the activity choice behavior of the passengers. Another surprising outcome is that 

the time restriction or the crowdedness at certain activities are not important for the choice 

behavior of choosing the first activity. Group size also turned out to be less important as was 

thought at first when discussing the literature. 

 This graduation investigated and proved that there is a relationship between small 

terminal lay-outs and the activity choice behavior of passengers. The fact that there is a 

relationship between small airport terminal lay-outs and the activity choice behavior of 

passengers is very important for future (re)developments of small airport terminals. Also 

larger airports can use these results for improving their terminals. By using this research it will 

be possible to focus more on the passengers and users of the terminal building. The result will 

be that the passengers will have more comfort and the terminal itself will be more efficient 

with less space. 

 Future researches need to have a larger sample group than the one that is used in this 

research. By using a larger sample group, a more representative research will be written and 

more precise conclusions can be given. The investigation of the activity choice behavior of 

passengers can better be investigated by using observations instead of using a Stated 

Preference, although virtual reality can also play be a good alternative. Than it is still possible 

to have all the advantages of the experiment. Most of the respondents failed to completely 

fill in the questionnaire. One reason could be that respondents found it very hard to imagine 

they were in that specific terminal with the context that has been given and what is expected 

from them. However, the fact remains that by using this kind of research more often for the 

small airport terminal lay-out, a better terminal will be realized that passengers could provide 

more comfort. 
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Management summary Dutch 

Vliegvelden zijn wereldwijd enorm belangrijk voor het vervoeren van mensen en goederen. 

De meeste vliegvelden zijn inmiddels echter omringd door steden en de 

uitbreidingsmogelijkheden voor deze vliegvelden zijn dan ook beperkt. Dit probleem wordt 

nog eens versterkt door het feit dat de verwachte wereldwijde groei van passagiers voor de 

komende jaren 5.8% per jaar is. Dit zou beteken dat het aantal passagiers zal verdubbelen in 

15 jaar. Deze groei heeft te maken met de vele technische ontwikkeling in de vorige eeuw. 

Het vliegen is veranderd van een zakelijke dienst naar een dienst voor het massa toerisme. 

Vele terminals zijn hier niet op berekend en dat zou voor problemen kunnen zorgen. Ook de 

privatisering van de luchtvaart heeft een grote impact gehad. Sinds de privatizatie eind jaren 

‘80 is het mogelijk voor nieuwe luchtvaartmaatschappijen om zich op de markt te begeven en 

voor competitie te zorgen. Lowbudget maatschappijen zoals Ryanair, Transavia, Wizzair, 

etcetera konden vanaf dit moment ook passagiers gaan vervoeren. Deze maatschappijen 

gebruiken vaak de secondaire vliegvelden, die ver buiten de drukke stedelijke gebieden liggen. 

Deze vliegvelden zijn alleen niet gebouwd voor de enorme groei die deze 

luchtvaartmaatschappijen met zich mee brengen en vaak hoger is dan de verwachte 5.8% 

procent. 

 Het doel van dit afstudeerverslag is dan ook het  keuzegedrag van passagiers in 

terminals van kleine vliegvelden bestuderen en kijken of er een verband bestaat tussen de lay-

out van een terminal en de activiteit keuze van passagiers. Met een verband tussen de lay-out 

van een terminal en het keuzegedrag van passagiers is het mogelijk om passagiers te sturen 

en ze door de terminal te leiden. Op deze manier kan de drukte door de terminal geleid 

worden. Voor dit onderzoek  zijn de volgende onderzoeksvragen van belang:  

 

- Welke stakeholders zijn aanwezig in een terminal?  

- In hoeverre is het mogelijk om groepen te vormen van passagiers met verschillende 

attributen? 

- Wat zijn de verplaatsingsgedragingen van passagiers, zoals het bezoeken van een 

koffie corner of de wc? 

 

De hoofdonderzoeksvraag is  

 

- Is er een relatie tussen de activiteitkeuzes van passagiers in terminals en de lay-out 

van kleine, secondaire vliegvelden?  

 

Uit het literatuuronderzoek blijkt dat er verschilllende stakeholders aanwezig zijn in een 

terminal. De belangrijkste stakeholders voor het onderzoeken van wat er veranderd kan 

worden aan de lay-out van een terminal zijn de bezoekers/reizigers, de 

luchtvaartmaatschappijen, de terminaleigenaren en de winkeleigenaren. Bij de inventarisatie 

wanneer een terminal wordt gebouwd of verbouwd, wordt de belangrijkste doelgroep 

(bezoekers/reizigers) vaak vergeten of ondergewaardeerd. Dit kan er uiteindelijk toe leiden 

dat de terminal niet optimaal geschikt blijkt voor de doelgroep en er onduidelijke situaties 

ontstaan, of de terminal de drukte niet goed aan kan.  

Om de andere vragen te beantwoorden is een vragenlijst gemaakt en is aan 

respondenten gevraagd om deze vragenlijst in te vullen. Het ging hierbij om een conveniance 

sample, wat inhoudt dat het voornamlijke bekende en kennissen zijn. Deze vragenlijst bestond 
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uit 3 delen; Deel 1 (part I) ging over de ervaring die de respondenten al hebben met terminals, 

deel 2 (part II) ging over wat mensen voor een activiteiten zouden doen in een bepaalde 

situatie en het laatste deel (part III) ging over hun persoonlijke achtergrond. Het 2e deel (part 

II) van de vragenlijst behandelde het Stated Preference experiment. Hierbij worden zoals 

eerder vermeld, situaties aan de respondenten voorgelegd en zij moeten dan vervolgens 

invullen wat zij zouden doen. In deze situaties veranderde de locatie van sommige activiteiten,  

het reisgenootschap, tijdsdruk, inchecken of niet en de drukte bij sommige activiteiten. Dit 

alles is vervolgens verwerkt in een Multinomial Logit regressie model. Dit model beschrijft of 

er mogelijke verbanden zijn tussen activiteiten die de passagiers kiezen en  het veranderen 

,zoals de eerder genoemde aspecten, van een terminal lay-out.  

Uit het onderzoek blijkt dat er gemiddeld 3,1 activiteiten gedaan worden door de 

passagiers/ respondent voordat ze zich naar de security begeven. De locatie van de 

supermarkt to go kan erg bepalend zijn voor  de aantrekkelijkheid om een activititeit te doen. 

Een ander opmerkelijk en eigenlijk ook wel verwacht antwoord is dat tijdsdruk of drukte bij 

bepaalde activiteiten niet van belang is voor de keuze voor de eerste activiteit. Ook de 

groepsgrootte blijkt van minder belang dan eerst verwacht was.  

 Kortom, er is in dit afstudeeronderzoek aangetoond dat er een verband bestaat tussen 

de lay-out van kleine vliegvelden en de keuze van activiteiten door de passagiers. Dit resultaat 

kan gebruikt worden voor toekomstige ontwikkelingen of herontwikkelingen van kleine 

vliegvelden. Niet alleen kleine vliegvelden hebben hier belang bij, ook grote internationale 

vliegvelden kunnen hier gebruik van maken. Op deze manier zal het mogelijk zijn om terminals 

meer te focussen op de gebruiker en de gebruiker zich er fijn te laten voelen. Het gevolg is dat 

terminals meer efficiënt zullen worden en dus ook minder groot hoeven te zijn. 

 Voor een vervolgonderzoek is het wel van belang dat een grotere groep respondenten 

wordt gebruikt. Op die manier zal een representatiever onderzoek ontstaan, waar meer 

conclusies uit getrokken kunnen worden. De manier van kijken naar wat mensen doen kan 

ook beter gedaan worden met behulp van observatie in plaats van een vragenlijs. Virtual 

reality is ook nog een goede optie, zo kunnen de voordelen van een Stated Preference toch 

nog gebruikt worden. Zoals bleek in dit onderzoek blijken respondenten het toch nog lastig te 

vinden om zich goed te kunnen voorstellen waar ze zich bevinden en wat er van hun verwacht 

wordt. Maar zeker zal zijn dat met dit soort onderzoek een betere lay-out voor terminals zal 

ontstaan, die passagiers ondersteunen tijdens hun verblijf in de terminal.  
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Abstract 

This graduation thesis deals with the problems that are related with the passenger growth at 

small airport terminals. The expected global growth of passengers is 5.8% per year. However, 

the passenger growth rate at the small airports is higher. The existing small airport terminals 

are not designed for handling these numbers of passengers. This research investigates more 

about the activity choice behavior of passengers inside these small airport terminals. The 

terminals that are investigated are the Low Cost Terminals (LCT) which serves mainly the Low 

Cost Carriers (LCC). The LCC are a result of the privatization of the airport industry in the late 

1980’s. Due to this privatization new airlines were able to transport passengers as well. The 

LCC differ from normal airlines, due to other services they offer and the different business 

plans these LCC’s have. The LCT also differ from the regular terminals. This graduation thesis 

investigates small airport terminals but also compares these LCT with regular airports. 

Differences occur and the question is whether there is a relationship between the activity 

choice behavior of passengers and the lay-out of a small airport terminal. In order to find an 

answer not only terminals are investigated but also passenger movement is discussed. 

Previous researches are mentioned to see what progress is made over time. It turned out that 

the small airport terminal design or small airports at all are not often the subject of a research. 

A questionnaire is designed in order to gather data and see whether there is a relationship or 

not. This questionnaire contains a Stated Preference in which respondents are asked to fill in 

what activities they would do in the situation that is presented to them. In order to analyze 

the data, which is gathered by the questionnaire, a Multinomial Logit regression is used. The 

findings will help to prepare small airport terminals for future passengers that will travel from 

that airport. The findings will also help to fill in the gap, no or little information about small 

airport terminal design, in what researchers already have investigated. 
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1. Introduction  

This chapter will describe what problem is investigated in this graduation thesis. This will be 

done by first giving some information about the problem that has been noticed in the real 

world. This will be done in paragraph 1.1 problem definition. The next paragraph (1.2) will 

discuss the research questions that are formulated based upon the problem that has been 

defined in the problem definition. Paragraph three (1.3) will deal with the research design, 

how the data is collected and how the results are being used in order to have a possible answer 

on the research questions. The final paragraph (1.4) of this first chapter describes what results 

will be expected after this research is done and what is expected to be the outcome of the 

research based upon previous studies or already gained knowledge. 

1.1 Problem definition 

These days, airports are facing all kind of problems. Many of these problems are caused by 

the growing amount of travelers that travel each year by airplane. These problems consist out 

of passenger controlling problems, parking problems and getting ahead of other airports in 

order to gain a large enough market share. The total amount of passengers that were 

transported in the year 2000 by all the airlines together was around 1.7 billion passengers, 

with a total revenue of 1 trillion dollars (de Neufville & Odoni, 2003). This fact alone is not 

alarming, but the expected growth of passenger transportation globally is 5.8% each year 

(InternationalAirTransportAssociation, 2012). Annual reports of secondary airports, such as 

Eindhoven airport e.g., even show a higher growth over the past years. Eindhoven airport for 

example had a passenger growth of 14% between 2012 and 2013 (EindhovenAirport, 2013). 

This results into more passengers that have to be transported through the airport terminals 

every day. Another important development that also increases the amount of passengers 

inside the airport terminal are the Low Cost Carriers (LCC) like Ryanair, Wizzair, Easy Jet, 

Transavia, etc. These LCC are growing rapidly and most of the time they use secondary airports 

to travel from. These airports are most of the time underdeveloped and have a very simple 

building structure. The LCC cause the enormous growths at the small airports, due to their 

affordability (Gaspar, 2015).  

           The main topic of this graduation thesis are the secondary airport designs as mentioned 

earlier. These airports service the LCC like Ryanair, Wizzair, Easy Jet, etc. and will experience 

a large increase in passenger numbers. Most of the research that has already been done only 

covers the larger airports and the smaller airports are often forgotten. 

           Airports and terminals who service the LCC will have a totally different business plan 

than the regular airports. LCC have fast turn-around times and do not offer free drinks or food 

inside the airplane during the flight. Also these airlines do not want to pay too much money 

for the airport services towards airlines and choose airports that are not congested yet which 

have a broad customer potential (Sabar, 2009). The airports will answer this request with 

simple terminal buildings and a low amount of services towards the airlines and the airports 

try to earn their money back by implementing more facilities inside the terminals (non-

aeronautical revenues). 

           No or little research is being done about what the placement of certain facilities inside 

a terminal before the security and what this would do with the passenger flow inside it.  The 

effect of researching the placement of facilities is important to understand the passenger 

activity choice behavior more in detail. And eventually build a terminal that fits the needs of 

the passengers better. Only research about what shops passengers would prefer, but also 



1. Introduction 

2 

 

about how willing the passengers are to spent money are done (Castillo-Manzano, 2010; 

Morrison, 2009). Therefore, designs could occur in which the behavior of the passengers is 

not the most important part. This implies getting the passengers as fast and as efficient as 

possible towards the gate or the security. Instead, the airport stakeholders want to hold the 

passengers as long as possible inside the terminal and hope they will purchase goods 

(Morrison, 2009). 

         These terminals are also most of the time not designed with a fully understood passenger 

behavior or the amount of passengers that will fly from that airport (EindhovenAirport, 2013; 

SchipholGroup, 2014). For pedestrian behavior in city areas and shopping centers many 

studies are done, so it is strange that the airport terminals do not get the same amount of 

attention. The topic of small airport design could be very important, because the terminal 

design could possibly influence how the passengers will behave (choose activities) inside the 

terminal the same way as the built environment does on shopping people. People will always 

move in certain streams, according to their context (in a group or not, is it busy, etc.) and this 

can be called the self-organizing of the collective behavior pattern (Laufer, 2008). Most of the 

time this aspect is forgotten. However, there are no clear signs that small airport terminals 

experience some problems. Airports simply expand if the amount of passengers keep rising in 

order to provide more comfort for the passengers and be able to deal with the higher amount 

of passengers (Rubio, 2014; HLN, 2011). But this cannot always be the case. As mentioned 

earlier, many of these secondary airports are built near cities and the space is scarce. 

Therefore, a solution should be found inside the terminal itself. 

           So there are some gaps in the researches that already have been done about terminal 

design and how passengers move (choose activities and walk routes) through small airport 

terminals. No research focus on the small airport terminals and that is strange, because these 

will experience a high growth in passenger numbers. This research tries to find out what effect 

the lay-out of small airports can have on the passenger activity choice behavior in order to 

gain some more insights in how these can be influenced. 

1.2 Research question 

The problem definition stated above can be written down in a main research question and 

several sub-questions. The main research questions will be:  

What is the relationship between passenger activity choice behavior and small airport 

terminal design?  

 

This main research question consists out of several sub-questions that help to answer the main 

research question. These sub-questions will be:  

• What stakeholders are present in the terminal building? 

• To what extent is it possible to group the passengers into different groups with 

different attributes?  

• What are the people’s walking patterns at airports regarding visiting the facilities like 

the coffee shop, check-in, restrooms, etc.?  

These questions are necessary to gain a better insight in what passengers actually moves to 

do certain activities once they are inside a terminal at the airport. By answering these 

questions a good insight could be provided about the lay-out of small airport terminals and 

the effect the lay-out has on the activity choice passengers make. But also what facilities can 

be changed from location based on what the stakeholders think. This is all necessary to 
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provide a higher level of comfort for the passengers and make the small airport terminals 

ready for the future.   

1.3 Research design 

In order to answer the main research question and sub questions, a research design is made. 

To be able to answer the research questions, this research uses an Activity Based approach 

and Choice modeling. The first part of this research will be about the choice each of the 

passenger inside a terminal could make during his or her stay in the terminal before going 

through the security, while the second part will focus more on the Activity Based approach 

and implementing the findings and data gained by the choice model. A flowchart of the 

process can be found in figure 1. 

Choice modeling is a method that can be used in simulation of how people will react 

and what possible options, from different alternatives, they will choose. Most of the choices 

people make are not the result of one choice, but most of these choices are a result of several 

choices that had to be made (Hensher, Rose, & Greene, 2005). This perfectly fits this research, 

where passengers need to choose what activity they will do based on what they think of the 

situation. So other elements (crowdedness e.g.) might as well be important for choosing an 

activity. In order to gain more insight in this problem of Choice modeling, a Stated Preference 

will be held in order to collect the data before using it to apply this in an Activity Based 

approach. This Stated Preference will be placed in a questionnaire. This questionnaire consists 

out of three parts which each gather different data. Part I of the questionnaire is about travel 

characteristics, Part II consists out of the Stated Preference and the activities passengers 

would prefer to do, in certain circumstances and lay-out, can be filled in. Part III of the 

questionnaire is about personal characteristics.  

 An Activity Based approach will be used to describe the passengers or passenger 

groups that arrive and do certain activities at an airport terminal in, which is implemented in 

the Stated Preference. This method is most applicable, because the choices passengers make 

are based on what activities they put on their activity list or not. Also this method fits very well 

with Choice modeling. These lists, also called activity sets and schedules are very important in 

modeling the correct choice behavior of the passengers (Hoogendoorn & Bovy, 2004). The 

activity sets and schedules are then placed within an activity area, where the passengers can 

do the requested activities. In this case, it is a small airport terminal with certain activity areas. 

The activities can also have some sort of a condition on them, which might cause passengers 

to choose another activity. This is almost the same as Activity Based modeling, the only 

difference is that Activity Based modeling will built a model in which the activities are modeled 

and the Activity Based approach only uses the Activity choice behavior. However, Activity 

Based modeling uses some important information that could also influence the behavior and 

is very important for the activity choice behavior; time of day, duration, activity type, location 

and travel time (Bowman, Bradley, Shiftan, Lawton, & Ben-Akiva, 1998). In the Activity Based 

approach, which is used in this research, only the time of day is not used to see the influence 

on activities passengers choose to do.  A flow chart, which shows the intensities of the walking 

paths between the activity areas, is the result of implementing the findings of the Stated 

Preference (Activity choice behavior) into the activity sets and schedules placed in the activity 

area. 
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                        Figure 1 Flow chart research design 

  The choice modeling itself will be analyzed by using a Multinomial Logit (MNL). This 

analysis describes the chances that a passenger will do a certain activity according his context 

and what the order of his activities will be. This is useful to determine what activity areas they 

will choose to do a requested activity (Hoogendoorn & Bovy, 2004). This survey also tries to 

get more insight in what personal characteristics are important for the choices being made. 

So a complete understanding of why a passenger might do an activity and what his reasons 

are, are investigated and collected. By using these two methods, a clear view will occur on 

what passengers might do once they are inside an airport terminal and what patterns in 

behavior occur because of that behavior. Patterns and congestions that occur inside the 

terminal are brought to light in this results by using the flowchart. 
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1.4 Expected results 

The main research question is: What is the relationship between passenger activity choice 

behavior and small airport terminal design? The expected results of this research questions is 

that  by using a Stated Preference in a questionnaire, a more detailed view can be provided 

about the passenger behavior inside a small airport terminals. The Stated Preference will 

provide information about the choices each of the respondents or passengers will make in a 

particular situation or what facilities each of the passengers will visit before going through the 

security. By mapping all the chances that a passenger will visit a facility, a map could be drawn 

by using the Activity Based approach. In this map, the walking lines of the passengers become 

clear and the thickness of the line will show how busy each walking path is. Figure 2 provides 

an example of such a map. All these findings could be implemented at small airports in order 

to gain more efficiency.  

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

The different behavior that passengers show, will depend on personal characteristics, 

as well as on previous experiences in a terminal. These experiences of passengers can be 

altered by offering them interesting alternatives to do. Passengers will experience a much 

more efficient movement through the terminal if this data is used in the terminal design. In 

the context of this graduation thesis this behavior will only consist out of the departure 

passengers at small airports.  

This all will result in a better terminal design at not only the small airports, but in the future 

also at larger airports. The data produced in this graduation thesis will help to think differently 

about how the manage large passengers’ streams inside terminals of small airports. Airport 

terminals do not have to expand, but will be able by small changes in the facilities lay-out to 

get a more efficient terminal lay-out. 

Figure 2 Example of walking path densities map 

http://www.spacesyntax.com/project/nottingham-old-market-square/ 
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2. Airport characteristics and airport stakeholders  

The previous chapter, chapter 1 introduction, described the problem which this graduation 

thesis is dealing with. The problem of growing passenger amounts, due to LCC at small 

airports, and the terminal lay-out of these small airports are very important. The activity 

choices each of these passengers make can influence how well a terminal performs in handling 

these passengers. This chapter will describe the airport terminal in general and give some 

basic information before investigating a more detailed view of how people move and how 

terminals are actually designed in chapter 3 passenger behavior influenced by the terminal 

design.  

The first paragraph of this chapter, paragraph 2.1, discusses the airport terminal design 

in general.  A general view on the airport market is given in paragraph 2.1.1. The evolution of 

the terminal and how the terminals and the passengers that use the airports developed over 

time will be discussed in paragraph 2.1.2. Important milestones like the privatization off the 

airport industry are discussed in 2.1.3. Also partnerships of different airports in a region are 

mentioned (2.1.4). The different terminal lay-outs and how they are connected with the 

airplanes are also discussed (2.1.5). A new sort terminal is also discussed (2.1.6). These 

terminals are called the Low Cost Terminal (LCT) and these terminals are be the main subject 

of this graduation thesis.   

Paragraph 2.2 deals with different stakeholders that are present inside the terminal. 

Each of these stakeholders will have their own wishes on how a terminal lay-out should look 

like and therefore influences the design. 

2.1 Airport terminal design  

This paragraph will deal with the airport terminal design in order to describe the small airport 

terminal design. First a brief look in the history of the airport terminal should be taken (2.1.1 

and 2.2.2). The most important events that occurred, like the first airports and the 

privatization are discussed (2.1.3). Also, an overview of different types of airport systems will 

be given (2.1.4). The next sub-paragraph discusses the capacity of a terminal. But before the 

terminal capacity is mentioned, the capacity of the airport itself is briefly discussed (2.1.5). 

Finally, the last sub-paragraph will deal with the Low Cost Terminal (LCT) in which category 

the secondary airports could be placed in (2.1.6). Most of the information in this paragraph is 

based upon the book of de Neufville & Odoni (2003). If otherwise, the source is noticed. De 

Neufville is a worldwide known professor of Engineering Systems and Civil and Environmental 

Engineering. He is known for his applications of Airport Systems Planning, Design and 

Management. He has also done many airport related projects all over the world (MIT, 2015). 

2.1.1 The airport market 

Airports operate in a large industry and the airlines transported about 1.7 billion passengers 

in the year 2000, with an annual revenue of 1 trillion dollar. All these passengers are 

transported by more than 2.000 airlines that are operating worldwide and have approximately 

a fleet of 23.000 civil aircraft which serves more than 3.700 airports (de Luca, 2012). 

Therefore, airports are very important for our daily lives and some new trends could be 

discovered at the start of the 20th century. These trends could cause major problems to the 

existing airports or these trends could be opportunities to improve these airports, which are 

often located near major cities. These trends are: long term growth, commercialization, 

globalization and technical change. Long term growth is an important factor, because even 
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with 5% growth each year, the air traffic will be doubled by 15 years. Commercialization will 

provide an airport other insights in how things work or how an airport needs to be built. This 

will be discussed in more detail in paragraph 2.2 stakeholders. The technical change will also 

change the way an airport works. It will change key-processes like for example passenger 

flows. Globalization will drive airports to adapt policies which works on other airports, but 

airports still need to compete with other airports in order to earn enough money and make 

sure they do not lose any passengers to rivalry airports. All these trends will follow the 

previous trends which were clearly visible in the years 1975 to 1992. These previous trends 

that already changed the working flow of the airport were; the threat of terrorism and a fear 

of unlawful acts, the privatization of airports, the progressive deregulation of air transport and 

the increasing environmental impact around airports (Kazda & Caves, 2007). Some of these 

problems are still present in developing and management of an airport and therefore these 

should not been forgotten in the process. The threat of terrorism is one of that problems that 

is still important.  

2.1.2 Initial growth of airports  

The initial growth of airports are a result of the some major changes in the world of air traffic. 

Air traffic developed itself from the rich to the mass and from the developed nation to the 

later developed nations. From the rich to the mass could be described as a change from a 

luxury good to a necessary business need to mass transportation and eventually to 

international tourism. The effect of mass transportation and international tourism is still 

present today. Because of the LCC, the people in less developed countries can now also afford 

to fly. But also people in the richer countries who first had not enough money to fly can now 

fly. This radical change in why people use the plane was caused by: larger, more efficient 

aircraft driven by two engines using less pilots, economic deregulations accompanied by 

competition, privatization, historically low fuel prices, introduction of yield management, raise 

the attention to costs and the consequent competitive restraint on wages. All these factors 

helped the airline industry to serve a completely other target group and increasing their own 

revenues. 

There are also some negative patterns to be discovered in recent development: video 

conferencing and peoples fear for the rest of the world concerning their own safety. This could 

be linked with the threat of terrorism and a fear of unlawful acts. These phonemes could 

decrease the use of air travel. But as mentioned in the previous paragraph, the expectation is 

that air traffic will globally increase 5.8% a year (InternationalAirTransportAssociation, 2012). 

However, rising prices of oil and the fly tax might lower the expected growth. This growth 

could turn into a problem for most of the already present state of the art airports all around 

the world. For example Schiphol, Amsterdam, in the Netherlands is built in 1916 as a military 

airfield on the outside of the ‘’stelling van Amsterdam’’ (Historischenieuwsblad, 2003). 

Schiphol transformed into an airport for civil transportation in the year 1920. In the years that 

followed the cities surrounding Schiphol grew and Schiphol was built between several cities. 

At this moment Schiphol is one of the fourth largest airports in Europe. This example could be 

used for a lot of airports and the problems that occur due to this building location, together 

with the predicted future these airports should grow but there is no space to grow. However 

as mentioned earlier, this graduation thesis will mainly focus on the regional airports like the 

airports in Eindhoven, Rotterdam, Weeze and Charleroi e.g. These airports are also 

characterized by some similar events and the presence of LCC with their characteristics like 

only continental flights.   
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2.1.3 Privatization of airports 

The U.S began to deregulate the airlines in 1978 (Kazda & Caves, 2007). This caused that 

airlines could choose freely on which airport they want to have a hub. As a reaction to this, 

the privatization of airports began. The first airports started to be privatized in 1986/1987 in 

Great Britain (Kazda & Caves, 2007). The British Airports Authority (BAA) was the first 

governmental airport company that would be privatized and from that moment on, all over 

the world airport authorities began to privatize. This caused major effects for the 

management of airports. Airports could now be managed as companies and therefor had to 

make money. The major idea was to change to focus from politics to business (de Neufville & 

Odoni, 2003). However most of the real estate and other important infrastructure is still in 

hands of the national government or municipality. Privatization in the airport sector could best 

be described as transferring some of the ownership rights. These rights are the rights to 

residual income and management control. This privatization was very important in order to 

get more efficient airports or networks, market parties were now able to show how they think 

an airport could better be managed. Most of the planning is done bottom-up thanks to the 

privatization. Airports can prepare a list of possible projects of what they think can be better 

than other airports in order to compete. Due to the privatization these plans can be dynamic. 

These dynamic plans should give the airports operator’s flexibility and these plans should be 

adjusted over time in order to accommodate the variety of futures that may occur. Thinking 

about the future and what might happen is very important in the dynamic world of airport 

management. An unregulated competition with many innovative new airlines, LCC, began and 

airports were forced to change their business plans (de Neufville, 2005).  

2.1.4 Airport systems 

When the airports kept growing and more of them were build, airports figured out that they 

could also work together in some sort of a system. If that is the case, these airport networks 

could be defined geographically into; Regional networks, Metropolitan multi-airport systems, 

national networks and international and intercontinental networks. All these systems have 

their own way of organizing. Regional networks will link smaller airports together with a 

regional or national center. The metropolitan multi-airport systems will serve only a single 

metropolitan area and the national network will link the major cities of a country together. 

The national network will also use secondary airports, which are most of the time the basis 

for LCC (de Neufville, 2005). The international and intercontinental network will connect 

countries with each other. Another method to define airport systems is by defining them 

functionally. Two sorts of networks could be described in this case; integrated cargo networks 

and ‘’cheap fare’’ networks. The integrated cargo airports are constituted by major cargo 

integrators and therefore most of the time only deals with cargo airplanes. The cheap fare 

networks are served by no frills airlines and most of the time these serves secondary airports. 

Ryanair, Easy Jet, Transavia, Wizzair, etc. are examples of cheap fare airlines which fly from/to 

these airports. However, many of the airports consists out of both and it is hard to define in 

which category an airport belongs. This could make the decision what to do with an airport 

even harder. The secondary airports, which are the topic of this research, are all part of the 

regional network. This regional network consists out of all the European countries. 
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2.1.5 Capacity of a terminal 

This paragraph deals with the capacity of an airport terminal. But before explaining more 

about the capacity of a terminal and the main focus of this graduation thesis, it is important 

to know that the capacity of an airport is not only determined by the capacity of the terminal. 

The capacity of an airport consists out of at least two fundamental systems. These systems 

are the runway system and the terminal capacity. Both systems should be working together 

in order to reach the highest possible capacity. The runway system is explained first to show 

why this system is the most difficult system to change. The runway system consist out of all 

the runways, taxi ways and the area near the terminal on the airside. The runway system 

capacity is determined by e.g. the slot allocation (Madas & Zografos, 2010). Also nature 

influences the capacity of the runway system. The allocation of slots could be a very important 

to scale up the capacity. Many slots do have some mismatch and mismanagement. Slots are 

the times that airplanes have to land, take of or taxi at the airport. As a result of this mismatch 

or mismanagement, delays could occur. These delays would lead to missed flight connection, 

flight cancellations and flight diversions to other airports. So the capacity and allocation of 

slots is a very important factor at the airport airside level. Other reasons why flights have a 

delay are; late boarding passengers, late arriving crews, technical issues and delays at other 

airports. The reason for not dealing with the airside has to do with this complexity of the 

runway system in which some parts of the system cannot be influenced (weather e.g.).  

The terminal design will describe the capacity of the land side. As mentioned earlier it 

is a lot easier to change the land side and build a new terminal or other service buildings than 

by changing the airside of an airport. This will not actually mean that it is easy to calculate the 

processing times, circulation flows and passenger behavior (Fernandes & Pacheco, 2002). Due 

to these insecurities, the terminal system could cause some delays, which can be found in the 

buildings that serve many different needs of the passenger. These needs or services are; 

check-in, security and customs clearance, baggage handling, waiting and transfers and 

shopping and other activities. Each of these aspects of passenger needs also differ from 

passenger to passenger, a selection of different passenger groups will be mentioned in 

paragraph 2 stakeholders. Each of these groups will have their own needs which need to be 

fulfilled. However, for all groups should be taken into account that the connection in the 

terminal itself is fast, reliable and easy to find. If this is not the case, late boarding will occur 

and a delay will be formed. The passenger handling system will tell which steps each 

passengers use in order to get ready for departure. These steps are; access/egress, access/ 

processing, passenger processing and flight interface (Wells, 2000). Each of these steps will 

have certain steps in what passengers need to be assisted or would like to have several 

facilities. 

Airports and terminals themselves will be evaluated by four major topics; walking 

distance, aircraft taxiing around the building, transport economics and flexibility. The walking 

distance will be measured by an impedance matrix, which will measure the level of difficulty 

in transporting between any gate and any other. This will represent the physical aspect of the 

facility. A flow matrix will define the volume of passengers moving between each origin and 

any destination represented in the earlier mentioned impedance matrix. By using this matrix, 

the transfer patterns and the intelligent management of gate assignments could be 

represented and give vital information. Aircraft taxiing around the buildings could also reduce 

the capacity of an airport, due to the distance any aircraft needs to travel before the 

passengers could leave the aircraft. Transport economics will deal with the question what is 
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the most cost effective option to provide enough gate capacity during peak periods. Flexibility 

is important to prepare the terminal for the future and to adapt to possible new situations.  

In order to describe the terminal area capacity the following terminal elements are 

important (Wells, 2000); airline gate position, airline apron areas, cargo apron areas, general 

aviation apron areas, airline passenger terminals, cargo buildings, automobile parking and 

aircraft maintenance facilities. All these elements should be working in the right way in order 

to provide an efficient system that could reach is maximum capacity. For this research only 

the airline passenger terminals are discussed. The terminals always occur in the following 

forms; centralized, decentralized and hybrid (Wells, 2000). The centralized form will have all 

facilities mentioned before in one central building. This will reduce cost of the processing 

personnel, but this will also provide a simple information system for all passengers and crews. 

The disadvantages of this type of terminal are that congestion might occur by the check-in 

counters and the airport could not expand very easily. The decentralized terminal will handle 

the passenger flow in smaller units in one or more buildings. This will optimize the level of 

service for passengers, minimizes the walking distance and provide potential for growth. The 

disadvantages are the decentralization of airport personnel and the increasing costs for 

operating and maintenance costs. These terminal options are the basis for the complete 

terminal operations and the terminal configurations can be further divided into five sub-types; 

Simple terminal, linear terminal/Curvilinear terminal, Pier finger terminal, Pier satellite 

terminal and the Mobile lounge terminal (figure 3) (NASA, 2010) . The simple terminal is 

mostly used at the secondary airports that are the scope of this research. 

 

      

Figure 3 Terminal configurations (NASA, 2010)                                           
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2.1.6 The Low Cost Terminal  

The Low Cost Terminal (LCT) is a relatively new concept of a terminal and most of the time 

these airports were first secondary airports which were only used for military purposes (Sabar, 

2009). These airports often offer fewer facilities in order to reduce the aeronautical charges, 

which airlines have to pay. These cost reductions need to lead to an increase of the non-

aeronautical revenues such as food and beverage services, car parking, etc. This increase in 

revenues will happen due to the dramatic increase of passengers (Graham, 2013) that will visit 

and travel from that airport by using the Low Cost Carriers (LCC) (Choo & Oum, 2013). Often, 

these airports only serve LCC due to several advantages for them and the limited amount of 

space. In comparison with other terminals, cost reductions are estimated to be around 30% 

(Sabar, 2009). Most of these reductions can be achieved by a very simple terminal design. The 

initial investment costs are there for very low. Sometimes the existing terminal will be 

converted into a LCT and the lifespan of a LCT is for the medium amount of time. However, 

LCT’s not only occur at secondary airports, large airports like Schiphol Amsterdam, etc. can 

also have a pier that is used as a LCT. Characteristics mentioned by Sabar (2009) are; a 

simplified design, minimum aircraft turnaround time, single level, short life of terminal 

building (if it is a conversion), linear configuration and efficient in service quality. Graham 

(2013) also stated that LCT’s also contain elements of a cost leadership strategy and a product 

differentiation. This also causes that secondary airports are each other’s greatest contestant 

and a competition between secondary airports will occur. Figure 4 shows an example of a LCT, 

in this case Rotterdam The Hague Airport. The simple terminal design can be seen by the very 

simple spaces in which no very difficult routing can be found. 

 

 

         
       Figure 4 Lay-out of a LCT, Rotterdam The Hague Airport 
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Three differences between LCT and normal terminals that are important to understand 

the difference are (Hanaoka & Batari, 2011): check-in hall, departure area and arrival hall. 

Inside the check-in hall, some of the check-in counters have been replaced by self-service 

check-in kiosks. At Eindhoven Airport for example this is called Drop & Go and passengers 

have to opportunity to check-in their baggage themselves. Passengers are also given the 

option to check-in at home (Ryanair, Transavia, Wizzair, Easy Jet, e.g.) and print their boarding 

card themselves. Commercial facilities like shops also look differently inside a LCT. Inside the 

terminal of a LCT, the space available is limited and therefor, the shops are more designed as 

kiosks and a better match is made between the passenger segments and the brands that are 

offered (Sabar, 2009). Another important thing that is missing inside the terminal area are the 

lounges which have been removed in order to save space (Hanaoka & Batari, 2011) (Sabar, 

2009). The departure area is characterized by limited seating for passengers waiting to board 

the aircraft. The arrival hall will also look very differently in LCT’s, compared with traditional 

terminals. The LCT’s only have a one or two conveyer belts (Hanaoka & Batari, 2011), so the 

design of the baggage-handling system is very simple compared to the ones inside large 

airports. The arrival hall should also take care of the meeters and greeters. In the most cases 

of a LCT, the arrival hall is also the departure hall and both passengers’ flows could interrupt 

each other. The waiting area could also be placed outside the building, inside the terminal 

building and as mentioned contiguous with the departure area (Sabar, 2009). 

2.2 Stakeholders 

The previous paragraph dealt with how airports and the terminals developed over time. Also 

different configurations of terminals and some characteristics of the LCT were discussed. This 

paragraph takes a closer look at the stakeholders that are present inside an airport terminal. 

Each of these types of stakeholders according to Schaar & Sherry (2010), Transportation 

Research Board (2010) and de Neufville & Odoni (2003) are discussed about what their 

expectations or interest are. First the passengers and visitors are discussed (2.2.1), followed 

by the airlines (2.2.2). Third the airport organization (2.2.3) and finally the concessionaires 

(2.2.4) are discussed.  Taking all stakeholders into account is very important when the terminal 

design is investigated to check the possibilities for changing the lay-out of the terminal. Each 

of the stakeholders will think differently about the design, caused by their interest and 

expectations. An important fact is that the stakeholders will be directed towards an LCT as 

described in the previous paragraph (2.1.6). It is important to mention that there are many 

more stakeholders involved in airports, but most of these stakeholders are outside the scope 

of this graduation thesis. Therefore stakeholders like the government or other institutions are 

not discussed in this paragraph. All these stakeholders can have an influence on the terminal 

lay-out at small airport terminals. At the end of the paragraph (2.2.5) an overview of the 

stakeholder matrix is given.  

2.2.1 Passengers and visitors 

The passengers are an important stakeholder in the design of the terminal. For passengers the 

terminal is a transport facility in which they transfer from one activity towards another 

activity. Passengers want a pleasant, safe and efficient experience (Kirk, Popovic, Kraal, & 

Livingstone, 2012). Therefore, different types of passengers can be defined according to Wells 

(2000). Three types of passengers that occur inside the terminal are described by their 

activities: domestic, international and transferring passengers. Richter, Ortmann, & Reiners 

(2009) described domestic, Schengen (European destinations), international, arriving, 



2. Airport characteristics and the airport stakeholders 

14 

 

departure or transit passengers as possible passengers inside a terminal. However, de 

Neufville & Odoni (2003) stated more types of passengers: arriving passengers, 

originating/departing passengers, transferring passengers, international and domestic 

passengers, charter and low-fare airline passengers and shuttle/ commuter passengers. These 

are more distinguished from each other and due to the scope of this research, only the 

departing passenger and charter and low-fare passengers will be described. Please note that 

these groups of passengers can travel alone or in a group. Another important group which 

occurs at terminals are the so called wavers (Livingstone, Popovic, Kraal, & Kirk, 2012). The 

wavers are the people who drop the passengers off at the airport and may spent some time 

with the passengers before they go through security. The passenger(s) and the waver(s) also 

perform activities together and the waver might become a future passenger of the airport. 

These wavers also occur when they come and pick up the arriving passengers. Both the 

passenger and the waver spent much time at the landside of the airport. Passengers spent on 

average one hour before departing in the terminal and therefor, the passengers are a very 

important stakeholder (Fodness & Murray, 2007).    

The passengers can be described by two different views. These views are; passengers as 

participants in the economic system and passengers as individual travelers that have 

expectations about the quality they receive and the way they pass through the airport system 

(Schaar & Sherry, 2010). If the passengers are viewed as economic participants, the 

passengers could be vital for the local economy. The passengers than contribute in the 

financing of projects that will improve the terminal. This is done through the Passenger Facility 

Charges, which is paid by the buying the airline ticket. The passengers as traveler, the 

passengers want to be “processed’’ as fast and as conveniently as possible to where the 

passenger wants to go. The so called on-time performance is very important for passengers 

and signing is also very important to make sure no passengers “get lost’’ inside the terminal. 

Facilities passengers rated as important are the food and beverage, restroom facilities, retail 

and duty free and the special services (Rhoades, Waguespack, & Young, 2000). The services 

an airport offers the passengers is thus very important and a clear distinction can be made 

between a normal terminal and a LCT, due to the different passengers each of the terminals 

will have. So passengers want a fast moving flow and good facilities like restrooms, food and 

beverage, retail and special services. 

2.2.2 Airlines  

Airlines are another important stakeholder for the terminal design. The airlines lease most of 

the time the aircrafts and offer different services and service areas to their passengers 

(NewYorkTimes, 2007). The airlines can be classified into three different subcategories 

according to Schaar & Sherry (2010); Large certified airlines, small certified airlines and 

commuter airlines. For the secondary airports, the commuter airlines are the most important. 

The commuters in this case are the LCC such as Ryanair, Wizzair and Transavia e.g.. These 

airlines choose the airport based on the passengers demand and the revenue generation 

potential. But the cost of operating from an airport are also very important (landing fees, etc.) 

(Schaar & Sherry, 2010). Therefore, most of the airlines negotiated with the terminal owners 

about these costs (Francis, Fidato, & Humphreys, 2003). Sometimes even the airport will pay 

the airline to fly form their airport (Barrett, 2004). These airlines also choose airports which 

are not very congested (Gillen & Lall, 2004), because the turn-around times are very fast and 

passengers need to get boarded as fast as possible and the services an airport offers the airline 

should also be very simple and fast. Passengers are on a simple point to point journey and do 
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not want to get lost at the terminal (Barrett, 2004). These airports are also most of the time 

better accessible by more people, but alternative connections with bus stations and car 

rentals should be available. The complete list that Ryanair uses in order to find a suitable 

airport and thus are the demands of the low-cost airlines according to Barrett (2004): low 

airport charges, quick 25 min turnaround time, single-story airport terminals, quick check-in, 

good catering and shopping at airports, good facilities for ground transport and no 

executive/business class lounges. The good catering and shopping at airports which serve LCC 

is necessary, because the airlines do not offer inflight services like meals or duty free shopping. 

Often different airports are played out against each other during the selection process. 

2.2.3 Airport organization 

The airport organization is most of the time the owner of the terminal and is therefore the 

most important stakeholder. These organizations often consist out of separate operating units 

which each will have their own tasks (Schaar & Sherry, 2010). Airports will create their value 

based on location and if they are in an area with a large population or a good economy, their 

value will rise (Gillen & Lall, 2004). In order to find out what goals an airport has, the goals of 

Denver international airport have been investigated. According to Schaar & Sherry (2010) 

Denver international airport has the following goals, which could also be applied to small 

airports: achieve high security and safety, grow revenue and manage costs, grow passenger 

numbers and provide high levels of customer service. 

The revenues the terminals will earn will come from the landing fees, charges per 

passenger or tonne freight handled. Other important incomes will come from the non-

aeronautical revenue (Francis, Fidato, & Humphreys, 2003; van Oel & van den Berkhof, 2013). 

As a result the airport organization would like to have the passengers as long as possible inside 

the terminal and spent as much money as possible. This will increase the revenues, and 

airports which serves full-airlines want to have as many facilities as possible to create a very 

high non-aeronautical revenue and impress the passengers (Carney & Mew, 2003; Nicolaeva, 

2012). The growth or a constant amount of passengers is very important to an airport, because 

this will ensure the revenues. This caused a shift toward an airport that is more customer 

focused to make sure that a better service is offered towards the passenger (Popovic, Kraal, 

& Kirk, 2010). The profitability also depends on the ownership of the terminal (Gillen , 2011). 

Private owned terminals will have different characteristics than “public-owned” terminals. 

However, the primary objective will be the same for all the airports: provide access to high 

quality air service to its region (Schaar & Sherry, 2010). Sub goals in order to be able to full fill 

the primary goal are ensuring a financial strong performance and high operation efficiency. 

Another important stakeholder who is part of the airport organization is the security 

department. Security is very important for both the passengers as for the personnel working 

on the airport. The design decision rules and highly depend on the terminal design and where 

important progress areas are situated. Because the security is governmental related, complete 

lists of criteria concerning the safety of a terminal need to be established by an appropriate 

authority which represent these national criteria (Sabar, 2009). However, for the terminal 

design, where to place what shops or the restrooms e.g. this is not important. The only 

condition that is important is that the checked passengers have to be separated from the not 

checked-passengers in the terminal design. 
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2.2.4 Concessionaires  

The concessionaires operate passenger services inside the terminal and have to pay a lease or 

rent, which most of the time is based on a fixed percentage of the turn-over of a year (Kim & 

Shin, 2001). Examples of passenger services are food and beverage services, retail services and 

hotels (Schaar & Sherry, 2010). Kim & Shin (2001) distinguish three types of concessionaires; 

duty-free shops, retail and convenience stores and F&B services. The revenues of these shops 

will be determined by the total amount of space that is available for a concessionaire and also 

the lay-out and the location of a concessionaire is very important (Nicolaeva, 2012). Shops 

should be positioned in such a way that they interact with a passenger flow that goes through 

the terminal. Also the amount of floor space available at the landside and airside can play a 

major role in the amount of revenues of the concessionaires. So the concessionaires would 

like to have a group of passengers that is willing to visit them. The placement of the 

concessionaires could be determined by the walking patterns of passengers and where they 

walk. This also includes what shops are next to another shop, the brand name of a shop can 

also help in determining to visit a shop or not (Castillo-Manzano, 2010). 

The wishes of concessionaires’ managers or owners do not differ from the traditional shop 

owners who own a shop in a city center or in shopping center. However, if the shop is at the 

corner of the terminal and has some bad brands surrounding it, the passengers inside the 

terminal might not visit your shop. Passengers will also not visit the shop if it is too busy and 

especially for restaurants if the waiting queue is too long. Passengers will then choose to visit 

another shop or restaurant. Other people from outside the terminal, so not passengers, might 

also be important for the revenues. Examples of this phenome is the Schiphol airport shopping 

center (Morrison, 2009). This terminal is even visited by inhabitants of the city of Amsterdam. 

However, a side note should be made, that this shopping center is far bigger than the shopping 

areas at secondary airports. But certain brands like Starbucks can attract people inside the 

terminal and these visitors might buy something in the shop. So the placement of a shop can 

also be determined by if it should be visible from the outside whether a shop is placed inside 

the terminal or not.  

2.2.5 Summary 

A short summary of what are (visually) the interests and powers of the above discussed 

stakeholders can be found in figure 5. Passengers and visitors have a high interest but no or 

little power on the terminal design. Most of the time the terminals are designed without little 

knowledge about the passenger activity choice behavior, or how they behave in general. The 

most powerful stakeholder is the airport organization, which have the highest interest and the 

most power. This is not strange, because most of the time they are the owner of the airport 

as is discussed. Airlines are also very powerful, they can switch from an airport if they think 

that another airport has a terminal that fits their needs better. Concessionaires do have some 

power, but not very much and they also have a high interest in the terminal design. The 

concessionaires want to earn money and the terminal design can help them to earn that 

money.    
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                           Figure 5 Power and interest matrix airport terminal stakeholders 
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3. Passenger behavior influenced by the terminal design  

Abstract - This literature review will deal with the growing amount of air passengers that travel 

all over the world and especially the passengers that travel from small airports. This growing 

amount of passengers cause problems inside the current terminals. These terminals are often 

not designed for handling those amounts of passengers and the rise of Low Cost Carriers (LCC) 

like Ryanair, etc. caused airports to change the way to work and become more efficient. The 

Low Cost Terminal (LCT) is a good example of the changing behavior towards airlines. Another 

important issue that will be discussed are the stakeholders views on the terminal design, who 

are present at the airport, and their view on how a terminal should be look like. The most 

important stakeholders are, passengers, concessionaires, airlines and the airport organization. 

In order to find out what can be changed inside the terminal design to reduce possible 

congestions these stakeholders should each assess the terminal lay-out on what they think is 

important and what would be the perfect terminal lay-out.  

In order to model the passenger flow inside a terminal, a more detailed research will 

be done concerning peoples’ activity choice through an environment or what behavior is 

common without people realizing what they are doing. Walking speed and walkability are also 

discussed. This will only be done for the passengers that are departing from an airport. The 

arrivals and wavers are not in the scope of this study, but they will be mentioned briefly. Finally 

this will lead to a chapter in which the research that is done so far is discussed. Several 

methods like Activity Based modeling and Choice modeling are very important. Finally, the 

conclusion will be written in which the missings are described and why this study is relevant 

for small airports. 

Keywords: Small Airport, Terminal Design, human behavior, wayfinding, airport stakeholders 

view 

3.1 Introduction  

The airport market is a very dynamic market that changed a lot over time. Several processes, 

both governmental processes as new developments by airlines affected the airport market 

(Kazda & Caves, 2007). The rise of Low Cost Carriers (LCC) caused many changes in the way 

airports work and even the business model of these airports changed. These business models, 

especially the business models of secondary airports, changed due the wishes of the LCC and 

the negotiations that the airports have with the LCC in order to keep them flying from their 

airport (Francis, Fidato, & Humphreys, 2003; Barrett, 2004). So a competition among different 

small airports has been very influential. However, on the design side of the terminal and how 

the passengers will behave inside the terminal before the security, little information is known. 

Passengers are supposed to have an efficient, pleasant and safe journey through the terminal 

(Livingstone, Popovic, Kraal, & Kirk, 2012). At the same time the airport organization, airlines 

and concessionaires also have their wishes about how passengers have to move through the 

terminal, as is mentioned in the previous chapter (2.2).  This problem even get worse if the 

expected growth of passengers globally will actually be 5.8% per year 

(InternationalAirTransportAssociation, 2012).  

The topic of small airport terminal design and how humans behave will be researched 

and written out in this literature review. This will be done to gather more insight in what 

research is already done and what information is still missing. The results that follow from this 

literature review will be used to design the Stated Preference situations that are asked in the 
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questionnaire. The gathered information will also be used to find out more about previous 

studies and what suggestions they give about future researches, so that a solid background 

for the model part of this graduation thesis is created.  The phenomenon of airport design, as 

well as the pedestrian/ passenger behavior will all be taken care of and this literature review 

will point out what is currently missing in this research area. 

 This literature review will be structured as followed, paragraph 3.2 will describe the 

terminal lay-out and what is known about the design rules. Contradictions and different 

opinions will be mentioned. This is done by looking for relevant papers or books and combine 

them (3.2.1). Also, a lay-out comparison will be done with existing small airports and one large 

airport near the city of Eindhoven (3.2.2). This confrontation will be finished with a 

stakeholder view on these small airport lay-outs (3.3.3). The next paragraph (3.3) will discuss 

the passenger movement inside a terminal. This topic will be discussed by doing research 

about the activity patterns people or passengers might have if they are moving through a 

terminal (3.3.1). Next, already existing models, which tried to model the activity patterns of 

pedestrians/ passengers, are discussed in a chronological order (3.3.2). The self-organizing 

behavior of people is also very important for designers who want to design a small airport 

terminal. These behavior will occur on every human without many even know that they are 

having this behavior (paragraph 3.3.3). Wayfinding is another important topic in the terminal 

design. If people or passengers get lost inside a terminal, precious time could get lost. The 

problem of wayfinding will therefore be discussed in paragraph 3.3.4. The final paragraph, 

paragraph 3.4, will provide a conclusion about what is currently missing in the research that 

has already been done and what this graduation thesis will try to do some research on. 

3.2 Terminal design  

This paragraph discusses the terminal design in more detail. Paragraph 2.1.5 capacity of a 

terminal already discussed the main terminal configurations that are possible at airports. 

These configurations are, Simple terminal, linear terminal/Curvilinear terminal, Pier finger 

terminal, Pier satellite terminal and the Mobile lounge terminal, and are only discussed briefly 

and nothing is mentioned about the design inside the terminal and what opinions there are 

about the designs. Paragraph 3.2.1 will discuss the terminal designs in more detail by 

discussing it in a chronological order. Existing airport terminals of small airports and one large 

airport are discussed in paragraph 3.2.2 to find out what facilities can be found inside the 

terminals. Finally, the ideal terminal lay-out will be discussed (3.2.3) by discussing the existing 

terminal lay-outs with the wishes/demands of the stakeholders mentioned in paragraph 2.2. 

All the information gathered in this paragraph is necessary to find out what important 

elements are needed for the fictive small airport terminal design in the Stated Preference. 

3.2.1 History of terminal design 

The design of terminals is very important if passenger’s behavior is investigated and some 

articles deal with the thoughts of airport terminals over time. De Neufville (1995) discussed in 

his paper, Designing airport passenger buildings for the 21st century, that during the 80’s the 

terminals were very much like a landside with separate aprons which were connected by an 

underground rail system in order to get the passengers towards the gates. Newer airports that 

have been built are all midfield terminals on which the airplanes can easily park. This is caused 

by the changing behavior of the passengers and of the wishes of the airlines, according to de 

Neufville (1995). He also investigated the phenomena of transferring passengers and how they 
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might have affected the change in design of the terminal. In order to investigate this, existing 

airports are examined and the total amount of passengers are described and this is compared 

with the lay-out of the terminal. De Neufvilles (1995) conclusion is that airports need to be 

designed flexible. This flexibility is the best achieved if the terminal is a midfield terminal.  

The paper of de Neufville, de Barros, & Belin (2002) describes the optimal terminal lay-

out of an airport. The approach which is used to assess the terminal design was divided into 

two categories; the importance of transferring passengers and the method which airlines use 

to park the airplanes at the pier in order to shorten the walking distance. Therefore, the paper 

written by de Neufville, de Barros & Belin (2002) also acknowledge the importance of the 

transferring passengers. However, the transferring passengers only occur after the security at 

the airside. Therefore, the transferring passengers are outside the scope of this research, as 

was already mentioned in 2.2.1 Passengers and visitors. A method to analyze this walking 

behavior on the design of the terminal is the impedance matrix (distance and difficulty) and a 

flow matrix (defines the volume of passengers moving between two points) (de Neufville, de 

Barros, & Belin, 2002). Together with the effect of good signs where the passengers need to 

go, the mid-field terminal is better than for example an x-shape. The walking distance will than 

always be the smallest even if the transferring rate will increase. However, the impedance 

matrix and the flow matrix can also be used for measurements in the terminal before security.   

An important part of the terminal design is also the placement of commercial shops, 

which can effect possibly the activity choice behavior of passengers. Blow (1996) discussed in 

his book that the policy for placing commercial shops like coffee corners shops and restaurants 

can be placed according to the demand and the commercial logic in relation to prominence. 

Market research about the passenger profiles and what they like the most can help to realize 

possible opportunities for these shops. The total amount of available floor area that is 

reserved for commercial shops is most of the time 10%- 12% (Blow, 1996).  

Blow (1996) also discussed that the terminal design is based upon passenger forecasts 

for a specific airport, which covers the next 20 years. The statement that terminals are 

designed with a 20 years passenger forecast is also confirmed by the 

TransportantionResearchBoard (2010). This means that the terminal lay-out is not designed 

flexible. Other authors, Shuchi, Drogemuller, & Kleinschmidt (2012) and de Neufville (2008) 

stated that the terminal design should be flexible in order cope with the changes that occur. 

These changes are effected by the cyclic and non- cyclic changes in the airport environment 

and therefor the terminal should be flexible in order to fit the needs in the short and long term 

(Shuchi, Drogemuller, & Kleinschmidt, 2012). De Neufville (2008) adds that airports need to 

recognize that there is a great forecast uncertainty, there are many standards and the clients 

who use the terminal can change. Many of these phonemes can be explained by the existence 

of the LCC. De Neufville (2008) also recognized the great uncertainty in the type, location and 

level of investment of all the airports infrastructure including the terminal.  In the past, before 

the privatization as is explained in paragraph 2.1.3, airports used to be relatively simple to 

design. This was caused by all the regulations and acts of the governments, but since the 

airport market is a free market a new set of designing principles and forecasting methods need 

to be used (de Neufville, 2008). The terminal design should allow new inventions to be placed 

inside the terminal without losing its ability to transport future passengers’ simple, timely and 

stress free (Shuchi, Drogemuller, & Kleinschmidt, 2012).  

A remarkable conclusion can be drawn from this part. Most of the research about 

terminal design is done for the terminal mainly after the security or the total lay-out of the 

airport building. The lay-out of the area where passengers need to find their way towards the 
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gate is the most important part for many designers and is most of the time discussed in the 

papers and not about what passengers will do once they enter the terminal and before going 

through the security. The same can be concluded about the major airport terminals. Not many 

research has been done about the small secondary airport terminals, which also have a high 

amount of passengers traveling from that airport each year and the amount of passengers are 

still rising (EindhovenAirport, 2013). 

3.2.2 Existing airport lay-out comparison 

In order to get a better idea of what possible terminal designs there are, and if there are 

indeed  different options possible, some existing terminals of small airports and two large 

airports are investigated. The chosen airports that are discussed are selected because these 

airports are relatively close to the city of Eindhoven and because floor plans of these airport 

terminals were available. The reason for including two international airports, is to find out if 

there are indeed differences between large airport terminals and small airport terminals. This 

comparison also looked at how many of each facility are present at the terminal. Appendix A 

shows all the terminal lay-outs that are considered in this research. Appendix B shows an 

overview of what facilities are available at the airports.  

Most of the check-in counters are placed in the middle of the terminal or at the side of the 

departing passengers. The placement of the check-in desks near the departure area helps to 

separate the passengers’ streams (departing and arriving) and this turned out to be important 

(Kazda & Caves, 2007). Another important finding is that most terminals have different 

entrances and exits inside the terminal. So that the departing passengers will not intersect 

with the arrival passengers. If the airports are larger, more complex structures are also 

possible. In the case of the airport of Brussel and Schiphol this is done by locating the different 

passenger streams on different levels. One of the examples of airports that did not have a 

clear separation of the passengers is Eindhoven airport. The terminal does have several 

entrances, but the most important parking spaces and the arrival of passengers who travelled 

by public transportation are placed at the arrival side of the terminal.  

The restrooms inside the terminals are sometimes placed near the restaurants and other 

times central in the terminal. The restrooms are not always placed on the ground floor and 

sometimes passengers have to take the stairs or elevator to visit the restroom. The amount of 

restrooms inside the terminal before security is very low. Many of the restrooms are placed 

behind the security. Another important difference between the different lay-outs is that not 

all the terminals have shops before the security. But if the airport is larger like Brussel 

Zaventum, there are many shops etc. behind the security and the smaller airports do not have 

many shops there. This could be the result of the advised check-in times that airlines use. 

According to SchipholTickets  (2005) passengers who have an international flight should be at 

least three hours before departure at the airport, due to the security checks. Passengers of 

flights inside Europe are advised to be at least two hours before departe inside the terminal. 

However, this is for the larger airports, which have long walking distances after the security. 

The small airport terminals which are the main topic of this research are not very complicated 

terminals and the walking distances after security are very short. So passengers who are 

travelling from small airports do not experience the same conditions inside the terminal.   In 

some examples, the shops are also used as a divider between the arrival and departure area. 

Other relevant facilities are in that case placed in the area where the passengers are most 

likely to use it. The shops etc. are most of the time placed at the walls, so that there is a clear 

walking area. There is only one exception in the cases that have been investigated. Eindhoven 
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Airport is the only airport that have placed shops inside the walking path of the passengers. 

However, this could also be a divider of the passenger streams (figure 6).  

 

 

                            
Figure 6 Position of the shops inside Eindhoven Airport dividing the passenger streams 

 

The information point, where passengers can get some information is also placed in very 

different positions inside the terminal. Most of the airports have placed the information point 

central, but some exceptions are made. At Rotterdam the Hague airport the information point 

is located near the arrivals and at Eindhoven Airport the information point is placed near the 

security.  

So the conclusion is that most of the terminals have a sort of the same lay-out and only 

small differences occur. The passenger streams are most of the time divided by the placement 

of the facilities and by placing them at both sides of the terminal. Another important fact that 

will determine how the terminal will look like is the function of the terminal. If the flying routes 

are longer, international orientated terminals, the lay-out will look differently than the once 

for only regional flights. This will also depend on the basic form of the terminal as mentioned 

by de Neufville & Odoni (2003) and Wells (2000) this will mostly effect the area behind the 

security. 

3.2.3 The ideal terminal lay-out based on stakeholders and existing lay-outs 

As described in the previous sub-paragraph, the lay-out of terminals are very consistent and 

not many differences occur in what facilities are placed where. The only differences that occur 

are the differences in lay-out between international airports and small airports. However, 

since this thesis is about the small airports, these lay-outs will be tested against the 

stakeholder wishes mentioned in chapter 2.2. The wishes or demands of each of the 

stakeholders will first be presented in table 1, before a comparison will be made between 

these demands and the previous investigated lay-outs. In these comparisons only the most 

notable flaws will be discussed. A more detailed description about the stakeholders’ wishes/ 
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demands can be found in chapter 2.2. At the end of this paragraph, table 2 will give a complete 

overview of the results. 

  

Table 1 Stakeholders’ wishes/ demands 

Stakeholder Demand Author 

Passengers and 

visitors 

  

  

Transfer from one to another activity, 

pleasant, safe and efficient 

experience.  

Important facilities like food and 

beverage, restroom, retail and duty 

free. 

Livingstone, Popovic, Kraal, & 

Kirk (2012) 

Schaar & Sherry (2010) 

Rhoades, Waguespack & 

Young (2000) 

Airlines 

  

  

  

  

  

  

Revenue potential vs operating costs. 

Non-congested airport. 

Simple as possible routing through 

terminal. 

Single story airport terminal. 

Quick check-in. 

Good catering and shopping. 

No executive/ business class lounges. 

Schaar & Sherry (2010) 

Francis, Fidato & Humphreys 

(2003) 

Barrett (2004) 

Gillen & Lall (2004) 

Airport  

organization 

  

  

  

Achieve high security and safety. 

Growing revenue (aeronautical and 

non-aeronautical) and manage costs. 

Growing passenger numbers. 

Provide high level of customer 

services. 

Schaar & Sherry (2010) 

Sabar (2009) 

Francis, Fidato & Humphreys 

(2003) 

van Oel & van den Berkhof 

(2013) 

Carney & Mew (2003) 

    Nicolaeva (2012) 

Concessionaires 

  

  

Revenue determined by size and 

location. 

Possibilities to attract people from 

outside the terminal (before security). 

Popovic, Kraal & Kirk (2010) 

Castillo-Manzano (2010) 

Morrison (2009) 

 

The first airport terminal that is discussed by the demands and whishes is the terminal 

of the airport of Lille. This terminal almost cover all the demands that each of the stakeholders 

will have. The passengers will have a pleasant, safe and efficient experience at this airport. 

This is caused by the clear separation of the arrival and departure passengers. Food, beverage 

and other shops are also present before the security and this will increase the passengers’ 

experience. The airlines will find a single story terminal, with a clear routing through the 

building. The check-in might be delayed by the relative low amount of check-in counters, but 

this might be the result of the amount of passengers. There are also no executive or business 

lounges available at the airport. The airport organization might have a problem if the amount 

of travelling passengers will grow in the future. It will be very difficult to increase the volume 

size of the terminal, due to its surroundings. The level of service towards the passengers is 

high, due the differentiation in shops and other facilities. For the concessionaires it is difficult 

to determine whether their demands are taken into account as well.  
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 The next lay-out is the terminal of Maastricht Airport. The transfer from one activity 

to another activity will not always be experienced pleasant and efficient. This is caused by the 

placement of the check-in counters near the arrival passengers and the placement of the lost 

and found. Visitors who dropped of passengers have little to no facilities available to drink, 

eat or shop. For the airlines this airport will probably more expensive to fly from, because it 

has little amount of shops etc. In other words, the aeronautical costs are probably higher due 

to a lack of non-aeronautical incomes. This terminal also does not meet the requirement of 

good catering and shopping. There is only one brasserie and there are a limited amount of 

shops. However it is possible for the airport organization to achieve high security and safety, 

due to the simple lay-out of the terminal. The growth in revenue will be very difficult, due to 

the lack of shops and this will also cause that it is very difficult in growing the amount of 

passengers. In that case it will be difficult for the shops that are available in the terminal to 

grow and attract more people. 

 Rotterdam the Hague airport has a very clear terminal lay-out in which the efficient 

and pleasant experience of the passengers is assured. Also all the important facilities are 

present inside the terminal. Airlines will choose Rotterdam the Hague airport for the simple 

route through the terminal in which the arrivals are separated from the departures and it is a 

single story terminal. However, the size of the check-in counters look a little small for the 

amount of passengers.  The airport organization is able to increase the amount of space 

available for the passengers by building more at the sides of the terminal. The high level of 

customer services is also very high, the panoramic terrace also helps with that. The 

concessionaires have the possibility to attract other people than passengers also due the 

panoramic terrace. The only problems that could occur have to do with the security, the 

passenger flows are not physical separated, only by their positioning inside the terminal. 

 Eindhoven Airport looks like an unorganized terminal, if only the terminal before the 

security is researched. The passenger flow of the departing and arriving passengers is not 

separated and the passengers that are departing might be hindered by the arriving passengers 

and the people who come and pick them up. After the passengers are near the security and 

check-in counters, there are less passengers and the amount of check-in counters seems to 

be good enough. The airlines will find a not very congested airport, which has a simple routing. 

There are enough catering and shopping facilities inside the terminal compared to its size. The 

airport organization is able to increase the total amount of revenues due to the total amount 

of space that has not been built yet with stores etc. The terminal is relatively new and is better 

future proof than the other terminals that are examined.  

The final two airport terminals will be discussed together, because both are larger than 

the other terminals.  The terminals that are discussed are classical international airport 

terminals (Schiphol and Brussel Zaventum). The terminal of Brussel Zaventum is very simple 

before the security, so that visitors do not have a lot of facilities to visit. There are mainly 

coffee shops. The efficiency before the security is good, due to the large amount of check-in 

counters and the fact that not many other facilities than necessary are present. The real 

troubles for the passengers of getting efficiency from point A to B are starting behind the 

security. There are a lot of shops and it can be difficult for the passengers to be in time at the 

gate. Instead Schiphol airport has a complete shopping center in the main terminal and a 

complete shopping center behind the security. The shopping center before the security is 

located near the arrivals and can accommodate the wavers. The LCC also might not like this 

type of airport. These airports are most of the time congested and some of their wishes, like 

short turnaround time are very difficult to achieve at a large airport.  The lack of short turn-
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around times has something to do with the sometimes very difficult lay-out of the terminals. 

And most of the time these terminals have several floors which will increase the operating 

costs. However, these airports can handle a growth in passengers very easy, because all the 

spaces are designed very large. The concessionaires are also very happy with the lay-out, 

because all the passengers are walking by, if they are going to the aircraft.  

An overview of these requirements and how the airports score, can be found in table 2. This 

table will summarize this sub-paragraph. 

Table 2 Stakeholder versus Airport lay-out 

 

3.3 Passenger movement 

The previous paragraph (3.2 terminal design) handled with the terminal design and how 

terminal lay-outs are actually designed. Another important part which influences the terminal 

designs effectivity is the passenger movement. The way passengers move through a terminal 

is very important to find out what activities passengers will chose once they are inside the 

terminal. The passenger’s movement is not an exclusive behavior which only passengers at an 

airport will have, but it can be compared with shopping people or other people’s behavior. 

This paragraph is divided into three aspects of pedestrian/ passenger behavior. These aspects 

are; Activity patterns (3.3.1), Wayfinding (3.3.3) and Self-organizing behavior of people (3.3.4). 

Also some of the existing activity based models, which try to model the activity choice 

behavior of people, are discussed in a chronological order. This is done in paragraph 3.3.2. The 

information provided in this paragraph will only describe what people’s behavior is in general 

and what causes this and not what people actually will do in a specific situation. 

3.3.1 Activity patterns  

Activity patterns are very important for people and these patterns have been investigated by 

many researchers. Many times these activity patterns are discussed by using the time duration 

of each activity and other possible activities that need to be done at the same day or in the 

same time frame. Nijland, Arentze, Borgers & Timmermans (2011) stated that the activity 

generation is a function of age, gender, ethnicity, income, number of children, education, 

schedule, etc.. The models that are based upon these factors all assume that an activity build 
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up over time and, given the need, the utility of an activity is very important and the duration 

will determine this utility (Nijland , Arentze, Borgers & Timmermans, 2011). It has been 

recognized that the choice of timing and duration of activities are related to each other, so 

that some combinations will have a higher utility than others (Dijkstra & Timmermans, 2002). 

Which can be seen as that the choice of activity, sequence and route choice are influence by 

spatial considerations together with the physical and non-physical aspects of each activity 

(Kurose, Borgers & Timmermans, 2001). The results of the study that was performed by 

Dijkstra & Timmermans (2002) was that time pressure does not have any significant effect on 

the probability of scheduling an activity, provided sufficient time is available in the time slot 

for conducting the activity (Nijland, Arentze, Borgers & Timmermans, 2011). Furthermore, the 

size of the time window to conduct an activity has a significant effect on the probability of 

scheduling an activity. This means that if there is no time pressure to do an activity, the activity 

will be done. But the time window, how long people estimate how long it will take to do an 

activity, is very important whether or not to do the activity. Because of this and the fact that 

activities can have a longer time duration than expected or an unforeseen event happens, 

rescheduling of activities is also very important (Dijkstra & Timmermans, 2002). 

If an unforeseen event occurs, the interaction between the people and the environment 

causes a rescheduling (Nijland, Arentze, Borgers & Timmermans, 2009). In the case an 

unforeseen event happen, shortening the duration is the most chosen adaptation. Cancelling 

the activity is the second most chosen option by the people who filled in the questionnaire. 

The research done by Nijland, Arentze, Borgers & Timmermans (2009) showed two patterns; 

the location can be changed where the activity is done and older people are more likely to 

cancel an activity. A higher chance of cancelling the activity is also the presence of children 

(Nijland, Arentze, Borgers & Timmermans, 2009).  

Eventually, the people are given a sort of mental activity agenda and they are faced with 

a multi-faced problem of deciding where to conduct the activities, in what sequence and 

which route they will take (Dijkstra & Timmermans, 2002). This will cause many problems and 

people will always try to do every activity that is on that list. These activities can be divided 

furthermore, the processing activities and the discretionary activities (Popovic, Kraal, & Kirk, 

2010). The processing activities always need to be done and the discretionary activities are 

not obligatory and can differ among people. 

If all the stated information of this sub-paragraph is translated towards airport terminal 

passengers, most of the stated information can be used. Passengers are also human and the 

findings can be implemented directly. Passengers will not show suddenly a different behavior 

than they normally do. This means that the aspects of activity generation, which are age, 

gender, ethnicity, income, number of children, education, schedule, etc. are also applicable 

on passengers. Rescheduling of activities is also normal if a passenger notice that it is busy at 

a facility and he has a limited amount of time left to spent before going to security. This 

information is all helpful for the design of the Stated Preference and the explanation why 

passengers chose for certain activities or not. The next sub-paragraph discusses the already 

existing activity based models. Most of the information given in this paragraph can be found 

back in the models. 

3.3.2 Existing activity based models 

This sub paragraph will evaluate other papers that previously investigated the problem of 

human behavior regarding the activities they would do and what choices they have in certain 

situations. Another important factor is how the pedestrians or people will move through a 
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certain situation. These models provide some insights of the theory of what influences the 

people to choose an activity or not. The papers used in this paragraph are based on backward 

viewing of literature that is used in discussed papers and by different methods to look at 

passenger behavior inside the building environment. The discussion of the papers is done in a 

chronological order. By ordering this subparagraph in this way, a more detailed view is created 

on how these models were developed and what the earlier models were of the most used 

models these days. The overview can be found in table 3. 
  

Table 3 Overview methods through time 

Author Method Year 

Lovas Queuing network service 1994 

Gatersleben, van der Weij Simulation model in ARENA, try to model the 

passenger flow inside the terminal based on 

observed walking behaviors. 

1999 

Ettema, Borgers & 

Timmermans 

Discrete choice model, pre-trip planning, activity 

scheduling activities. 

2000 

Hoogendoorn & Bovy Pedestrians making a choice during their 

movement, activity order for scheduling. 

2004 

Schultz, Lehmann & Fricke Cellular Automata in evacuation simulation. 2007 

Liu, Usher, & Strawderman Nested Logit to investigate passenger behavior 

inside a terminal, data by revealed preference. 

2014 

Casas, Casanovas, & Ferran SDL model will simulate the passenger flows 

once it is known what each of the passengers 

etc. will do, not what happen if an activity is 

changed. 

2014 

The first models, which try to simulate the passengers’ behavior, mainly used the 

queueing network to describe the pedestrians’ movement. The model presented by Lovas 

(1994) consists out of rooms which the pedestrian has to visit and the rooms are connected 

by doors. The rooms have a certain size and some dots are placed inside the rooms, which will 

represent the decision moments (figure 7).  

                                     

 

Each of the pedestrians will have certain attributes which will help determine what the 

pedestrian will do and the model will only work with a finite number of pedestrians (Lovas, 

1994). Most of the time these models are used in order to investigate what will happen during 

an evacuation process inside a building. This could be linked with the cellular automata models 

Figure 7 Lovas (1994) Model Queuing network service 
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which are now common used in evacuation processes see Schultz, Lehmann & Fricke (2007). 

However, the activities are not a key component in these simulations, but these are the pre-

modeling models for the activity based models. 

Another model which researchers have been using and is more practical than the 

model of Lovas (1994), is the model which is used by Gatersleben & van der Weij (1999). The 

model used by them is based on a dynamic model in ARENA. This model tries to describe the 

passenger flow through a terminal by looking as the complete process that all the passengers 

go through as a linked process. So it looks at which processes each of the passengers will 

follow. Gatersleben & van der Weij (1999) also stated that processes at an airport cannot be 

seen separately from each other and have to be examined as a complete process. This 

research is done for Schiphol, because the investigators wanted to know whether the airport 

was ready for the future. They also wanted to know where the bottlenecks were, because 

expansion was an option, but as they stated most of the time making processes more efficient 

is better (Gatersleven & van der Weij, 1999). The model tried to analyze the passengers’ 

behavior. The passengers should be able to get the flight in time, while still having enough 

time for fun activities like shopping, etc. At first it was very hard to get data, because few data 

was available. But in the end a good working model was presented and the airport was able 

to predict future behaviors. This model has some good elements that can be useful. For 

example the whole process is investigated instead of investigating only a small part of the 

passenger process. Major drawbacks are that it is very time consuming to investigate the 

problem like this and if the behavior of the passengers will change due to a change in situation, 

the model will not be able to deal with that. 

The next model that is described uses, like this graduation thesis, a choice model 

described which is described by Ettema, Borgers & Timmermans (2000). This model is based 

upon a discrete choice model and computational process model of activity scheduling 

decisions. This model describes the pre-trip planning process of a certain time horizon. During 

this phase the people will determine which activities they will perform, in what sequence and 

how to travel towards that activity. This method will continue in exploring the activity based 

method. Before this method other methods and less complicated Activity Based models, such 

as the trip-based approach see Liu, Usher & Strawderman (2014), were used in order to have 

some insight in the traffic management (Ettema, Borgers, & Timmermans, 2000). A 

disadvantages of discrete choice models is that ad hoc assumptions are made between the 

dependencies that exist between the aspects of activity scheduling. Other methods like 

computational process models (CPMs) are suggested. But the method used by Ettema, 

Borgers & Timmermans (2000) uses elements of both methods. A method called SMASH 

(Simulated Model of Activity Scheduling Heuristics) is being used in order to find out whether 

this will simulate the correct solution. However this is not validated, due to that only the 

predicted activities are simulated. And as mentioned earlier all kind of effects could occur 

during a stay in certain activities and those events are not taken into account. So not a really 

realistic behavior of people will be simulated. 

Hoogendoorn & Bovy (2004) described a method that can be compared with the 

method used by Ettema, Borgers & Timmermans (2000) only this method can be used when 

pedestrians or passengers have to make a choice during their movement, while they are the 

specific environment and not with traffic as in the previous described method. In this case it 

is important for the activity scheduling, which activity will be done, in which order and where 

the activities will be done (Hoogendoorn & Bovy, 2004). Specific route features where also 

taken into account in order to predict what route each of the pedestrians will take in order to 
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travel towards the activity area. In figure 8 an example of the Hoogendoorn & Bovy (2004) 

method inside Schiphol Airport of passengers choosing what activities they do before going to 

the escalator. Possible routes are drawn in the map together with time duration lines. 

 

     
Figure 8 Activity choice passengers based on environment (Hoogendoorn & Bovy (2004) 

 

In the research done by Hoogendoorn & Bovy (2004) also the discrete choice model is used in 

order to determine the behavior of the passenger and a maximization of utility will be used or 

the cost of doing a certain action. All of this will describe the tactical level of pedestrian 

movement. Besides the tactical level there is a strategic level and an operational level. 

Expected utilities at lower levels will directly influence the choices that have to be made on 

higher levels and the choices at higher levels will lead to the choice sets at the lower levels 

(Hoogendoorn & Bovy, 2004), so choices in each of the levels will be made simultaneously. 

Eventually the model presented can be used to determine the bottlenecks in certain 

environments or the correct placement of certain facilities. This model is also useful in the 

determination whether a terminal is well enough designed for the passengers that move 

inside the terminal and have certain side-activities to do. The article written by Hoogendoorn 

& Bovy (2004) provides a good framework to work with in order to simulate the passenger 

movements inside a terminal. 

Liu, Usher & Strawderman (2014) created a model which uses the nested logit (NL) 

model to investigate the behavior patterns of passengers at an airport terminal. The data 

needed for this research was gained by a Revealed Preference survey of airport travelers. This 

was done on the internet and all people could fill in the survey and the results were divided 

into two different categories of visitors of the terminal, the travelers and the non-travelers 

(Liu, Usher, & Strawderman, 2014). These questionnaires also helped to determine the socio-

demographical characteristics of passengers in order to better determine their pattern inside 

airport terminals by using a three stage; before check-in, before security and before boarding. 

But as told at the end of the paper, this model should be integrated together with both a 

destination choice behavior model and an activity rescheduling model (Liu, Usher, & 

Strawderman, 2014). Another important fact is that not all the terminal characteristics are the 

same and there is still no single method that is applicable to use in different lay-outs with 

other facilities. The data which is collected is only useful for the airport which is investigated.  
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The process of modelling the movements of passengers inside terminals is getting 

more and more attention from all over the world and often micro-simulation are made to 

investigate what passengers will do inside a terminal in order to predict whether the design is 

good or not. The model used by Casas, Casanovas & Ferran (2014) uses the Specification and 

Description Language (SDL). This language is designed to specify complex, event-driven, real 

time, interactive applications which involve many activities (Casas, Casanovas, & Ferran, 

2014). However this description is not specifically designed for investigating lay-out related 

problems. This method is a formal object-oriented language which is defined by 

Telecommunication Union.   In the case of Casas, Casanovas & Ferran (2014), the method is 

used to divide passengers in several groups in order to model the model; non-regional, 

regional non-requiring passport control, regional requiring passport control and shuttle 

passengers. Furthermore, the model will use employees etc. also in the modeling process. 

However, due to time restrictions this cannot be done in this graduation thesis. The SDL was 

used to describe the main flows of the airport itself and the data which was needed was 

provided by the airport office itself. The simulations itself will only provide a view once it is 

known what each of the passengers will do during its stay in the terminal. The model does not 

investigate what will happen if certain activity orders have changed and how that could affect 

the total pressure on the terminals design. However, this model is useful, because it describes 

the general flow of passengers inside a terminal which could be used to determine the sub-

activities in more detail. 

3.3.3 Wayfinding  

The previous sub-paragraphs (3.3.1 and 3.3.2) discussed activity patterns and what models 

are already used to find out more about these activity patterns and how these could possibly 

be used in finding out what passengers would do inside small airport terminals. Another 

import issue that could influence how passengers choose what activity to do is wayfinding.  

Wayfinding can best be described as how people, especially pedestrians, try to find out how 

they need to walk inside a building, a city center, etc. More general, people try to move from 

an origin- point to a specific distant destination point that cannot be perceived directly by 

them (Raubal M. , 2001; Nasir, Nahavandi, & Creighton, 2012; Tam, 2011). Things could get a 

lot worse when an emergency situation occurs.  Wayfinding is nothing unique and is an 

everyday routine. Most of the time this is an automated process, relying on knowledge that is 

gained by their daily lives and the space they are living in (Raubal & Egenhofer, 1998). Fewings 

(2001) stated that there are several types of wayfinding; recreational wayfinding, resolute 

wayfinding and emergency wayfinding. Each of these types will have different characteristics 

and needs different kind of attributes. And it is important to know what type of wayfinding 

people will use in an environment. 

In order to perform wayfinding, the human knowledge of a space is assumed to consist 

out of three components. According to Raubal & Egenhofer (1998) these are: landmark 

knowledge, route knowledge and survey or configurational knowledge. The landmark 

knowledge can be seen as a sort of recognition point for pedestrians and the route knowledge 

will put all these landmarks together and a map is being made. The configurational knowledge 

will allow a pedestrian to locate a landmark and certain routes inside a frame of reference.  

Looking at pedestrians in shopping centers, which is more related towards the passengers 

inside a terminal, the behavior depends on the knowledge about the shops, street network, 

the distribution of the shops and the mechanisms that are used in deciding what to do, what 

route and in what order (Kurose, Borgers, & Timmermans, 2001). Often this knowledge is 
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place inside a cognitive map that people will make in their heads and often contains 

inaccuracies (Raubal & Egenhofer, 1998). These maps are created based upon the recorded 

information which is received through perception, language and inferences. But if people are 

in unfamiliar areas, the cognitive map cannot be made and the information must be presented 

to them at each decision point (Raubal, 2001). And then visual perception is very important, 

because people do not have any idea where they are and where they have to go. So people 

start with incomplete knowledge about the area they are in. The decisions that people make 

are based upon that incomplete information. These decisions about what activity to do will 

lead to further observations and information. This will influence their decisions until they have 

reached their goals (Raubal & Worboys, 1999). However nothing is told about people who 

have already visited the area, their perceptions might be different. Because they know how 

to walk, but other information like crowdedness etc. need to be updated constantly because 

these are dynamical changes of environment (Nasir, Nahavandi, & Creighton, 2012). Within 

building environments four classes are described by Raubal & Egenhofer (1998) which 

concerns wayfinding: Visual access, the degree of architectural differentiation, the use of signs 

and room numbers to provide identification or directional information and plan configuration. 

And all of these classes are important to make the wayfinding as simple as possible. Because 

if looked from the eyes of the airport, it is crucial for the overall efficiency and the comfort to 

make it possible for passengers to facilitate a natural way finding (Nicolaeva, 2012). 

There are several computer models that try to represent the wayfinding of people. These 

models are the TOUR model, TRAVELLER, SPAM, ELMER and NAVIGATOR (Raubal & Egenhofer, 

1998). Each of these models will model the wayfinding process in a different way. The TOUR 

model is a model that tries to model a large scale urban environment based upon routes, 

topological street network, relative position of two places, dividing boundaries and containing 

regions (Raubal & Egenhofer, 1998). However for a simple wayfinding model, two critical 

elements are important: choices and clues (Raubal & Egenhofer, 1998). These two elements 

are very important and especially the combination of these elements is very important for 

people to understand their environment. If the clue(s) are good or poor, but the choice is clear, 

all the combination will be ok and no problems will be occur. However if the choice is not clear 

and the clues are bad, than many people will experience problems. 

In case of an emergency situation this could lead to very difficult decisions for people. A 

lack of orientation information, modification of motion parameters and the changing of the 

person’s surrounding area will all cause that people will get in panic and the route choice they 

will take will be very influenced by stress (Schultz, Lehmann, & Fricke, 2007). So it is important 

to have very straight forward choices (and not too much choices) to choose the right path 

from different paths inside the building. If this is not the case, the clues have to be good (good 

signing etc.) in order to avoid problems and direct people in the right direction. A model 

described by Nasir, Nahavandi, & Creighton (2012) tries to simulate a person’s wayfinding in 

a simple room by using a fuzzy-based approach and this will create a certain awareness about 

the environment. This includes not walking against the wall and not hitting the printer that is 

placed inside the room. The constraints are given by contour levels that surround each object 

and these levels will have a reaction on the state of a person. However, this awareness 

depends on the individual characteristics that each person has and a deeper insight need to 

be gained about how and why people choose for one option or another. This should not be a 

problem for simulating inside a terminal. However, it will be nearly impossible to give each of 

the passengers his own set of characteristics. Most certainly a differentiation between several 

options will be used in order to simulate the actions. Another important issue that lacks in this 
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model is that at airports, most of the time groups are expected to cause problems (Cheng, 

2014). They interrupt the passengers’ flows and the walking speed of these passengers will 

also be lower (Schultz, Schulz, & Fricke, 2008). Thus the importance of group behavior is very 

important once the terminal is simulated in order to find the correct solution. 

 If all the information provided in this sub-paragraph is related towards passengers 

inside small airport terminals, it seems be important that wayfinding is very important. 

Passengers who arrive inside the terminal often have no or little idea where they have to go 

to and where all the facilities are. Based on the information the passengers get from looking 

inside the terminal or from the direction signs (clues) that are provided by them, passengers 

will make a cognitive map. This map will be used to find their way through the terminal. A 

terminal should therefore be designed as clear as possible and no unclear areas should be 

designed. 

3.3.4 Self-organizing behavior of people  

The previous sub-paragraphs discussed the activity patterns, what models are already used to 

model these activity patterns and how people perform wayfinding. These aspects are all 

important to get a deeper understanding of passenger activity choice behavior. One important 

is aspect has not been mentioned; the self-organizing behavior of people. The self-organizing 

behavior of people will cause people to react in a similar way each time they do public 

activities and in this paper there are four main topics to describe the self-organizing behavior 

of people; walking direction, walking speed, distances people take from each other and 

objects and group dynamics. The self-organizing behavior of people does not mean that 

people do not have any individual preferences, aims or destinations, but the overall view on 

how pedestrian crowds are moving around is very predictable (Helbing, Molnar, Farkas, & 

Bolay, 2001).  

The location of the pedestrians is important, in this case it are passengers who are moving 

inside an airport terminal. Each of these findings (walking directions) were based upon 

observations, photographs and time-lapse movies (Helbing, Molnar, Farkas, & Bolay, 2001). 

Of course, the activity choice behavior models of pedestrians, which are mentioned in sub-

paragraph 3.3.2 are also applicable in many models. Previous mentioned models were based 

upon questionnaires and the models tried to predict what passengers would do in certain 

situations. These models turned out to be working as good as time lapse movies. However 

these data is often based on Stated Preference surveys and not on what is actually perceived 

by observing people (overall walking directions and how people will organize themselves if 

walking in crowded areas). The time-lapse movies start with showing some uncontrolled and 

not very clear patterns, but over time more clear patterns arise. Studies have conducted the 

following examples of how people will react on their environment (Helbing, Molnar, Farkas, & 

Bolay, 2001); Pedestrians always try to avoid taking detours or moving opposite the desired 

walking direction. This will result in pedestrian flows that look like a polygon. They will also try 

to walk the route in which they can walk the longest time straight forward and all kinds of 

attributes like noise, more light, a friendlier environment, less waiting time or less 

crowdedness (Helbing, Molnar, Farkas, & Bolay, 2001). However, many studies related 

towards this particular problem are not done in airport terminals but in normal situations 

outside. But a good amount of research has been published about how people will react in 

certain related environments (Young, 1999). 

Another important behavior is that pedestrians like to walk with an individual desired 

walking speed. This could mean that the energy use is the lowest following that path. The 
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desired speeds are Gaussian distributed with an average speed of 1.34 m/s (Helbing, Molnar, 

Farkas, & Bolay, 2001) and 1.34 m/s as a free-walking speed can also be achieved in terminals 

according to Young (1999). This free walking speed can be achieved if the pedestrian can walk 

in a direct way, without any congestion.  Several researchers have been investigating these 

walking speeds, which depends on several environmental characteristics. Some of these 

results are that woman walk slower than men people older than 65 will walk slower than 

younger people, carrying luggage and the footwear will slow people down (Finnis & Walton, 

2008). According to Young (1999), the presence of information systems in terminals, like 

directional signs and the information boards with the traffic information, will also change the 

walking speed of the passengers. Also the aid of a moving walkway system will slow down the 

walking speed. Pedestrians will adjust their walking speed and eventually they will walk with 

the same walking speed as the other pedestrians. However, these walkway system effectively 

block direct access between crossing concourse locations. The walkways will also help to guide 

pedestrians in the right direction, so that pedestrians are aided to orient themselves.  All of 

these conclusions are also related to the walkability of the pedestrian area. The walkability 

will consist out of three major factors; side walk capacity, quality of the walking environment 

and the individual perceptions of safety or comfort (Finnis & Walton, 2008).  

Pedestrians also keep certain distances from other pedestrians or objects. These objects 

could be walls and furniture. The distance of pedestrian flows depends on the speed of which 

the pedestrian wishes to walk or whether he is in a hurry or not. Also the density/ amount of 

people that are in one area are important for the distances people will have towards other 

peoples, but also the walking speed will change. Most of the time a pedestrian will react to its 

environment in an automatic way. The behavior of pedestrians to walk on one side of the 

walking path for one direction is an example of this automatic reaction. But with this 

information it is still very difficult to predict the walking patterns, due to it cannot be known 

what the destinations of each of the pedestrians (passengers) are or what preselected route 

each of these people will have. However, under certain conditions the self-organization of the 

collective behavioral patterns can be described and no help in the form of signs etc. will be 

added. Several phenomes are that people will always try to walk in lanes that goes in a 

direction (figure 9). Another pattern is the oscillation that occurs if a narrow passages needs 

to be crossed and people from both sides are trying to do the same thing (figure 10). The two 

groups will each walk through the door in groups. Intersections also have a particular pattern 

in which people will move. People will move in sort of a roundabout in order to go in the 

direction they want to go and the direction of the roundabout will change over time (figure 

11). However, it has been proven that the efficiency can be higher if an object is put in the 

center of the intersection (Helbing, Molnar, Farkas, & Bolay, 2001).   

 

                                        

                                        
     

            Figure 9 Self-organizing behavior pedestrians (Helbing, Molnar, Farkas & Bolay, 2001) 
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Figure 10 Self-organizing behavior pedestrians (Helbing, Molnar, Farkas & Bolay, 2001) 

     

 

                                          
Figure 11 Self-organizing behavior pedestrians (Helbing, Molnar, Farkas & Bolay, 2001) 

Some studies also investigated the group dynamic behavior of people. Many studies only 

look at pedestrians as individuals ,but Moussaid, Perozo, Garnier, Helbing, & Theraulaz (2010) 

considered the dynamics if people are walking in groups. The results are surprising and have 

been conducted by performing observations and in order to simulate the group sizes, a 

poisson distribution is used (Moussaid, Perozo, Garnier, Helbing, & Theraulaz, 2010). 

According to the empirical analysis performed by Moussaid, Perozo, Garnier, Helbing, & 

Theraulaz (2010) more than 50% of the people are walking in groups. However these results 

are for a shopping population that walks nearby shops and have a shopping event. In the case 

of the passengers, it is most likely that groups occur, due to the fact that most people will 

travel in groups and only business men will travel alone. When these groups walk in lower 

densities the walking speed and behavior will be the same as in the researches that 

investigates the individuals. However, the formations that occur when pedestrians are walking 

will differ. At low densities, the group members show a walking pattern of walking in a 

horizontal formation. This has the advantage that each group member can communicate with 

his or her neighbor without turning their back toward others. But if the density is getting 
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higher, the group will form more like a V-shape and the person in the middle will walk more 

towards the back and the group will have less space for their formation. A note is also being 

made that if the density is very high, people do not care about the social aspect anymore and 

they will follow each other. Another side note that is made is that people often tend to split 

up and clusters of two to four people will emerge from a group (Moussaid, Perozo, Garnier, 

Helbing, & Theraulaz, 2010).  

If this is implemented on the passengers inside a small terminal, the conclusion is that 

groups of passengers will always walk within certain boundaries. These boundaries are given 

by the automatic reaction of passengers on what other passengers do. The walking directions 

inside the terminal, right side of the walking path is forward e.g. will also determine how 

passengers will behave inside the terminal and together with wayfinding and activity patterns 

the self-organizing behavior of passengers is very important in what activities passengers 

choose to do. 

3.4 Conclusion 

The overall conclusion that can be formulated based on the literature study about the small 

airport terminal design, what activity patterns and activity based models, wayfinding and the 

self-organizing behavior of people is that a relatively small growth, the expected 5.8% per year 

globally, will lead to a doubling in passengers in 15 years. Not many small airports realize that 

with the introduction of the LCC, these expected growth numbers can even be higher. The 

terminal design of many small airports transformed from a simple terminal building which 

were not designed to handle large amounts of passengers each year. The problem that causes 

airports to lose grip on their passengers and how to handle them inside their terminal is that 

all the airports are designed based upon a forecast of 20 years. Besides, many small airport 

terminal designs go back to the time before the deregulation and before they were used by 

LCC.  These small terminals are not designed in a very flexible way, so that they can cope with 

changing conditions. Some authors like de Neufville (2008) and Shuchi, Drogemuller & 

Kleinschmidt (2012), mention that a flexible design is necessary for future terminal designs. 

However, this flexibility depends on regulations that the government and other official 

institutions have about terminal design. The comparison between different airport terminals, 

which were assessed in this literature review, pointed out that many terminals have a 

comparable lay-out. The placement of certain key-facilities inside small airport terminals like 

the check-in counter and the security might differ sometimes between airport terminals, but 

the biggest differentiation is between the secondary airports and the large airports. It turned 

out that the larger airports do not meet the requirements, especially which the LCC have, and 

also the passenger satisfaction can be lower due to their complexity. The large airports are 

more focused in the area after the security and have bigger problems with wayfinding and 

routing than the smaller airports. But this does not mean that the small airport terminal 

designs are perfect. The passengers of small airports also spent time inside the terminal to do 

activities. 

 The activities that each passenger will perform are very important when a terminal lay-

out is being discussed or evaluated. However, not many research is done in the field of 

terminal design and especially not in the field of small airports. The reason for this could be 

that smaller secondary airports are still growing and it is a recent phenome. Most of the 

research that is being done is focused on shopping areas and how the pedestrians move inside 

a shopping environment or move in bigger scale landscapes than buildings. Physical and non-

physical elements are very important for people on how they move and what activities they 
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perform. They wayfinding that is needed to reach all the activity areas is also very important. 

Wayfinding turned out to be an automated process and the troubles arise when lay-outs are 

not clear anymore. Signs and other information sources will than become more and more 

important. For smaller secondary airports, the area before security is the most important. 

After the security a very simple lay-out will occur. But in the area before security passengers 

will spent more time to do activities. Airport terminal owners often place as much 

concessionaires inside the terminal in order to get a high non-aeronautical revenue. Often the 

terminals could become a real problem for the passengers about what to do or not. And this 

aspect is not researched a lot in the current literature. 

 In the field of simulating passenger of pedestrian behavior many important steps have 

been made over time. The first models worked on a node basis and the later models worked 

more in activities. However, many of these models will only model one aspect of the complete 

passenger process and these researchers always focus on the bigger international airports. 

Most of them also do not have a real understanding about the passengers and why they do 

certain actions or activities. So, a model that will simulate a passenger activity choice behavior 

inside a small airport terminal with all its aspects, as well as before the security as after the 

security is currently missing. If this model is developed, perhaps a different small airport 

terminal design will occur than the current designs and a more flexible thought about 

terminals could be given instead of a static approach for the design process. In the end all the 

stakeholders will have a benefit from this research. 
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4. Passenger behavior at small airport terminals  

Abstract – This part of the graduation thesis will describe the model that will be used in order 

to give answers to the research questions that have been defined in chapter 1 introduction. 

Many small terminals of the so called Low Cost Terminal (LCT) are experiencing problems that 

are caused by the growing amounts of passengers that depart from these airports. This growth 

is initiated by the Low Cost Carriers (LCC) which attracted many people by their low fares for 

flying. A model will be made for the analysis of the activity choice behavior of passengers and 

what effect the terminal lay-out has on these choices. This data which is needed for this model 

will be gained by performing a questionnaire and asking the respondents about their travel 

characteristics and how they would react in a certain terminal lay-out. The data which is 

gathered will be analyzed using SPSS, before maps are drawn that will visualize how 

passengers walk through the airport an which activities they perform in what order. By using 

this data, a terminal lay-out could be designed that will maximize the utility of each of the 

airport stakeholders and that minimize possible congestions. 

Keywords: SPSS, Stated Preference, Passenger activity choice behavior, Multinomial Logit 

4.1 Introduction 

The airport market is a very dynamic market in which the expected global growth will be 5.8% 

per year (InternationalAirTransportAssociation, 2012). This growth will mean that many 

airport terminals have to increase their size and making them more appealing for passengers 

in order to keep the same amount of passengers, without losing them to competing airports. 

Especially the LCC (Low Cost Carriers) have a big influence on the smaller airports which are 

currently very popular among passengers. These LCC offer cheap flights from airports that are 

not congested (Sabar, 2009) and are located near smaller cities. However, these small airports 

also have some disadvantages which the larger airports also have. Many terminals are not 

designed with a fully understanding of passenger behavior or what amount of passengers that 

will travel each year from that airport (EindhovenAirport, 2013) (SchipholGroup, 2014). 

 This graduation thesis tries to gain more insight in the activity choice behavior of 

passengers inside small airport terminals and whether this is influenced by the terminal 

design. By doing this research, small airports could get some important information on how 

passenger behave inside a terminal. Also, some information about what measurements in the 

terminal design could influence how the passenger flows will go through the terminal will be 

given. The most important factor for whether these measurements are important or not, have 

to do with the small investments or simple solutions that can be done. These simple or small 

investments can have a large impact on how the terminal itself will deal with situations. The 

method which is used in this research for getting the data is holding a questionnaire. The 

questionnaire askes the respondents how they would react in certain situations in order to 

get a good picture of what might actually happen inside a terminal. The scope of this research 

is only about the departure passengers of small airports before the security check. This 

restriction is caused by a lack of time and information sources, as well as by the security issues 

that arise if this problem is investigated. 

 This chapter will be organized as follows; paragraph 4.2 will discuss some of the 

background information about why this is an important topic to be investigated. This part will 

deal with the main findings of the literature study. Paragraph 4.3 will explain which method is 

used to get the data (4.3.1). The method is the most important part of the graduation thesis, 
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because this will validate the data which is gathered. The paragraph will deal with topics like 

why a certain method is chosen and how the final questionnaire is built up (4.3.2). Also, the 

Stated Preference method (4.3.3) is discussed in this paragraph and how this is implemented 

in the questionnaire. The design of the Stated Preference is mentioned in sub-paragraph 4.3.4. 

The Multinomial Logit (MNL), which is used in the analyzing process of the data is mentioned 

in sub-paragraph 4.3.5. This MNL is necessary to evaluate the data and get some answers from 

it. The next paragraph, paragraph 4.4 Results will deal with the data collection. First, general 

statistics about the respondents travel characteristics and personal characteristics will be 

analyzed and compared with the general population (4.4.1). The second part of this paragraph 

(4.4.2) will deal with the Stated Preference experiment and will take a closer look on how 

people will behave inside a terminal given a situation. The final sub-paragraph 4.4.3 conclusion 

will discuss the conclusion that has been found. Finally, paragraph 4.5 will discuss what things 

might have to be done differently in future research or why certain data which is collected will 

not be as accurately as hoped.  

4.2 Background 

As mentioned in chapter 1 introduction, the airport market is a very dynamic market and the 

total revenue of the total market was 1 trillion dollar in 2003 (de Neufville & Odoni, 2003). 

The rise of the LCC was also discussed and the rise of the small airports as well. These small 

airports, that serve the LCC, have terminals that can be called LCT (Low Cost Terminal). These 

LCT are often airports that have a military background and have experienced a dramatic 

increase of passengers that travel form these types of airports (Graham, 2013; Choo & Oum, 

2013). These LCT are also characterized by cost reductions of 30% in comparison with the 

traditional terminals (Sabar, 2009). This reduction is realized by building cheaper, less 

luxurious terminals with a lower lifetime. Also the services that these terminals offer towards 

the airlines and the passengers is lower than the normal terminal. Often these LCT on different 

airports are played out against each other by the LCC in order to get the lowest offer as 

possible. The LCT have 3 differences with a regular terminal. These differences can be found 

in the check-in hall, departure area and the arrival area (Hanaoka & Batari, 2011). However, 

the difference in lay-out between the LCTs are minimal and the same can be said about the 

regular terminals with the same typology. 

 Important stakeholders in the decision how a terminal, or in this case the LCT, should 

look like are the passengers & visitors, the airlines, the airport organization and the 

concessionaires (Schaar & Sherry, 2010; TransportationResearchBoard, 2010; de Neufville & 

Odoni, 2003). These stakeholders can have conflicting ideas and most of the time the wishes 

of the passengers are being forgotten in the design process. Airports are most of the time 

designed on the basis of long term passenger forecasts that will travel from or to that airport 

(Blow, 1996). However, some authors have already acknowledged that the terminal should be 

designed flexible, so that it can be changed if the needs of the passengers or other 

stakeholders have changed (Shuchi, Drogemuller, & Kleinschmidt, 2012; de Neufville, 2008).  

 The passengers’ behavior is very important for the design of a terminal. Together with 

the wishes they might have, this might be the most important stakeholder. They are the main 

user and if anything is not designed well enough through the eyes of the passengers, the 

design might fail to achieve what it is supposed to do. The design is supposed to transport the 

passenger as fast, as comfortable and as efficient as possible through the terminal 

(Livingstone, Popovic, Kraal, & Kirk, 2012). The behavior of the passengers is influenced by 

age, gender, ethnicity, income, number of children, time window and education according to 



4. Passenger behavior at small airport terminals 

41 

 

Nijland, Arentze, Borgers & Timmermans (2011). This also imply that different passengers 

might have different utilities for each of the activities they do once they are inside the terminal 

(Dijkstra & Timmermans, 2002). These activities can be categorized into processing activities 

and discretionary activities (Popovic, Kraal, & Kirk, 2010). The processing activities are 

activities that have to be done by the passengers if they are travelling from an airport. The 

discretionary activities are activities that passengers might do if they have spare time to 

spend.  

 Passengers that are inside a terminal also make a cognitive map inside their head in 

order to orientate themselves (Raubal & Egenhofer, 1998). This topic of wayfinding is also 

important, because if a lot of time is wasted in finding out the way inside a terminal, less 

discretionary activities will be performed and the stress level of a passengers can rise.  So a 

deeper understanding of the activity choice behavior of passengers is very important for 

airport terminals to design a better terminal. 

4.3 Method 

In order to design a model that is able to simulate the activity choice behavior of passengers 

a terminal by using an Activity Based approach, which describes activities that are performed 

by the passengers during their stay inside the terminal, a questionnaire is made. That 

questionnaire should answers questions like what people do if they are passengers that have 

to get through the security in time. In order to get a good solution, a Stated Preference will be 

done. This Stated Preference will have an Activity Based approach as the basis. For getting the 

data for the model, two possible methods are considered. These two methods are observation 

and an interview in which people are asked what they will do under certain circumstances 

given a floorplan of an airport terminal. This will be discussed in sub-paragraph 4.3.1. The 

questionnaire itself is also discussed more in detail to provide a better view on why certain 

questions are asked (4.3.2). Which attributes and levels will be used in the Stated Preference 

are discussed in sub-paragraph 4.3.3. The next sub-paragraph (4.3.4) discusses the design of 

the Stated Preference experiment. The full factorial design cannot be held, because the 

numerous amount of possible situations that can be made by using the attributes and levels. 

Therefore, the fractional factorial design is discussed. This paragraph finishes with the 

Multinomial Logit (MNL) that will be used to analyze the data gained by the Stated Preference 

(4.3.5). 

4.3.1 Observation versus Interview 

Gathering the data for researching whether there is a relationship between the activity choice 

behavior of passengers and the small airport terminal lay-out can be done with two different 

methods. These methods are doing an observation or doing an experiment (questionnaire). 

The first method to be discussed is the observation. This method will reveal the actual 

behavior people will have once they are in the specific environment with the specific 

conditions that are present in that environment. This also includes the time people spent on 

an activity in the case of this research to activity behavior. If an observation is being done, 

other variables like age, gender, what the situation is like, etc. should also be assessed and 

recorded. However, certain behavior will not be done frequently and a lot of observations are 

necessary to find out if there are patterns in passengers’ movement. And therefore, it takes a 

lot of time to get enough data. Another drawback is that only the visible actions can be noticed 

and not the mechanisms behind the actions, what caused the passengers to do a certain 

activity and the variables mentioned earlier could help by the determination why a certain 
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action is done. But they cannot give a correct indication what the motivation is, only a clue is 

given. Furthermore the presence of the person who is doing the observations can distract 

people and the results might be different (Baarda & Goede, 2006). This method would in 

theory be better than a questionnaire, because the dynamics of the environment can be 

measured as well and the bottlenecks inside the terminal are directly visible by just following 

the passengers. The crowdedness of certain activity areas can also be monitored and this 

could provide information about the mechanisms that are used in the thoughts of passengers 

why not to choose for a certain activity. But in practice this method is not suitable in the time 

frame given for this research, it would take too much time to gather enough data for the 

simulation. Another important drawback is that the security issue is very difficult to overcome, 

the airport has to give permission to follow passengers and write out the conclusions of this 

observation. Ethical reasons for following passengers also can be a drawback (Tabak, de Vries, 

& Dijkstra, 2010).  The observation also offers not the possibility to change the situation in 

order to see if people will react differently and choose other activities to do. 

The experiment is a written interview with questions and situations that will be given 

to respondents and ask them what they would do under certain circumstances. The 

advantages are that the questionnaire is relatively easy to give to people, it is anonymous so 

people can fill in what they would do, the conditions can easily be controlled and the other 

lay-outs can be given at the same respondents. However, the disadvantages are that it takes 

a lot preparation to make the questionnaire, the questions or situations cannot be too 

complicated and there is no control on how people will fill in the questionnaires (Baarda & 

Goede, 2006; Gillham, 2008).  In theory this method would be less favorable, due to the fact 

that it is not possible to place people in an actual situation with more people and certain 

problems. The respondents will have to fill in certain questions about a situation that is given 

based upon a map. The disadvantages of the usage of the map, is that respondents are able 

to see the complete area in which they have to choose what activity they are going to perform. 

In reality a passenger is not able to see the complete room and might base his opinion about 

what to do on what he or she might see, this will have something to do with wayfinding. On a 

map, it appears to be all clear sight lines and people will see what is ahead. In a real terminal 

this is very important, but in a map all the facilities can be seen (TransportationResearchBoard, 

2010). As the passengers walk further into the terminal other options appear and they will 

chose other activities to do. The crowdedness can also not be given with a map, because to 

most people it does not make sense what a number of crowdedness means. Each person will 

think differently about what he or she might consider to be too busy for them. But for the 

amount of time this graduation thesis have to written in, the experiment is a better method. 

Lots of data is needed to find a more general behavior in order to simulate what the effect of 

a changed design would do to people and if possibly other activity patterns will arise. Besides, 

a better view on certain personal characteristics are gathered, which could be used to get a 

better understanding whether certain patterns depend on the gender. 

4.3.2. The questionnaire in general 

As explained earlier, an experiment will be done to gather the data which is needed to find 

out what the activity choice behavior of passengers at small airports is. The questionnaire will 

consist out of three parts. The first part (Part I) asks the respondents about travel 

characteristics which they experience once they are traveling by airplane. Questions like Have 

you recently traveled by plane? are asked to the respondents. Questions like these are 

important, because respondents who had a recent experience with a situation like this, might 
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react differently than respondents who are almost never inside a terminal (Carlsson, 2010). 

Also questions about their last experience of flying will be asked and about the frequency 

people travel by plane. The frequency of flying by plane is especially important, because this 

question could indicate how familiar people are with airport terminals. The answer categories 

are based upon a research that is performed by Milieudefensie (2009).  

The second part of the survey (Part II) asks the respondents what they would do given 

a certain placement of facilities and the crowdedness at certain facilities. This will be used to 

gain more insight in what people actually might do once they are inside an airport terminal. 

This will be explained in more detail in the next sub-paragraph. This second part (Part II) will 

use a Stated Preference design instead of a Revealed Preference design. In case of the Stated 

Preference, hypothetical situations can be asked to the respondents. The Revealed Preference 

data will focus on choices that are made in actual situations and that have been observed 

(Hensher, Rose, & Greene, 2005). And as explained earlier, no observations will be done and 

the Revealed Preference is not the correct method to use. However, this will not mean that 

the disadvantage of using a Stated Preference is forgotten. The Stated Preference has the 

disadvantage that the respondents might not be able to think of their personal constrains at 

the moment they are filling in the questions. 

In the third part of the survey (Part III), the respondents are asked to answer a few 

basic questions like what gender and what age they are, the so called personal characteristics. 

This is important, because men might react differently than women and different age classes 

might do something different and this has something to do with the awareness threshold 

which is caused by these different attributes, travel party, age, e.g. (Dijkstra, Timmermans, & 

de Vries, 2009).  Please note that this experiment will only occur on LCT in which there are not 

many shops etc. behind the security and most of the activities should be done before security.  

4.3.3 The Stated Preference attributes and levels 

The previous sub-paragraph provided a quick overview of how the questionnaire is built up. 

This sub-paragraph deals with the second part of the questionnaire (Part II) and explain the 

Stated Preference that is used in the questionnaire more in detail. The attributes that will be 

changed in the Stated Preference part (Part II) of the questionnaire will all, most of the 

attributes, be related to the terminal design. To begin with, the basic terminal that will be 

asked in the questionnaire will be a simple rectangle with the entrance at one side and the 

security at the other side. This primary terminal lay-out is based on Eindhoven Airport, 

because this airport is the most familiar airport in the neighborhood of Eindhoven and had a 

simple airport terminal design.  The information on which the decisions about what the 

change from position inside the terminal, will be based upon chapter 3.2.2 Existing airport lay-

out comparison. A complete list of all the facilities that are available inside different terminals 

and are mentioned in sub-paragraph 3.2.2 can be found in Appendix B.  

First of all, the facilities that are fixed inside will be discussed. Two of these facilities 

are already mentioned, the security and the entrance. Both are also fixed inside the terminal. 

If all the facilities are flexible inside the terminal, the questionnaire would become too big and 

the possibilities would be endlessly. To make sure that this does not happen a few other 

facilities are also fixed. These facilities are fixed, because in the comparison of different 

terminal lay-outs in sub-paragraph 3.2.2, these facilities are most of the time placed in the 

same positions inside the terminal. In this case it concerns the security, entrance and check-

in counters. If only these facilities are fixed, the total amount of options is still too large and 

therefore also the information point, fashion shop and gift shop are fixed. These facilities are 
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fixed, because they do not seem to differ very much inside the earlier investigated terminals 

in sub-paragraph 3.3.2. Figure 12 shows the basic terminal that is used in the Stated 

Preference. 

 

Figure 12 Basic small airport terminal lay-out Stated Preference 

 

The terminal is divided into five areas, as can be seen in figure 12. The shaded areas contain 

the fixed facilities check-in counter, fashion shop, information point and gift shop.   

The non-fixed facilities are placed in the other three remaining areas. These areas are 

called; at the beginning of the terminal, in the middle of the terminal and at the back of the 

terminal. The non-fixed facilities that are used in this Stated Preference concerns a coffee 

corner, the restroom, a supermarket and a book shop. These facilities are used, because when 

comparing existing terminal lay-outs, these were not always placed at the same location. 

Normally the position of the facilities comparing to each other can also alter the activity choice 

behavior of people, but this effect is taken out of the scope of this research due to time 

restrictions. By changing the positions of these facilities in different situations, the activity 

choice behavior of passengers can be investigated. Another important factor that could 

determine whether passengers will do an activity or not is the crowdedness at a certain 

facility. Again, it is not possible for all the facilities to give a level of crowdedness. The 

experiment would become too large for respondents to fill in. Therefore only the facilities that 

are most important will have a level of crowdedness. These facilities are; security, the 

restrooms and the coffee corner. If the line before security is long, passengers might go 

through the security immediately after they checked-in. Passengers always need to use the 

restroom if the need to go to the restroom. And if it is too busy at the restrooms, the passenger 

might not be able to do other activities. The coffee corner is chosen, because people will most 

of the time drink before they depart and this also could influence the behavior.  

Other context attributes, attributes that describe the situation passengers are in, and 

are not activity restricted are also very important. The three context variables that are used 

in this Stated Preference are time restriction, travel mode and check-in or not. The time 

restriction could be very important, passengers might cancel an activity or do less time 

consuming activities as is mentioned by Nijland, Arentze, Borgers & Timmermans (2009). The 

time duration is set for 1 hour, 1.5 hours and 2 hours.  Fodness & Murray (2007) stated that 

passengers spent on average 1 hour inside the terminal. And passengers are normally 

according to SchipholTickets (2005), at large airports, advised to be 2 hours before departure 
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at the airport and as mentioned in paragraph 3.2.2. The group size in which passengers are 

traveling in is also important, because as mentioned by Moussaid, Perozo, Garnier, Helbing, & 

Theraulaz (2010) it turned out that being in a group can influence the behavior of the 

passengers. And whether passengers need to check-in or not might also alter their behavior 

in doing activities or not. For the Stated Preference the group size is called travel mode. All 

these attributes and levels of these attributes can be found in table 4 and table 5. 

Table 4 Context attributes with their levels 

Attribute  Level 

Time restriction 

Travel mode 

Check-in 

1 Hour 

Alone 

None  

1.5  Hours 

Group 

Check-in 

2 Hours 

  

  

 

Table 5 Attributes with their levels 

Attribute Level 

Location Book store At the beginning of 

the terminal 

In the middle of 

the terminal 

At the back of the 

terminal 

Location supermarket 

to go 

In the middle of the 

terminal 

At the beginning 

of the terminal 

At the back of the 

terminal 

Location Coffee corner At the back of the 

terminal 

In the middle of 

the terminal 

At the beginning of 

the terminal 

Crowdedness Coffee 

corner 

No waiting line 1 person in line Multiple person in 

line 

Location Restroom At the beginning of 

the terminal 

In the middle of 

the terminal 

At the back of the 

terminal 

Crowdedness Restroom No waiting line 1 person in line Multiple person in 

line 

Crowdedness Security No waiting line 1 person in line Multiple person in 

line 

 

4.3.4 The design of the Stated Preference experiment  

All the attributes that are mentioned in the previous sub-paragraph and which will be used to 

create the hypothetical situations will result in huge questionnaire. These attributes with their 

different levels (table 4 and table 5) will result in a total of 26,244 (38 *22) combinations. This 

total amount of combinations is too large to ask to the respondents and therefor a fractional 

factorial design will be made out of all the combinations (Hensher, Rose, & Greene, 2005). The 

design is reduced to a total of 27 combinations by using SPSS. The table with the combinations 

that will be asked can be found in Appendix C. These 27 combinations are better for the 

respondents to answer and does not effect the total outcome of the questionnaire. However, 

these 27 situations are still a lot for the respondents to fill in, so the 27 combinations will be 

divided into 3 groups of each 9 situations. By doing this the drop-out rate of the respondents 

will hopefully be lowered. In order to get enough data to analyze, at least 30 respondents are 

necessary (Baarda & Goede, 2006). Since these 27 situations are divided into 3 different 

blocks, the total amount of respondents in order to get the same amount of data will be 90 

respondents (3 groups * 30 respondents).  

The respondent population that is needed for the questionnaire are all the inhabitants 

of the Netherlands. Because of the time restriction a convenience sample will be used. This 
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method is relatively easy, because respondents are easily reached in a limited time window 

with a little amount of effort. However, there are also some disadvantages by using a 

convenience sample. There might occur some biases in the results and not the actual statistics 

of a population will be given (Sousa, Zauszniewski, & Musil, 2004). Therefore, all the results 

should be compared with the actual data that is available about the Dutch population in order 

to find out whether the data is reliable and representative. The final questionnaire that is sent 

to respondents can be found in Appendix D. 

4.3.5 Multinomial Logit (MNL) and the Mixed Logit 

The data, which will be collected by using the questionnaire presented in the previous 

paragraph, will be analyzed by using the Multinomial Logit (MNL). MNL is a random utility 

model and is most of the time used for studying discrete choices (Hensher & Greene, 2003). 

The probability function that is needed in this method can relatively easy be estimated from 

the Gumbel distribution (Kemperman, 2000). The MNL model is derived from the assumption 

that error distributions are independently and identically distributed (IID) according to a 

Gumbel distribution. The formula for this is presented in formula 1:  

 

         
           

                 Formula 1 

P(i| A) is the probability that alternative I is chosen from the choice set A 

V  is the structural utility of alternative i 

μ a scale parameter (Gumbel scale factor) 

If there is only one dataset that is used for the analysis of certain chances, this Gumbel scale 

factor will be set to one (Kemperman, 2000). The systematic component of the model can 

include both main and interaction effects, but the interaction effects are not taken into 

account. The formula according to formula 2 is used to calculate the part-worth utility: 

 

 

       
           

                  Formula 2 

Where,  

βk is a parameter indicating the effect on the kth (k=1,2,……,k) attribute of alternative i 

Xik is the kth attribute of alternative i 

However, the most important limitation of the multinomial logit is the Independence of the 

Irrelevant Alternatives (IIA) property. This IIA property is taken care of by making the 

assumption that the error terms are distributed independently and identically. The 

independency of the choice probabilities from the characteristics of any of the alternative 

choice sets is also very important and is captured in this assumption (Kemperman, 2000). 
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4.4 Results  

In this paragraph, the results of the questionnaire will be presented. Before the results of the 

main topic, the relationship between terminal design and the passenger activity choice 

behavior, first some general statistics will be given (4.4.1). These statistics will look at the age, 

gender and general travel characteristics. This will provide a general overview on what 

passengers are like. The second part, sub-paragraph 4.4.2, deals with the activities that 

passengers perform and in what order the activities are done. This part will take a closer look 

at what passengers might actually do once they are in a terminal with given conditions. This 

data will be analyzed and conclusions will be given in sub-paragraph 4.4.3.  

Table 6 shows a response analysis and how many people/respondents filled in the 

questionnaire. It turned out that the questionnaire is visited 91 times and that only 36 

respondents completed the questionnaire. Most respondents failed to finish part II, the Stated 

Preference part of the questionnaire. Please remember that all the data is based upon a 

convenience sample. 

Table 6 Response analysis 

  Number of Respondents started  

Started 91 

Finished 36 

Part I   Experience 51 

Part II  Experiment 50 

Part III Personal characteristics 36 

                                                                                 

4.4.1 General statistics  

This sub-paragraph will discuss the basic characteristics and the experience characteristics of 

the population that filled in the questionnaire. The data which is analyzed will help to get a 

better understanding in why people choose for certain activities and why not. By deleting all 

the answers that did not have received a choice block, a group of 51 respondents is left over 

for the analysis. Of these 51 respondents only 36 have filled in the questionnaire completely. 

For the correct population, the used N is given by each table and figure. 

 The first part in the analysis concerns a closer look at the distribution of different 

choice blocks. The choice blocks seem to be distributed equally between the respondents. But 

as the choice blocks of the respondents are analyzed, it turned out that these are not equally 

divided (figure 13). This could mean that not all the outcomes of the situations are 

representative. 

The next step is to find out the percentage of males and females that filled in the 

questionnaire and the rest of the personal characteristics of the 36 respondents who 

completely filled the questionnaire in. It turned out that more women than men filled in the 

questionnaire (figure 14). This is not in line with the normal distribution of men and women 

in the Netherlands. In the Netherlands, the distribution is about 50% man and 50% woman 

(CBS, 2015). The age differentiation can be found in figure 15. The most important clusters are 

21-25 and 51-55 with a mean average of 32.64 years. This is also not according to the 

distribution in the Netherlands (CBS, 2015). This low average age also helps to explain why 

there are not many physical restrictions. 94.4% of the respondents have no physical 

restriction, 2% have difficulties with walking and 2% have a bad sight. In the real situation, 

more physical restrictions will exist and should be taken into account when designing the 
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terminal. The education level of the sample is also very high compared with the Dutch 

population. The education level of the respondents can be found in figure 16. According to 

CBS (2013), the percentages should be in the different direction with the highest percentage 

at Middelbare school and MBO. 

 The next part of the analysis contains all the 51 respondents that at least have filled in 

until a choice box has been given. It turned out that 96.1% of the respondents have ever 

travelled by plane and only 3.9% did not. The following data will therefore be based upon 49 

respondents, since the respondents who have never flown were immediately directed 

towards the situations. Most of the respondents fly multiple times a year (38%) or once a year 

(34%) according to figure 17. Most of the respondents had a recent experience with flying as 

can be seen in figure 18. This could mean that the respondents are better able in imagine what 

they would do and how they felt once they are in a terminal. Comparing this with the airport 

usage graph, which only concerns the LCC Rotterdam, Weeze, Eindhoven and Maastricht as 

can be seen in figure 19, it turned out that of the respondents 76% have travelled from 

Eindhoven Airport. Eindhoven airport has the most passengers of the other mentioned 

airports, partially due its location in the Netherlands. The activities that each of the 

respondents normally do, also showed some important findings (figure 20). It turned out that 

most of the passengers go to the restrooms (88%) and that most of the passengers simply wait 

for their flight (85%). Shopping is the least done activity. The most favorite transportation 

mode to travel towards the airport is by car, as can be seen in figure 21. The data also shows 

that most passengers travelled with 2 persons during their most recent trip (figure 22). This 

small group size could be explained by the low average age that was discussed earlier. Not 

many respondents will have children and this could also help explain the high percentage of 

respondents travelling with 2. Passengers are also more likely to check-in online, figure 23, 

and if they check-in on a counter they have most of the time hand baggage and check-in 

baggage. The time spent in the terminal is most of the time beneath the hour, figure 24.  

 So the conclusion is that the sample that is used in this graduation thesis is a young 

population with a high level of education. Most of the passengers travel at least once a year 

and Eindhoven Airport (secondary airport) is an important airport. Most of the passengers 

travel by car to the airport. Favorite activities for passengers to perform at the airport are 

going to the restroom and waiting for departure. Checking in is most of the time done online 

with only hand baggage, also passengers do not spent a lot of time inside the terminal before 

the security, less than one hour. These are all important conclusions when the design of a 

terminal is studied. 

                                  

Figure 13 Choice box distribution N=51                        Figure 14 Gender distribution N=36               
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   Figure 15 Age distribution N=36                                 Figure 16 Education distribution N=36        

 

                        

Figure 17 Flying Frequency, N=50                    Figure 18 Latest travel experience, N=50 
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Figure 19 Airport Origin, N=50                                Figure 20 Activities usually performed inside 
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Figure 21 Transportation towards airport, N=50       Figure 22 Group size latest travel, N=50 
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                                Figure 23 Check-in and baggage, N=50 

 

                                                   

                                    Figure 24 Duration in terminal before security, N=50 
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4.4.2 Activity data 

The analyses that are described in this sub-paragraph will help to determine what passengers 

will do once they are inside a terminal with a certain lay-out. The probabilities of passengers 

doing a certain activity will be given together with route paths. These route paths provide a 

view on what routes are most important and most heavily walked by passengers if they found 

themselves in the given situations. Figure 25 illustrates possible options that respondents have 

filled in. Please remember that the locations of the restrooms, supermarket to go, coffee 

corner and book shop are placed in the area which is considered. This not represents a real 

lay-out, it is just an illustration for showing what activity choice behavior has for an influence 

on the walking directions.  

 

 

Figure 25 Activity choice behavior of 4 passengers inside an airport terminal 

 

 

First, details about what percentages of the respondents choose to check-in as a first activity 

independently from the situation they are in in order to find out if it is true that passengers 

first check-in before doing other activities. It turned out that most respondents will first check-

in if they have to check in physically at the desk. The complete overview of percentages of 

respondents who checked-in first can be found in table 7. 

In order to find out what the reason could be behind the low amount of check-in at 

the final 9 situations, some analysis are done about the personal characteristics of the 

respondents. This can be explained by investigating the chi-squares test of different options 

that could explain the difference in check-in rates.  Significant values in these analysis could 

indicate that there is a relationship between the check-in rate and the checked condition. The 

chi-squares significant levels are 0.787 for gender, 0.647 for age, 0.514 for education level, 

and 0.712 for income. For this research an α of 0.05 is used and therefor the outcome of all 

the personal characteristics cannot explain why the last 9 situations have a lower check-in as 

a first activity. The relationship between the scores and the times a respondent fly each year 

is also investigated. Perhaps passengers who fly more often are checking-in at another time, 

due to their previous experiences with flying. This factor also showed no clear relationship. 

Also, the 27 situations are taken a closer look at. However, no clear patterns are discovered 

what could explain the low amount of check-in a first activity. The actual reason why these 

percentages are lower can therefore not be given. 
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Table 7 Percentage respondents check-in as a first activity 

Situation Number of Respondents Choose Check-in  Percentage Check-in first 

1 15 9 60% 

2 15 8 53% 

3 No check in required NVT NVT 

4 15 11 73% 

5 15 9 60% 

6 15 9 60% 

7 No check in required NVT NVT 

8 13 8 62% 

9 13 10 77% 

10 14 7 50% 

11 12 8 67% 

12 12 8 67% 

13 11 6 55% 

14 No check in required NVT NVT 

15 No check in required NVT NVT 

16 No check in required NVT NVT 

17 10 6 60% 

18 10 6 60% 

19 No check in required NVT NVT 

20 15 4 27% 

21 No check in required NVT NVT 

22 13 4 31% 

23 No check in required NVT NVT 

24 10 4 40% 

25 No check in required NVT NVT 

26 10 3 30% 

27 10 3 30% 

  

The next analysis that is done, is counting the total amount of activities that are done by the 

respondents. The average amount of activities that is conducted before going through security 

are 3.1 activities in each situation. This is a relatively low amount of activities. A complete 

overview of what activities are done and how they relate to each other can be found in 

Appendix E. The high amount of check-in at activity 5, figure 12 at Appendix E, can be 

explained by the fact that some of the data was changed as explained in the next part. 

The next step is to prepare the Stated Preference data, which is collected with the 

questionnaire. This data is checked to make sure no inconsistencies occur. So a check on the 

data has been performed before a Multinomial Logit Regression is done. 

 The following step in getting the data ready for the Multinomial Logit Regression, this 

is the same method as the MNL explained earlier in this paper. The first step is to apply effect 

coding to the attributes and their levels. The effect coding translates the attribute levels 0, 1 

and 2 to 1 0, 0 1 and -1 -1.  The first number is X1 and the second number is X2, this is important 

for the analysis of the variables later in this paragraph. Table 8 provides the coding scheme of 

the context attributes. This table also includes 2-level effective coding and the codes 0 and 1 

are recoded to -1 and 1. Table 8 shows the coding of the different levels of the context 

attributes that are used in the MNL regression analysis. The coding of the levels of the 
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different locations at the beginning of the terminal, in the middle of the terminal and at the 

back of the terminal can be found in table 9.  

Table 8 Coding scheme of context attributes  

Attribute Option 

  No. Description  Effect coding 

Crowdedness Coffee corner 0 No waiting line 1       0 

  1 1 person in line 0       1 

  2 Multiple person in line -1      -1 

Crowdedness Restrooms 0 No waiting line 1       0 

  1 1 person in line 0       1 

  2 Multiple person in line -1      -1 

Crowdedness Security  0 No waiting line 1       0 

  1 1 person in line 0       1 

  2 Multiple person in line -1      -1 

Time restriction 0 No waiting line 1       0 

  1 1 person in line 0       1 

  2 Multiple person in line -1      -1 

Travel mode 0 Group        1 

  1 Alone       -1 

Check-in  0 No Check-in       1 

  1 Check-in       -1 

 

Table 9 Coding scheme of attributes location 

Attribute  Option   

  No. Description Effect coding 

Location Book store 0 At the beginning of the terminal 1       0 

  1 In the middle of the terminal 0       1 

  2 At the back of the terminal -1      -1 

Location Supermarket to go  0 In the middle of the terminal 1       0 

  1 At the beginning of the terminal 0       1 

  2 At the back of the terminal -1      -1 

Location Coffee corner 0 At the back of the terminal 1       0 

  1 In the middle of the terminal 0       1 

  2 At the beginning of the terminal -1      -1 

Location Restrooms 0 At the beginning of the terminal 1       0 

  1 In the middle of the terminal 0       1 

  2 At the back of the terminal -1      -1 

 

By using SPSS, the Multinomial Logit Regression analysis will be done. The MNL regression 

tries to find a relationship between the activity choice behavior of passengers and the terminal 

lay-out. The first step of using the MNL regression is to do this regression analysis only for the 

first activity. The first activity is the easiest activity to analyze with the Multinomial Logit 

Regression, since it assumes that every passenger starts at the same entry point. The analysis 
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requires that a reference alternative is selected. This reference alternative is used to see what 

attribute has a positive or negative influence on going to the reference alternative or doing 

the activity. The reference alternative in this analysis is the security. The security is the 

reference category because it is the ultimate goal for the passengers to go to. A confidential 

interval of 95 % (α = 0.05) will be used to test whether the placement of certain facilities 

influences the behavior of the passengers inside the terminal.  

 For the next part of the results, Appendix F illustrates all the data created by SPSS. The 

analysis will first focus on how many activities are performed in total. The total amount of 

activities that are performed in the first activity is 387 activities. Approximately 31.5 % of the 

activities concerns the check-in action (table X Appendix F). A more precise percentages of the 

check percentages can be found in table 7. The difference can be explained by the fact that in 

the total count of the first 387 activities also situations are included that did not require a 

check in. Table 7 at page 53, discusses the check-in by each situation separately and only of a 

check-in is required. 

The next step is to take a closer look at how the model will perform. Table 10 shows 

how the model performs. The null model represents the model in which the chances for each 

of the possibilities are equally divided. The final model is the model that is used to calculate 

all the B’s of the different characteristics of lay-out. 

 

Table 10 Model Fitting first activity 

 

Model 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood Chi-Square df Sig. 

Null 885.494    

Final 428.203 457.292 144 .000 

 

The test value for the final model (-2*Log Likelihood) is much lower than the test value of the 

null model. The difference between the final and the null model is checked with the chi-square 

table which also includes the degrees of freedom (in this case equal to 144).  When comparing 

this value with the chi-square, a significance of .000 is found. This means that the model is 

valid for usage in looking what activities passengers will do. Table 10 at Appendix F shows the 

alternative R2 of Cox and Snell 0.693 and the Nagelkerke 0.702. These alternative R2 have a 

range between 0 (no good model) and 1 (perfect model). These two R2 are almost the same 

and because both R2 are high and near 1, the model gives a very accurate prediction of 

observed behavior. The fact that the Nagelkerke R2 is higher, is because the Cox and Snell R2 

will never reach 1 and therefore Nagelkerke suggested another method to calculate the R2 

(Field, 2009). 

 Table 11 of Appendix F can be used to indicate the significance of the separate 

covariates (Field, 2009). The meanings of these notations are for example Lbook_1: L is for 

location, this can also be a W for queue line. The next part describes which attribute is meant, 

in this case the Book store. The _number 1 or 2 will describe the B1 or B2 as mentioned earlier. 

It turned out that the most important predictors, that enable to predict the outcome category, 

in determining what the activities passengers choose to do are the Lsuper_2 (0.000 

significance), Lwc_1 (0.001 significance), Time_2 (0.014 significance) and the Checkin (0.000 

significance). This means that for the supermarket Lsuper_2 the location at the beginning of 
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the terminal or at the back of the terminal are important part-worth utility holders for 

passengers. The same can be said about the restroom, if the location is at the beginning or at 

the back of the terminal. The time of 1.5 hours and 2 hours also turned out to be important 

for the activity choose. The knowledge whether passengers need to check-in or not is also very 

important, as can also be related to the percentages of check-in as a first activity. 

 Table 11 shows the effects of each of the location, waiting line and time attributes on 

doing the activity or not. This table will provide the B’s of the different activity options. The 

complete table can be found in Appendix F table 12. 

 

 

Table 11 Significant B’s of the attributes per activity, N=387 

 Activity 

 Attributes 

Check-

in 

Coffee 

corner  

Supermarket 

to go 

Book 

store 

Rest- 

room  

Information     

point 

Gift 

shop 

Fashion 

shop 

Lbook_1    1.315     

Lsuper_1   -1.245  -0.94 -0.920 -0.969  

Lsuper_2 1.052 2.646 2.004  2.069 1.554 1.577 1.738 

Lkoffie_1  -1.431       

Lwc_1  -1.530   0.869    

Wsecur_1    -1.09     

Time_2     1.208    

Group 0.556 0.813       

Checkin -1.824 1.485 1.089   0.842 1.078 1.061 

Reference category is Security 

In general it can be said that the B’s of the attributes which are positive will have a positive 

influence on the activity choice and negative influence on the activity choice if a minus is in 

front of the B. However for the B’s at checkin a minus is a positive effect on the activity and a 

positive B will have a negative influence on the activity. This is caused by the effect coding of 

the level attributes. In order to get the correct utilities, based on the B’s mentioned in table 

11, the formula for calculating the utility is; Ui= B1*Effect code level 1 + B2* Effect code level 

2, should be filled in on each of the first activities that are significant. In other words, it should 

be filled in if one of the 2 functions will affect the outcome. The results can be found in 

Appendix G. 

 For the final results, what aspects influences the passenger first choice behavior inside 

the terminal, the following conclusions can be drawn. These aspects are discussed for the first 

activity check-in. The calculations for the effect of the attribute checkin and of the part-worth 

utility of the supermarket to go on the choosing check-in as a first activity is given as an 

example for all the rest of the attributes. So each of these facilities are investigated and the 

effect of the attributes, location, crowdedness, time restriction, check-in or not and the group 

size is mentioned. The effect can be positive, a higher chance for going to that facility, or the 

effect can be negative, a lower chance for going to that facility. In both cases the chances are 

compared against going to security.  
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Table 12 Part-worth Utility supermarket to go on check-in 

Location Code    Utility  

At the beginning of terminal 0 1 1.052 

In the middle of the terminal 1 0 0 

At the back of the terminal -1 -1 -1.052 

The part-worth utility of the location at the beginning of the terminal, as an effect on check-

in, is calculated by (table 12): (0*0) + (1*1.052) = 1.052. Location in the middle of the terminal: 

(1*0) + (0*1.052) = 0 and location at the back of the terminal: (-1*0) + (-1*1.052) = -1.052. The 

rest of the results can be found in Appendix H in the form of graphs. This means that when 

the supermarket to go is placed at the beginning of the terminal, a positive effect (higher 

chance) occurs for the passengers to first go check-in instead of walking directly to the security 

(figure 26). A positive effect on first check-in is also achieved if passengers are travelling in a 

group and if passengers need to check-in. If the supermarket to go is located at the back of 

the terminal, a negative effect on first check-in occurs (figure 27). No check-in also has a 

negative effect in check-in first. The figures 27 till figure 29 in Appendix G show the effects. 

 

 
Figure 26 Lay-out with positive influence on check-in as first activity 

 

 
Figure 27 Lay-out with negative effect on check-in as first activity 
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The results of what influences the activity choice behavior of the passenger on choosing, the 

coffee corner, supermarket to go, book store, restroom, information point, gift shop and 

fashion shop can be found in Appendix G. Short descriptions illustrated by the lay-out of a 

small terminal that influences the activity choice behavior positive and negative are also given 

in Appendix G. The main results of these analyses are that the location of the supermarket to 

go seems to influence the activity choice behavior of passengers the most in choosing the first 

activity to do at a small airport terminal. The condition that passengers have to check-in has a 

negative influence (lower the chance of doing that particular activity as first) on many of the 

other possible activities. Surprisingly, the chance of visiting the coffee corner as a first activity 

will be negatively influenced if the restrooms are located at the beginning of the terminal and 

if the coffee corner and supermarket to go are located at the back of the terminal.  The 

chances of visiting the other facilities which are not fixed first, supermarket to go, book store 

and the restroom are also positive influenced if these facilities are located at the beginning of 

the terminal. Locating these facilities at the back of the terminal will have a negative influence 

on visiting these facilities as first. 

4.4.3 Conclusion 

This paragraph will give a clear answer on the main research question of this graduation thesis 

and is based upon the results that are discussed in the previous sub-paragraph 4.4.2;  

What is the relationship between passenger activity choice behavior and small airport 

terminal design? 

It is important to first notice that the sample group is very young, highly educated and flies at 

least once a year and that the conclusion of this research question will only be answered for 

the first activity. Nevertheless, the analysis of the first activity showed that there is a 

relationship between passenger movement and small airport terminal design. The most 

obvious conclusion is a very logical one. If passengers have to check-in, a lot of other activities 

to do first are effected by the condition if a passenger have to check-in or not. No check-in 

requirement means that passengers are more likely to visit any other facility in the terminal 

as a first activity. It is very surprising that the queuing lines of the coffee corner, restroom and 

security are not very important for passengers in their choice what activity to do first or not. 

Perhaps this could be linked to the fact that the passengers are getting on a vacation and that 

they expect to have some queuing lines inside the terminal. Maybe the fact that only the first 

activity is taken a look at can also explain why people are not very likely to look at queuing 

lines at certain activities. Another surprising outcome of the research seems to be that the 

location of the supermarket to go is very important in the passengers’ decision making process 

about what activity to do. The location of the supermarket to go is especially important for 

visiting the coffee corner first. If the supermarket to go is visited, it turned out that the location 

should be at entrance of the terminal.  

 By knowing all the effects that could occur if passengers are set in a specific situations, 

the passengers flow can be estimated and a profile of passengers can be made. The routes of 

the passengers can be drawn inside the terminal lay-out and by changing the location of the 

supermarket to go inside the terminal, a new possible flow direction of passengers can be 

drawn. This research also showed that the majority of the passengers would like to check-in 

first if they have to check in. 
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4.5 Discussion  

This paragraph will discuss what could have done differently in this graduation thesis. This is 

very important, because this paper only reveals one way to address the problems that small 

airports have or in the future will experience. The problem of terminal design and how people 

move inside a terminal, turned out to be very important as mentioned in the background 

information (paragraph 4.2). Not many information about this topic was available, so some 

methods were tried to find more data about the terminal design and about methods to 

investigate the problem.  

 A first problem that is not taken care of in this graduation thesis is the fact that only 

the departure passengers are investigated before they go through security. The literature 

study concluded that many passengers get lost behind the security due to a difficult lay-out 

and that this will cause airplanes to get delayed. However, since this research only deal with 

small airport terminals, this is not a problem at all. But for the overall conclusion, it is better 

to observe the complete terminal and the processes each of the passengers have to go 

through. Small airport terminal buildings often have a simple lay-out and the lay-out behind 

the security is very simple. The problem of having not a big enough terminal, for the amount 

of passengers that travel each year from an airport that serves mainly LCC, is better to 

investigate. But in order to get a better view on what causes problems inside these terminals, 

all the passenger flows should be investigated. This includes how the arrivals move through 

the terminal, how visitors and wavers experience the terminal, but also how employees move 

through the terminal. These flows together will provide a clear view on how passenger flows 

could be changed inside a terminal and whether this will work or not.  

 The next remark on this study is that it is very difficult to ask the respondents what 

they would once they got a lay-out with specific conditions presented. Some respondents 

might find it difficult to imagine that they are in some sort of situation and might not fill in the 

questionnaire in a proper way. They can fill it in and act differently once they are in a real 

situation. Therefore, it should be better to use Virtual Reality the next time. These problems 

are most of the time place related and it is very difficult to provide some findings about an 

imaginary terminal. Which could be used to try and capture what passengers would do in 

situations. Perhaps the Virtual Reality would also work and the respondents are still given the 

chance to assess different terminal lay-outs and see if this would really change their behavior.  

 Another important issue that is found in the questionnaire is the high drop-out rate of 

people who filled in the questionnaire. 51 respondents filled the questionnaire in till the 

Stated Preference part of the survey and only 36 respondents completed the complete survey. 

Perhaps many respondents found it very difficult to fill in the Stated Preference or thought 

the survey was too long for them to fill it in. The drop-out rate could be lowered by asking 

every respondent to come to a location and have the questionnaire filled in at that moment. 

Another method to lower the drop-out rate is by using another method to visualize the choices 

the respondents need to make and make it more realistic for them to choose. 

 The sample that is used in this graduation thesis is not very representative for the 

Netherlands. The sample used is young, highly educated and has a low income. Not many 

physical disabilities are noticed in the sample group and also a lot of the respondents fly at 

least once a year. As mentioned in paragraph 4.4.1 this is not like the rest of the Netherlands. 

And therefore the outcomes could differ then if more people had filled it in or of other groups 

out of other parts of the Netherlands have filled it in. 

 Another fact is that due to time restrictions and a lack of time, not the complete data 

set is analyzed. The analysis only cover the first activity and not the complete five activities. 
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Therefore, no real and completely correct conclusion can be written about the possible 

relationship between terminal design and passenger movement at small airports. Perhaps in 

the consideration of doing other activities, the queue lines at the security, coffee corner and 

restroom might get important as well. Also the time restrictions that passengers have once 

they arrive at the airport could become more and more important later on in their activity list.  

 So in the end, this graduation thesis started a new sort of research in the field off small 

airport terminals (LCT) and passenger activity choice behavior inside these terminals. Not the 

complete range of types of passengers is taken care of, but a start is made. By building out the 

model more and by getting more data, a much more accurate model will occur. Eventually this 

data could be modeled inside an Agent Based model, so that the changes in behavior of the 

passenger flow inside the terminal due to changes in the terminal lay-out can directly be seen. 

This could help airports to build or renovate their terminals better and preparing themselves 

for the future. 
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5. Conclusion  
This chapter will give the conclusion of this graduation thesis. In the first paragraph (5.1) the 

answers of the research questions stated in chapter 1 introduction are given. The answers are 

based on the literature review (chapter 3) and on the activity choice behavior model 

presented in chapter 4. The next paragraph (5.2) will deal with the societal relevance. The 

societal relevance describes what this research provides for the society. Paragraph three (5.3) 

will deal with the scientific relevance and what future researchers can further investigate. 

Finally, paragraph 5.4 describes the beneficiary relevance, what the advantages of this 

research are for businesses.  

5.1 Conclusions research questions 

First all the sub-questions are answered, before the main research question is answered. 

What stakeholders are present in the terminal building? 

There are many stakeholders present inside a terminal building. These stakeholders are; 

passengers/visitors, airlines, airport organization and the concessionaires. Each of these 

stakeholders have their own wishes and the power of interest grid that is presented in sub-

paragraph 2.2.5 shows that the power is not equally divided. The airport organization is the 

most powerful stakeholder that is present inside the small airport terminal. Airlines also have 

some power, especially if they are negotiating with the airport organization. However, the 

most important stakeholders of the small airport terminal are most of the time forgotten in 

the design process. The terminal is built for processing passengers as safe, efficient and 

comfortable as possible. But if the amount of passengers grow harder than expected, the small 

airport terminal is not capable of dealing with all the passengers. Also keep in mind that there 

are many more stakeholders, but these were outside the scope of the graduation thesis. 

Mainly because the stakeholders that are not discussed are more difficult to define and to 

influence. This stakeholder analysis is helpful by redesigning the airport terminal in order to 

keep all the wishes and demands of the stakeholders intact and some interesting alternatives 

can be offered.  

To what extent is it possible to group the passengers into different groups with different 

attributes?  

It is possible and very smart to group the passengers into different groups. Unfortunately the 

data that was collected was not enough to actually make groups with different characteristics. 

At least 90 respondents are needed, as is described in 4.3.4, to get some results that can be 

used and are not based on coincidence. The more respondents filled in the questionnaire, the 

better groups can be formed to be compared. But it is certainly possible to group the 

passengers into different groups. If the passengers/ respondents are grouped into different 

groups, a more detailed view on passengers occur and a better advice concerning the small 

airport terminal design can be given. The composition of passengers inside terminals 

determines how a terminal should look and what each group think is important. The results 

of this research are more general and if the results are applied on a real life small airport 

terminal, it is better to group passengers into different groups. These groups can then be 

compared with the passengers that actually occurs at that specific small airport terminal in 

order to get a better view on what would actually change the activity choice behavior of the 

passengers and adapt the terminal to that views. The more time that is available for the 

research, the more detailed these groups can be. Based on these findings, real passengers can 
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be indicated as a type of passenger and it is then possible to look what the expected choices 

are and follow the movement through the terminal. 

What are the people’s walking patterns at airports regarding visiting the facilities like the 

coffee shop, check-in, bathroom, etc.?  

This question can only be answered for the first activity as is explained in paragraph 4.4.2. It 

turned out that the biggest group of passengers first like to check-in before doing other 

activities. The research showed that by locating the activities at other places, the behavior of 

passengers can be positively and negatively influenced. The supermarket to go location seems 

to be the most important facility that influences what passengers actually do as a first activity. 

However, figure 25 in sub-paragraph 4.4.2 showed an example of what activities the 

respondents have chosen for that particular situation. These maps can be drawn for all the 

situations and then it might be possible to find some patterns.  Unfortunately, as mentioned 

in the discussion in paragraph 4.5, the walking patterns that occur based on the activity choice 

behavior can provide a false view on the patterns that are a result of drawing the movement 

lines from activity to activity. The reason for this incorrect patterns can be explained by the 

fact that the respondents were possible to see all the activities. The lack of other passengers 

that were also inside the terminal also make the routes not very precise. Respondents were 

able to decide by first thinking about what to do, instead of actually being inside a terminal 

and are forced to make choices on what they experience. Other not taken into account 

influences can also effect the activity choice behavior and the routes the passengers will walk 

to do their activities.  

For the main research question a small summary is given of the answer that has been provided 

in chapter 4.4.3. 

What is the relationship between passenger activity choice behavior and small airport 

terminal design?  

It seems to be that a relationship between the passenger activity choice behavior and the 

terminal lay-out of small airports exists. The sample used in this research was young, very high 

educated, in good health and travel at least once a year. This resulted in an activity pattern 

for the first activity to be done once arrived at the airport that most of the passengers would 

immediately check-in before doing an activity. It also turned out that the fact whether 

passengers needed to check-in or not was very important for the decision what to do first or 

not. The group size turned out to be less important than expected from the literature review. 

The location of the supermarket to go surprisingly seems to be very important in the decision 

what activity to do first. 

 These relationships that are found in this graduation thesis are very important and 

useful in future (re)developments of airport terminals and can help the airport organization 

to have satisfied passengers inside the terminal.  

5.2 Societal relevance 

The societal relevance of this graduation thesis is about the passengers’ comfort they will 

experience during their stay inside the terminal. New insights are gained about how the 

passengers will react on the terminal environment and what they would actually do. This 

insight could help to design the terminals more focused on the passenger preferences. The 

experience passengers would have during their stay could be better by changing the lay-out. 

Stressful situations could be avoided by changing the lay-out toward the needs of the 
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passengers. Passengers will travel more efficient and the airlines also have some benefits. 

These benefits are that no passengers will get lost inside the building, which could cause 

delays in schedules and will cost a lot money. Crowdedness could be spread in order to deal 

with the expected growing amount of passengers that will travel each year.  

5.3 Scientific relevance 

The scientific relevance of this graduation thesis is very clear. This paper tries to go further on 

the most recent researches that have been done. By applying an activity based approach 

together with a Stated Preference, a more detailed view about the activity choice behavior of 

passengers will occur. This graduation thesis than investigates whether the design lay-out of 

a terminal has an effect on the behavior of the passengers. For my knowledge nothing like this 

has ever been done for small airport terminals. By applying this method a new way of looking 

at terminal designs is provided and is very useful for future (re)developments of terminals. 

This method could be explored more in future researches and be used in the complete 

terminal design.  

5.4 Beneficiary relevance 

The beneficiary relevance of this graduation thesis is for the airport owners and for the 

airlines. The airport owners of small airports are especially important, because this research 

might make it possible to build and design a more efficient and perhaps cheaper terminal for 

transporting the passengers. The terminal will be able to handle higher amount of passengers 

and will transport these safer and more efficient. These results could also be used in expanding 

existing terminals or redevelop them. The passengers’ expectations could be brought to a next 

level, which could result in a higher amount of passengers that chose to travel from that 

airport. Non-aeronautical revenues will increase and the airport will gain an advantage above 

other rival airports.  

 The airlines will be able to choose their airport terminals better and could help to 

reduce the amount of passengers that get lost inside the terminal. The experience passengers 

will have once they are inside an airport will also help to achieve a better flight and increase 

the satisfaction. 
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Appendix A- Existing terminal designs 

All the references of the terminal lay-outs that are used, can be found in the bibliography at 

page 65 – 71. 

 

 

Figure 1 Lille Airport 
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Figure 2 Maastricht Airport 

 

 

Figure 3 Rotterdam The Hague Airport 
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Figure 4 Eindhoven Airport 

 

Figure 5 Brussel Zaventem 
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Figure 6 Schiphol Amsterdam Airport Arrivals 

 

 

 

Figure 7 Schiphol Amsterdam Airport Departure 
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Appendix B –Table all airport characteristics 

 

 

Table 1 Lille Airport characteristics 

Airport Facilities Amount  Where to find?  

Lille airport       

  Express check-in 2 Next to the entrance, departure side 

  

Restroom 1 Next to restaurant, behind the info 

desk and change machine 

  Photo booth 1 Next to entrance, arrival side 

  Postal service 1 Next to ATM, middle of terminal 

  

Information desk 1 Middle of terminal, next to the check-

in counters 

  

Car park ticket machine 1 Postal office and ATM, middle 

terminal 

  

ATM 1 postal office and Car park ticket 

machine, middle terminal 

  

Change machine 1 Next to information desk, next to 

check-in counters 

  

Ticket desk 1 Next to entrance, across the check-in 

counters 

  Travel Agencies 1 Far side of the departure area  

  

Airlines 1 Across the check-in counters, next to 

entrance 

  

Car rental 2 Across the arrival, side of the 

terminal, separated departure 

  

Jardin Pamplemousse 

bar 

1 Central in terminal, middle of 

departure & arrival  

  Relay (tobacco etc.) 1 Next to bar, departure side  

  Check-in desks 8 Departure side, across entrance 
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Table 2 Maastricht Airport characteristics 

Airport Facilities Amount  Where to find?  

Maastricht 

Airport 

    

  

  

Lost & Found 1 Inside the terminal, next to the 

Check-in counters 

  

Check-in desks ? Across the entrance/ exit, in the 

corner, away from departures 

  

Information desk 1 Middle of terminal, before the check-

in counters, next to restaurant 

  

Brasserie Travel-inn 1 In the middle between check-in 

counters and arrivals  

  Restroom 1 Next to the brasserie 

  

Car rental 1 Corner of the arrivals, next the 

entrance/ exit 

  

Airport shop & service 

point 

1 

Next to arrivals 

  

ATM 1 Outside the building, side of the 

arrivals 
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Table 3 Rotterdam The Hague Airport characteristics 

Airport Facilities Amount  Where to find?  

Rotterdam 

The Hague 

Airport 

    

  

  Information desk 1 Next to arrivals 

  Espresso bar 1 Next to entrance/ exit arrival side 

  

Car rental 1 Next to arrivals, for the information 

point, closest to entrance/ exit 

  

Books and newspapers 1 Middle of terminal, across the check-

in counters 

  

Change machine 1 Middle of terminal, across the check-

in counters 

  

ATM 1 Middle of terminal, across the check-

in counters 

  

Airline ticket desk 1 Next to entrance, closest to 

departure 

  Travel Agencies 1 Next to airline ticket desk 

  

Tour operator ticket 

desk 

1 

Next to entrance, departure side  

  Meeting point 1 Middle of terminal 

  

Airport Rotterdam 

souvenir 

1 

Corner of the building, arrival side 

  

Restroom 3 both sides of the building, first floor 

next to lounge and Promenade 

  Lounge  1 First floor 

  Promenade  1 First floor 

  Check-in desks ? Middle of terminal, departure side  
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Table 4 Eindhoven Airport characteristics 

Airport Facilities Amount  Where to find?  

Eindhoven 

Airport 

    

  

  Check-in desks 24 Middle of the terminal, against wall  

  

Books and newspapers 1 Middle of terminal. Across the 

entrance/ exit arrival side 

  

Flower shop 1 Middle of terminal, right in front of 

check-in counters 

  

Starbucks 1 Corner of the building, arrival side 

and entrance 

  Bus shop 1 Next to Starbucks 

  Restroom 2 first floor  

  Exchange 1 Across the bookshop 

  AH to go 1 middle of terminal 

  Shops 1 Middle of terminal 

  

Travel Agencies 1 Next to arrivals, across the bookshop, 

next to check-in  

  

coffee corner 1 Deep inside the terminal, across the 

departures 

  ATM 1 Next to entrance and exchange 

  Restaurant 1 First floor 

  Promenade  1 First floor, after restaurant 

  Children play corner 1 First floor, next to restaurant 

 

Table 5 Brussel Zaventum Airport characteristics 

Airport Facilities Amount  Where to find?  

Brussel 

Zaventum 

Airport 

    

  

  

Check-in desks ? In the departure area, which is 

separated from the arrival 

  shops 2 Next to the check-in desks 

  Restroom 3 Spread across the terminal 

  

Restaurant 3 One behind the check-in desks and 

one on the side of the check-in 

  service  6 across the check-in area,  

  Airlines 6 across the check-in area, 

  Ticket selling   across the check-in area,  

 

  



Appendix B Table all airport characteristics 

83 

 

Table 6 Schiphol Amsterdam Airport characteristics 

Airport Facilities Amount  Where to find?  

Schiphol 

Amsterdam 

Airport 

    

  

  

Check-in desks 32 Located on the first floor, separated 

from the arrival 

  Shops 30 Distributed near the arrivals  

  Restrooms ?  Distributed over the terminal 

  Restaurant 16 Distributed near the arrivals  

  First Aid 4 Located near arrivals 

  

information point 4 2 at the arrivals and 2 at the 

departures 

  Panorama deck 1 On top of the terminal 

  AH to go  1 Near arrivals  

  

ATM and exchange 

4 

Spread across the ground floor 

(arrival) 
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Appendix C – Questionnaire Design 

Table 7 Questionnaire Design 

v1 Location Book v2 Location Supermarket to 

go  

v3 Location Coffee corner v4 Crowdedness 

Coffee corner 

v5  Location Restroom 

At the beginning of the terminal At the beginning of the terminal At the back of the terminal Multiple person in line In the middle of the terminal 

At the back of the terminal At the beginning of the terminal In the middle of the terminal Multiple person in line At the back of the terminal 

In the middle of the terminal At the back of the terminal In the middle of the terminal Multiple person in line At the beginning of the terminal 

In the middle of the terminal In the middle of the terminal In the middle of the terminal 1 person in line In the middle of the terminal 

At the back of the terminal In the middle of the terminal At the back of the terminal 1 person in line At the beginning of the terminal 

In the middle of the terminal At the back of the terminal At the beginning of the terminal 1 person in line In the middle of the terminal 

At the beginning of the terminal In the middle of the terminal At the beginning of the terminal 1 person in line At the back of the terminal 

In the middle of the terminal At the beginning of the terminal At the back of the terminal 1 person in line In the middle of the terminal 

At the back of the terminal At the back of the terminal In the middle of the terminal 1 person in line At the beginning of the terminal 

At the back of the terminal In the middle of the terminal At the beginning of the terminal Multiple person in line At the back of the terminal 

In the middle of the terminal At the back of the terminal At the back of the terminal No waiting line At the back of the terminal 

At the beginning of the terminal At the back of the terminal In the middle of the terminal No waiting line At the beginning of the terminal 

At the beginning of the terminal At the beginning of the terminal At the beginning of the terminal No waiting line At the beginning of the terminal 

At the back of the terminal At the back of the terminal At the beginning of the terminal No waiting line In the middle of the terminal 

At the beginning of the terminal At the back of the terminal At the back of the terminal 1 person in line At the back of the terminal 

In the middle of the terminal In the middle of the terminal At the back of the terminal Multiple person in line At the beginning of the terminal 

At the beginning of the terminal In the middle of the terminal In the middle of the terminal Multiple person in line In the middle of the terminal 

At the beginning of the terminal In the middle of the terminal At the back of the terminal No waiting line At the beginning of the terminal 

At the back of the terminal At the beginning of the terminal At the back of the terminal No waiting line In the middle of the terminal 

At the beginning of the terminal At the back of the terminal At the beginning of the terminal Multiple person in line In the middle of the terminal 

At the back of the terminal In the middle of the terminal In the middle of the terminal No waiting line In the middle of the terminal 

In the middle of the terminal In the middle of the terminal At the beginning of the terminal No waiting line At the back of the terminal 

At the beginning of the terminal At the beginning of the terminal In the middle of the terminal 1 person in line At the back of the terminal 

At the back of the terminal At the beginning of the terminal At the beginning of the terminal 1 person in line At the beginning of the terminal 

In the middle of the terminal At the beginning of the terminal At the beginning of the terminal Multiple person in line At the beginning of the terminal 

At the back of the terminal At the back of the terminal At the back of the terminal Multiple person in line At the back of the terminal 

In the middle of the terminal At the beginning of the terminal In the middle of the terminal No waiting line At the back of the terminal 
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v6 Crowdedness Restroom v7 Crowdedness Security v8 Time restriction v9 Travel mode v10 Check -in CARD_ 

1 person in line No waiting line 1 Hour Group Check-in 1 

No waiting line 1 person in line 1 Hour Alone  Check-in 2 

No waiting line No waiting line 1.5 Hours Group No check-in 3 

1 person in line No waiting line 1.5 Hours Alone  Check-in 4 

Multiple person in line Multiple person in line 1.5 Hours Group Check-in 5 

No waiting line Multiple person in line 1 Hour Group Check-in 6 

No waiting line 1 person in line 1.5 Hours Alone  No check-in 7 

Multiple person in line 1 person in line 2 Hours  Alone  Check-in 8 

1 person in line 1 person in line 1 Hour Alone  Check-in 9 

Multiple person in line No waiting line 2 Hours  Group Check-in 10 

No waiting line 1 person in line 2 Hours  Group Check-in 11 

Multiple person in line Multiple person in line 2 Hours  Alone  Check-in 12 

1 person in line 1 person in line 1.5 Hours Group Check-in 13 

1 person in line No waiting line 2 Hours  Alone  No check-in 14 

Multiple person in line No waiting line 1 Hour Alone  No check-in 15 

1 person in line 1 person in line 2 Hours  Alone  No check-in 16 

No waiting line Multiple person in line 2 Hours  Alone  Check-in 17 

No waiting line No waiting line 1 Hour Alone  Check-in 18 

No waiting line Multiple person in line 1.5 Hours Alone  No check-in 19 

Multiple person in line 1 person in line 1.5 Hours Alone  Check-in 20 

Multiple person in line 1 person in line 1 Hour Group No check-in 21 

1 person in line Multiple person in line 1 Hour Alone  Check-in 22 

1 person in line Multiple person in line 2 Hours  Group No check-in 23 

No waiting line No waiting line 2 Hours  Alone  Check-in 24 

Multiple person in line Multiple person in line 1 Hour Alone  No check-in 25 

1 person in line Multiple person in line 1.5 Hours Alone  Check-in 26 

Multiple person in line No waiting line 1.5 Hours Alone  Check-in 27 
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Appendix E- Distribution of activities  

 

 

Figure 8 Activities first chosen, N=387 observations 

 

 

Figure 9 Activities second chosen, N=318 observations 
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Figure 10 Activities third chosen, N=286 observations 

 

 

Figure 11 Activities fourth chosen, N=227 observations 
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Figure 12 Activities fifth chosen, N=137 observations 
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Appendix F- MNL regression activity 1 tables  

 

Table 8 Activity count activity 1 

 

 N 

Marginal 

Percentage 

Choice Check-in 122 31.5% 

Security 69 17.8% 

Coffee corner 56 14.5% 

Supermarket 13 3.4% 

Book store 32 8.3% 

Restroom 59 15.2% 

Information point 21 5.4% 

Gift shop 5 1.3% 

Fashion shop 10 2.6% 

Valid 387 100.0% 

Missing 0  

Total 387  
 

  

 

 

Table 9 Model Fitting MNL activity 1 

 

Model 

Model Fitting 

Criteria Likelihood Ratio Tests 

-2 Log 

Likelihood Chi-Square df Sig. 

Null 
885.494    

Final 428.203 457.292 144 .000 

 

 

Table 10 Alternative R2 model 

Pseudo R-Square 

Cox and Snell .693 

Nagelkerke .702 

McFadden .269 
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Table 11 Likelihood Ratio Tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12 B's and significance parameter estimators 

Parameter Estimates 

Choicea B Std. Error Wald df Sig. Exp(B) 

95% Confidence Interval for Exp(B) 

Lower Bound Upper Bound 

Check-in Lbook_1 
.265 .600 .195 1 .658 1.304 .402 4.227 

Lbook_2 
.156 .584 .071 1 .790 1.168 .372 3.669 

Lsuper_1 
-.488 .299 2.664 1 .103 .614 .342 1.103 

Lsuper_2 
1.052 .353 8.863 1 .003 2.863 1.432 5.722 

Lkoffie_1 
-.488 .301 2.637 1 .104 .614 .340 1.106 

Lkoffie_2 
.564 .316 3.181 1 .075 1.757 .946 3.265 

Wkoffie_1 
-.126 .558 .051 1 .821 .881 .295 2.633 

Likelihood Ratio Tests 

Effect 

Model Fitting 

Criteria Likelihood Ratio Tests 

-2 Log 

Likelihood of 

Reduced 

Model Chi-Square df Sig. 

Lbook_1 445.481 17.278 8 .027 

Lbook_2 434.357 6.154 8 .630 

Lsuper_1 440.093 11.890 8 .156 

Lsuper_2 468.951 40.748 8 .000 

Lkoffie_1 438.971 10.768 8 .215 

Lkoffie_2 437.935 9.733 8 .284 

Wkoffie_

1 
436.694 8.491 8 .387 

Wkoffie_

2 
438.325 10.122 8 .257 

Lwc_1 454.168 25.965 8 .001 

Lwc_2 438.417 10.215 8 .250 

Wwc_1 437.784 9.582 8 .296 

Wwc_2 433.572 5.369 8 .718 

Wsecur_1 437.432 9.229 8 .323 

Wsecur_2 431.928 3.726 8 .881 

Time_1 437.235 9.033 8 .340 

Time_2 447.403 19.200 8 .014 

Group 441.421 13.218 8 .105 

Checkin 704.945 276.743 8 .000 
The chi-square statistic is the difference in -2 log-likelihoods between the final model and a reduced model. 

The reduced model is formed by omitting an effect from the final model. The null hypothesis is that all 

parameters of that effect are 0. 
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Wkoffie_2 
.269 .556 .234 1 .628 1.309 .440 3.891 

Lwc_1 
.085 .544 .024 1 .876 1089 .375 3.159 

Lwc_2 
-.517 .557 .863 1 .353 .596 .200 1.776 

Wwc_1 
-.332 .316 1.106 1 .293 .717 .386 1.332 

Wwc_2 
.422 .371 1.299 1 .254 1.525 .738 3.154 

Wsecur_1 
-.401 .300 1.781 1 .182 .670 .372 1.207 

Wsecur_2 
.052 .320 .027 1 .871 1.054 .563 1.973 

Time_1 
.053 .332 .026 1 .872 1.055 .551 2.020 

Time_2 
.045 .322 .020 1 .888 1.046 .557 1.965 

Group 
.556 .267 4.337 1 .037 1.743 1.033 2.940 

Checkin 
-1.824 .218 69.853 1 .000 .161 .105 .247 

Coffee corner Lbook_1 
-.222 .633 .123 1 .725 .801 .231 2.770 

Lbook_2 
.843 .542 2.423 1 .120 2.323 .804 6.714 

Lsuper_1 
-.654 .439 2.221 1 .136 .520 .220 1.229 

Lsuper_2 
2.646 .517 26.227 1 .000 14.096 5.121 38.803 

Lkoffie_1 
-1.431 .491 8.485 1 .004 .239 .091 .626 

Lkoffie_2 
-.260 .460 .321 1 .571 .771 .313 1.898 

Wkoffie_1 
.700 .491 2.028 1 .154 2.013 .768 5.274 

Wkoffie_2 
-.780 .540 2.083 1 .149 .459 .159 1.322 

Lwc_1 
-1.530 .482 10.065 1 .002 .217 .084 .557 

Lwc_2 
.407 .452 .811 1 .368 1.502 .620 3.640 

Wwc_1 
.439 .505 .756 1 .385 1.552 .576 4.178 

Wwc_2 
.119 .569 .044 1 .835 1.126 .369 3.434 

Wsecur_1 
.096 .469 .041 1 .839 1.100 .439 2.759 

Wsecur_2 
-.173 .441 .155 1 .694 .841 .354 1.996 

Time_1 
-.141 .471 .090 1 .764 .868 .345 2.184 

Time_2 
-.141 .550 .066 1 .798 .869 .296 2.551 

Group 
.813 .339 5.743 1 .017 2.254 1.160 4.382 

Checkin 
1.485 .353 17.719 1 .000 4.414 2.211 8.811 

Supermarket to go Lbook_1 
-.114 .572 .040 1 .842 .892 .291 2.736 

Lbook_2 
.207 .503 .169 1 .681 1.230 .458 3.298 

Lsuper_1 
-1.245 .487 6.529 1 .011 .288 .111 .748 

Lsuper_2 
2.004 .477 17.645 1 .000 7.415 2.912 18.886 

Lkoffie_1 
-.490 .473 1.070 1 .301 .613 .242 1.550 

Lkoffie_2 
-.152 .514 .088 1 .767 .859 .313 2.353 

Wkoffie_1 
-.091 .493 .034 1 .853 .913 .348 2.399 

Wkoffie_2 
-.075 .515 .021 1 .884 .928 .338 2.547 

Lwc_1 
-.031 .477 .004 1 .949 .970 .381 2.471 

Lwc_2 
-.851 .500 2.894 1 .089 .427 .160 1.138 

Wwc_1 
-.334 .489 .467 1 .494 .716 .275 1.866 

Wwc_2 
.252 .534 .223 1 .637 1.287 .452 3.662 
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Wsecur_1 
-.553 .451 1.502 1 .220 .575 .238 1.393 

Wsecur_2 
-.603 .498 1.465 1 .226 .547 .206 1.452 

Time_1 
-.295 .480 .379 1 .538 .744 .291 1.906 

Time_2 
.660 .436 2.295 1 .130 1.935 .824 4.546 

Group 
.305 .369 .684 1 .408 1.357 .658 2.795 

Checkin 
1.089 .330 10.889 1 .001 2.971 1.556 5.674 

Book store Lbook_1 
1.315 .464 8.044 1 .005 3.723 1.501 9.236 

Lbook_2 
-.147 .581 .064 1 .800 .863 .277 2.693 

Lsuper_1 
-.554 .451 1.508 1 .219 .575 .237 1.391 

Lsuper_2 
.673 .534 1.589 1 .207 1.960 .688 5.580 

Lkoffie_1 
.107 .430 .062 1 .803 1.113 .479 2.588 

Lkoffie_2 
-.663 .565 1.377 1 .241 .515 .170 1.560 

Wkoffie_1 
.102 .467 .048 1 .826 1.108 .444 2.765 

Wkoffie_2 .069 .500 .019 1 .890 1.072 .402 2.855 

Lwc_1 -.228 .451 .256 1 .613 .796 .329 1.926 

Lwc_2 -.247 .462 .287 1 .592 .781 .316 1.932 

Wwc_1 
-.606 .459 1.745 1 .186 .546 .222 1.341 

Wwc_2 
.683 .519 1.731 1 .188 1.980 .716 5.480 

Wsecur_1 
-1.086 .529 4.215 1 .040 .338 .120 .952 

Wsecur_2 
-.071 .549 .017 1 .898 .932 .318 2.733 

Time_1 
-.632 .570 1.229 1 .268 .532 .174 1.625 

Time_2 
.191 .560 .116 1 .734 1.210 .403 3.629 

Group 
.483 .367 1.732 1 .188 1.621 .790 3.326 

Checkin 
.668 .358 3.481 1 .062 1.950 .967 3.932 

Toilets Lbook_1 
.175 .520 .112 1 .737 1.191 .429 3.302 

Lbook_2 
.712 .426 2.791 1 .095 2.038 .884 4.699 

Lsuper_1 
-.941 .370 6.476 1 .011 .390 .189 .805 

Lsuper_2 
2.069 .445 21.655 1 .000 7.916 3.312 18.922 

Lkoffie_1 
-.239 .395 .365 1 .546 .788 .363 1.708 

Lkoffie_2 
.405 .450 .811 1 .368 1.499 .621 3.620 

Wkoffie_1 
-.459 .400 1.319 1 .251 .632 .289 1.383 

Wkoffie_2 
.338 .391 .747 1 .387 1.402 .651 3.019 

Lwc_1 
.869 .369 5.556 1 .018 2.384 1.158 4.910 

Lwc_2 
-.690 .392 3.104 1 .078 .501 .233 1.081 

Wwc_1 
.246 .364 .456 1 .500 1.279 .626 2.612 

Wwc_2 
-.094 .420 .050 1 .823 .910 .399 2.075 

Wsecur_1 
-.825 .441 3.503 1 .061 .438 .185 1.040 

Wsecur_2 
.026 .403 .004 1 .949 1.026 .466 2.262 

Time_1 
.607 .406 2.239 1 .135 1.835 .829 4.062 

Time_2 
1,208 .360 11.295 1 .001 3.347 1.655 6.772 

Group 
-.147 .323 .207 1 .649 .863 .458 1.626 

Checkin 
.498 .291 2.925 1 .087 1.646 .930 2.914 
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Information point Lbook_1 
.645 .505 1.627 1 .202 1.905 .708 5.129 

Lbook_2 
.052 .485 .011 1 .915 1.053 .407 2.722 

Lsuper_1 
-.920 .428 4.627 1 .031 .398 .172 .922 

Lsuper_2 
1.554 .485 10.268 1 .001 4.729 1.828 12.231 

Lkoffie_1 
-.648 .448 2.092 1 .148 .523 .217 1.259 

Lkoffie_2 
.184 .468 .154 1 .694 1.202 .480 3.007 

Wkoffie_1 
.579 .450 1.655 1 .198 1.785 .738 4.315 

Wkoffie_2 
-1.149 .598 3.689 1 .055 .317 .098 1.024 

Lwc_1 
-.219 .453 .233 1 .629 .804 .331 1.952 

Lwc_2 
-.839 .441 3.616 1 .057 .432 .182 1.026 

Wwc_1 
-.401 .454 .780 1 .377 .670 .275 1.630 

Wwc_2 
.459 .504 .830 1 .362 1.582 .589 4.248 

Wsecur_1 
-.493 .416 1.408 1 .235 .611 .270 1.379 

Wsecur_2 
-.399 .421 .897 1 .343 .671 .294 1.531 

Time_1 
.047 .436 .012 1 .914 1.048 .446 2.466 

Time_2 
-.082 .452 .033 1 .856 .921 .380 2.233 

Group 
.408 .334 1.494 1 .222 1.504 .782 2.893 

Checkin 
.842 .359 5.513 1 .019 2.322 1.149 4.691 

Gift shop Lbook_1 
.024 .554 .002 1 .966 1.024 .346 3.034 

Lbook_2 
.050 .537 .009 1 .925 1.052 .367 3.014 

Lsuper_1 
-.969 .470 4.261 1 .039 .379 .151 .952 

Lsuper_2 
1.577 .496 10.117 1 .001 4.843 1.832 12.801 

Lkoffie_1 
-.540 .465 1.349 1 .245 .583 .235 1.449 

Lkoffie_2 
-.264 .513 .264 1 .607 .768 .281 2.101 

Wkoffie_1 
.010 .488 .000 1 .984 1.010 .388 2.629 

Wkoffie_2 
-.194 .518 .140 1 .708 .824 .298 2.274 

Lwc_1 
-.057 .493 .013 1 .909 .945 .360 2.482 

Lwc_2 
-.555 .477 1.356 1 .244 .574 .225 1.462 

Wwc_1 
-.352 .496 .504 1 .478 .703 .266 1.860 

Wwc_2 
.418 .518 .650 1 .420 1.519 .550 4.196 

Wsecur_1 
-.711 .469 2.294 1 .130 .491 .196 1.232 

Wsecur_2 
-.338 .475 .506 1 .477 .713 .281 1.809 

Time_1 
-.168 .489 .119 1 .730 .845 .324 2.202 

Time_2 
.380 .473 .645 1 .422 1.462 .578 3.697 

Group 
.447 .365 1.502 1 .220 1.564 .765 3.200 

Checkin 
1.078 .332 10.556 1 .001 2.938 1.534 5.629 

Fashion shop Lbook_1 
-.295 .559 .278 1 .598 .745 .249 2.228 

Lbook_2 
.441 .487 .821 1 .365 1.555 .598 4.038 

Lsuper_1 
-.792 .429 3.406 1 .065 .453 .195 1.050 
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Lsuper_2 
1.738 .490 12.595 1 .000 5.686 2.177 14.847 

Lkoffie_1 
-.594 .462 1.651 1 .199 .552 .223 1.366 

Lkoffie_2 
-.146 .489 .088 1 .766 .865 .331 2.256 

Wkoffie_1 
-.374 .507 .543 1 .461 .688 .255 1.859 

Wkoffie_2 
.145 

, 

.471 
.095 1 .758 1.156 .459 2.910 

Lwc_1 
-.426 .488 .761 1 .383 .653 .251 1.701 

Lwc_2 
-.217 .441 .241 1 .623 .805 .339 1.912 

Wwc_1 
-.687 .490 1.967 1 .161 .503 .193 1.314 

Wwc_2 
.632 .493 1.640 1 .200 1.881 .715 4.948 

Wsecur_1 
-.553 .431 1.644 1 .200 .575 .247 1.339 

Wsecur_2 
-.371 .479 .599 1 .439 .690 .270 1.765 

Time_1 
-.534 .485 1.216 1 .270 .586 .227 1.515 

Time_2 
.576 .447 1.659 1 .198 1.779 .740 4.275 

Group 
.394 .366 1.158 1 .282 1.483 .724 3.037 

Checkin 
1.061 .335 10.014 1 .002 2.888 1.497 5.570 

a. The reference category is: Security 
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Appendix G- Results of positive and negative effects of attributes on activity choice 

behavior of passengers 

 

The first activity that is discussed is visiting the coffee corner. A positive effect on the chance 

of visiting the coffee corner as a first activity are, the placement of the supermarket to go at 

the beginning of the terminal, the placement of the coffee corner in the beginning of the 

terminal and the placement of the restroom at the back of the terminal (figure 13). Travelling 

in a group is also positive, while the requirement of check-in has a negative influence. If the 

placement of both the supermarket to go and the coffee corner is at the back of the terminal, 

a negative effect will occur on visiting the coffee corner first. The negative effect also occurs 

of the restroom is located at the beginning of the terminal (figure 14). Figures 30 till figure 32 

in Appendix H show the graphs of these effects. 

 

 
Figure 13 Lay-out positive influence on visiting coffee corner as first activity 

 

 

Figure 14 Lay-out negative influence on visiting coffee corner as first activity 

 

The chance of visiting the supermarket to go will positively be effected by the placement of 

the supermarket to go at the beginning of the terminal and if passengers do not need to check-

in (figure 15). A negative effect will occur of the supermarket to go is located in the middle of 

the terminal and at the back of the terminal (figure 16). If passengers need to check-in a 

negative influence will also occur (figure 33 and figure 34 in Appendix H). 
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Figure 15 Lay-out positive influence on visiting supermarket to go as first activity 

 

 
Figure 16 Lay-out negative influence on visiting supermarket to go as first activity 

 

The book store has a higher chance to be visited if the book store is located at the beginning 

of the terminal. Also a long waiting queue for the security will have a positive effect on visiting 

the book store (figure 17). However, if the book store is located at the back of the terminal 

and there is no queuing line at the security, a negative effect will occur (figure 18) (figure 35 

and figure 36 Appendix H).  

 

 

 
Figure 17 Lay-out positive influence on visiting book store as first activity 
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Figure 18 Lay-out negative influence on visiting book store as first activity 

 

Restroom are always important for passengers and the behavior of first visiting the restroom 

will positively be effected by the placement of the supermarket to go at the beginning of the 

terminal and the placement of the restroom at the beginning of the terminal (figure 19). A 

time duration of 1.5 hours before going to security will also have a positive effect on going 

first to the restroom. A negative effect will occur if the supermarket to go is located at the 

back of the terminal and also if the restroom is at the back of the terminal (figure 20). If 

passengers have more than 2 hours to spent before going to security also a negative effect 

occurs (figure 37 and figure 38 Appendix H).  
 

 

 
Figure 19 Lay-out positive influence visiting restroom as first activity 

 

 
Figure 20 Lay-out negative influence visiting restroom as first activity 
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A positive effect on visiting the information point as the first activity will occur if the 

supermarket to go is located at the beginning of the terminal and if passengers do not have 

to check-in (figure 21). A negative effect will occur if the supermarket to go is located at the 

middle of the terminal or at the back of the terminal (figure 22). A negative effect also occurs 

if passengers have to check-in (figure 39 and figure 40 Appendix H). 
 

 
Figure 21 Lay-out positive influence on visiting information point as first activity 

 

 
Figure 22 Lay-out negative influence visiting information point as first activity 

 

The chance of visiting the gift shop as the first activity is higher if the supermarket to go is 

located in the beginning of the terminal and if no check-in is required (figure 23). A negative 

effect will occur if the supermarket to go is located in the middle of the terminal or at the back 

of the terminal (figure 24). A negative effect also occurs if passengers have to check-in (figure 

41 and figure 42 Appendix H). 
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Figure 23 Lay-out positive effect on visiting gift shop as first activity 

 
Figure 24 Lay-out negative effect on visiting gift shop as first activity 

 

Finally, the effects of attributes on visiting the fashion shop as a first activity are discussed. A 

positive effect occurs if the supermarket is located at the beginning of the terminal and if 

passengers not have to check-in (figure 25). Otherwise, if the supermarket is located in the 

back of the terminal (figure 26) and/ or if the passengers have to check-in, a negative effect 

occurs on visiting the fashion shop (figure 43 and figure 44 Appendix H). 

 

 

Figure 25 Lay-out positive influence on visiting fashion shop as first activity 
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Figure 26 Lay-out negative influence on visiting fashion shop as first activity
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Appendix H- Significant part-worth utilities Activity 1 per activity 
 

  

Figure 27 Part-worth utility supermarket on go to check-in first (left figure) 

Figure 28 Part-worth utility group size on go to check-in first (right figure)    

         

Figure 29 Part-worth utility check-in on go to check-in first (left figure) 

Figure 30 Part-worth utility locations on go to coffee corner first (right figure) 

               

Figure 31 Part-worth utility group size on go to coffee corner first (left figure) 

Figure 32 Part-worth utility check-in on go to coffee corner first (right figure) 
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Figure 33 Part-worth utility location supermarket to go on supermarket to go first (left 

figure) 

Figure 34 Part-worth utility check-in on supermarket to go first (right figure) 

  

 Figure 35 Part-worth utility location book store on go to book shop first (left figure) 

Figure 36 Part-worth utility crowdedness security on go to book shop first (right figure) 

         

Figure 37 Part-worth utility locations on go to restroom first (left figure) 

Figure 38 Part-worth utility time constraint on go to restroom first (right figure) 
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Figure 39 Part-worth utility location supermarket to go on go to information point first (left 

figure) 

Figure 40 Part-worth utility check-in on go to information point first (right figure) 

        

Figure 41 Part-worth utility location supermarket to go on to go to gift shop first (left figure) 

Figure 42 Part-worth utility check-in on go to gift shop first (right figure) 

            

Figure 43 Part-worth utility location supermarket to go on go to fashion shop first (left 

figure) 

Figure 44 Part-worth utility check-in on go to fashion shop first (right figure 


