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ABSTRACT 
Millions of people use public transport daily. Specifically, 1,204,000 is approximately the 
number of boardings per contract area a winter's day in Stockholm. Since the capacity and 
frequency of the metro service are already quite good in this city, this thesis does not focus on 
improve that. Its aim is to know the assessment made by metro users of the crowding 
produced during rush hour. This evaluation is performed by two questionnaires, one shorter 
that is carried out on board and one longer, online. But before starting with the surveys, this 
work introduces some general information about public transport in Stockholm and it 
distinguishes capacity and crowding concepts. 

Any human behavior begins with the attitudes and perceptions that people show to any 
particular aspect, from which and through their preferences, they define their behavior acting 
in one way or another. And once they have made their decision and have chosen to use a 
service, they will be able to evaluate it by their satisfaction level. All these concepts are studied 
here as the basis for the surveys' development. After its writing and conduction to students, 
KTH workers, etc. the results obtained are analyzed by using SPSS statistical software. From 
the users' attitudes, their perceptions, preferences and satisfaction levels, the metro system 
weaknesses are identified and some improvements are proposed, in addition to making 
proposals for future research. 
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1. INTRODUCTION 

1.1. BACKGROUND AND MOTIVATION 
Nowadays in every country of the world, people often have different schedules, according to 
what society is accustomed to do. But within each country, people have similar work, school 
and other chores schedules, causing severe condensation rating at certain times of the day. 
This usually occurs early in the morning and late day, and it is necessary to learn how to handle 
these peak hours in order to fulfill the role of public transport efficiency. 

If we focus on Stockholm, this is the capital and the largest city of Sweden. Public transport in 
Stockholm consists of bus, metro, regional/suburban rail, light rail, tram and archipelago boat, 
and it will be shown a little bit more information about it later. As part of public transport, 
Stockholm has a Metro system, consisting of 3 lines (Red, green and Blue) and 100 stations, of 
which  53 are above ground and 47 underground, all of these distributed around a total length 
of 105.7 km. Currently the frequency of Stockholm metro is every 10 minutes during the day 
and every 30 overnight. Although during the day, at certain stations of the red and blue lines, 
metro runs every 5 minutes, and every 4 at some stations on the green line. If we focus on our 
topic, today peak-hours management consists of adding trains, achieving a rate of 5 to 6 
minutes on most stations and between 2 and 3 minutes at main stations. 

Regarding the capacity, a metro train can technically take 1,200 passengers, and the practical 
capacity is exceeded when all the seats and 30 percent of standing are filled. As the following 
picture shows, the occupancy rate between Slussen and Gamla Stan is 111 percent in morning 
rush hour, and is 101 percent between Tekniska Högskolan and Stadion. Between half past 
seven and half past eight there are 17,400 travelers on trains, which are 1,700 more than 
capacity allows. Passengers on the red line in rush hour have increased by 2,800 people since 
2009 and they are expected to increase further in the coming years. 

 

Figure 1: Graphic by Jonas Backlund. Source: Backlund  



11 
 

The Stockholm County Council owns the Stockholm Metro through Storstockholms Lokaltrafik 
(SL), and MTR Corporation is responsible for its operation. This company has the difficult task 
of moving 328 million passengers per year, representing a total of 898,630 users a day, 
according to data from 2013 since there is not available 2014 data yet. This high number of 
travelers has its peaks at certain times of day as it was said, and some examples of measures 
that seek to improve management in this area could include: 

-Increased number of trains and more capacity in them, but sometimes this is not possible 
since rail capacity can not be infinite (staff, track capacity, vehicles available) 

-Measures to induce people to use less congested transport 

-Increased price of public transport to relieve congestion at peak hours, but then we have to 
think where to redirect people who choose to leave it 

-Proposing schedules of entry and exit of the work and schools more staggered, so the high 
influx of travelers would stretch a bit over time 

All these measures are not new, they are already applied in certain cities. Some examples are: 

-The measure of increasing the number of trains at rush hour, thus extending the frequency is 
quite common throughout the world. In fact as it was said, we have the example really close in 
Stockholm, where the normal frequency in some stations of the red line is 5 minutes, while in 
the main stations we have trains each 2 minutes during the peak hour. 

-The Company Metropolitan Council (Twin Cities of Minneapolis and Saint Paul, State of 
Minnesota) has different rates for peak and off-peak hours. And it is the same for Adelaide 
Metro (Adelaide, capital of the State of South Australia). 

Table 1: Minneapolis metro fares. Source: Metrotransit.org 

  Non-Rush Hours Rush Hours 
Adults (13-64) Bus/Metro 

Express Metro 
$1,75 
$2,25 

$2,25 
$3 

Reduced Fare 
Seniors (+65) 
Youth (6-12) 
Medicare Card 

Bus/Metro 
Express Metro 

$0,75 
$0,75 

$2,25 
$3 

Mobility Fare 
Disabled people 

Bus/Metro 
Express Metro 

$0,75 
$0,75 

$0,75 
$0,75 

Downtown Zone Bus/Metro $0,5 $0,5 
 

But the main problem of the crowding situation is not so much the actual capacity problem, 
but the perception that people have about it. Does not matter that the metro is not congested 
in terms of capacity if people do not travel comfortably on it, and it doesn´t matter if the 
company improves the capacity or facts on the platform if people are not agree with them. 

As Friman and Gärling (2014) said in "Frequency of negative critical incidents and satisfaction 
with public transport services", public transport studies are normally focused on technical 
aspects, but often they forget the people opinion and user satisfaction (Everett and Watson, 
1987). In public transport use, should be more important studying the negative experiences 
(not find a free site) rather than positive, unlike other areas such as leisure. This is because 
user satisfaction is often based on past experiences and frequency of adverse events. 
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In this paper the relationship between the frequency of negative critical incidents, attribute-
specific cumulative satisfaction and overall cumulative satisfaction was analyzed. They 
conducted a survey in Göteborg covering four aspects concerning satisfaction: treatment by 
employee, reliability of service, simplicity of information, and design. The latter is the closest 
to this thesis because this concerns the part inside the car. 

MOTIVATION 

The reason to develop this thesis started by being aware of the number of travelers passing 
through Tcentralen, even during off-peak hours (Sunday, August 3, 2014. 7pm). The problem 
increases, of course, when these trips are at rush hour, when everyone travels to their work, 
school, etc. at the same time. There are even times that some travelers can not board the train 
that arrives to the platform because it is completely filled. This may be a bigger or smaller 
problem for users, depending on if they arrive late or not to their destination, but even as a 
minor problem, it is still not pleasant for anyone. 

 

Figure 2: T-centralen. Peak hour. Source: 4rail.net 

But this theme was very wide and a meeting with Sweco and MTR helped to focus the subject 
of this thesis. Companies did not have data about when a traveler is uncomfortable for the 
amount of people who is in the subway, and they did not know why people behaved in a way 
or another in the subway stations. Learning why these actions happen and how people feel is 
quite useful to propose measures to resolve these problems, so here was born the required 
motivation. It was talked about different possible stations where conduct the study, and one 
of them was Tekniska Högskolan. As it was also one of the most frequented stations by KTH 
students, it seemed a good idea to focus the thesis in this station. Moreover, T-centralen 
should be the busiest station as it is the only by passing the 3 subway lines, so it was unclear 
which of them the work was going to focus in. 

Then, other student started his Master Thesis about a similar topic, focusing more on how to 
handle passenger flows along the platform. Because of this, was recommended to focus this 
thesis on capacity issues rather than flows. By adding this to the company needs, it was 
decided to find out first through surveys when people are uncomfortable during their trip, in 
terms of congestion. And from the results obtained, maybe try to find some simple 
improvement that can solve these inconveniences. 
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1.2. AIM AND OBJECTIVES. LIMITATIONS 
The main objective of this thesis is to know, by conducting surveys, the assessment made by 
metro users of the crowding produced during rush hour, in order to be helpful for future 
investigations and service improvements. This objective can be divided into the following sub-
objectives: 

-Evaluate the user satisfaction 

-Evaluate metro user attitudes and compare these with perceptions 

-Know the differences between user perceptions and data from previous studies 

-Know the current valuation of certain attributes, and the importance that user gives to each 
one of them 

-Assess if some improvements could reduce metro user dissatisfaction 

As a second objective, and it will depend on how long is being the work, it is pretended to 
improve travel conditions in metro users at peak-hours, based on the most repeated 
complaints obtained from surveys. Note that the goal is trying to make the trip more 
comfortable, but in any case the purpose of this thesis is to reduce the number of passengers 
on metro, as it will be explained in the Limitation section. 

As the latest objective, due to the help received from MTR, would be answering some 
questions in which they were interested about the crowding feeling that people have in the 
metro service. 

LIMITATIONS 

As Ritzén (2013) shows in the article “Vagnarna fylls med för många resenärer - DN.SE”, with 
the use of Canadian Bombardier wagons for 4 years, track capacity is already being the 
highest. Furthermore, frequency at peak hour is 2.5 minutes and it will be 2 minutes in 2017, 
data which are pretty good. This article also states that travelers moving from metro to bus is 
not very feasible due to economic and traffic limitation. 

For all this, one of the limitations of this thesis will be to move travelers from one mode of 
transport to another. Besides this report is not trying to increase the capacity of wagons, since 
this is already good enough. 

It is also have excluded of this work the flow passenger management at stations as there is 
other boy analyzing some ideas about this subject, as it was said before. At the beginning some 
ideas about how to improve the comfort and the passenger flow along the platform were 
considered, but now the thesis will focus on the traveler satisfaction, attitudes and perception. 
And if at any time it is studied something on the platform, it will not be in terms of passenger 
flow, but to improve comfort. 

The last problem or limitation of this thesis, has been the number of responses obtained. 
Although for some questions, it has been enough, there are others which should have had a 
higher response rate in order to be representative. 
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REPORT OUTLINE 

Literature review� Look for interesting literature to use it in this thesis, about: 

 -General literature review: about crowding in public transport and some surveys 
already conducted about it. 

 -Public transport in Stockholm: slight introduction to the city and its public transport 
network, mostly to its metro system. 

 -Capacity – Crowding: introduction and differences. Studies already made about them.  

 -Attitudes – Perception – Satisfaction: key concepts to raise the user's questions 
adequately. 

Survey Implementation and results 

-Software and implementation� Steps to follow to make a good questionnaire and 
how learning the methods. Some changes and problems that the writing or conduction of a 
survey may pose are included, as well as some drafts. Some problems to find the software and 
a little description about Netigate and SPSS are shown. 

-Backgroun data�Some statistics on respondents and their travel features. 

-Response rates�The response rates of the 4 versions (English-Swedish, Short-Long), 
obtained from Netigate Program, exposed and slightly commented. 

-Results��Of the different questions, objectively commented. 

Results, evaluation, onclusions and recommendations 

-Discussion, comparisons and proposals�Of the results shown above. 

-Weaknesses identification and possible improvements. Study of existing 
measures�Based on the people assessment, opinion and preferences, as well as give 
examples of already tested improvements in other metro systems 

-Conclusions. Recommendations�Summarize the major improvements and propose 
further investigations related to weaknesses and these improvements.  
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2. LITERATURE REVIEW 
There are two main concepts which have to be introduced firstly in this master thesis, 
crowding and survey methodology, since the combination of these two concepts could be 
considered as the perfect summary for this work. 

2.1. CROWDING 
Increasingly in public transport, crowding is growing and users are being annoyed, so many 
authors focus their research on how to measure and evaluate it, how to avoid it or at least 
reduce it. 

Li and Hensher (2013) in "Crowding in Public Transport: A Review of Objective and Subjective 
Measures" try to explain the gap between the measurement of crowding objectively and 
subjectively. They make first a comparison between different countries of ways to objectively 
measure crowding. 

In UK the PiXC (passengers in excess of capacity) is used, which is the number of passengers 
that exceeds the planned capacity and it is applied during rush hour. This coefficient is easily 
converted to the number of standing passengers per square meter, which is a common 
measure of crowding. Another way to measure overcrowding used in UK is the percentage of 
standing passengers, but this does not take into account the expected number of seats or the 
service capacity. United States measures the number of passengers per seat, being 1 the 
indicator of all seats are occupied. Six level of service (LOS) are defined, whose significance can 
be seen in the following table, where only in A, B and C all passengers can sit: 

Table 2: LOS for crowding. Source: Li and Hensher (2013) 

LOS Load Factor Standing Passenger Area Comments 
 (passenger/seat) (ft2/passenger) (m2/passenger)  

A 0.0-0.50 >10.8^ >1.0^ No passenger need 
sit next to another 

B 0.51-0.75 8.2-10.8^ 0.76-1.0^ Passengers can 
choose where to sit 

C 0.76-1.0 5.5-8.1^ 0.51-0.75^ All passengers can sit 
D 1.01-1.25 3.9-5.4 0.36-0.50 Comfortable standee 

load for design 
E 1.26-1.50 2.2-3.8 0.20-0.35 Maximum schedule 

load 
F >1.50 <2.2 <0.20 Crush load 

(^ means raised to the power) 

Another measure used in US is the place in square meters per standing passenger, which is 
also easily converted to the number of passengers per square meter. In Australia there are five 
main rail systems and each one measures the crowding level differently, fact that makes this 
country not very consistent in this aspect. Two of these examples could be the number of 
standing passengers per square meter or the number of passengers per seat. It follows that 
the objective measure of overcrowding is not uniform, so the objectivity concept is lost. 



17 
 

The second part of the article is focused on subjective or psychological components of 
crowding. Day and Day (1973) and Evans (1979) recognize that it can not be only considered 
the density to show the individuals experience in a given place, and Turner et al. (2004) and 
Cox et al. (2006) affirm the lack of individual perceptions in an crowded vehicle if only its 
density is considered. They differ two different crowding views, the objective aspect (density 
and place available) and the subjective one (user perception influenced by their own features 
or previous experiences). 

Authors like Sundstrom (1978) divide into four the factors that influence this perception: 
physical antecedents such as noise, interpersonal, individual as your gender or personality and 
modifiers such as duration, and Evans et al. (2000) adds the cultural aspect as a possible 
influence. The division made by Hirsch et al (2011) of these factors is in eight instead of four: 
"expectations based on previous travel experiences, environment, communication, control/ 
options/ choice, delays, risk, emotion and behavior of fellow passengers". He also states that 
people of different ages, disability people, frequent users, etc tolerate differently the crowding 
situations, and that is why in the surveys of this thesis the results will be evaluated depending 
on the respondent group. As will we shown in later articles, the idea that there is a relationship 
between density, perceived crowding and the user health also appears here, as it is shown in 
the figure below (Cox et al. 2006). 

 

Figure 4: Model of crowding, stress, health and safety. Source: Li and Hensher (2013) 

One example of some studies made about the crowding feeling of the user that appears here is 
the one made by Mahudin et al. (2012), who showed the following picture with four different 
crowding situations to respondents and he performed them three main questions about 
psychosocial aspects, affective reactions and evaluation of the ambient environment. This 
picture will be used in this thesis, since it clearly achieves its purpose, giving an idea to users of 
different situations that they can suffer inside the metro. 
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Figure 5: Crowding situations. Source: UK Rail Safety and Standards Board 

It could not be otherwise, as this concept has been divided in two dimensions throughout the 
article, its possible solutions are also divided into 2, depending on if they try to improve the 
objective or subjective aspect of crowding. In objective terms, it is clear that the solution is 
related to improve frequency and capacity, while the subjective aspect depends more on 
influence the user perception trying to improve the services. Since this thesis may include 
some improvements at the end, possible actions should be considered. Some of these could be 
improving for example the air quality, the entrance and exit points, the situation control by the 
passenger, the cleanliness of holdings and seats… as authors like Evans and Wener (2007), Cox 
et al. (2006) and Thompson et al. (2012) say. 

Following the thread of trying to improve the crowding situations, Ceapa, Smith and Capra 
(2012) in "Avoiding the Crowds: Understanding Tube Station Congestion Patterns from Trip 
Data", show how collecting the London Underground historical data with a spatial-temporal 
analysis, the station crowding patterns can be delimited. It is stated that the different rates 
between rush hour and out of this (50% more expensive before 9.30 than after) does not 
affect user behavior, and therefore it is intended to change user habits by giving them 
information about the crowding levels. The way to get information about the trips made 
(origin, destination, travel time ...) is by the smart card called Oyster Card, which transforms 
the user data per station data. So this table, where the existence of two peaks during rush 
hour is clearly observed, is obtained. The morning peak (8.15) is more pronounced than the 
evening peak (5.30), which is more spread out due to the fact that people have more flexibility 
to leave their work places but they must reach in time to work. 



19 
 

 

Figure 6: System-wide Weekday View. Source: Ceapa, Smith and Capra (2012) 

Due to the regularity shown of the weekday trips, the spatiotemporal study made here 
demonstrates what was intended: that by analyzing historical data, the time and location of 
future crowding can be predicted, besides to know that this is focused on short periods. As the 
crowding is concentrated in very specific periods, people may slightly modify their schedules 
appreciating the reduction of crowding, without being affected their schedules to enter to 
work. Although checking if with this information the user would change their habits was not 
the aim of this study, it is clear that giving information to users is always beneficial to change 
their attitudes. 

Li and Hensher (2011) show in "Crowding and Public Transport: A review of willingness to pay 
evidence and its relevance in project appraisal" how countries like UK, USA, Australia and Israel 
evaluate crowding on public transport. It provides in the 2 tables below these characteristics: 
the modelling framework, PT mode, location, year and sample of study, the type of crowding, 
the way of representing crowding, measure VoC and trip purpose. 

Table 3: Summary of reviewed crowding valuation studies. Source: Li and Hensher (2011) 

Modelling 
framework 

Mode Location Survey year Sample size Type of 
crowding 

MNL (SP data) Train UK 2008 2314 In-vehicle 
MNL (SP data) Train UK 2005 1321 In-vehicle 
MNL (SP data) Train Australia 2005 584 In-vehicle 
Nested logit 

(SP data) 
Bus and mass 

transit 
Israel 1999 1830 In-vehicle 

Error 
components 

logit (SP data) 

Bus/light rail, 
train and 

metro 

Australia 2009 620 In-vehicle 

Conjoint 
analysis 

Train USA 1999 144 In-vehicle 

MNL (SP data) Train Australia 2003 335 Walking 
MNL (SP data) Train Australia 2003 335 Waiting 
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Table 4: Summary of reviewed crowding valuation studies. Source: Li and Hensher (2011) 

Way of representing crowding in experiments Measure of the 
valuation of crowding 

Trip purpose(s) 

Number of standing passengers and the % 
seated 

Time multiplier Commuting, business, 
education, other 

Probability of occurrence (seating or standing) 
and length of time 

£/minute Commuting 

Seat (uncrowded or crowded) or stand for a 
number of minutes 

$/minute and 
minutes/minute 

Commuting mainly 

Probability of getting a seat $/trip Commuting, shopping, 
education, other 

Number of standing passengers and the % 
seated 

$/trip and $/minute Commuting 

Desirability level fro increased seating capacity $/trip Commuting 
3 levels of crowding in the access-way/entrance 
associated of the length of walking time 

$/minute and 
minutes/minute 

Commuting mainly 

3 levels of crowding in the platform associated 
of the length of waiting time 

$/minute and 
minutes/minute 

Commuting mainly 

Tables 3 and 4 show different ways of representing crowding, some of which had already 
appeared in previous papers as: Number of standing passengers and the proportion seated, 
Seat (uncrowded or crowded) or stand for a number of minutes, Probability of getting a seat... 
and therefore of measuring overcrowding with different indicators such as time multiplier, 
$/trip or $/minute. It also seen here that crowding can be evaluated inside the car, as will be 
the case of this work, or outside it; that the number of surveys may vary greatly and that it is 
interesting to know the purpose of travel of the respondent. All these things learned from 
different papers will be the basis for this project. 

But beyond showing the above articles about how to measure crowding, it is really interesting 
to know in which way the passenger is affected by some aspects that are often overlooked. 
Evans and Wener (2007) show something related with that in "Crowding and personal space 
invasion on the train: Please don’t make me sit in the middle", which analyzes how levels 
indicators of stress vary with a higher or lower density inside the vehicle, and depending on 
the density of the seats close to a passenger. Examples of these indicators are self-report, 
salivary cortisol and performance aftereffects, and the results obtained are surprising. 

Some previous research on privacy as a very important attribute for public transport users 
were the basis of this article. Examples of these investigations are those conducted by Fried 
and DeFazio (1974), that as density in wagons increases, user tends to stay standing at places 
with more personal space instead of looking for a seat. Evans & Howard (1972), McBride, King, 
& James (1965) studied in the laboratory that physiological stress increases as the involuntary 
proximity to another individual does it. And Dockendorf et al. (2001), Ibrahim (2003), Joireman 
et al. (1998) and Petkewich (2005) showed that one of the main reasons for users to use the 
car instead of public transport was the lack of privacy in this. With all this in mind, the study 
started measuring the car density (number of people/number of seats in the car) and the seat 
density (“number of people sitting in the same immediate row the passenger was seated 
in/number of total seats in the row"). 
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The levels of cortisol, Proofreading and Mood were also measured, as next table shows: 

Table 5: Descriptive statistics and zero-order correlations. Source: Evans and Wener (2007) 

Variable Mean SD 2 3 4 5 6 
Car density 0,37 0,29 0,13 0,11 -0,13 -0,00 -0,06 
Seat density 0,44 0,28 0,19* -0,12 -0,16* -0,03  
Cortisol 0,13 1,11 -0,09 -0,12 0,06   
Proofreading 55 19 0,17* 0,12    
Mood (2-10) 5,47 1,58 0,05     
Income 7,33 2,22      
 

In the table is clear how the car density is not correlated with stress measures, while some of 
these are connected with the seat density. None of the car density effects are significant 
relative to Cortisol, proofreading or mood, while the seat density is significant to them. These 
results agree with the comments of Day and Day (1973) and Evans (1979) about the need to 
value something else than the density inside the wagon, comments which were also 
mentioned in the article "Crowding in Public Transport: A Review of Objective and Subjective 
Measures". This article also attracts the attention of designers to improve the privacy 
perception, such as those actions mentioned by Baum, Riess, & O’Hara (1974); Dumur, 
Barnard, & Boy (2004); and Fisher & Byrne (1975), such as pairs of seats instead of groups of 
three or introduce arm rests to decrease social interaction. 

Related to this article and its interest in the health of people depending on the level of 
crowding, Cox, Houdmont and Griffiths (2006) wrote "Rail passenger crowding, stress, health 
and safety in Britain", which continues supporting the idea that a higher density is not always 
linked to an increased perception of crowding. Several factors will be exposed, which can 
moderate the impact of this density in the crowding feeling, and therefore stress levels of the 
user. Based on previous articles and research, some ideas already mentioned above are 
exposed: 

-Use the concepts of density and crowding as if they were equals does not benefit the public 
transport field. Although they are related, density refers to the objective facts of the situation, 
while crowding is a perception, a psychological phenomenon. 

-Beyond the crowding concept, other concepts that affect passengers arise, as the perceived 
risk of personal safety and health, as well as the actual risk of it, the physical and psychological 
discomfort, and possible long-term illnesses. 

-The relationship between the density of passengers, the perception of crowding and the 
health and safety consequences, can be explained in part by the previous experience of the 
stress level. 

-Although the relationship between density and crowding is evident, the mechanisms to 
moderate this relationship can still be evaluated further. For example the impact of factors 
such as personal differences, purpose of travel, wagon design, prediction of events, perception 
of having control, perception of the risk to health and safety, etc must be studied in depth. 
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Regarding these moderation mechanisms, the article emphasizes three of them: 

-Lack of control over the situation�Although some studies could not demonstrate that control 
of the situation can moderate this relationship (Kluger 1998), this might be due to insufficient 
sample for research. Since on the other hand, laboratory results show that lack of control over 
proximity to others affects the perception of crowding (Nicosia et al., 1979; Loo and Ong, 
1984; Lam et al., 1999). Furthermore, Swedish studies compared the level of adrenaline and 
noradrenaline in users who boarded at the beginning of the trip with users who boarded later, 
being the levels far higher in the latter, as they started their trip in an crowding situation 
(Singer et al. 1978). 

-Unpredictability of events�This lack of control can be solved with the predictability of certain 
aspects of the trip (Seligman and Miller, 1979). But if this is also nonexistent, it will negatively 
influence the perception of crowding (Kluger 1998) and the user stress levels (Evans et al. 
2002). Koslowsky (1997) also admits that besides the lack of control, the unpredictability of 
events increases stress and its negative consequences. Surveys made to UK workers say that 
the main reason to not choosing the metro is the unpredictability (Kingham et al., 2001). 

-Satisfaction with living and working conditions�The study conducted by Kluger (1998) found 
that those passengers with worse living and / or work conditions were those who showed 
higher levels of perceived crowding and stress. There were 2000 Dutch and Italian participants, 
being the latter those with the higher stress level, partly explained by the difficulty of finding 
work and the housing conditions (Böhnke, 1984). 

Although a lot of information on the subject is collected in this article, the authors call for 
further research on the relationship between crowding, stress levels of passengers and their 
health. 

To end this section, a brief introduction to the balance between the need of interaction with 
passengers and the need of privacy (question mentioned in the survey for this project), is 
shown by Thomas (2009) in "The social environment of public transport". It performed first an 
observation of the behavior of 1703 users, such as activities and conversations on board or 
seat selection, and then it conducted surveys on attitudes and self-reported behavior of train, 
bus and bus commuters. The results obtained confirm the hypothesis that discomfort can 
appear due to the intimate distance between strangers in the seats of public transport. 
Although this fact is not as important as the travel time or frequency, it must be taken into 
account for the well-being of the user. On the other hand, it is true that if user tries to adapt 
himself to the situation, (talking to the closest passenger or show him a smile and not try to 
avoid him), he will reduce the social discomfort, as it will be seen in the first evaluation of this 
thesis. So a good recommendation made by this article is that the Passive Contact Theory (PCT) 
made by Festinger et al. (1950) should not be taken into account in public transport. 
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2.2. SURVEY METHODOLOGY 
Reading some papers from Maria Börjesson “Center For Transport Studies. Royal Institute of 
Technology (KTH)”, it was discovered the need to collect data to make a good public transport 
planning. It should describe transport systems (supply and demand), understand them, define 
their problems and evaluate their changes, and for that it is necessary to collect data on travel 
behavior, which is divided in four levels: what people do (travel demand and behavior), what 
they think they would do (hypothetical behavior), what they value (tradeoffs) and what they 
think (attitudes). The only way to know this information is conducting user surveys, which can 
be implemented in different ways and each one has its advantages and disadvantages. The 
most common methods for travel surveys are: 

1. Personal Interviews�It is the most effective but also the most expensive method, as well as 
longer than other methods. It could be done by in-depth interviews, where one person 
answers detailed questions which could be closed and open, or by focus groups, similar but 
with less pressure on individuals. Care is required generalizing the results in both methods, and 
also person selection in the second one (homogeneity vs. heterogeneity). 

2. Telephone Interviews�With lower costs than personal interviews, but also with higher 
nonresponse rates, while this rate is lower than in mail surveys. It can not include questions 
with visual aids and it is less appropriate for personal or sensitive questions, but normally its 
fieldwork schedule is the quickest. 

3. Mail Surveys�People feel more anonymous with this method, it is cheaper than personal 
interviews and questions with visual aids are easy to present, as well as asking about 
thoughtful and detailed responses. On the other hand it has a very high nonresponse rate, 
respondents need to have good reading and writing skills and they can not clarify their 
answers. 

4. E-mail/Internet Surveys� Its main advantage is the speed and after setting up, it is also 
cheap. Pictures and sound could be included among the questions, and people respond more 
honestly normally. The risk of not answer the entire survey exists, but less than on paper 
surveys, as well as it is only possible to contact people with e-mail and internet access. 

With all of this information, the best and worst methods can be summarized regarding the 
following attributes. Speed: the last method is the fastest while mail surveys are the slowest. 
Cost: the most expensive are the personal interviews, while the email/webpage surveys are 
the cheapest for large samples. Internet Usage: the last method offers advantages but it is not 
recommended generalize the results, since not everyone can access the internet. Education 
levels: mail surveys are less answered by people with lower levels of education. Sensitive 
questions: interviews by a computer are usually more honestly answered. Video, sound, 
graphics: videos can be played in person or on a webpage. It is possible to show graphics in 
these and in a mail survey, and sounds can be played in the two first, or by phone. 

As most of the above criteria show that e-mail / website method is one of the most 
recommended, the survey of this thesis will be conducted in this format. The only drawback is 
not being able to generalize the results to the entire population, but nowadays the problem of 
not having access to the Internet is declining. 
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Once the method is chosen, the next step is to construct the questionnaire, and for this it is 
necessary to have read some expert advice. It should be as short as possible and its questions 
simple and clear. It is always better to start with comfortable questions and finishing with 
more sensitive issues, but before it could be interesting to include an introductory part with 
some explanations, instructions and user attractions. Objectives must be taken into account, 
as well as consider how the data collected will be used in order to make the questions in the 
right way, for instance avoiding open questions. It will be finished the pilot survey, which has 
to be tested on a small number of representative people, to discover if the results are being 
similar to the intention. Then the questions bad constructed will be changed, those that do not 
provide valid information will be deleted and will be added those considered suitable, and thus 
it will reach the final questionnaire. 

One of the differences between the methods was the non-response rate, and although this is a 
difficult task to work with, it should be always improved. It is a good point to send a letter 
before the survey conduction to the respondents, with some purpose explanations. Another 
way to handle this problem is to incentivize people, this may be by small payments, 
participation in a draw, or small gifts such as a pen drive or a key chain. Here in the table we 
can see some examples of different response rates with incentives/letters or without. 

Table 6: Response rates with and without incentives. Source: Introduction to Survey Research 

STUDY ADVANCE LETTER INCENTIVES RESPONSE RATES 
Puget Sound 
Transportation Panel 
(1989) 

 
Y 

None 
$1 (pre) 

$10 (post) 

49% 
64% 
60% 

San Francisco Study 
(1990) 

Y None 
$10 (post) 

47% 
41% 

San Antonio Bexar 
County, Amarillo and 
Brownsville (1990-1) 

Y None 
$5 (post) 

28-39% 
40% 

Houston/Galveston 
(1984) 

Y None 
$10 (post) 

32% 
38% 

Dallas-Fort Worth 
Pretes (1995) 

N Pen (pre) 
$2 (pre) 

35-48% 
45-60% 

 

But one part missed above regarding the questionnaire construction is the type of questions 
that should be included in a public transport survey. And for that, some papers were collected 
and read in order to learn different ways to make questions, and from now we have some 
examples. 

Friman et al. (2012) show in the article “How in-vehicle activities affect work commuters’ 
satisfaction with public transport”, how the survey made in Sweden in 2010 was conducted. It 
recorded passenger activities during the work commute by public transport, and it measured 
subjective well-being during travel, using the Satisfaction with Travel Scale (STS). One way to 
ask people shown in the article, is a table where people should mark in a scale their feelings 
between 7 different grades. 
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They used then a regression analysis to evaluate the results, which is a statistical process for 
estimating the relationships among variables. It helps to understand how the typical value of 
the dependent variable changes when any one of the independent variables is varied, while 
the other independent variables are held fixed. The SPSS application, which will be used in this 
thesis, has the possibility to evaluate the results with a regression analysis, so it will be used 
depending on if it is useful for this study or not. 

 

Table 7: Results of regression analyses of commute to work. Source: Friman et al. (2012) 

 

 

Hensher (2012) introduces in the article “Crowding and Public Transport: A review of 
willingness to pay evidence and its relevance in project appraisal”, which was already 
introduced above in the Crowding section, the Stated Preference Method as a way to ask 
people their preferences between different attributes. In the first figure, traveler should 
decide between 2 options regarding 3 attributes (journey time-fare-crowded situation), while 
in the second one the attributes are different (journey time-stand/seat-waiting time). 
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Figure 7: SP choice example of Whelan and Crockett (2009). Source: Hensher (2012) 

 

 

Figure 8: SP choice example of Douglas and Karpouzis (2006). Source: Hensher (2012) 

 

Cantwell and Caulfield (2009) use the Stated Preference Design in the article “Examining the 
Factors that Impact Public Transport Commuting Satisfaction” to show the alternative (each 
one with a certain combination of attributes) most common chosen by the users in a 
hypothetical situation. In this specific case the attributes were a particular level of crowding, 
reliability, and fare, and the different situations were made with a factorial design. They did 18 
scenarios, and as 3 versions of the survey were distributed, they had only to evaluate six 
combinations. Here we have the beginning of the list of these scenarios: 
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Table 8: Factorial Design of Different Scenarios. Source: Cantwell and Caulfield (2009) 

Treatment 
Combination 

 Bus Option   Rail 
Option 

 

 Crowding 
on-board 
the bus 

Variability 
in travel 

time 

The cost of 
your trip 

Crowding 
on-board 
the train 

Variability 
in travel 

time 

The cost of 
your trip 

1 SO 15 mins €1.00 SO 15 mins €2.00 
2 SA 30 mins €2.00 SO 15 mins €1.50 
3 NB ST €1.00 SO 30 mins €2.00 
4 NB ST €2.00 SO ST €1.50 
5 SO ST €1.50 NB 30 mins €1.50 
 

Friman et al. (2011) explains in “Satisfaction with travel and subjective well-being: 
Development and test of a measurement tool” 3 different ways to evaluate the satisfaction: 

1. Satisfaction with travel scale (STS): including affective and cognitive components of the daily 
travel. The affective was divided in turn in Positive deactivation-negative activation, and 
positive activation-negative deactivation, as we can see in the figure. 

 

Figure 9: The satisfaction with travel scale (STS). Source: Friman et al. (2011) 

2. Mood scale (SCAS): to measure the experienced mood (affective Subjective Well-Being). It 
used 3 scales ranging from pleasant to unpleasant (happy–sad, satisfied–dissatisfied, joyful–
depressed) and other three from activated to deactivated (active–passive, alert–sleepy, 
awake–dull). 

3. Satisfaction with day scale (SWLS): to assess cognitive SWB. It was with an average rate on a 
scale from 1 (does not agree) to 7 (agree completely) of some statements. 
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While to evaluate also the satisfaction, Friman and Gärling (1999) wrote “Frequency of 
negative critical incidents and satisfaction with public transport services”, which consists of 3 
modules�1. Cumulative overall and attribute-specific satisfaction, with a nine-point scale 
ranging from “very dissatisfied” to “very satisfied”; 2. Descriptions of negative critical 
incidents: where the respondents had to answer if they had suffered that incident before, how 
often and how negative was their experience; 3.Socio demographic questions. 

In order to understand the concept that this project has been talking about, in the Stated 
Preference methods (SP) the user gives his response to hypothetical scenarios, he shows his 
intention or preference. While in the Revealed Preferences (RP) his actual behavior is 
observed. According to Kroes and Sheldon, the term “Stated Preference methods” refers to a 
family of techniques which use individual respondents´ statement about their preferences in a 
set of transport situations or contexts constructed by the researcher. 

This method allows you to get a good prediction about how people will react with new 
scenarios or improvements in any way of public transport, and with that you can get a 
valuation to know if this kind of changes will be worth or not. To set up some SP questions it is 
necessary to identify what you want to evaluate (travel cost, time, comfort…), and the 
alternatives defined in terms of attributes and levels, as well as the way of presentation 
(ranking, choices…). Alternatives could be shown in many different combinations, for instance 
with 5 attributes (2 with 2 levels, 3 with three levels) with a full factorial design (2^2*3^3) 
�108 combinations, while all main effects would be 16; all main effects, all pairwise 
interactions: 81; and all main effects, interaction of one attribute with the rest: 27. But to 
reduce the number of options in order to facilitate the user´s response it is better a fractional 
design with less or even no interactions, as well as split the option among the respondents, so 
not everyone has to answer between all of the options. Since the beginning it was pretended 
to include the Stated Preference Method in this thesis, and this is why this method has been 
explained here. Unfortunately, due to some problems with the respondents, it can only be 
included in a very little section of the short interview. 

It has been shown here different examples of questions to include in a survey, but the overall 
“Survey Implementation Process” is completed with the following steps�1. Survey planning: 
define problem & hypotheses; 2. Survey design: background info, design procedures, 
organization, sampling, drafting questions, constructing survey; 3. Field implementation: 
pretesting, training, briefing, interviewing & data collection; 4. Data preparation: coding & data 
entry, cleaning, programming, compiling; 5. Data analysis: analysis, testing, reporting, using. 
Then everything is ready to make a good survey, but something should be considered first. As 
it was noticed in “Indicators of quality perception in the public transport service: design, 
implementation and reproductive potential”, these two considerations should be taken into 
account in the surveys conducted in this work: 

-The surveys in the metro should be short as waiting times are short also 

-The household response rates were very low, so more field work was required 
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But this section can not conclude without showing the tool that was the basis for this work to 
begin the survey development, although the final aspect of the questionnaire is not really 
similar to this method. Metpex is “a measurement tool to determine the quality of the 
passenger experience”, as we can see in the figure below. 

 

 

Figure 10: Metpex Tool - Title page. Source: METPEX_D2.3_final 

 

This thesis took the idea of its questionnaire model, some questions of satisfaction, others 
concerning user information as well as their mood, etc. Furthermore, this tool analyzes at the 
beginning different groups of travelers and their needs, in some cities around the world. Two 
of these cities are Stockholm, Sweden (city where this work is done) and Valencia, Spain 
(hometown of the author), so it was interesting reading these small sections to appreciate 
their differences, although this was not of great interest for the thesis development. 
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Figure 12: Stockholm Municipality population development years 1570–2012. Source: 
Befolkingen I Stockholm 1252-2005 (2014) 

For all this (distribution of the city on different islands, large population, high number of 
commutes, education and tourism) the service, management and distribution of public 
transport is a very important issue which should be able to handle. And as will be explained 
more in depth in next section, public transport in Stockholm consists of as follows: 

-Suburban rail system: the Stockholm commuter rail (pendeltåg) and two urban rail systems, 
Roslagsbanan and Saltsjöbanan 

-Three light rail systems: Nockebybanan, Lidingöbanan, and Tvärbanan and a tramway: 
Spårväg City 

-The inner-city boat line Djurgårdsfärjan 

-A large number of bus lines 

-The Stockholm Metro (Tunnelbana) 

 

Besides all the network mentioned above, is important to mention the Stockholm City Line 
Project, which will be completed in 2017. Then, a 6 km tunnel from Tomteboda to Stockholm 
South will allow commuter trains running on different tracks that good trains, long-distance 
service and regional trains. 

This project is considerably large due to the necessity of building two new stations to shorten 
the interchange times (Stockholm City and Stockholm Odenplan, replacing Stockholm Central 
and Karlberg Station), the need of construct into rocks and under the water, the bridge 
construction to cross the Årsta tracks…But even with the importance of these factors, and 
besides it is a green project and it keeps in mind the environment, this thesis will be focused 
on the transport system that already exists, which will be explained in the next section. 

The important thing of the project for this thesis is that it will duplicate the track capacity in 
the city, solving some delaying and congestion problems in Stockholm. Frequency and 
punctuality of trains will be improved, so perception, attitudes and satisfaction of people will 
also change in a good manner. 
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Regarding the management of the transport system shown above, Storstockholms Lokaltrafik 
(SL) is responsible to organize the entire land network, but not connections to the airports. For 
operation and maintenance, SL has the support of companies like MTR (subway), Veolia 
Tansport (suburban railways) and Waxholmsbolaget (archipelago boat traffic). SL offers 
different types of access tickets to public transport, but all of these include unlimited travels 
during its validity. A rather remarkable management fact that greatly affects the use of public 
transport in the city is the Stockholm congestion tax, in force since August 2007. This consists 
of the automatic license plate recognition of all those cars entering the downtown area 
specified as payment area. The amount depends on the time of the day, but a car can not pay 
more than 60 SEK per day, and all this money is set aside on road construction in the city and 
its surroundings. Because of this tax, more users are now choosing public transport for their 
daily travel, affecting the capacity and management of it, since every day 700,000 people use 
public transport in the city. To get an idea of the number of passengers using the metro, 
pendeltåg and lokaltåg daily in Stockholm, below is shown some information obtained from 
the SL annual report, corresponding to the year 2013 since it is the last report published. 

 

Here we have the Metro boardings per station one winter day in 2013, which shows that T-
centralen is the busiest station. 

 

Figure 13: Metro boardings per station one winter day. Source: Fakta om SL 2013 
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While next picture shows the Pendeltåg boardings per station one winter day 2012. 

 

Figure 14: Pendeltåg boardings per station one winter day. Source: Fakta om SL 2013 

 

The following table shows the information given above, but adding the boardings in each day 
hours. It is included also here the lokaltåg information. 

Table 9: Winter weekday boardings 2013. Source: Fakta om SL 2013 

Winter 
weekday 
boardings 2013 

 
6-9 

 
7.30-8.30 

 
15-18 

 
16.30-17.30 

 
Per day 

Tunnelbana 261 300 134 400 342 400 133 800 1 203 100 
Pendeltåg 79 440 26 410 78 700 26 635 299 100 
Lokaltåg 41 250 18 670 45 420 16 170 165 120 
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3.2. MAIN PUBLIC TRANSPORT NETWORK 
In the same order that the whole public transport network is listed above, it will be explained 
below the most basic features of each of these means of transport, with more emphasis of 
course in Stockholm Metro. 

Suburban Rail� 9 lines distributed in 3 suburban rail systems. Two of these are urban 
(Saltsjöbanan and Roslagsbanan), with 57 stations and the remaining is in the strict sense, 
suburban rail system (pendeltåg), which consists of 78 stations. As it is shown in the table, the 
first comprise two lines while the second is composed of another 3, and finally there are 4 
commuter rail lines (pendeltåg). 

Table 10: Suburban Rail. Source: AB Storstockholms Lokaltrafik (2007) 

 

 

Light rail and Tram� There are 3 light rail systems (Nockebybanan, Lidingöbanan, and 
Tvärbanan) with a total of 49 stops and 33.1 km, besides a tram line (Spårväg City) with 12 
stops and 3.2 km, going through the island of Djurgården. 

Table 11: Light Rail and Tram. Source: AB Storstockholms Lokaltrafik (2007) 

 

 

Boat lines� Washolmsbolaget is responsible of the boat lines that cross the Stockholm 
archipelago. Only in one of these lines is allowed to travel with SL card, the inner-city boat line 
Djurgårdsfärjan, which flows through the city center between Slussen and Djurgården island. 
Everyone must pay separately for traveling with any of the other lines. 
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Bus lines� In addition to regular red buses, whose features can be seen in the first table, 
there are three types of bus lines presented below. 

Table 12: The normal bus. Source: Kottenhoff (2013) 

 

-Inner-city blue bus lines, which go across most of the city center. 

-Suburban blue bus lines, which connect residential areas with each other, and also with 
central Stockholm. 

-Service bus lines, buses distributed around some residential areas, which are specially 
prepared for the elderly. 

Table 13: Blue Bus Lines. Source:  AB Storstockholms Lokaltrafik (2007) 
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3.3. STOCKHOLM METRO (TUNNELBANA) 
The Stockholm Metro opened on October 1, 1950, from Slussen to Hökarängen. The network 
was extended, and in 1957 the green line was constituted. The red line did not come until 1964 
and the blue one started in 1975. Regarding the lines information nowadays, these three are 
crossing currently the Stockholm metro. Along these three lines, there are a total of 100 
stations and 108 kilometers long, as the following table shows. 

-The Green Line: 41,256 meters in length with a total of 49 stations, 37 of which are above and 
12 are underground. 

-The Red Line: this has 20 underground and 16 surface stations, which complete a total of 36 
stations, with a track length of 41,238 meters. 

-The Blue Line: other 20 stations, which only 1 is not underground, and 25,516 meters in 
length. 

Table 14: Metro Lines. Source: AB Storstockholms Lokaltrafik (2007) 

 

Although above is only explained the current situation, there are planned expansions in the 
coming years. An example is the extension of the blue line from Kungsträdgården southward 
to increase the frequency of the green line towards Farsta Strand and Skarpnäck. Another 
example is the extension of the blue line in the northwestern part of Akalla. And the last one 
would be the construction of a new line with only 3 stations, from Odenplan in the north to 
Arenastaden. This issue is of little interest to the objective of this project, but it is needed 
getting an idea of the coming events in the metro as a public transport service, as this will 
affect one way or another to users, who are the main goal in this thesis. The picture below 
shows the planned expansions. 
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Figure 15: Expansion of the Stockholm metro network. Source: Railwaygazette 

However, as the project will evaluate user satisfaction inside the wagon, one aspect which 
must be considered is to describe the different types of metro wagons that exist in the 
Tunnelbana. Although there are 3 types of wagons (C6, C20 and C30), the first two are the 
most used and therefore known. It is shown here light information about these types and their 
measures, and it will be in the capacity section of this thesis where capacity data will appear. 
C6�It is 17.4 meters long, and the whole train is made up of 8 vehicles of this type, with a 
total length of 139.2 meters. Its width is 2.8 meters and its height ranges from 3.7 to 3.78 
meters. This car weighs between 23 and 29 metric tons. C20�Each wagon (double-
articulated) is 46.5 meters long, 2.9 meters wide and 3.8 meters high, it weighs 67 tons and it 
is made up of 3 carriages. A train is complete with three cars of this type, 139.5 meters. 
C30�A complete train of 200 meters consists of two wagons of this type, of 100 meters each. 
And each wagon in turn comprises four carriages. 

The Stockholm Metro runs from 5 am until 1 weekday, and service does not stop throughout 
the weekend. The frequency of all lines is at least 10 minutes during the day, 15 if it is too early 
in the morning or late at night and the frequency improves to 5-6 minutes, even up to 2-3 
minutes at main stations during peak hours. These frequencies are good enough and even so, 
congestion problems exist. Due to this fact, the aim of this thesis will not be to increase the 
capacity or improve the frequencies, but it will be to learn something else about how is the 
metro user inside the metro wagon. For that, it will be necessary to get an idea about some 
concepts related to this feeling, and this is why the next two sections are in this thesis. 
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4. CAPACITY – CROWDING 

4.1. CAPACITY 
To understand why the capacity is so important in the field of public transport, first of all it is 
necessary to define the concept of demand. Global demand, regarding an origin-destination 
relationship, is the number of trips that a citizen is willing to make over a period of time. The 
purpose of the public transport is serve the citizen, so if he do not need to make trips, the 
capacity term would be meaningless. The factors that influence global demand are�                 
-Population; -Distance; -Price; -Frequency; -Travel time; -Type of service; -Induced demand, 
which appears as a result of the entry in the market of a new transport operator with clearly 
differentiating features. That is, the number of travelers who begin to use a different mean of 
transport due to the introduction of any improvement in this one. While the factors which 
influence the capacity, being this passenger or freight capacity, are the followings: 

-The line� The most determining factors are the curves in the horizontal layout and the ramps 
in the vertical profile. 

-Stations� Depending on if they are terminal or crossing stations, the track layout and design, 
the driving space and the passenger areas. 

-Speed and power performance of the traction or propulsion system� An important aspect is 
the acceleration capacity, which is really important in commuter and metropolitan trains. 

-The (road) vehicles or rolling stock 

-Operating systems 

-Traffic planning and local traffic situation 

Based on these factors, the easiest way to improve the capacity is to act in two directions. 
Although this is not focused on public transport, it is necessary to get a general idea about 
railway systems and then focus on the metro as a public transport service. The two directions 
in which it is necessary to work with are�1.Infrastructure actuation: rectify curves, soften 
ramps, additional tracks at stations, improve detours situation, electrify critical sections; 
2.Operating actuation: improve support systems, new blocking points. 

It should be noted the 3 components of the demand profile to conclude with this issue: Total 
volume, Spatial location and Seasonality, being the latter the most important. It is understood 
Seasonality Coefficient of a concrete time unit as the quotient between the demand of a 
standard unit and the average unit demand. This coefficient can be monthly (Demand month 1 
/ Average demand of the month), weekly, daily, hourly… 

Hence the definition of this concept is so important in terms of public transport. It is necessary 
to understand that demand fluctuates and it is greatly accentuated or it decreases depending 
on time of the day, especially if this project will focus on the user valuation during peak hours. 
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Seasonality is even higher in commuter trains and metros, which are characterized by strong 
hourly seasonality, i.e. traffic peak hour and off-peak hour is distinguished. This fact causes 
problems such as oversizing of the service in some cases, leading to excessive costs and deficits 
of commuter trains and metros at other times. To handle this problem as best as possible, it is 
needed to focus on two types of management (Supply and Demand management), for 
example making offers during off-peak hour or with other types of fare measures. 

Returning to the capacity concept in general terms, it refers to resources and attitudes that an 
individual, entity or institution has to carry out a specific task or mission. If the term is 
enclosed, seating capacity is defined as the number of people who can sit in a specific place, in 
reference to both the available physical place and the limitation established by law. It can be 
also differentiated between legal capacity and total (or public) capacity, which is the number 
of people who fit in a place or in a vehicle, either sitting or standing; while the legal capacity 
refers to people who can sit. This concept is, of course, extremely important in public transport 
and different ways of measure it are presented below. According to some authors, the 
capacity can be measured in terms of traffic (tons or travelers) or circulations (trains per day). 
For example, taken into account that Td is the track time available , Tc is the track time 
unavailable, F is 1 / R (R: regularity), Ts is supplementary time, T is the standard train time, μ is 
the viscosity factor and T0 is the unavailable via time, capacity calculation according to RENFE 
method distinguishes between: 

-General rule: C=Td / Tc 

-Hourly capacity: Ch=60 / (F*T+Ts) 

-Daily capacity: Cd=μ*(1440*T0 / (F*T+Ts)) 

But this is just one example of how to measure capacity. Other methods measure the capacity 
through�- Vehicle size; -No. of vehicles/train; -Max frequency; -Runway and stops; -Ticketing 
system; -Interactions in traffic 

All these concepts have been introduced and exemplified to understand the importance of 
studying the public transport capacity in Stockholm, and this is why is given below some 
information about that, specifically about metro capacity and their types of wagon. The main 
purpose of this section is to differentiate between the wagon capacity and the crowding 
feeling that a traveler can perceive. First of all, the following table shows the number of 
passengers that fit into different means of transport. In the case of trains, the capacity per 
wagon is different to the total, depending on the number of wagons which compose the whole 
vehicle. The capacity displayed refers to the legal or technical capacity term explained above in 
this section, while the seating capacity is between 40% and 70% of which appears in the table. 

Table 15: Capacity for buses / rail vehicles. Source: Kottenhoff (2013) 

 Passengers/vehicle Vehicles/train Total/train 
Normal bus Ca 80 1 80 
Articulated 110-120 1 120 
6-axl. LRV 120-200 1-3 600 
Commuter 300-400 1-4 1600 
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As it was introduced in section 3, there are three different types of wagons in the Stockholm 
metro today. Some dimensions data were introduced in this section, and now it is time to talk 
about their capacity. These data are based on the results provided by the supervisor of this 
thesis, Karl Kottenhoff, from the course AH2173 Public Transport conducted by him. 

Before focusing on the different wagons, according to the SL database and as we can see in the 
figure, the technical capacity of the Stockholm metro during rush hour (7.30-8.30) is 1200 
passengers, while the average capacity is 650 and the new practice capacity is 700 passengers. 
As it was expected, the seating capacity is lower, with less than 400 available seats. 

 

Figure 16: Capacity Concepts. Source: SL 

 

From this mentioned course was learnt the total capacity, seats and standing places, of each 
wagon. The standing capacity is calculated by considering the most likely density in each zone 
of the wagon (number of passengers per square meter). Considering only the number of seats, 
the capacity would be as follows: each C6 car has 48 seats, so a whole train of eight cars would 
have 384 seats; three carriages of C20 type contains 126 seated places, so the whole train with 
3 of these carriages has 378 seats; finally, each C30 car has 146 seats, so the whole train with 
two carriages would have 292 seats. So taking into account only the seating capacity, the C6 
wagon has the highest value. Regarding the standing capacity, C30 is the wagon with higher 
values due to its lower number of seats, but only in the case that the seats are up. If the seats 
are down, the C20 capacity is somewhat greater. So for the total capacity (considering also 
seats), the C20 capacity would be the highest, followed closely by the C30 with seats up (11 
places of difference). Further away is C6 (53 places less than C20) and the wagon with lower 
capacity would be the C30 with seats down (122 places less than C20). 

 



41 
 

But beyond all these calculations, the general recommendation from this course is that C30 
wagon should be used during rush hour, while when the trip is long, it is recommend using 
wagons with the highest number of seats. This is because its capacity (with seats up) is higher 
and also because the entrance and exit movements are faster, partly because people travel 
standing up and because this wagon has three doors more than C20 wagon. In addition, these 
trains will have only two wagons, so the irregular distribution of travelers will be greatly 
diminished. It is also appreciated the uneven distribution of passengers inside the train, being 
the closest areas to the doors the most congested. In addition to the uneven distribution 
between wagons because people try to enter to those wagons closest of their platform exit, 
leaving empty the central train wagons. 

Some considerations to keep in mind are that C20 wagon allows travel in the articulation area, 
fact that can be considered as positive by allowing more place, or negative by increasing the 
time to leave the wagon. Other fact is that C6 wagon has higher maintenance costs, since it is 
the oldest. Furthermore, according to the SL database, the density of passengers during rush 
hour in C6, C20 and C30 wagons is 5.9, 5.12 and 4.4 standing passengers per square meter, 
respectively. Considering the SL’s Riplan (2014) data, 5 standees/m2 is the maximum allowed, 
so the only type of wagon that makes this acceptable, is the C30. 

And some proposed measures by this course to improve the feeling of overcrowding are 
adding doors and windows, high ceilings, more images and ads that distract travelers...; 
construction of a new line which expands travel opportunities to and from T-Centralen to 
other stations, to reduce the congestion situation in that station; report on the situation of 
each wagon so that passengers could be distributed uniformly, entering to those wagons with 
fewer people. 

Based on all this information about the different wagons and the drawn conclusions, 
recommendations and proposals, it will be analyzed in the survey which wagon (between C20 
and C30, as they are newer and more differentiated) is more comfortable for the user. These 
results will be compared depending on if the respondent travels at peak hour or not and 
depending on the travel time. Maybe it will be also considered if he has a disability or handicap 
in any of his travel. 

 

To conclude the capacity section, data obtained from the SL database will be included. The first 
data (to continue the issue of getting a seat in the wagon) will be about the proportion of 
occupied seats, information which will be used in the result evaluation. The table 16 shows the 
"Proportion of seats are utilized that a winter weekday per policy area - percent, measured as 
an average of all the coaches, departures and directions", depending on if the line is blue, 
green or red and then in total terms. The information appears divided in the day hours first, 
and then the full day data is shown. 
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Table 16: Seats that are utilized per contract area in 2012. Source: SL 

 

 

As relevant data, the daily proportion of seats used on the 3 lines is 45%, being this percentage 
much higher during rush hour (75% from 7.30 to 8.30 on the morning and 65% from 4.30 to 
5.30 on the afternoon) and much lower overnight (25% from 9p. m. to 6a.m.). These data will 
be compared with the perception that people have about which percentage of the seats are 
filled when they get on board the metro, which is a question made in the survey with this aim 
of comparison. 

The second information is about the number of people who boards the Stockholm metro a 
current winter day. The important data now are the total quantity, being 1164700 travelers 
who board the metro every day. 129400 of them do that from 7.30 to 8.30, 130000 from 16.30 
to 17.30 and the rest of them are distributed among the remaining daily hours. As it was 
expected, the busiest station is T-centralen, with 168400 boarding per day. 75800 of them are 
in the red line, 49600 in the green one and 43000 in the blue line. The latter data intend to 
give the reader an idea about the passenger volume that is using this service, and thus the 
reader can understand the reason of the overcrowding feeling of the user. Although data are 
from 2012, and considering that the Stockholm population is widening, the reader can get an 
idea of the current passenger volumes. 
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4.2. CROWDING 
Capacity concepts and others related to it were explained in the previous section, although this 
is not the main topic of this thesis, but the user feeling of crowding, as it has been mentioned 
several times. It seeks to know his satisfaction level, his perception and attitudes towards the 
metro, as it will be explained in the section below. Hence the importance of this section, 
where the concept of crowding will be explained in order to understand the crowding feeling 
of people. Complementing the capacity study made by some students, it will be shown here 
another study made in KTH, but this time more focused on the crowding feeling. 

Crowding is a perceptual phenomenon where the number of humans who inhabit or who 
occupy a certain place exceeds its supposed capacity, according to comfort, safety and hygiene 
parameters. That is, those people who are living a crowding situation will be affected not only 
by the inconvenience of sharing a small place where it is practically impossible to move, but 
also because it will be virtually impossible to find a satisfactory and healthy safety in that 
place. Thus, the people health is seen clearly affected, and this fact may even be life-
threatening in those situations of extreme crowding. Crowding is a really widespread problem 
in the world nowadays, due to the fact that the global population is very large and the 
available place to contain it is getting smaller, as the population density is extremely high in 
some planet areas. This phenomenon is more evident in large cities (world capitals), as it is in 
these cities where most people want to live because of the job, development and education 
opportunities, opposed to other cities with less population and opportunities. 

Although this definition is referring more to a generic field, it is able to be applied to crowding 
within public transport. The list of the busiest metro systems in the world is exposed in the 
appendices (Appendix 1: Busiest Metro Systems), and we can see that Stockholm is not among 
the 30 first cities. Even though the Stockholm case is far from the most congested metro 
systems around the world, the congestion feeling is not pleasant for anyone, even if it is not 
the worst case. Although in some cases crowding may be generated by external factors, in 
many cases it is especially produced by the negligence and malice of man, mainly due to lack of 
respect for others. So besides the number of travelers, it must be taken into account their 
behavior on board to critically assess the real crowding feeling. 

Focusing the crowding concept in Stockholm, and even more in its metro system, it is worth 
noting the following study. In addition to the conclusions from the Public Transport course 
shown in the capacity chapter, many experiments have been developed by KTH, as the one 
conducted by Astrid Bergman and Caroline Beccari as a Project work at Traffic & Logistics “KTH 
experiment in the Stockholm metro”. It also assessed the capacity of different types of wagons 
but it was more focused on people´s perceptions, which makes it more interesting for this 
project. They named 0 (which corresponds to C6), 1 and 2 to their wagons. While the other 2 
are different from those defined in the other experiment, the number 2 could resemble C30 
due to the seats distribution on the sides of the metro and the large free place for wheelchairs, 
suitcases, more standing people etc. Being the number 1 the most different, with more place 
between seats than the C6 as the number 2, but with less seats than this one. 
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                                   Car 0                                                                              Car 2         

                                            

                                                                               Car 1 

Figure 17: SL tested metro. Source: Bergman & Beccari (2009) 

The experiment consisted of introduce four groups of different number of people in each 
wagon. The first group was 50 people, other with 100 people, other with 150 people and the 
last one tested the maximum capacity, being this the most interesting part. Then participants 
answered if they had had a seat to sit and if not, if they were able to hold themselves, in 
addition to assess their comfort, roominess and their privacy with a scale from very low / bad 
to very high / good. With these simple questions, the students were able to draw conclusions. 

The result of trying to introduce into the wagon as many people as possible had the following 
results: 180 passengers in the car 0�173 passengers in the car 1�178 passengers in the car 2. 
Maximum capacity is similar in the 3 wagons and the difference may be due, for example, to 
the order in which they were introduced in a wagon or another (people tolerate less crowding 
as time passes). Therefore the capacity results are approximate but in no case they are 
determinants. Furthermore, the interesting thing for this work is the people assessment about 
comfort and their ranking of the wagons, as will be shown below. 

The following figures were obtained about the passengers who got a seat, their comfort level 
and their wagons ranking, depending on the number of passengers who boarded the wagon. 

  

Figure 18: Passengers with a seat - Load of passengers. Source: Bergman & Beccari (2009) 
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Conclusions drawn from the first figure are that with fewer passengers (50), the wagon which 
allows less people seated is the 1, since it is which has least number of seats. Data from 2 are 
some higher but similar, and wagon 0 is clearly the best scored in this aspect. These 3 lines 
approach to each other increasingly as the number of passengers on board grows, being them 
practically equal with the maximum capacity. But the 0 is still the one with more number of 
seats, followed by 2 and 1 respectively. 

 

 

Figure 19: Perceived confort – Load of passengers. Source: Bergman & Beccari (2009) 

Regarding comfort, wagons 0 and 2 are similarly valued if there are few passengers on board 
(50), while the wagon 1 has a worse score, which is explained in part because it is the one with 
least seating capacity. As the number of passengers increases, the wagon 1 increases its 
comfort while the wagons 0 and 2 decrease it, coming to be equal the comfort level of wagons 
1 and 2 with 100 passengers on board. From this number, all the wagons decrease their 
comfort level obviously due to the crowding situation. But while the assessment of the wagons 
1 and 2 is still being similar, users consider that the comfort in the wagon 0 decreases further 
when the number of passengers increases. 
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Figure 20: 1st Rank – Load of passengers. Source: Bergman & Beccari (2009) 

 

In the ranking of the different wagons made by users, it is clear that wagon 1 is the least 
preferred if there are few users on board the metro, being their preference similar for the 
wagon 0 and 2, although the preference for 0 is clearly superior. While with a large number of 
passengers (maximum capacity) the worst is clearly the wagon 0, being similarly valued the 
wagons 1 and 2 now, although value of 1 is some higher. So the wagon 0 is preferred for low 
loads and 1 for high loads, and it is because even though data show that wagon 1 admits fewer 
passengers than wagon 2, what is valued here is the people´s priority. Although the wagon 2 is 
never the best reviewed, is the most regular in terms of the number of passengers on board. 
Note that this type of wagon is the most common abroad, so many exchange students may 
have been influenced by this, so the findings should be taken with caution. 

Conclusions drawn from the Public Transport course and from this experiment relative to the 
wagon C30 are almost entirely positive, being the first one more focused on capacity and the 
second one on crowded issues. The course shows how the capacity of this wagon is greater 
than those of C6 and C20, being only uncomfortable for the traveler when the trip is long. The 
experiment shows how this type of car is also the most regular in the ranking made by users, 
although it is never the first choice, it is only the worst valued when the number of travelers is 
medium (100). So this project will reassess in which wagon the user feels more comfortable 
depending on if they have a seat or not, which is closely related with the fact of travelling 
during rush hour (shown in capacity study) and also with the different loads of passengers 
(crowding study). It will be studied if these last results agree with the results of the surveys 
conducted in this thesis. 
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5. CONCEPTS FOR THE SURVEY 

5.1. ATTITUDES 
A simple definition of attitude would be the way to think or the tendency to act in people, 
both because of their temperament and their previous experiences, the attitude concept tries 
to explain the behavior of people. Allport (1935) defined it "as a mental or neural state of 
readiness, organized through experience, exerting a directive or dynamic influence on the 
individual’s response to all objects and situations to which it is related". The following concepts 
have relation with the attitude concept�personality, beliefs, values, behaviors and 
motivations. 

-Affect�feeling 

-Cognition�thought or belief 

-Behavior�action 

The picture below explains that, while beliefs and feelings are internal to a person, the general 
result of someone's attitude (with their perceptions) is shown to others by his behavior. 

 

Figure 21: Tri-component Model of Attitudes. Source: Pickens 

The Theory of Planned Behavior (Ajzen) links these beliefs with behaviors, saying that human 
action depends on the motivation (intention) and ability (behavioral control), and it is the 
result of three types of beliefs: -Behavioral, referring to the likely consequences of this 
behavior; -Normative, concerning the normative expectations of others; -Control, referring to 
the existence of factors that facilitate or impede some behavior. This theory helps to 
understand how to change the behavior of people by predicting deliberate behavior, because 
this can be planned. 
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According to other authors, attitudes are psychological structures of certain permanence that 
predispose to action. They are determinants of behavior because they are linked to 
perception, personality and motivation, but in themselves they are not behaviors, but 
conditionings of it. They are directly connected with the view of oneself, the influence of 
groups and the desire to meet the standards and maintaining the same opinions as the group. 

Attitudes are formed as a result of learning, modeling others, and our previous experiences 
with people and situations. These influence our decisions and mark what we remember. Like 
all things that are learned or are given by the experience, attitudes can be measured and can 
be changed. Regarding to public transport, these attitudes are the result of the previous 
experiences of the user, his interaction with other travelers, his perception of the service 
quality and his satisfaction regarding this. So from this experience, users will be able to make 
their future decisions regarding the use or not of the service, or changing their behavior in it, ie 
they will have a certain attitude towards public transport. For sure, it will be possible to change 
their attitudes adding for example some improvements they consider necessary, and for that it 
is completely needed knowing their preferences. 

From Thurstone’s procedure for attitude assessment in 1929 (Thurstone & Chave, 1929), have 
been conducted numerous surveys among employees to assess their attitudes. An example is 
the one done by Lowe, Schellenberg, and Shannon (2003), who found that happy workers with 
their working environment (well paid, hours of work, safety, relationships...) have lower 
absenteeism and an increased performance. The following figure shows an example of typical 
questions of attitude, which usually have a scale from "strongly agree–strongly disagree" or 
"never-very often": 

 

Figure 22: Employee Attitude Survey. Source: Pickens 
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It is needed to be careful with the design of this type surveys to not miss anything, and this 
project will try to implement the recommendations of Morrel-Samuel, who introduced 
"Guidelines to Help Companies Improve Their Workplace Surveys". This guide is included in 
Morrel-Samuels (2002): Getting the truth into workplace surveys. Harvard Business Review, 
and this can be summarized as follows: 

-Content� 1.Ask about observable behavior, not thoughts; 2.Measure just topics related to 
your business; 3.Include aspects which are verified independently. 

-Format� 1.Do not include tags between questions or breaks between pages; 2.Different 
sections with similar number of questions, words...; 3.The demographic questions of 
respondents should go on the end, but at first on assessments. 

-Language� 1.Avoid concepts with strong associations and do not mix two unrelated in the 
same question; 2.Change the word order in some questions. 

-Measurement�1.Use a scale with regularly spaced numbers, with an odd number of options 
and with words only at the ends; 2.Avoid questions of classification; 3.Scale which allows 
estimate a frequency. 

-Administration�1.Studies in the workplace should be anonymous; 2.The survey should be 
completed in 20 minutes; 3.The department should be the primary unit of analysis in large 
organizations. 

 

Although it was said several time that the main objective of this thesis is not to change the 
passenger attitudes, if not knowing these, their perception and satisfaction, it was also said 
that some improvements will probably be mentioned depending on the results, preferences... 
For that, it is necessary to know how can be changed the people attitudes, and this is facing 
cognitive and emotional components of them. One option may be to question the behavior of 
that people, giving them information on how we act and the benefits that they could obtain 
(cognitive approach). But it is needed to keep in mind that this is a slow process that requires 
effort, as Moore (2003) says: "Managers need to understand that attitude change takes time 
and should not set unrealistic expectations for rapid change". It must be also considered that 
attitudes are acquired through socialization of each person during all his life, from the values 
acquired in childhood, the influence of family, religion and culture, as well as the 
socioeconomic factors. 

From these definitions and the examples shown, the convenient questions regarding the 
attitudes will be conducted in the survey, following of course the guide made by Morrel and 
Samuel. 
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5.2. PERCEPTION 
Perception is defined by some authors as the process used to select, organize, store and 
interpret stimuli and transform them into a meaningful and coherent picture of the world. As 
was mentioned in the attitude section, by adding perceptions to attitudes, the people's actions 
or behaviors are obtained. Regarding risk perception, which in the case of this project is 
associated with risks that can occur in public transport, it is influenced by the people attitudes, 
the level of information received, etc. If the objective risk is not assumed with the right 
magnitude, the risk tolerance will be less and the pre-emptive attitude will decrease. They 
consider 2 main influences in perception�Stereotypes: Opinions from people based on their 
membership in a particular group; Needs: These and desires can distort our view of the world. 

Lindsay and Norman (1977) define perception as "the process by which organisms interpret 
and organize sensation to produce a meaningful experience of the world", i.e. when people are 
faced with some situations or stimuli, they interpret them based on their previous experiences. 
Although this interpretation does not always show the reality, it is delimited by beliefs, 
attitudes, motivations and personality of people (Assael, 1995). Stimuli that satisfy our needs 
are selected (perceptual vigilance), and those that cause anxiety are discarded (perceptual 
defense). As we can see in the figure 23, the perception process follows four stages: 
1.Stimulation�which is given by the 5 senses: touch, smell, taste, hearing and sight; 
2.Registration�when the stimuli are selected by people; 3.Organization�these are 
distributed based on beliefs, prior experience…; 4.Interpretation�analyzed and understood 
based on the same things as in organization 

 

Figure 23: Perception Processing System. Source: Pickens 

In addition, based on various studies related to this concept, it can be concluded that there are 
two factors which define perception: the biological aspects are those with which people are 
born, and the learned aspects are those that are acquired through experience throughout life. 
Because of this, to change people´s perception against a fact or situation, as with the attitudes, 
time and effort are required. But beyond all these definitions and previous theories of the 
perception concept, the thing which matters in this work is the quantity of conducted studies 
which evaluate the perception of the public transport users about the quality of it. 
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Arcusín and Guerrero (2012) tried to present in "Indicators of service quality perception of 
public transport: design, implementation and propagation potential" the design and a pilot test 
(Buenos Aires) of a methodology evaluation of the quality perception of public transport as 
well as to analyze the possibility of implementing this work in other urban areas. The study 
states that the quality of public transport is further evaluated from the producer point of view, 
unlike this work which will focus on user perception indicators. 

        User perspective Producer perspective 

 

 

Perception indicators                                                                                              Execution indicators 

 

 

Figure 24: Methodology developed. User Vs. Operator. Source: Arcusín and Guerrero 

Different indicators of quality perception have been developed in recent years, as the Logistics 
Perception Index (structure of sub-index which are combined in a global index), and an 
example is the method developed here that measures the perceived quality. This is mainly 
based on PQI (Perceived Quality Index), which is a quality indicator obtained by relating the 
value of users about service attributes with the importance they attach to them. It is therefore 
a weighted median (Barcelona Area, Metropolitan Transport Authority), and this complete 
methodology follows the next steps: 

 

 

 

Figure 25: Methodology to measure the perceived quality. Source: Arcusín and Guerrero 

Each of the seven steps shown above has different functions�1.Basic definitions about the 
land, the transport system and the quality; 2.Qualitative analysis by focus groups and 
interviews, operational definitions and working hypotheses; 3.Quantitative analysis (design of 
the sample) by household and intercept surveys; 4.Results by an overall valuation and by 
attributes (weight of the attributes); 5.Priorities by proposing strategic actions; 6.Perceived 
Quality Index, designing of a unified index for the region system and for each mode. 

The priorities of each user were identified with the results of the surveys, depending on the 
importance and the value that users gave to each attribute. And it was found that overall 
perception of service quality was higher than perception obtained by evaluating and weighing 
attributes (IQP), which shows clearly that the most relevant attributes had a low rating. Since 
this evaluation model has been used in several studies, it will be considered also in this work. 

1.Basic 
definitions 

2.Qualitative 
analysis 

3.Quantitative 
analysis 

4.Results 5.Priorities 6.PQI 

Perceived 
service 

Received 
service 

Provided 
service 

Planed 
service 
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Figure 26: Priorities identification. Importance and assessment. Source: Arcusín and Guerrero 

But not only large entities or studies are interested in this topic. Artunduaga (2013) wrote 
"User perceptions about the quality of urban public transport in the town of Dosquebradas, 
Risaralda", with help of young students from courses between eighth and 11th grade of one 
educational institution in Guadalupe. Its main objective was the development of an 
investigation that would measure the user perception about the quality and the provided 
service by urban public transport in Dosquebradas municipality. They assessed the perception 
of quality concepts such as assistance, comfort, time, coverage, cost, mobility and security. 
Examples of attributes clearly related to perception, which could be evaluated in this thesis 
would be the following: -Discomfort due to noises; -Presentation and cleanliness 

As a final example of study related to this subject, Villanueva and Palermo (2005) wrote 
"Perception of the Collective Transport Users about the Service Quality Provided by AMA". The 
perception of quality is defined here as the ability to select, individually, the mean of transport 
which is considered the best among all the available means. Specifically, the third part of the 
questionnaire conducted in this study evaluates some attributes based on user perception 
about the quality of provided service. Some scales used to measure it, were from very safe to 
not safe at all, or from excellent to poor, and some of the attributes evaluated are as follow: 

-Perceived security 

-Operator friendliness 

-System reliability 
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This study performs something similar to what made the Montevideo study, a correlation 
between the attributes (independent variable) and the overall customer satisfaction 
(dependent variable), which is called "Pearson" Correlation. So this evaluates each attribute 
(vehicle comfort, vehicle cleaning, punctuality of schedules, system reliability, physical facilities 
of stops / stations, friendliness of driver / operators, cost) in relation to how the overall 
satisfaction is evaluated. A value of -1 in the "Pearson" correlation represents an inverse 
relationship between the variables, 0 means no dependence and 1 represents total 
dependence between variables. The closer to 1, the value obtained, greater influence on 
overall user satisfaction has the attribute. This Pearson correlation is shown here because it 
could be an idea to include in this thesis analysis. As the following table shows, in this study all 
attributes indicate some dependence between them and user satisfaction, being system 
reliability the most influential. 

Table 17: Attributes Vs. General Satisfaction (Correlations). Source: Villanueva and Palermo 
(2005) 

Attributes Vs. Overall Satisfaction “Pearson” Correlation 
Comfort of vehicles 0.605 
Cleanliness of vehicles 0.551 
Punctuality 0.567 
System reliability 0.618 
Physical facilities of stops or terminals 0.543 
Friendliness of driver 0.582 
Cost 0.455 
 

Regarding the people perceptions inside the wagon and related with its design, a good 
question is what determinant factors influence the crowding perception, and how can it be 
decreased. Karl Kottenhoff affirms that since ticket prices in rail service are higher than in cars 
or buses, this service should improve its efficiency and its attractiveness to compete with other 
transport modes. Aspects that improve this attractiveness could be a good ventilation, 
increase modernity in cars, decrease noise and vibration levels and in general, improve the 
passenger comfort. Other possibility in large distances is include the wide-body trains, since it 
reduces costs and increases productivity. But this improvement is more complicated in the 
metro wagons, because of its construction restrictions. The important thing is trying to change 
the user perception of crowding, even if it is not reduced. This is what this report seeks to 
achieve, because this allows people to change their perception of the available space, even if 
their first attitudes to crowding were negative. 
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5.3. SATISFACTION 
Regarding the 2 previous concepts, satisfaction goes after the action (in this case after taking 
the metro), which is the result of adding attitudes and perception. Satisfaction is a state of the 
brain caused by a greater or lesser optimization of the intellectual feedback, where the 
different regions balance out their energy potential, giving the feeling of fullness. When the 
satisfaction goes with the rational assurance of having done everything which was possible, 
with some success, this dynamic favors the harmonious state within the mental functioning. 
Moreover, the customer is a person who makes a payment to access a service or a product. 
The customer may be purchaser if he purchases the product, consumer if he only consumes it, 
or user if he uses a service, such as the case of the public transport customer. 

If these two concepts are joined, customer satisfaction would be their acceptance level after 
buying the product or using the service. Another definition is the people mood level by 
comparing the perceived service performance with their expectations before use. The greater 
the satisfaction, the greater the possibility of using this service, so customer satisfaction is one 
of the business goals of any company due to these 3 company benefits if the customer is kept 
satisfied� They will be loyal to the company; They will use their services again; They will 
communicate their positive experiences and it will likely increase the number of customers. 
For all this is absolutely necessary to periodically assess customer satisfaction, in the case of 
this thesis, metro user. And for this, surveys via email or telephone are common, as was 
already indicated in previous sections, and it will again exemplify in this one. 

Friman and Gärling (1999) evaluated the factors affecting the satisfaction of public transport 
users in “Frequency of negative critical incidents and satisfaction with public transport 
services”. It was motivated by the scarcity of user satisfaction research, because public 
transport studies focus on technical aspects but they forget the sociological and psychological 
aspects (Everett and Watson, 1987). The study follows the classification of negative critical 
incidents (Friman et al., 1988) considering its important role in commuter satisfaction, but it 
adds episodes and encounter satisfaction, which will also affect satisfaction. The article affirms 
that normally in public transport, is more important studying negative experiences than 
positive ones, unlike other areas such as leisure. It is because user satisfaction is often based 
on their past experiences and the frequency of adverse events. The figure below shows the 
relationship between these 3 factors: NCI-Episodes-E. Satisfaction. 

 

Figure 27: Episodes, NCI and encounter satisfaction. Source: Friman and Gärling (1999) 
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This study proposes a model where there is a direct relationship between satisfaction about 
certain attributes and overall satisfaction, but the relationship between the latest and the 
frequency of the NCI is indirect. A survey based on this model was carried out in Göteborg, 
which was divided in 3 groups: the questions in the first one were about overall satisfaction 
and satisfaction by attributes, in the second part negative incidents were described, and the 
third group was about demographic questions. Questions about ATTSAT covered four areas: 
treatment by employee, reliability of service, simplicity of information, and recovery. Although 
the main objective of reviewing this article was not to evaluate their results, but see how other 
studies have measured satisfaction, the survey results agree with the model proposed by the 
study: the relationship is positive between overall satisfaction and satisfaction of each 
attribute, while the relationship between overall satisfaction and the remembered frequency 
of negative critical incidents is negative. 

 

Cantwell, Caulfield and O’Mahony (2009) had 2 main objectives in "Examining the factors that 
impact public transport commuting satisfaction": Assessing the stress level of commuting in 
Dublin, and knowing the comfort and reliability values of public transport, i.e. user satisfaction. 
For this, surveys with common methodology of satisfaction surveys were conducted, such as 
the Stated Preference Method or by including these response options: 

Table 18: Measuring commute satisfaction. Example of question. Source: Cantwell, Caulfield 
and O’Mahony (2009) 

Commuting is stressful for me   
Strongly disagree 34 12 
Disagree 80 27 
Neither agree nor disagree 51 17 
Agree 88 29 
Strongly agree 46 15 
Total 299 100 
Skipped question 25  
 

There are many studies of this type, but the interesting thing about this is how it studies, using 
linear regression, if there is any relationship between commute satisfaction and the following 
attributes�1.Travel time: This relationship is positive, as the number of respondents with a 
low level of satisfaction increases if the commute time increases as well; 2.Public transport 
reliability: This relationship is positive too, which means that if user travel experience is more 
unreliable, their level of satisfaction will be lower; 3.Public transport crowding: This is also 
positive. As the level of overcrowding increases, so does the number of respondents with a low 
level of satisfaction; 4.At-stop wait time: First was obtained through surveys that the average 
waiting time was 10 minutes. With this information, the relationship turned out to be positive, 
as the number of users with a low level of satisfaction is higher as it is the waiting time. All 
these results were expected, and they are also consistent with previous research (Lucas and 
Heady 2002; King 2005), but sometimes it is needed to check facts that seem obvious a priori. 
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To conclude this satisfaction section, Ettema et al. (2011) conducted a survey among students 
in "Satisfaction with travel and subjective well-being: Development and test of a measurement 
tool", students who valued the following three aspects: 

-Satisfaction with travel scale (STS)�This includes the two dimensions of affective component 
(valence and activation) assessed by SCAS, (Västfjäll et al., 2002) and the cognitive component 
of a daily commute. We can get from here an idea about how measuring satisfaction: six scales 
were designed, being the score of each one between -4 to 4. As shown in the picture, three 
scales range from positive deactivation to negative activation and the other three scales range 
from positive activation to negative deactivation. And finally, the cognitive component was 
included as more generic assessments regarding the service quality and efficiency. 

 

Figure 28: The satisfaction with travel scale (STS). Source: Ettema et al. (2011) 

- Mood scale (SCAS)� The measure of affective SWB (or experienced mood) was also based on 
SCAS (Västfjäll & Garling, 2007). There were 6 scales also here, but the first three measured 
from happy to sad, satisfied to dissatisfied, and from joyful to depressed respectively, and the 
last three measured from active to passive, sleepy to alert, and from awake to dull. 

- Satisfaction with day scale (SWLS): Based on Satisfaction with Life Scale (SWLS) (Diener et al, 
1985; Pavot & Diener, 1993), but applying it daily, the Subjective Well-Being was measured. 
Five statements about daily satisfaction were considered and respondents had to evaluate in 
which way they agreed with these, from 1 (not agree) to 7 (completely agree). 

 

Although all this, Satisfaction with travel scale (STS), Subjective Well-Being (SWB)...  had been 
mentioned before, the change of this paper is how it questions the user. The idea is to raise 
three hypotheses of three different weekdays regarding their mode of transport, travel time, 
accessibility and the day's schedule. Showing these 3 hypotheses (from 8 in the morning until 
the user gets home) to the user, he could assess the three aspects defined above according to 
the plan of each day. And of course if the agenda varies, the SWB, mood and STS may change 
too. 
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Beyond beliefs, already mentioned, of authors such as Friman about that satisfaction increases 
the number of users, there are other thoughts about this. Often, cities with low satisfaction 
levels are those with the highest number of public transport users, so some KTH researchers 
prefer to work with the utility concept. This is expressed as the sum of the value that each user 
gives to each attribute, and an offset value. In one of his papers, Karl Kottenhoff defines 
valuations as evaluations expressed in monetary terms, and these valuations are expressed as 
a percentage of the ticket price. So from here, he can relate the willingness to pay with the 
ticket price and therefore, comparing the offered metro service with the user evaluation is not 
a difficult task. Because of these two thought schools, both user satisfaction and the values 
that they give to each attribute are aspects studied in the surveys of this thesis. And it is from 
the users responses when certain improvements are proposed for their benefit. But to 
compare the satisfaction levels obtained from this thesis with those obtained from previous SL 
studies, some SL data about satisfaction should be shown here. 

Regarding the general satisfaction, the following table shows that 77% of users are satisfied 
with the service. But, since the intention was also to compare the satisfaction by attributes, it 
also shows these satisfaction data by attributes from SL. Finally, table 20 shows the satisfaction 
levels depending on the age and the gender. All these data will be compared with our results 
in section 7. 

Table 19: Percentages of satisfied passengers (overall and by attributes). Source: 
Trafikförvaltningen (2014) 

  % of Satisfied People 
Overall Satisfaction 77 
Travel information 68 
Cleanliness 68 
Crowding 38 
Comfortably driving 73 
 

Table 20: Percentages of overall satisfaction by age and gender groups. Source: 
Trafikförvaltningen (2014) 

 Till 19 20-29 30-39 40-49 50-59 >60 Total 
Men 73 73 71 77 77 83 75 
Women 69 72 75 72 77 82 74 
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6. SURVEY IMPLEMENTATION AND RESULTS 

6.1. SOFTWARE AND IMPLEMENTATION 
To write a good survey is necessary to read some papers, articles, master thesis, etc where 
public transport surveys had been conducted (already shown in 2.2.Literature review: Survey 
Methodology). In these papers the generic idea of how to conduct surveys is easily obtained: 
live focus group, telephone, mail, email, etc. as well as different ways of formulating questions: 
-Satisfaction questions with response scale from "strongly disagree" to "strongly agree"; -
Stated Preference Method, where the respondents have to choose the best given option 
according to their preferences; -On the other hand, Revealed Preferences, where the behavior 
is observed directly, there is no question about what would be done; -Exhibit different 
scenarios to the user, who has to evaluate each one, etc. 

Although the first idea was to make a unique questionnaire and conduct it onboard the metro 
during rush hour (Appendix 2), it was carried out among some students and the feedback 
obtained said that the survey was too long. So advices from Karl Kottenhoff and Jan 
Magnusson (MTR) were taken into account and the first version was changed to 2 versions, the 
shorter would be conducted onboard while the longer online (Appendix 3). To implement a 
survey, the search for some software that allowed the survey conduction without any 
restriction is necessary, but is important to notice that it is not an easy task. 

Everything has its advantages and disadvantages, so if some quality is needed, usually is 
necessary to pay for it, and this is the problem with using a computer program. Some different 
software were tested (Sawtooth Software, Free Online Surveys, Opina, Survey Monkey...), but 
they all showed deficiencies without having a license, such as limiting the number of questions 
or answers, inability to export the results, etc. Due to this, the help received from MTR thanks 
to Jan Magnusson, lending the Netigate Program license they had, was an important step for 
the thesis development. 

 

Figure 29: Netigate program - Questions. Source: netigate.net 
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Netigate program allows different ways to write the questions (simple or multiple choice, 
matrix, slides, textbox…) and different ways to distribute the questionnaire (e-mail, creation of 
a link, etc.), but the most interesting thing is that it exports the results in SPSS format. Since it 
was the statistical program chosen to analyze the data, the file was already obtained from 
Netigate in the correct format. SPSS is a statistical program that allows data planning, as well 
as its collection, reporting and implementation, in order to analyze them, and for this, this 
software has more than twelve modules with which to work. The tools that have been used 
mostly in this project are "Frequencies" and "Descriptives", but other like "Compare means" or 
"Crosstabs" have been also used sometimes. 

 

Figure 30: SPSS screen. Source: IBM SPSS Statistics Data Editor 

Turning to the survey implementation, both versions were written in Netigate, both in English 
and in Swedish with the help of Karl (Appendix 4). After some changes done due to the not 
successful conduction in the metro, the final version was achieved (Appendix 5) and it was 
conducted among the ABE group. Examples of these changes are: 

-One of the questions of the satisfaction section “Disturbing behavior of fellow travelers” was 
removed, because people did not understand how they had to respond it. 

-One of the questions of the attitudes section was removed "People complain of sudden 
driving", because it was a bit repetitive with respect to other questions. 

-The way to formulate some questions was changed "Passengers look comfortable with the 
distance between them and the nearest passenger" because thus it was easier to answer. 

The last aspect to consider for conducting surveys, is its dissemination. It can be difficult to get 
permission to send emails, and once achieved, people can forget respond the survey or not 
feeling motivated enough to do it. In this regard, strategies used here that can be useful are, 
send a reminder, publishing the survey in websites or social pages, or offer a small reward to 
those who answered the survey. 
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6.2. BACKGROUND DATA 
First of all some statistics on respondents and their travels will be described. Regarding the 
respondents, the percentage of men and women who responded the survey is presented, how 
many people of each age group who responded it, and the proportion of the respondent 
occupation. Any representative sample was not obtained regarding disabled people and users 
traveling with children, so their preferences could not be evaluated. Regarding the trip 
features, is included the proportion of each day hour when the trips are performed, the 
average length of these and the proportion of each trip length, and the proportion of which 
lines are the busiest, both origin and destination. 

Traveler information 

Table 21: Gender data. Source: Gender Frequencies (SPSS) 

 Frequency Percent Valid % 
Male 102 47 55 
Female 85 40 45 
Missing 28 13  
Total 215 100  
 

Although the difference is only of 10%, more men than women answered the survey, maybe 
because most respondents were from KTH, and the technical degrees are commonly studied 
by men. 

Table 22: Age group data. Source: Age group Frequencies (SPSS) 

 Frequency Percent Valid % 
15-25 46 22 24 
26-45 91 42 49 
46-65 41 19 22 
66 or older 9 4 5 
Missing 28 13  
Total 215 100  
 

Almost half of respondents were between 26 and 45 years old, which is completely normal 
because most were students and people in age to work. Around 20% were between 15 and 25 
or between 46 and 65, who are also students or workers. While only the 5% of respondents 
were older than 66 years old. 
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Figure 31: Age group proportions. Source: Pie of count by agegroup (SPSS) 

Table 23: Occupation data. Source: Occupation Frequencies (SPSS) 

 Frequency Percent Valid % 
Employed 
(teacher/researcher) 

92 43 50 

Employed 
(administrative 
worker) 

23 11 12 

Unemployed 1 1 1 
Student 56 26 30 
Pensioner 3 1 2 
Other 10 4 5 
Missing 30 14  
Total 215 100  
 

Almost half of respondents were working as teachers or researchers, and 30% of them were 
students, being both normal facts because of conducting the surveys in the university. Smaller 
proportions of respondents were administrative workers, pensioners or unemployed people. 

 

Figure 32: Occupation proportions. Source: Pie of count by Occupation (SPSS) 
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Table 24: Proportion of disabled respondents. Source: Disability Frequencies (SPSS) 

DISABILITIES Mobility Hearing Visual Learning Other 
Valid 2 1 2 1 2 
Missing 213 214 213 214 213 
Percentages 0,9% 0,5% 0,9% 0,5% 0,9% 
 

Table 25: Children data. Source: Usual travelers with children Frequencies (SPSS) 

 Frequency Percent Valid % 
Travel with 
children 

10 5 5 

No 175 81 95 
Missing 30 14  
Total 215 100  
 As shown in the last two tables, the percentages of disabled people never reach 1%, while 
only the 5% of respondents travel with children. So none of these 2 groups can be considered. 

Table 26: Travel time data. Source: Usual travel time Frequencies (SPSS) 

 Frequency Percent Valid % 
Before 7.30 21 9 9 
7.30-9.00 107 50 50 
9.00-11.00 47 22 22 
11.00-13.00 6 3 3 
13.00-15.00 6 3 3 
15.00-16.30 6 3 3 
16.30-18.00 16 7 7 
18.00-21.00 6 3 3 
Total 215 100  
 

 

Figure 33: Travel time proportions. Source: Pie of count by Time (SPSS) 

Regarding the travel time, is clear that rush hour should be considered from 7.30 to 9, since 
50% of the trips are at that time. While the trip takes, on average, around 17 minutes. 
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Table 27: Average of travel duration. Source: Duration Descriptives (SPSS) 

 N Minimum Maximum Mean 
Travel 
duration 

215 2 55 17 

 

Table 28: Travel duration data. Source: Duration group Frequencies (SPSS) 

 Frequency Percent Valid % 
1'-5' 29 13 13 
6'-10' 58 27 27 
11'-15' 46 21 21 
16'-20' 28 13 13 
21'-30' 27 13 13 
31'-40' 20 9 9 
41'-50' 6 3 3 
51'-60' 1 1 1 
Total 215 100  
 

 

Figure 34: Travel duration proportions. Source: Pie of count by durationgroup (SPSS) 

Table 29: Proportion of used lines. Source: Origin-Destination Frequencies (SPSS)  

 Green Red Blue 
Origin 37% 48% 15% 
Destination 21% 65% 14% 
 

Table 30: Most representatives stations. Source: Origin-Destination Frequencies (SPSS) 

 1st 2nd 3rd 4th 5th 
Origin T centralen 

(8%) 
Universitetet 

(8%) 
KTH 
(6%) 

Bergshamra 
(6%) 

Slussen 
(4%) 

Destination KTH (46%) T centralen (9%)    
The red line is the most used by ours respondents both in origin and destination, while the 
most used stations are KTH, TCentralen and Universitet.  
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6.4. RESULTS 
The results are summarized in this section, and they will be evaluated and commented in 
future sections. Then, some comparisons between perceptions and actual data, or between 
perceptions and attitudes will be shown. 

Satisfaction 

Table 35: Mean and st.error (mean) of attributes satisfaction. Source: Compare means (SPSS) 

  Mean St.Error of mean 
The train is being driven safely 4,37 0,055 
I feel safety in the wagon (people / belongings) 4,29 0,056 
Getting off is easy 3,67 0,078 
The temperature is appropriate 3,65 0,073 
The wagon is clean (seats, handles, smell) 3,64 0,065 
Boarding is easy 3,62 0,081 
I have the travel information (sound system and 
light panel) when I need it 3,59 0,071 
The train is being driven comfortable 3,4 0,077 
Finding a seat is easy 2,95 0,086 
The overall price of the service is appropriate 2,94 0,098 
There is enough personal space (not crowding) 2,88 0,082 
I can see the travel information (metro map) from 
the seat 2,55 0,077 
 

Table 35 shows the satisfaction levels of different attributes ranked from best to worst (being 
5 the best valued) and their standard error of the mean. Through the interval formed between 
"Mean-2S" and "Mean+2S" (95% confidence interval), was calculated what attributes overlap 
with the previous and/or the next one. From these calculations, the attributes that do not 
overlap are separated and so, the groups shown by colors below are obtained. The green 
group is the best valued, then yellow, orange and red respectively. These groups are also 
shown in figure 37, with their corresponding satisfaction levels. 

Table 36: Calculations to divide the attributes by levels of satisfaction. Source: Compare 
means (SPSS) 

 

St.Error 2S Mean Mean+2S Mean-2S 95%conf.interval
Safe driving 0,055 0,11 4,37 4,48 4,26 4,26-4,48
Safe wagon 0,056 0,112 4,29 4,402 4,178 4,178-4,402
Get off easy 0,078 0,156 3,67 3,826 3,514 3,514-3,826
Correct Ta 0,073 0,146 3,65 3,796 3,504 3,504-3,796
Clean wagon 0,065 0,13 3,64 3,77 3,51 3,51-3,77
Boarding easy 0,081 0,162 3,62 3,782 3,458 3,458-3,782
Info in time 0,071 0,142 3,59 3,732 3,448 3,448-3,732
Soft driving 0,077 0,154 3,4 3,554 3,246 3,246-3,554
Seat easy 0,086 0,172 2,95 3,122 2,778 2,778-3,122
Correct price 0,098 0,196 2,94 3,136 2,744 2,744-3,136
Not crowding 0,082 0,164 2,88 3,044 2,716 2,716-3,044
Metro map visible 0,077 0,154 2,55 2,704 2,396 2,396-2,704
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So by dividing in groups the attributes with the standard deviation calculations, decide which 
attributes should be improved is possible, fact which will be commented in next section. 

 

Figure 37: Satisfaction values divided in groups. Source: Compare means (SPSS) 

SL obtains satisfaction rates by taking the people who valued as 4 or higher the different 
attributes in a scale from 1 to 5. As we had the same scale, our percentages were obtained in 
the same way. First was taken how many times (in %), the respondents answered 4 or 5 for 
each attribute, and then the percentages of all the attributes were added and shown in table 
37. The average shows that 54% of metro users are satisfied with the service, information 
which will be compared with the SL data in next section. 

Table  37: Satisfied user percentages, by attributes. Source: Frequencies (SPSS) 

 Satisfied people 
(%) 

I feel safety in the wagon (people / belongings) 87,4 
The train is being driven safely 86,6 
The train is being driven comfortable 50,3 
Finding a seat is easy 35,8 
The temperature is appropriate 61,4 
There is enough personal space (not crowding) 34,4 
Boarding is easy 58,2 
Getting off is easy 63,2 
The wagon is clean (seats, handles, smell) 62,3 
I can see the travel information (metro map) from the seat 20 
I have the travel information (sound system and light panel) when I need it 58,1 
The overall price of the service is appropriate 32,9 
AVERAGE 54 
 

To know how many people value with 4 or 5 the attributes, dividing them into different age 
groups and then by their gender in order to also compare with SL data in the next section, a 
Crosstabs analysis was performed. 
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Table 38: Satisfied user %, by age groups and gender. Source: Crosstabs (SPSS) 

 15-25 26-45 46-65 >66 Men Women 
I feel safety in the wagon (people / belongings) 86,9% 85,7% 95,1% 100% 93,1% 83,5% 
The train is being driven safely 82,6% 86,8% 92,7% 77,8% 88,2% 84,7% 
The train is being driven comfortable 56,5% 43,9% 53,7% 55,6% 56,9% 41,2% 
Finding a seat is easy 43,5% 27,5% 34,2% 55,6% 39,2% 28,2% 
The temperature is appropriate 71,7% 56% 65,8% 44,4% 62,8% 60% 
There is enough personal space (not crowding) 36,9% 27,5% 41,5% 55,6% 43,1% 23,5% 
Boarding is easy 52,2% 48,4% 78,1% 77,8% 66,7% 45,9% 
Getting off is easy 58,7% 54,9% 82,9% 77,8% 68,6% 56,5% 
The wagon is clean (seats, handles, smell) 69,6% 60,4% 65,8% 55,6% 64,7% 62,4% 
I can see the travel information (metro map) 
from the seat 

19,6% 19,8% 24,4% 11,1% 25,5% 14,1% 

I have the travel information (sound system and 
light panel) when I need it 

69,6% 57,1% 43,9% 44,4% 55,9% 57,7% 

The overall price of the service is appropriate 29,6% 42,3% 28% 33,3% 36,5% 32,1% 
OVERALL SATISFACTION (%) 56,5 50,9 58,8 57,4 58,4 49,2 

 

Do people feel less crowding with some improvements? 

57,5% of users would feel less overcrowding with some improvements. Among those valued 
with higher percentages and those proposed by users who indicated the “other” option, are 
the triple handles, more holdings next to the doors and reachable bars in the ceiling. Some 
possible measures to satisfy the user demands will be shown in section below. 

Table 39: Improvements to improve holding issues. Source: Frequencies (SPSS) 

 Triple 
holding 

Holdings on 
the seats 

More holdings next 
to the doors 

Others 

Percentage (%) 57,7 34,4 46 6,5 
 

Percentages of seats that people think are occupied when they board the metro 

Table 40: % of occupied seats according to people perception. Source: Compare means (SPSS) 

 7.30-9 9-15 16.30-18 18-21 
Occupied seats 74,5% 62,4% 81,8% 56,3% 
 

The last table shows the people perception regarding the seats filled in their wagon, fact which 
will be analyzed in comparison with real data from SL in next section. While in the next table 
appear the reasonable minutes to stand up depending on the age group, showing that as 
expected, increasing in age means decreasing in minutes. 
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How many minutes users think is reasonable to stand up depending on the age group? 

For this question and the next one, the survey scale was: 1�Not at all; 2�One station; 3�5 
min; 4�10 min; 5�15 min; 6�20 min; 7�30 min; 8�More than 30 min, which is easily 
converted to a minutes scale. Both results will be explained in section 7. 

Table 41: Reasonable minutes to travel standing up by age group. Source: Compare means 
(SPSS) 

 15-25 26-45 46-65 Older 66 
Scale from 1��8 4,35 4,04 3,95 3,44 
Time (min) 11’45’’ 10’12’’ 9’45’’ 7’12’’ 
 

How many minutes users think is reasonable to stand up depending on the travel duration? 

Table 42: Reasonable minutes to travel standing up by travel duration. Source: Compare 
means (SPSS) 

Duration(min) 1-5 6-10 11-15 16-20 21-30 31-40 41-50 51-60 
Survey scale 3,71 4 4,17 3,56 4,28 4,61 3,17 3 
Time (min) 8’43’’ 10’ 10’51’’ 7’48’’ 11’24’’ 13’3’’ 5’51’’ 5’ 

 

Which wagon do users prefer depending on if they have a seat or not? 

The results in the next table show that if people can get a seat, they do not care the wagon, 
while they prefer travelling in wagon C20 if they have to travel standing. This differs from 
previous comments of this report (chapter 4), so it will be commented in next section. 

Table 43: Wagon selection. Source: Frequencies (SPSS) 

 Wagon C20 Wagon C30 
If you have to go standing up 59,6% 40,4% 
If you can go sitting 48,3% 51,7% 
 

User feeling before and after the trip (1: Not at all�5: Very) 

The same calculations as with satisfaction have been done to know if the feeling varies 
between before and after the trip, finding the difference significant between values. Both 
tiredness and annoyance are slightly higher after the trip, fact which will be discussed in the 
next section. 

Table 44: People feelings before and after the trip. Source: Compare means (SPSS) 

 

St.Error 2S Mean Mean+2S Mean-2S 95%conf.interval
Tiredness Beginning 0,083 0,166 2,32 2,486 2,154 2,514-2,486

End 0,087 0,174 2,68 2,854 2,506 2,506-2,854
Annoyance Beginning 0,061 0,122 1,72 1,842 1,598 1,598-1,842

End 0,078 0,156 2,25 2,406 2,094 2,094-2,406
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The next 3 questions, whose results are discussed in 7.1, exist because of the MTR interest. 

Where and when are the user biggest problems during their metro trip? 

Table 46: Percentages of biggest problems (places). Source: Frequencies (SPSS) 

 Percentages 
Gateways 21,7% 
Escalators 30,2% 
Common stairs 10,9% 
Platform 17,8% 
Wagon 41,9% 
(Reason for the escalator complaints explained in section 7.1) 

Table 47: Percentages of biggest problems (time). Source: Frequencies (SPSS) 

 Percentages 
Before 7.30 1,6% 
7.30-9 66,7% 
9-11 10,1% 
11-13 2,3% 
13-15 6,2% 
15-16.30 12,4% 
16.30-18 59,7% 
18-21 6,2% 
After 21 6,2% 
Are users aware of the uneven distribution along the platform and inside the train? 

Table 48: User awareness of uneven distribution. Source: Frequencies (SPSS) 

 Percentages 
I am aware and I try to place myself where I know 
there are less people 

56,8% 

I know it, but I do not take it into account 11,2% 
I know it, but I prefer to place myself at the beginning 
/ end of the train even if it is more crowded 

28% 

I need more information 4% 
 

How strongly users agree with the following statements? 

This question was made to know the attitudes regarding the contact with other passengers, 
which will be commented in section 7. Scale�from 1: Strongly disagree to 5: Strongly agree. 

Table 49: Attitudes against other passengers. Source: Descriptives (SPSS) 

 

St.Error 2S Mean Mean+2S Mean-2S 95%conf.interval
0,09 0,18 3,73 3,91 3,55 3,55-3,91

0,084 0,168 3,27 3,438 3,102 3,102-3,438
0,083 0,166 3,24 3,406 3,074 3,074-3,406
0,082 0,164 3,23 3,394 3,066 3,066-3,394
0,082 0,164 3,19 3,354 3,026 3,026-3,354
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PREFERENCE QUESTIONS 

Importance questions 

According to some authors (Thurstone), the attribute valuation by their importance could be a 
type of preference question. The importance of specific attributes (improvements), again 
ranked from best to worst, and their St.Error are presented here. With the same calculations 
as in satisfaction section, the attributes are divided by groups of importance (Table 51). Figure 
40 also shows these groups with their corresponding importance levels, where the scale is 
again from green to red, which means from best to worst valued. In order to understand what 
means each attribute in values: 

-Frequency: 3 minutes instead of 10 

-Not crowding: in figure 39, option 1 instead of 3 

 

Figure 39: Crowding situations. Source: UK Rail Safety and Standards Board 

-Have a seat: instead of not having it 

-Easy boarding: the wagon is not too full to have to choose another door 

-Disability place: include some inside the wagons 

-Make it cheaper: make the 30-days car 30 sek cheaper 

-Customer personal: redistributing people from the most overcrowded wagons to those 
wagons with less people 
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Other way to know how the importance differs between attributes, is the willingness to pay by 
users for each improvement. The table below shows how many times each attribute is the 
most valued (>6), how many times they are ranked in the 2nd position (>5) and so on. For 
example for the 1st case, the sum is: 0*4+1*5+2*12+3*22+4*26+5*30+6*88=877. Considering 
as the reference “make it cheaper”, since is the only attribute with money features in its 
description, each sum should be related with the “make it cheaper” sum, and its willingness to 
pay (30sek) to know their own willingness to pay. A better example of willingness to pay is 
presented in the stated preference method shown below in this section. Although in that 
question only three aspects are valued, instead of 7 as here, the accuracy is higher so their 
results will be taken into account instead of these. 

Table 52: Intervals and willingness to pay of attributes. Source: Frequencies (SPSS) 

 >0 >1 >2 >3 >4 >5 >6 Sum Willingness 
to pay (sek) 

Frequency 4 5 12 22 26 30 88 877 50,5 
Not crowding 2 8 15 43 42 42 35 755 43,47 
Have a seat 9 18 18 28 30 40 44 722 41,57 
Easy boarding 9 18 19 30 32 33 46 715 41,17 
Disability place 19 36 27 35 30 18 22 537 30,92 
Make it cheaper 28 32 33 26 18 21 28 521 30 
Customer personal 83 44 21 20 12 3 3 227 13,07 
 

This ranking could be too much general, because depending on the purchasing power of users, 
they can value attribute importance in a different way. So that is why the following table has 
sense. Unemployed and pensioner groups have been removed because the sample was not 
representative enough. For the other groups, the order from the best to the worst attribute is: 

Table 53: Importance of attributes depending on the occupation group. Source: Compare 
means (SPSS) 

Teacher/researcher Admin.worker Student Other 
Frequency Frequency Frequency Frequency 
Not crowding Have a seat Not crowding Not crowding 
Easy boarding Not crowding Have a seat Disability place 
Have a seat Easy boarding Easy boarding Have a seat 
Disability place Disability place Make it cheaper Make it cheaper 
Make it cheaper Make it cheaper Disability place Easy boarding 
Customer personal Customer personal Customer personal Customer personal 
 

All of them value the frequency as the most important factor, and they are also agree in 
assessing the inclusion of customer personal service as the less important factor. For the other 
factors, the biggest gap in each factor between groups is one position or two sometimes, so 
this factors classification depending on the social group does not give a significant result. 
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A way to include on the same chart the grades and the importance of different improvements 
(valuation), in order to know which attributes should be improved was discovered in 
“Passengers’ Valuation of Quality in Public Transport with Focus on Comfort”. From this chart, 
the attributes that users deem most important, but at the same time are worst rated 
(satisfaction), which are those located as left and high as possible in the graph, are the first 
that should be considered to improve. How people evaluate each attribute currently (grades) 
was obtained from Question 5, while the importance that everyone gives each attribute 
(valuation), from question 12. As the scale of Q5 was from 1 to 5, and it was from 1 to 7 in 
Q12, percentages were obtained in order to unify criteria. Only among 4 attributes will be the 
discussion in next section, since are the unique which coincide between both aspects. 

 

Table 54: Grade and valuation of improvements. Source: Descriptives (SPSS) 

 Grade (%) Improvements (%) 
Chance to have a seat 59 69,4 
Not crowding 57,6 72 
Easiness to get on board 72,4 68,9 
Current price / make it cheaper 58,8 54,3 
 

 

Figure 41: Grade and valuation of improvements. Source: Descriptives (SPSS) 

 

 

 

 

0

10

20

30

40

50

60

70

80

0 20 40 60 80 Grade 

Valuation 

Chance to have a seat 
Not crowding 
Easiness to get on board 
Current price / make it cheaper 



78 
 

Stated Choice Method 

In the short survey was asked a S.P. question where the respondent had to choose between 3 
different options, in 3 preferences combinations. The second option was always “Does not 
matter / cannot choose”, and the other options for each choice were as follows: 

Table 55: Options for each choice. Source: Short questionnaire (Netigate) 

 Option 1 Option 3 
Choice 1 Travel standing 

Paying 660 kr (30 days) 
Frequency 10 minutes 

Travel seated 
Paying 720 kr (30 days) 
Frequency 3 minutes 

Choice 2 Travel seated 
Paying 720 kr (30 days) 
Frequency 10 minutes 

Travel standing 
Paying 660 kr (30 days) 
Frequency 3 minutes 

Choice 3 Travel standing 
Paying 720 kr (30 days) 
Frequency 3 minutes 

Travel seated 
Paying 660 kr (30 days) 
Frequency 10 minutes 

 

Table 56 shows the % of people who preferred each option in each one of the choices. 

Table 56: Percentages of user preferences. Source: Frequencies (SPSS) 

 Option 1 Option 2 Option 3 
Choice 1 31,3% 16,5% 52,2% 
Choice 2 13% 18,3% 68,7% 
Choice 3 27,8% 27,8% 44,3% 
 

The linear regression method (in SPSS) has been used to estimate coefficients for the 
attributes shown in the stated choice method. By dividing the parameters (frequency and seat) 
by price, are obtained monetary valuations (willingness to pay). While dividing seat by time, a 
waiting time valuation was obtained. The results show that every passenger is willing to pay 
8,55 kr per month to increase 1 minute the frequency, i.e. 59,85 kr per 7 minutes. Each 
passenger is willing to pay 28,6 kr per month to go seating instead of standing, while they are 
willing to wait 3,35 minutes for that. Questions like “What % of the price of the 30-days metro 
card represents the willingness to pay for each improvement?” will be discussed in section 7. 

Table 57: Estimates. Source: Logistic regression (SPSS) 

 B 
Seat 0,572 
Price (kr) -0,02 
Freq.(min) -0,171 
 Value 
Freq.(kr) 8,55 
Seat (kr) -28,6 
Seat (min) -3,34503 
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How many minutes users think is reasonable to stand up depending on the age group? 

 

Figure 43: Reasonable minutes by age group. Source: Compare means (SPSS) 

Regarding the reasonable minutes for users to go standing up depending on their age group, it 
was found that as expected, increasing age is linked to decreasing minutes. It goes from almost 
12 minutes of younger respondents to 7 minutes of elderly people. This could be improved by 
adding more seats reserved for elderly or disabled users, in addition to an awareness campaign 
in order to the other users respect such seats. 

How many minutes users think is reasonable to stand up depending on the travel duration? 

 

Figure 44: Reasonable minutes by travel duration. Source: Compare means (SPSS) 
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Stated Choice Method 

From this analysis, was obtained: 

-Every passenger is willing to pay 59,85 kr to decrease from 10 to 3 minutes the frequency 

-Each passenger is willing to pay 28,6 kr to go seating instead of standing 

-Every passenger is willing to wait 3,35 minutes to go seating instead of standing 

 

Knowing that the price of the 30-days metro card is 790 sek, users are willing to increase 7.6% 
its price to obtain a frequency 7 minutes higher (from 10 to 3 minutes specifically), while they 
only would pay a 3.6% more (about half) to be seated instead of standing up on the subway. 

The seating capacity in a Stockholm metro wagon is 400 seats. The value of the hypothesis that 
250 people had a seat and 200 not, is 7150 sek. But there are still 150 seats available and if 
these could be occupied, for example by redistributing passengers to those wagons less 
crowded through the Yizhou idea, all seats would be occupied. The value now increases to 
11440 sek, being the difference of 4290 sek. The question is, does this budget cover the cost of 
the Yizhou project? A cost-benefit analysis would be recommended for future investigations, 
between the willingness to pay by our respondents and the cost of the experiment introduced 
by Yizhou. 
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Satisfaction 

After the trip, users can value their satisfaction level. In the same way that importance was 
analyzed, the attributes are also divided in groups depending on their satisfaction levels, from 
the worst valued (red) to the best (green). 

 

Figure 53: Satisfaction values divided in groups. Source: Compare means (SPSS) 

As was mentioned before, SL considers satisfied people those whose values are 4 or higher. 
Taking into account this consideration, the attributes that need improvement due to not 
achieving the required levels of satisfaction are: 

-Visibility of the metro map from the seat (2,55) 

-Personal space (crowding) (2,94) 

-Overall price of the service (2,88) 

-Easiness of finding a seat (2,95) 

-Comfortable driving (3,4) 

-Timely information (3,59) 

-Ease of boarding (3,62) 

-Wagon cleanliness (3,64) 

-Appropriate temperature (3,65) 

-Ease of getting off (3,67) 
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Nevertheless, beyond these comparisons, the aim is recommend the most needed 
improvements shown above. Although are many the attributes that do not achieve that level 
of satisfaction required by SL, not all of them need to improve to the same extent. In section 
7.2, by the analysis shown below between importance and satisfaction levels, will be 
presented the weaknesses of the metro system, as well as some ideas to improve them. 

 

Related with giving advices of needed improvements, although the attribute importance was 
already analyzed in this section, now will be commented how use the relation between 
importance (valuation) and grade of attributes to know which aspects should be improved. 
Looking at the figure 55, the attribute with a higher valuation and with worst grade (which 
means that it needs improvements) is “Not crowding: option 1 instead of the 3 (in figure 39 
shown in Section 6.4)”, really closely followed by the “chance to have a seat: instead of travel 
standing”, which has sense because both factors are related, and the conclusions of the 
general satisfaction were similar regarding these aspects. The valuation is also high for the 
“easiness to get on board: wagon not too full to have to choose another door”, but this factor 
is really better graded than the two latest (as was already shown in general satisfaction 
section), so it does not need to be improved. Regarding the price, its low grade coincide with 
its low satisfaction level, but on the other hand "make the 30-days card 30 kr cheaper" is the 
least valued attribute for users among these four. One solution to this price issue would be 
provide to users the opportunity to decide the price increase they deem appropriate for each 
improvement, rather than reduce the price without providing any improvement to the service. 
This option is given by the Stated Preference method, so in reference to the price, will be 
considered the analysis already done in that SP question. 

 

 

Figure 55: Grade and valuation of improvements. Source: Descriptives (SPSS) 
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7.2. WEAKNESSES IDENTIFICATION AND POSSIBLE 

IMPROVEMENTS. STUDY OF EXISTING MEASURES 
From all the previous section, a number of weaknesses is clearly obtained regarding the issues 
evaluated, which will be listed below. 

1.-People are not really sociable and this decreases their satisfaction 

2.-Elderly people cannot stand traveling many minutes standing 

3.-Perceptions do not coincide with reality, due to the travel fatigue and crowding 

4.-Lack of handholds in the wagon 

The attributes rated as the most important are: 

-Frequency (3 minutes instead of 10)  -Not crowding (option 1 instead of 3) 

  (Shown bigger in picture 39 of section 6.4) 

-Have a seat (instead of not having it)  -Easy boarding (wagon not too full to change) 

The attributes that do not achieve the satisfaction levels required by SL are: 

-Visibility of the metro map from the seat 

-Personal space (crowding). Ease of finding a seat  -Overall price of the service 

-Comfortable driving      -Timely information 

-Ease of boarding      -Wagon cleanliness 

-Appropriate temperature     -Ease of getting off 

Improvements are discarded for: The frequency, as it was not the aim of this thesis; Price: as 
already explained, the price reduction will not be proposed, but to improve certain aspects 
with the price increase that users consider right (SP question); Ease of getting off, being on the 
limit to reach the required levels. 

5.- Aspects that need to be improved are: A)Personal space; B)Easy boarding; C)Visibility of the 
metro map; D)Comfortable driving; E)Timely information; F)Cleanliness; G)Temperature 
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POSSIBLE IMPROVEMENTS 

Some possible improvements for each weakness are listed below, but they will be explained 
further later, by giving examples of measures already done. 

1.-User awareness campaign "The interaction between travelers increases their satisfaction" 

2.-Since in wagons C20, 4 of each 8 seats are for elderly people, the solution is not adding 
more seats reserved. The problem is that other users do not respect these places, so the 
solution could be an awareness campaign to respect our elders. 

3.-Add pictures and ads on the wagon walls, or TVs with news or short animations to distract 
the people attention. 

4.-Not dangerous triple handles. Extra reachable handles in the ceiling. Hanging straps from 
the bars instead of high bars 

5.A)-Increase frequency and/or capacity (not our aim). While to decrease the crowding 
perception, measures such as change the air and light services, decrease the noise levels or 
distract people attention (see point 4), might work well. Yizhou project will also help to 
decrease the crowded feeling inside wagons, since these will be evenly distributed. 

5.B)-Yizhou project, (explained later) 

5.C)-Make the panel opaque or place the map bigger and change its place 

5.D)-Driver training campaigns 

5.E)-Add travel information, such as the current crowding situation and the traveler 
distribution among wagons (already studied by Yizhou Zhang), or warning possible delays or 
incidents, also in English for tourists, students... 

5.F)-Related with adding hanging straps (see this improvement below) 

5.G)-Related with improving the crowded feeling (explained later) 
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STUDY OF EXISTING MEASURES 

This section will discuss some of the improvements mentioned above that have been already 
tested, or at least proposed in other metro services around the world. 

Regarding the first objective (increase interaction by conducting campaigns), it has been found 
a study conducted in New York by the artist George Ferrandi, who says that the interaction in 
the NY metro trips is non-existent. Her intention was to increase familiarity among travelers 
and for this, she started a trip during the rush hour in a crowded wagon and she tried to 
change her way to travel. She was much closer to users traveling with her, even resting on 
them, who showed different reactions. Although this was only a pilot study conducted by a girl 
alone, she discovered that the approach to other people relaxes tension in overcrowding. It 
might be a good idea developing a similar project in the Stockholm metro and discover the 
user feedback about it. Some voluntary travelers could be asked for this project, but one 
month of free metro or something similar will be offered them as a reward for their help. 

In the list of the best advertising or awareness campaigns of the 21st century, a campaign 
carried out in the Melbourne Metro about security in public transport appears in the 12th 
position. Its aim was to raise awareness about the danger that a train hit you, but far from 
seeming negative, the campaign used cartoons and catchy music to spread its message. Deaths 
were reduced by 21% after the campaign, so the goal was achieved, but the aim of showing 
this is to give an example of what publicity and awareness campaigns can offer in the metro, 
either with issues related to metro (interaction between users or respect for elderly people) or 
with totally unrelated campaigns in order to distract users from the overcrowding situation. 

 

Figure 56: Awareness campaign in Melbourne Metro. Source: AdAge.com 

 

Joining these 2 points (1 and 2) with point 3, cities that include advertising campaigns in the 
metro (with which the objective to distract the user could be achieved) are some Spanish cities 
like Madrid, Barcelona, Valencia, etc. Regarding televisions inside the wagons, cities that show 
this option are Madrid, Barcelona and Istanbul. The picture below shows a metro wagon in 
Madrid with, indeed, people looking at the screen and abstracting them from the possible 
crowded situation. Barcelona, meanwhile, has its own television screens located at metro 
stations and inside the wagons. Its minimum contract is 6 passes per hour and four hours daily. 
In addition, the spot price for advertisers is 15-25 € depending on the format. 
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Figure 57: Madrid metro wagon. Source: celebritymine.commetrometro-madrid-usuarios 

The following table shows, to get a general financial idea, some prices examples 
(rental/month) of advertising inside the wagons, that would serve as a distraction to the user. 
The fact to add advertising inside the wagons can be related to the awareness campaign for 
socializing with other users or to respect reserved seats, since some posters of these 
campaigns could be also included, improving then two aspects with half the budget. 
Furthermore, these campaigns should be extended to the entire metro service as the platform 
or even full stations. And for this, the table 60 shows some illustrative prices 
(rental/month+graphic production) of some advertising campaigns. 

Table 59: Prices of advertisements inside the wagons. Source: Oblicua.es 

 Posters inside 
wagons: 400 posters 

Signing the windows 
of a metro train 

Total signing of 6 metro 
wagons 

Madrid 77500€  55400€ 
Barcelona 68000€  34700€ 
Valencia   22800-29500€(wagons nº) 
Sevilla  7500€ 11000€(semitotal) 

 

Table 60: Prices of advertising campaigns. Source: Oblicua.es 

 Advertising circuit in 
billboards (1 week) 

Advertising circuit 
in JET media (2 

weeks) 

Placing a 
promotional stand 

Signing of lifts 

Madrid 41870€ (240 faces) 41550€ (140 faces) 32100€  
Barcelona 31010€ (185 faces)  16800€  
Valencia 39120€ (150 faces) 21350€ (125 faces) 15300€ 7400-15600€ 
Sevilla 6650€ (35 faces)   8400€ 
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Regarding how to make the handles reachable for smaller travelers (point 3), an idea already 
given is adding hanging straps from the bars. Examples of this have been found in different 
metro systems around the world, such as Bucharest (Romania), Tokyo (Japan) or Seville 
(Spain), as is shown below. 

 

Figure 58: Seville metro wagon. Source: Metro-sevilla.es 

 

 This measure would satisfy the people who do not reach the current bars, and it would not 
entail any changes for tall people, because they would be still able to hold themselves with the 
existing bars. Furthermore, it would not entail as much expense as take down the current bars 
or even add some new bars. The cost of adding these straps could be totally admissible, at 
least if the idea is add some simple straps, and not the models exposed below. Among the 
most sophisticated metro straps designs, two revolutionary models have been found. While 
the first dating from 2007 (although without having tested the market yet) and it has a playful 
purpose, being its sole purpose to entertain the metro user, the second is more recent (2014) 
and it aims to maintain clean the metro straps, which suffer millions of hands per day. 

Jiang Qian, based in Sweden, designed the strap shown in the first picture with video games 
inside it (Game Strap) to make the commutes less heavy for the user. This also vibrates and 
lights up when the metro is close to the next stop so that the user will not be distracted too 
much, as might happen if he was using his mobile phone, tablet... Although this innovative 
design could reduce boredom and anxiety and it would isolate passengers of the 
overcrowding, aim of this work, it should be analyzed if its implementation is profitable, 
because the fact of having been off the market since 2007 must have an explanation. 
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Figure 59: Strap Game. Source: Qian 

While the following model (CyClean) designed by Li Jiyang, Liu Tao Qiu Zhen Zeng Shen Zhou 
Jiayu, that seeks cleaning in metro grippers, could have a better future. In addition, cleanliness 
was one of the aspects that needed improvement, so 2 aspects will be better by adding these 
straps. This gripper not require power and it is independent, so it can be hung from the 
existing bars, being the strap the unique investment, without any logistic costs. Since there is 
currently no strap that allows easy grip for those smaller people, if the addition of this 
improvement is proposed, this would be a good choice. But if the cost is inadmissible, adding 
more simple straps shown in previous pictures would be of course the best option. 

 

Figure 60: CyClean straps. Source: Jiyang, Tao, Zhen, Jiayu and Shen 

The project proposed by Yizhou Zhang will be able to improve three of the aspects that our 
work considers to need improvement: reduce the overcrowded feeling inside the wagons, an 
easier entry to these wagons, and receiving some timely service information. Rather than 
seeking out other possible improvements, due to the proximity of this study and the ease 



99 
 

access to its details, this was considered a really good option. Yizhou proposed as his Master 
thesis, “Provide the real-time crowding information (RTCI) to the passenger”. His idea was to 
analyze the current distribution of passengers among different wagons, and develop the 
method to give them this information in real time. Then, analyze again the distribution and the 
practical capacity to see if the information given causes some change. Finally, its intention was 
to propose and analyze the technical solution. 

 

Figure 61: Information design. Source: Zhang 

He presents 3 different options for displaying information to users, seen below. The first 
option is occupy 15% of Clear Channel screens located on the platforms. In the second one, 
full-color led display will be hung from the ceiling on the platform, next to the traffic 
information. And the third would be project the information on the platform, by a projector 
hung from the ceiling. However, all options have their drawbacks. The first has some 
permission problems, which are maybe the most difficult to solve. The second requires some 
logistic costs for installing the screens in the roof, and it requires power supply. While the third 
also needs some extra power supply, and it has difficulty connecting the projector with the 
computer. Knowing this, choosing one of the options is decision of the company which wishes 
to provide the service. 

 

Figure 62: Display in metro platform from Clear Channel. Source: Zhang 
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Figure 63: Led display hung on the roof. Source: Zhang 

 

Figure 64: RTCI projected in metro platform. Source: Zhang 

 

More improvements regarding the information, is to add some information in English, 
although it is completely understandable that this is not the official language of the country, so 
the requirement to include this information is nonexistent. However, if we return to the public 
transport section, it is observed that among the variety of people who use it are, for example, 
tourists and exchange students. And it has to taken into account that Swedish is not among the 
most spoken languages in the world and it is not similar to many, so understanding the 
messages over loudspeakers about delayed metros or platform issues, is sometimes 
impossible. Although much of the panel information is in English, many other can only be 
found in Swedish. Regarding the loudspeakers, since they typically report the most immediate 
problems, can be the information section that most useful is in English, to improve the timely 
information aspect. 

 

Regarding driver campaigns, it has asked MTR about previous campaigns done to make the 
driving softer. The intention was to see the evaluation along the years of these campaigns and 
seeing the changes that these have done in the driver behavior. Workplace observations were 
done, and feedbacks were directly given to the drivers, but unfortunately no results were 
measured nor is there any information about it currently. So, the unique thing to say now is 
that if was worth conducting these training campaigns, it should be considered continuing with 
these, since people are still complaining about the sudden and brusque driving. If not, other 
improvements for a softer driving should be found. 
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The next improvement is about the difficult view of the metro map from the seats. As a simple 
improvement, it is proposed to make the metro map opaque instead of the current 
transparent map (figure 67) to ease the vision, but the letters would still be too small to be 
read from a distance. Therefore, it is proposed to change its placement and size. 

 

Figure 65: Current metro map in C20 wagon, Stockholm. Source: mostphotos.com 

 

The idea would be to place a much larger panel in the area marked in red in the figure below. 
Both letters and metro lines would increase greatly in size, so they could be easily seen from 
the seats. Moreover this area is fairly squared, like the distribution of the metro network, 
which will engages perfectly in the ceiling. 

 

Figure 66: New place proposal for the metro map. Source: dreamstime.com  
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7.3. CONCLUSIONS. RECOMMENDATIONS 
As predicted before this thesis started, user attitudes to the metro service, their perceptions 
and satisfaction are not always linked to the capacity and/or frequency concepts. As the 
results show, there are several aspects of the Stockholm metro that users consider necessary 
to improve, even though the values of frequency and capacity of this service are good enough 
for a city like Stockholm. As rightly added Albania Nissan in the last presentation of this thesis, 
Stockholm is not among the worst metro systems in terms of comfort. Cities like London have 
greater difficulties due in part to their seats parallel to the wall and next to this, increasing 
then users discomfort because of "forcing" them to look to other travelers. In addition, this 
metro does not allow the use of Internet, so users can not distract their attention of the 
overcrowding in this way. But despite not having Stockholm these travel conditions, there are 
of course aspects to improve, as indicated above. 

Therefore, it is summarized below the most important improvements proposed from the 
opinions and preferences of users, as well as those aspects improved with these. 
Recommendations for future research, which have not been analyzed in this work, are also 
proposed here. 

-Awareness campaigns�With 2 objectives: raise awareness to the user that greater 
interaction would increase their satisfaction, and make younger users respect the seats 
reserved for those elderly users, disabled, pregnant women, etc 

-Add pictures/ads in walls. TV news/animations�In order to distract people attention. Thus, 
their thoughts would not focus on the situation of overcrowding and their perception of this 
will decrease. This will make closer their perception to the reality. 

-Hanging Straps�From the bars, with which the lack of handles will improve and shorter 
people will be able to reach them. It can be taken a cheap solution, as the Seville metro shows, 
or if is chosen a more expensive solution like the CyClean straps, both the lack of handles and 
the cleanliness will improve, since these straps have their own cleanliness system. 

-Opaque panel or place it in the ceiling�Make the metro map opaque instead of transparent, 
or place it bigger and in the ceiling as figure 66 shows, to improve the metro map visibility. 

-Tª controls�Make some temperature controls, since people complain about this factor, so it 
should be improved, and this also will decrease the crowding feeling. 

-RTCI�Finally, the Real-time Crowding Information proposed by Bruce in his project, which 
consists of giving the user information about how crowded is each wagon, would decrease the 
uneven distribution. If this improves, the boarding will be easier and the crowding inside each 
wagon will be lower, due to the even distribution of them. 
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RECOMMENDATIONS 

So, finally some recommendations for future research are included. Regarding the RTCI 
project, an economic study of the three options of how implement the information is 
recommended, to enable knowing which one offers the lowest cost, both for implementation, 
as for management and maintenance. From our Stated Preference analysis, was obtained the 
willingness to pay for having a seat, so considering the total amount of users and making a 
cost-benefit analysis with this willingness and the price of the RTCI project, can be known if 
this implementation would be worthwhile or not. 

Another linear regression analysis to know the willingness to pay, as well as a budget analysis 
about these improvements is  also recommended: include the TV’s, the hanging straps and 
change the place of the metro map, to know if these implementations would be paid by the 
willingness to pay of users. 

Due to the fact that one limitation aspect of this thesis was to move travelers from the metro 
to other mean of transports, evaluate if this change would be worthwhile to increase traveler 
satisfaction (but for the whole public transport network) could be recommended for further 
studies. But it has to keep in mind that this is a very big issue, so maybe it will have to be 
treated as an independent topic for another Master Thesis. 

Regarding Tª controls, different user testimonies from our surveys have been concluded that 
temperatures inside the wagons are often too high, therefore people's anxiety increases and 
their crowding feeling is greater (Figure 67). Thus, a further investigation on this issue among 
the users is recommended for the possible regulation of ventilation systems, since the 
temperature aspect was not studied in depth in our study. 

 

Figure 67: The crowding feeling in a metro wagon. Source: dreamstime.com 
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APPENDICES 
Appendix 1: Busiest Metro Systems 

1. Tokyo, Japan� 3.16 billion passengers annually. Tokyo is Japan's capital and the most 
populated city of the world, 13'350.00. 8.7 million people use this metro to travel especially to 
the financial districts of Shinto Temple every day. This metro line was inaugurated in 1927. 

2. Moscow, Russia� 2.4 billion passengers annually. Moscow is the capital of Russia and every 
day 6.6 million people use the metro, especially to travel to the districts of the Red Square, 
Kremlino, St. Basil Cathedral, Bolshoi Ballet, etc. 

3. Seoul, South Korea�2.04 billion passengers annually. Seoul is the capital of South Korea and 
5.6 million people travel by metro every day, especially to the neighborhoods of financial 
institutions and various palaces of the capital. This was opened in 1974. 

4. Shanghai, China� 2 billion passengers annually. It is the largest city in China and 7 million 
people use the metro every day, opened in 1995. 

5. Peking (Beijing) China� 1.84 billion passengers annually. Peking is the capital of China, and 
every day 6.4millones people travel by metro especially to Beijing Zoo, Tiananmen Square and 
the Forbidden City. The metro was opened in 1971 and it was expanded for the 2008 Olympics. 

 6. New York City, USA� 1.6 billion passengers annually. It is the most used metro in US and it 
is the metro with more stations of the world (468). It was opened in 1904 and 5 million people 
use it every day to travel especially to Wall Street, UN neighborhoods, Times Square, Central 
Park, Empire State Building or Broadway. 

 7. Paris, France� 1.5 billion passengers annually. Capital of France, it was opened in 1900 and 
every day 4.8 million people travel by metro especially to the Eiffel Tower, Louvre, Notre 
Dame, the Arc de Triomphe. 

8. Mexico City, Mexico� 1.4 billion passengers annually. 4.5 million people per day use it to 
travel into the capital of Mexico. It was opened in 1969. 

9. Hong Kong, China� 1.32 billion passengers annually. About 3.7 million people use it to 
travel to its global center of finance every day. It was opened in 1979. 

 10. Guangzhou, China� 1.18 billion passengers annually. It is the third largest city in China 
and it has the most important commercial port of south China. It was opened in 1997. 3.2 
million people travel by metro daily. 

11. London, England� 1.065 billion passengers annually. It is known as "Underground," or 
"The Tube" and it was the first metro in the world in 1863. Each day approximately 3.0 million 
people use it to travel especially to the British Museum, Buckingham Palace, Tower of London, 
Globe Theater, Big Ben and Trafalgar Square. 

The list continues as follows: 

12. Osaka, Japan� 877,000,000 
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13. St. Petersburg, Russia� 829,000,000 

14. Sao Paulo, Brazil� 754 000 000 

15. Singapore� 744,000,000 

16. Cairo, Egypt� 700,000,000 

17. Madrid, Spain� 642 000 000 

18. Santiago, Chile� 621 000 000 

19. Prague, Czech Republic� 585,000,000 

20. Vienna, Austria� 534,000,000 

21. Caracas, Venezuela� 510 000 000 

22. Berlin, Germany� 508,000,000 

23. Taipei, Taiwan� 505,000,000 

24. Kiev, Ukraine� 502,000,000 

25. Tehran, Iran� 459,000,000 

26. Nagoya, Japan� 427,000,000 

27. Buenos Aires, Argentina� 409,000,000 

28. Athens, Greece� 388,000,000 

29. Barcelona, Spain� 381 000 000 

30. Munich, Germany� 360,000,000 
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Appendix 2: 1st Questionnaire Draft 

Traveler information 

1. Do you usually travel by metro? 
o Yes (continue with the questionnaire) 
o No (thanks for your time) 

 
2. Gender? 

o Male 
o Female 

 
3.  Years? 

o Up to 17 
o 18-24 
o 25-34 
o 35-44 
o 45-54 
o 55-64 
o 65-74 
o 75+ 

 
4.  Any disabilities? 

o None 
o Mobility impairment 
o Hearing impairment 
o Visual impairment 
o Learning disabilities 
o Serious long term illness 
o Other, describe: 

 
5. Occupation? 

o Full time employment 
o Part-time employment 
o Unemployed 
o Self-employed 
o Student 
o Working student 
o Pensioner 
o House wife 
o Other 

 
 

6. Do you have access to a seasonal public transport card? 
o Yes, type of? 
o No 
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7. How much time do you spend in total travelling by metro on an average weekday? 
o Up to 15 minutes 
o 15-30 
o 30-60 
o 60-90 
o 90-120 
o 120+ 

 
8. If you are between 18-64, you don´t have disabilities or you don´t travel with children, 

skip to question 8, otherwise how much do you agree with the following statements?  

 Strongly 
disagree 
1 

2 3 4 Strongly 
agree 
5 

It is easy to find my way       
I feel I can go anywhere without 
problems  

     

The subway car design serves my needs      
--Only if 65+ or having some disability--  
I can find a priority seat for me easily 

     

It is tiresome to travel      
It is easy to get relevant travel 
information 

     

There is a good lighting       
I feel I have the facilities that I need when 
travelling with small children 

     

I prefer not to use public transport when 
travelling with small children 

     

 

9. How would you describe your general mood right now? 

 
 

1 2 3 4 5  

Sad      Glad 
Dissatisfied      Satisfied 
Passive      Active 
Dull      Alert 
Depressed      Joyful 
Sleepy      Awake 
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Now, think about your most common trip in metro, and answer these questions: 

Trip description and satisfaction 

10. Origin 
11. Destination: 
12. Main purpose of your trip? 

o Regular commuting to work or education 
o Regular commuting from work or education 
o Business 
o Shopping 
o Leisure 
o Other 

 
13. How often do you do this trip? 

o 10 times a week or more 
o 6-10 times a week 
o 1-5 times a week 
o Twice a month 
o Once a month 
o Less frequently 

 
14. When do you usually do this travel? 

o Before 7 a.m. 
o 7-9 a.m. 
o 9-11 a.m. 
o 11 a.m.-13 p.m. 
o 13-15 p.m. 
o 15-17 p.m. 
o 17-19 p.m. 
o After 19 p.m. 

 
15. Do you usually look for information concerning this trip prior to your departure? 

o Yes, sources? 
o Maps 
o Schedule in SL site 
o Electronic displays concerning travel times (e.g. at stops) 
o Way finding signs (e.g. at stations or along roads) 
o Radio or announcements 
o Mobile applications 

o None 
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16. Is there usually any difference between real time needed for the whole trip and the 
estimated time before? How much? 
 

17. Evaluate the whole trip in terms of “easiness to use”: 
o Very easy to use 
o Easy to use 
o No special difficulties, but also not easy 
o Difficult to use 
o Very difficult to use 

 
18. Do you carry any heavy or bulky objects? 

o Yes 
o No 

 
19. How many cases of exceptionally poor experience  can you recall when travelling 

between these origin and destination in the last month? 
o None 
o One incident 
o 2-3 incidents 
o 4-7 incidents 
o 8 or more incidents 

 
20. Have you changed your travel plans due to exceptionally poor service on previous 

trips? 
o Changed the time I start my trip 
o Changed my mode of transport 
o Changed the route, while using the same transport mode 
o Changed my destination 
o Haven’t changed 

 
21. What did you do while travelling?  

o Working or studying 
o Reading books or newspaper 
o Listening to music or radio 
o Used internet for leisure 
o Sleeping or resting 
o Eating or drinking 
o Email, SMS or phone call 
o Gaming 
o Talking with other travelers 
o Window gazing, wondering, nothing in particular 
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22. Try to remember your last trip with this origin and destination. How much do you 
agree with the following statements? (1 Is totally disagree, 5 is totally agree) 

 1 2 3 4 5 
The station offered good facilities and services      
I liked the overall station environment       
The station was well-located       
The station was clean       
The temperature while waiting was fine      
It was easy to buy travel tickets       
The information about travel tickets was good       
Ticket costs are fair and consistent      
The travel ticket worth its price       
I felt safe when waiting at the station       
I could find toilets if needed       
The station was crowded      
Travel information at the station was relevant and timely      
The personnel at stop and on board was friendly and helpful      
It was easy to get from one route to the other      
The service was delayed      
The frequency that was provided on this service was adequate      
It was easy to find a seat when riding the vehicle      
It was crowded on-board      
The seat was comfortable      
The vehicle was nice and modern      
The vehicle was clean      
There was an unpleasant smell during my ride      
The temperature on-board was fine      
I was disturbed by the behavior of fellow travellers      
It felt like it took longer than it actually did      
I felt safe when riding the vehicle      
It was comfortable to ride this vehicle      
I felt travel sickness because of an unsmooth ride      
It was easy to find out where to get off the vehicle      
This is an environmental-friendly service      
The service was highly reliable      
The travel time was good compared with the planned timetable      
Travel information on the vehicle was relevant and timely      
This service provides good connections to other travel options      
 

23. Please indicate how could your travel experience have been improved in those 
statements with more problems? 
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Attitudes 

24. In which of the following two metro cars do you feel less overcrowding? 
a. If you are sitting 
b. If you are standing 

 

 

25. Would you prefer that the roof bar (pic.1) was on the sides instead of in the middle? 
26. Would you prefer that instead of the vertical bar in the center (pic.2), the car had two 

closest to the doors? 
27. Would you prefer that the panels (pic.1) were opaque rather than transparent? So not 

see the number of people along the whole car. 
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28. If you reach the platform and know that the first car will be more congested, but this 
car is the closest to the exit door at the end of your journey: 
o I go into this car 
o I look for a less congested car 
o I don´t care 

 
29. If the metro arrives and you see there will not be place to sit you, do you go into the 

car or do you wait the next one? 
o I always go into 
o I never go into 
o It depends on if I have to be somewhere at a certain time or not 

If we add armrest between the seats, if you're sitting you will feel more comfortable, but if you 
are stand you will have less space. In addition, it will fit less people so the frequency will be 
lower. 

30. Would do you prefer adding the armrests? 
o Yes 
o No 
o Don´t mind 

 
31. From 1 to 5 (can not stand), how annoying is for you…? How would you solve it? 

 1 2 3 4 5 
Someone raises his arm to not falling out very close to me      
It´s not my stop, and I have to go down because another person wants to 
get off the metro 

     

Sit next to a stranger      
Loud voices of travelers      
 

Stated Preference Method 

The bonus of 30 days for public transport (without any discount) costs 790 SEK. If we increase 
a 11%, it would be 877 and if we decrease a 9% it would be 719. Assuming that at rush hour, 
the frequency of your metro is every 6 minutes, choose between the 3 options in each case: 

32. Go stand/sitting Vs. Price Vs. Frequency 
 
� 30 days-719 SEK 

              Go stand 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-877 SEK 
              Go sitting 
              Every 3 minutes 

� 30 days-877 SEK 
              Go sitting 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              Go stand 
              Every 3 minutes 

� 30 days-877 SEK 
              Go stand 
              Every 3 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              Go sitting 
              Every 10 minutes 

 



117 
 

Consider the alternative trips that you could take between the same origin and destination 
using the metro as well. What is the number of such alternatives? 

33. Change mode of transport Vs. Price Vs. Frequency 
 
� 30 days-719 SEK 

No metro 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-877 SEK 
              Metro 
              Every 3 minutes 

� 30 days-877 SEK 
              Metro 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              No metro 
              Every 3 minutes 

� 30 days-877 SEK 
              No metro 
              Every 3 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              Metro 
              Every 10 minutes 

 

34. Crowding situation Vs. Price Vs. Frequency 
 
� 30 days-719 SEK 

Picture 3 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-877 SEK 
Picture 1 

              Every 3 minutes 
� 30 days-877 SEK 

              Picture 1 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              Picture 3 
              Every 3 minutes 

� 30 days-877 SEK 
              Picture 3 
              Every 3 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              Picture 1 
              Every 10 minutes 
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Some volunteers may redistribute passengers in the subway during rush hour, emptying the 
busiest cars and bringing these people to the less congested. 

35. Volunteers helping (more comfort) Vs. Price Vs. Frequency 
 
� 30 days-719 SEK 

No volunteers 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-877 SEK 
              Volunteers 
              Every 3 minutes 

� 30 days-877 SEK 
              Volunteers 
              Every 10 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              No volunteers 
              Every 3 minutes 

� 30 days-877 SEK 
              No volunteers 
              Every 3 minutes 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              Volunteers 
              Every 10 minutes 

 

36. Wifi Vs. TV Vs. Price 
 
� 30 days-719 SEK 

No wifi 
              No TV 

� Doesn´t matter 
              Don´t know 

� 30 days-877 SEK 
Wifi 

              TV 
� 30 days-877 SEK 

              Wifi 
              No TV 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              No wifi 
              TV 

� 30 days-877 SEK 
              No wifi 
              TV 

� Doesn´t matter 
              Don´t know 

� 30 days-719 SEK 
              Wifi 
              No TV 

 

Thank you for your time you have taken for completing this questionnaire, it is highly 
appreciated. 
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Appendix 3: Survey On-board. Survey On-line 

Survey on-board 

Trip description and satisfaction 

1. Origin (metro station): 
2. Destination (metro station): 
3. How strongly do you agree with the following statements? (1 Is totally disagree, 5 is 

totally agree) 

 1 2 3 4 5 
Feeling safe while on the wagon (people / belongings)      
The wagon is being driven safely and comfortable      
Ease to find a seat      
Appropriate temperature      
Enough personal space (not crowding)      
Disturbing behavior of fellow travelers      
Ease of boarding      
Ease of getting off      
Cleanliness of wagon (seats, handles, smell)       
Travel information on the wagon is easily visible      
Travel information on the wagon is enough      
Travel information on the wagon is timely      

4. Do you have enough holding place or do you need something like that? 

 
o I have enough 
o I consider it necessary 

5. Do you need something like this? 

 
o Yes 
o No 
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Perception 

6. How would you describe the situation right now? Cross the picture you consider. 

 

7. In which of the two metro cars do you feel less overcrowding? 
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Attitudes 

8. How strongly do you agree with the following statements? 
 
 Strongly 

disagree 
Disagree Not 

sure/ 
Neutral 

Agree Strongly 
agree 

I try to sit as far away from 
other travelers as possible 

     

I choose the closest seat to the 
exit 

     

I do everything I can to not 
have anyone close (avoid eye 
contact with boarding users, 
leave the window seat free…) 

     

I am at a comfortable distance 
from the nearest passenger 

     

I try to be busy to avoid being 
disturbed by other passengers 

     

Driving is abrupt      
It annoys me when it´s not my 
stop, and I have to go down 
because another person wants 
to get off the metro 

     

 
9. Choose between these 3 options in each case. If you don´t care, don´t cross anywhere: 

  

 

 

 

 

 

                                     

 

 

 

 

 

 

30 days-719 SEK 

Go stand 

Every 10 minutes 

30 days-877 SEK 

Go sitting 

Every 3 minutes 

30 days-877 SEK 

Go sitting 

Every 10 minutes 

30 days-719 SEK 

Go stand 

Every 3 minutes 

30 days-877 SEK 

Go stand 

Every 3 minutes 

30 days-719 SEK 

Go sitting 

Every 10 minutes 
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10. Look at the picture and choose again: 
 

 

 

 

 

 

 

 

 

 

 

 

  

Traveler information 

11.  Years? 
 

12.  Any disabilities? 
o None 
o Mobility impairment 
o Hearing impairment 
o Visual impairment 
o Learning disabilities 
o Serious long term illness 
o Other, describe: 

 
  

30 days-719 SEK 

Picture 3 

Every 3 minutes 

30 days-877 SEK 

Picture 1 

Every 10 minutes 

30 days-877 SEK 

Picture 1 

Every 3 minutes 

30 days-719 SEK 

Picture 3 

Every 10 minutes 

30 days-719 SEK 

Picture 1 

Every 10 minutes 

30 days-877 SEK 

Picture 3 

Every 3 minutes 
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13. Occupation? 

o Full time employment 
o Part-time employment 
o Unemployed 
o Self-employed 
o Student 
o Working student 
o Pensioner 
o House wife 
o Other 

 
14. How would you describe your general mood right now? 

 
 
 

1 2 3 4 5  

Sad      Glad 
Dissatisfied      Satisfied 
Passive      Active 
Dull      Alert 
Depressed      Joyful 
Sleepy      Awake 

 

Thank you for your time you have taken for completing this questionnaire, it is highly 
appreciated. 
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Survey on-line 

Think about your most common trip in metro, and answer these questions: 

Trip description and satisfaction 

1. Origin (metro station): 
2. Destination (metro station): 
3. How often do you do this trip? 

a. Every week-day 
b. Once a week or almost once a week 
c. Twice a month 
d. Once a month or almost 
o Less frequently 

 
4. How long is it? (minutes) 

 
5. How often is the metro delayed? 

a. Every week-day 
b. Once a week or almost once a week 
c. Twice a month 
d. Once a month or almost 
o Less frequently 
o Never 

 
6. When do you usually do this travel? 

o Before 7 a.m. 
o 7-9 a.m. 
o 9-11 a.m. 
o 11 a.m.-13 p.m. 
o 13-15 p.m. 
o 15-17 p.m. 
o 17-19 p.m. 
o After 19 p.m. 

7. Do you carry any heavy or bulky objects / luggage? 
o Yes 
o No 

 
8. Do you think it would be needed a specific place to leave these? 

o Yes 
o No 

9. Have you had any trouble entering your belongings in the car? Explain 
o Yes 
o No 
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10. Do you have enough place to hold yourself or do you think something like that could 
be necessary? 

 

o I have enough 
o I consider it necessary 

 
11. Do you think something like that could be necessary? 

 

o Yes 
o No 

12. Do you think something like that could be necessary? 
 

 

o Yes 
o No 
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13. How strongly do you agree with the following statements? (1 Is totally disagree, 5 is 
totally agree) 

 1 2 3 4 5 
Feeling safe while on the wagon (people / belongings)      
The wagon being driven safely and comfortable      
Ease to find a seat      
Appropriate temperature      
Enough personal space (not crowding)      
Disturbing behavior of fellow travelers      
The subway car design serves my needs      
Ease of boarding      
Ease of getting off      
Cleanliness of wagon (seats, handles, smell)       
Travel information on the wagon is in good place to see it      
Travel information on the wagon is enough      
Travel information on the wagon is timely      
 

Please indicate how could your travel experience be improved in those statements with more 
problems to you? 

14. Evaluate the whole trip in terms of “easiness to use”: 
o Very easy to use 
o Easy to use 
o No special difficulties, but also not easy 
o Difficult to use 
o Very difficult to use 

Perception 

Write A, B, C in the place of the scale you consider correct 

15. How full were the seats on the metro when you boarded? (A) 
16. How full were the seats on the metro when you departed? (B) 

 

 
 

17. Would the AVERAGE passenger rather have more privacy or more social interaction 
with other passengers when travelling on the metro? 
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18. How likely is it that the following things happen in your regular metro travel? 

 Very 
unlikely 

Unlikely Not 
sure/ 
Neutral 

Likely Very 
likely 

People try to sit as far away from other 
passengers as possible 

     

People choose the closest seat to the exit      
People do everything they can to not have 
anyone close (avoid eye contact with 
boarding users, leave the window seat free..) 

     

Passengers look comfortable with the 
distance between them and the nearest 
passenger 

     

Passengers try to be busy to avoid being 
disturbed by other travelers 

     

People complain of sudden driving      
People complain if it is not their stop, and 
they have to go down because another 
person wants to get off the metro 

     

 

19. In which of the two metro cars do you feel less overcrowding? 
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Attitudes 

20. Would YOU rather have more privacy or more social interaction with other passengers 
when travelling on the metro?  
 

 

21. What would you do if a full metro arrives? 
o I would take it 
o I would wait for the next metro 
o It depends on if I have to be somewhere at a certain time or not 

22. Same situation but only the first wagon is full 
o I look for another wagon 
o I go into this wagon because it is the closest to my street exit 

 

Read the following information about different attributes: 

� The bonus of 30 days for public transport (without any discount) costs 790 SEK. If we 
increase a 11%, it would be 877 and if we decrease a 9% it would be 719 

� Go sitting / standing in the wagon 
� Assuming that at rush hour, the frequency of your metro is every 6 minutes 
� Add TV entertainment / information in the wagon 
� Some volunteers may redistribute passengers in the subway during rush hour, 

emptying the busiest cars and bringing this people to the less congested 
� Add bikes place in the wagon as the picture in the question 12 
� 4 crowding situations: 
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23. Grade these seven alternatives according to your preferences. Write numbers in the 
boxes, between 0 (lowest grade) and 10 (highest). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 days-877 SEK 

Go stand 

Every 3 minutes 

No TV 

No Volunteers 

Bike 

Picture 1 

30 days-877 SEK 

Go sitting 

Every 10 minutes 

No TV 

Volunteers 

No Bike 

Picture 1 

30 days-877 SEK 

Go sitting 

Every 3 minutes 

TV 

No Volunteers 

No Bike 

Picture 3 

30 days-719 SEK 

Go stand 

Every 10 minutes 

TV 

No Volunteers 

No Bike 

Picture 1 

30 days-719 SEK 

Go stand 

Every 3 minutes 

No TV 

Volunteers 

No Bike 

Picture 3 

30 days-719 SEK 

Go sitting 

Every 10 minutes 

No TV 

No Volunteers 

Bike 

Picture 3 

30 days-877 SEK 

Go stand 

Every 10 minutes 

TV 

Volunteers 

Bike 

Picture 3 

30 days-719 SEK 

Go sitting 

Every 3 minutes 

TV 

Volunteers 

Bike 

Picture 1 
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Traveler information 

24. Gender? 
o Male 
o Female 

 
25.  Years? 

 
26.  Any disabilities? 

o None 
o Mobility impairment 
o Hearing impairment 
o Visual impairment 
o Learning disabilities 
o Serious long term illness 
o Other, describe: 

 
27. Do you usually travel with children? 

o Yes 
o No 

 
28. Occupation? 

o Full time employment 
o Part-time employment 
o Unemployed 
o Student 
o Working student 
o Pensioner 
o House wife 
o Other 

29. How would you describe your general mood right now? 
 

 
 

1 2 3 4 5  

Sad      Glad 
Dissatisfied      Satisfied 
Passive      Active 
Dull      Alert 
Depressed      Joyful 
Sleepy      Awake 

 

Thank you for your time you have taken for completing this questionnaire, it is highly 
appreciated. 
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Appendix 4: Onboard Swedish version 

Kära respondant, 

Jag är en student som gör mitt examensarbete på KTH och jag genomför undersökningar bland 
er som åker tunnelbana. Jag undersöker hur olika resande upplever trängseln. Jag gör detta i 
samarbete med SL och MTR som vill komma tillrätta med trängseln. 

Mitt namn är Ana Tarazona och för eventuella frågor eller kommentarer kan du kontakta mig 
här: metrouserssurveys@gmail.com 

Jag skulle vara mycket tacksam om du kan använda din restid för att svara på den här enkäten. 
Det tar högst 10 minuter. 

1.På vilken tunnelbanestation klev du på? _________________________________ 

2.Vad är din destination (tunnelbanestation)? _________________________________ 

3.Hur starkt instämmer du i följande påståenden? 

Känner mig tryck (människor / tillhörigheter) 

Resan är trafiksäker 

Resan är bekväm 

Det är lätt att hitta en sittplats 

Temperaturen är lagom 

Tillräckligt personligt utrymme (upplever inte trängsel) 

Ofta störande beteende från medresenärer 

Enkel ombordstigning 

Det är lätt att komma av 

Städningen är bra (säten, handtag, lukt) 

Reseinformation är lätt att se 

Reseinformation presenteras i god tid 
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4.Hur många minuter känns det rimligt för dig att stå i stället för att sitta i tunnelvagnen? 

□ Inte alls 

□ En station 

□ 5 min 

□ 10 min 

□ 15 min 

□ 20 min 

□ 30 min 

□ Mer än 30 min 

5.Ti�a på bilden och svara på hur du känner inför varje förbä�ring. 

Tredubbel ledstång (mer plats att hålla dig själv än nu) 

Handikapplats enligt bilden 

Cykelplats enligt bilden 

6.Hur skulle du beskriva situationen just nu? 

□ Bild 1 

□ Bild 2 

□ Bild 3 

7.Om du kan gå att sitta, i vilken av dessa två tunnelbanevagnar känns det minst trångt? 

□ Bild A 

□ Bild B 

Om du måste gå stå upp, i vilken av dessa två tunnelbanevagnar känns det minst trångt? 

□ Bild A 

□ Bild B 

8.Vill du hellre ha mer avskildhet eller mindre när de reser på tunnelbanan? 

□ Mer avskildhet 

□ Mindre avskildhet 
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9.Hur starkt instämmer du i följande påståenden? 

Jag försöker att sitta så långt bort från andra resenärer som möjligt 

Jag väljer det sate som är närmast dörren 

Jag försöker sitta för mig själv (undvika ögonkontakt med ombordstigning användare, lämna 
fönstersätet tomt ...) 

Jag är på bekvämt avstånd från närmaste passagerere 

Jag försöker vara upptagen för att undvika att bli störd av andra passagerare 

Körningen är ryckig 

10.Hur gammal är du? _________________________________ 

11.Har du något funktionshinder? 

□ Inget 

□ Rörelsehinder 

□ Hörselnedsättning 

□ Synnedsättning 

□ Inlärningssvårigheter 

□ Annat, beskriv _________________________________ 

12.Din sysselsättning? 

□ Anställd 

□ Arbetslös 

□ Studerande 

□ Pensionär 

□ Annat, beskriv _________________________________ 

Tack för din hjälp! 
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Appendix 5: Survey final version 

On-board Version 

Dear respondant, 

I am a student doing my Masther Thesis in KTH and I am conducting some surveys among 
metro users in order to evaluate some of your preferences and behaviors. I am doing this in 
cooperation with MTR, which is helping me with Netigate program. 

My name is Ana Tarazona and for any questions or comments you can contact me here: 
anati@kth.se 

Answer these questions regarding your most common metro trip. 

1.Where are your biggest problems during your metro trip? 

□ At the gateways 

□ At the escalators 

□ At the common stairs 

□ At the platform 

□ Inside the wagon 

2.At what times do you have more problems / inconveniences to travel by metro? 

□ Before 7.30 

□ 7.309 

□ 911 

□ 1113 

□ 1315 

□ 1516.30 

□ 16.3018 

□ 1821 

□ After 21 
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3.Are you aware of the uneven distribution of travelers along the platform and inside the 

train? (more people at the beginning and the end of the train and less in the middle) 

□ I am aware and I try to place myself where I know there are less people 

□ I know it, but I do not take it into account 

□ I know it, but I prefer to place myself at the beginning / end of the train even if it is more 
crowded 

□ I need more information 

4.How strongly do you agree with the following statements? 

I try to sit as far away from other travelers as possible 

I try to not get anyone close (avoid eye contact with boarding users, leave the window seat 
free…) 

I am at a comfortable distance from the nearest passenger 

I try to be busy to avoid being disturbed by other passengers 

I choose the closest place to the door 

5.Choose your best combination (three times) 

Choice 1: 

□ You travel standing, paying 660 kr for the card (30days) and the waiting time is 10 minutes 
maximum 

□ Does not matter / can not choose 

□ You travel seated, paying 720 kr and the waiting time is 3 minutes maximum 

Choice 2: 

□ You travel seated, paying 720 kr and the waiting time is 10 minutes maximum 

□ Does not matter / can not choose 

□ You travel standing, paying 660 kr and the waiting time is 3 minutes maximum 

Choice 3: 

□ You travel standing, paying 720 kr and the waiting time is 3 minutes maximum 

□ Does not matter / can not choose 

□ You travel seated, paying 660 kr and the waiting time is 10 minutes maximum 

Thank you for your �me!! 
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On-line Version 

Dear respondent, 

I am a student doing my Masther Thesis in KTH and I am conducting some surveys among 
metro users in order to evaluate some of your preferences and behaviors. I am doing this in 
cooperation with MTR, which is helping me with Netigate program. 

My name is Ana Tarazona and for any questions or comments you can contact me here: 
anati@kth.se 

I would be very grateful to you if you spend 10 minutes of your time to complete this 
questionnaire. 

Answer these questions regarding your most common metro trip. 

1.What is your most common origin? (metro station) _________________________________ 

2.What is your most common destination (metro station) 
_________________________________ 

3.How long is it? (minutes) _________________________________ 

4.When do you usually do this travel? 

□ Before 7.30 a.m. 

□ 7.309 a.m. 

□ 911 a.m. 

□ 11 a.m.13 p.m. 

□ 1315 p.m. 

□ 1516.30 p.m. 

□ 16.3018 p.m. 

□ 1821 p.m. 

□ After 21 p.m. 
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5.How strongly do you agree with the following statements? 

I feel safe in the wagon (people / belongings) 

The train is being driven safely 

The train is being driven comfortable  

Finding a seat is easy 

The temperature is appropriate 

There is enough personal space (not crowding) 

Boarding is easy 

Getting off is easy 

The wagon is clean (seats, handles, smell) 

I can see the travel information (metro map) from the seat 

I get the travel information (sound system and light panel) when I need it 

The overall price of the service is appropriate 

6.Would you feel less overcrowding with the improvements below? 

□ Yes 

□ No 

Which one do you prefer? (you can choose more than one) 

□ Triple holding (picture) 

□ Holdings on the seats 

□ More holdings next to the door 

□ None 

□ Other (describe) _________________________________ 

7.What percentage of the seats on the metro were occupied when you boarded? 

□ 0% 

□ 100% 
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8.How bothering are these situations for you regarding your overcrowding perception? 

An unknown person on the seat beside you 

An unknown person on the seat in front of you 

A traveler with some big objects / luggage close to you 

9.How many minutes do you feel it is reasonable to stand up instead of sitting in the metro 
car during your most common trip? 

□ Not at all 

□ One station 

□ 5 min 

□ 10 min 

□ 15 min 

□ 20 min 

□ 30 min 

□ More than 30 min 

10.How likely is it that the following things happen in your regular metro trip? 

People try to sit as far away from other passengers as possible 

People try to not get anyone close (avoid eye contact with boarding users, leave the window 
seat free..) 

Passengers look uncomfortable with the distance between them and the nearest passenger 

Passengers try to be busy to avoid being disturbed by other travelers 

People choose the closest place to the door 

11.If you have to go standing up, in which of the two metro cars do you feel less 
overcrowding? 

□ Model A 

□ Model B 

If you can go sitting, in which of the two metro cars do you feel less overcrowding? 

□ Model A 

□ Model B 
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12. Please evaluate these six improvements. Rank them from the most worthy for you to the 
worst one.Each improvement should have a different level, two different improvements can 
not have the same value. 

There are customer service personal redistributing people from the most overcrowded wagons 
to those wagons with less people 

The 30daycard is made 30 kr cheaper 

The train is filled like in picture 1 instead of like in picture 3 

You have a seat all the trip instead of standing 

Include disability place inside the wagons 

The trains depart every 3 minutes instead of every 10 minutes 

The train is not too full to have to choose another door 

13. Traveler information 

Gender 

□ Male 

□ Female 

14.Age _________________________________ 

15.Any disabilities? 

□ None 

□ Mobility impairment 

□ Hearing impairment 

□ Visual impairment 

□ Learning disabilities 

□ Other, describe_________________________________ 

16.Do you usually travel with children in your most common trip? 

□ Yes 

□ No 
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17.Occupation? 

□ Employed (teacher or researcher) 

□ Employed (administrative worker) 

□ Unemployed 

□ Student 

□ Pensioner 

□ Other, describe_________________________________ 

18.How would you describe your mood at the beginning of your most common trip? 

□ Not tired at all 

□ Very tired 

□ Not annoyed at all 

□ Very annoyed 

How would you describe your mood at the end of your most common trip? 

□ Not tired at all 

□ Very tired 

□ Not annoyed at all 

□ Very annoyed 

Thank you for your �me!! 

For the free coffe, you must copy this link in a Word file and go for download it: 

Coffee free 1.docx 
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Appendix 6: Survey results. SPSS 

6.1. Statistics 

Table 1: Gender 

Traveler information:Gender 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Male 102 47,4 54,5 54,5 

Female 85 39,5 45,5 100,0 

Total 187 87,0 100,0  

Missing System 28 13,0   

Total 215 100,0   

 

Table 2: Age group 

age group 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 15-25 46 21,4 24,6 24,6 

26-45 91 42,3 48,7 73,3 

46-65 41 19,1 21,9 95,2 

66 or older 9 4,2 4,8 100,0 

Total 187 87,0 100,0  

Missing System 28 13,0   

Total 215 100,0   
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Table 3: Occupation 

:Occupation? 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Employed (teacher or 

researcher) 
92 42,8 49,7 49,7 

Employed (administrative 

worker) 
23 10,7 12,4 62,2 

Unemployed 1 ,5 ,5 62,7 

Student 56 26,0 30,3 93,0 

Pensioner 3 1,4 1,6 94,6 

Other, describe 10 4,7 5,4 100,0 

Total 185 86,0 100,0  

Missing System 30 14,0   

Total 215 100,0   

 

Table 4: Disabled people 

Statistics 

 

:Any 

disabilities?Non

e 

:Any 

disabilities?Mobi

lity impairment 

:Any 

disabilities?Hear

ing impairment 

:Any 

disabilities?Visu

al impairment 

:Any 

disabilities?Lear

ning disabilities 

N Valid 118 2 1 2 1 

Missing 97 213 214 213 214 
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Table 5: Travel with children 

:Do you usually travel with children in your most common trip? 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Yes 10 4,7 5,4 5,4 

No 175 81,4 94,6 100,0 

Total 185 86,0 100,0  

Missing System 30 14,0   

Total 215 100,0   

 

Table 6: Travel time 

:When do you usually do this travel? 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Before 7.30 a.m. 21 9,8 9,8 9,8 

7.30-9 a.m. 107 49,8 49,8 59,5 

9-11 a.m. 47 21,9 21,9 81,4 

11 a.m.-13 p.m. 6 2,8 2,8 84,2 

13-15 p.m. 6 2,8 2,8 87,0 

15-16.30 p.m. 6 2,8 2,8 89,8 

16.30-18 p.m. 16 7,4 7,4 97,2 

18-21 p.m. 6 2,8 2,8 100,0 

Total 215 100,0 100,0  
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Table 7: Travel duration average 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

:How long is it? (minutes) 215 2 55 16,78 11,551 

Valid N (listwise) 215     

 

Table 8: Travel duration 

duration group 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1-5 29 13,5 13,5 13,5 

6-10 58 27,0 27,0 40,5 

11-15 46 21,4 21,4 61,9 

16-20 28 13,0 13,0 74,9 

21-30 27 12,6 12,6 87,4 

31-40 20 9,3 9,3 96,7 

41-50 6 2,8 2,8 99,5 

51-60 1 ,5 ,5 100,0 

Total 215 100,0 100,0  
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6.2. Results 

Table 1: Satisfaction levels 

Descriptive Statistics 

 

N Minimum Maximum Mean Std. Deviation 

Statistic Statistic Statistic Statistic Std. Error Statistic 

:How strongly do you agree 

with the following 

statements?The train is 

being driven safely 

215 1 5 4,37 ,055 ,810 

:How strongly do you agree 

with the following 

statements?I feel safe in the 

wagon (people / belongings) 

215 1 5 4,29 ,056 ,826 

:How strongly do you agree 

with the following 

statements?Getting off is 

easy 

215 1 5 3,67 ,078 1,143 

:How strongly do you agree 

with the following 

statements?The 

temperature is appropriate 

215 1 5 3,65 ,073 1,075 

:How strongly do you agree 

with the following 

statements?The wagon is 

clean (seats, handles, 

smell) 

215 1 5 3,64 ,065 ,951 

:How strongly do you agree 

with the following 

statements?Boarding is 

easy 

215 1 5 3,62 ,081 1,189 
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:How strongly do you agree 

with the following 

statements?I get the travel 

information (sound system 

and light panel) when I need 

it 

215 1 5 3,59 ,071 1,046 

:How strongly do you agree 

with the following 

statements?The train is 

being driven comfortable 

215 1 5 3,40 ,077 1,135 

:How strongly do you agree 

with the following 

statements?Finding a seat 

is easy 

215 1 5 2,95 ,086 1,263 

:How strongly do you agree 

with the following 

statements?The overall 

price of the service is 

appropriate 

146 1 5 2,94 ,098 1,182 

:How strongly do you agree 

with the following 

statements?There is 

enough personal space (not 

crowding) 

215 1 5 2,88 ,082 1,209 

:How strongly do you agree 

with the following 

statements?I can see the 

travel information (metro 

map) from the seat 

215 1 5 2,55 ,077 1,126 

Valid N (listwise) 146      
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Table 2: Satisfaction levels by gender and age 

:How strongly do you agree with the following statements?The train is being driven comfortable 

* age group Crosstabulation 

Count   

 

age group 

15-25 26-45 46-65 66 or older 

:How strongly do you agree 

with the following 

statements?The train is 

being driven comfortable 

Strongly disagree 4 7 2 0 

Disagree 5 19 3 2 

Not sure/neutral 11 25 14 2 

Agree 16 31 12 4 

Strongly agree 10 9 10 1 

Total 46 91 41 9 

:How strongly do you agree with the following statements?The train is being driven 

comfortable * Traveler information:Gender Crosstabulation 

Count   

 

Traveler information:Gender 

Total Male Female 

:How strongly do you agree 

with the following 

statements?The train is 

being driven comfortable 

Strongly disagree 4 9 13 

Disagree 19 10 29 

Not sure/neutral 21 31 52 

Agree 36 27 63 

Strongly agree 22 8 30 

Total 102 85 187 

:How strongly do you agree with the following statements?There is enough personal space (not 

crowding) * age group Crosstabulation 
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Count   

 

age group 

15-25 26-45 46-65 66 or older 

:How strongly do you agree 

with the following 

statements?There is enough 

personal space (not 

crowding) 

Strongly disagree 7 19 6 1 

Disagree 6 25 6 1 

Not sure/neutral 16 22 12 2 

Agree 14 23 11 3 

Strongly agree 3 2 6 2 

Total 46 91 41 9 

:How strongly do you agree with the following statements?There is enough personal 

space (not crowding) * Traveler information:Gender Crosstabulation 

Count   

 

Traveler information:Gender 

Total Male Female 

:How strongly do you agree 

with the following 

statements?There is enough 

personal space (not 

crowding) 

Strongly disagree 12 21 33 

Disagree 15 23 38 

Not sure/neutral 31 21 52 

Agree 35 16 51 

Strongly agree 9 4 13 

Total 102 85 187 

:How strongly do you agree with the following statements?The wagon is clean (seats, handles, 

smell) * age group Crosstabulation 
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Count   

 

age group 

15-25 26-45 46-65 66 or older 

:How strongly do you agree 

with the following 

statements?The wagon is 

clean (seats, handles, smell) 

Strongly disagree 1 2 1 0 

Disagree 3 11 3 1 

Not sure/neutral 10 23 10 3 

Agree 20 46 20 3 

Strongly agree 12 9 7 2 

Total 46 91 41 9 

:How strongly do you agree with the following statements?The wagon is clean (seats, 

handles, smell) * Traveler information:Gender Crosstabulation 

Count   

 

Traveler information:Gender 

Total Male Female 

:How strongly do you agree 

with the following 

statements?The wagon is 

clean (seats, handles, smell) 

Strongly disagree 3 1 4 

Disagree 8 10 18 

Not sure/neutral 25 21 46 

Agree 52 37 89 

Strongly agree 14 16 30 

Total 102 85 187 

:How strongly do you agree with the following statements?I can see the travel information 

(metro map) from the seat * age group Crosstabulation 
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Count   

 

age group 

15-25 26-45 46-65 66 or older 

:How strongly do you agree 

with the following 

statements?I can see the 

travel information (metro 

map) from the seat 

Strongly disagree 14 14 4 3 

Disagree 11 33 16 4 

Not sure/neutral 12 26 11 1 

Agree 7 13 6 0 

Strongly agree 2 5 4 1 

Total 46 91 41 9 

:How strongly do you agree with the following statements?I can see the travel information 

(metro map) from the seat * Traveler information:Gender Crosstabulation 

Count   

 

Traveler information:Gender 

Total Male Female 

:How strongly do you agree 

with the following 

statements?I can see the 

travel information (metro 

map) from the seat 

Strongly disagree 18 17 35 

Disagree 34 30 64 

Not sure/neutral 24 26 50 

Agree 16 10 26 

Strongly agree 10 2 12 

Total 102 85 187 

:How strongly do you agree with the following statements?I get the travel information (sound 

system and light panel) when I need it * age group Crosstabulation 
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Count   

 

age group 

15-25 26-45 46-65 66 or older 

:How strongly do you agree 

with the following 

statements?I get the travel 

information (sound system 

and light panel) when I need 

it 

Strongly disagree 1 2 0 0 

Disagree 4 12 10 4 

Not sure/neutral 9 25 13 1 

Agree 21 33 12 2 

Strongly agree 11 19 6 2 

Total 46 91 41 9 

:How strongly do you agree with the following statements?I get the travel information 

(sound system and light panel) when I need it * Traveler information:Gender 

Crosstabulation 

Count   

 

Traveler information:Gender 

Total Male Female 

:How strongly do you agree 

with the following 

statements?I get the travel 

information (sound system 

and light panel) when I need 

it 

Strongly disagree 1 2 3 

Disagree 19 11 30 

Not sure/neutral 25 23 48 

Agree 33 35 68 

Strongly agree 24 14 38 

Total 102 85 187 
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Table 3: Improvement preferences 

Statistics 

 

:Would you feel 

less 

overcrowding 

with the 

improvements 

below? 

:Which one do 

you prefer? (you 

can choose 

more than 

one)Triple 

holding (picture) 

:Which one do 

you prefer? (you 

can choose 

more than 

one)Holdings on 

the seats 

:Which one do 

you prefer? (you 

can choose 

more than 

one)More 

holdings next to 

the door 

:Which one do 

you prefer? (you 

can choose 

more than 

one)None 

N Valid 212 124 74 99 38 

Missing 3 91 141 116 177 

 

Table 4: % of occupied seats  

Report 

:What percentage of the seats on the metro were occupied when you 

boarded?   

rush/not hour Mean N Std. Deviation 

7.30-9 74,53 103 25,629 

9-15 62,42 57 25,441 

16.30-18 81,75 16 18,585 

18-21 56,33 6 24,105 

Before 7.30; 15-16.30; After 

21 
54,85 27 29,239 

Total 68,72 209 26,687 
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Table 5: Reasonable minutes to go standing by age group 

Report 

:How many minutes do you feel it is reasonable to 

stand up instead of sitting in the metro car during 

your most common trip?   

age group Mean N Std. Deviation 

Std. Error of 

Mean 

15-25 4,35 46 1,449 ,214 

26-45 4,04 91 1,316 ,138 

46-65 3,95 41 1,548 ,242 

66 or older 3,44 9 1,810 ,603 

Total 4,07 187 1,430 ,105 

 

Table 6: Reasonable minutes to go standing by travel duration 

Report 

:How many minutes do you feel it is reasonable to stand up instead of sitting in 

the metro car during your most common trip?   

duration group Mean N Std. Deviation 

Std. Error of 

Mean 

1-5 3,71 28 1,782 ,337 

6-10 4,00 55 1,089 ,147 

11-15 4,17 46 1,554 ,229 

16-20 3,56 27 1,251 ,241 

21-30 4,28 25 1,487 ,297 

31-40 4,61 18 1,461 ,344 

41-50 3,17 6 1,722 ,703 

51-60 3,00 1 . . 

Total 4,00 206 1,442 ,100 
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Table 7: Wagon selection (without seat) 

:If you have to go standing up, in which of the two metro cars do you feel less 

overcrowding? 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Model A 121 56,3 59,6 59,6 

Model B 82 38,1 40,4 100,0 

Total 203 94,4 100,0  

Missing System 12 5,6   

Total 215 100,0   

 

Table 8: Wagon selection (with seat) 

:If you can go sitting, in which of the two metro cars do you feel less 

overcrowding? 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Model A 98 45,6 48,3 48,3 

Model B 105 48,8 51,7 100,0 

Total 203 94,4 100,0  

Missing System 12 5,6   

Total 215 100,0   
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Table 9: Behavior before and after the trip 

Descriptive Statistics 

 

N Minimum Maximum Mean Std. Deviation 

Statistic Statistic Statistic Statistic Std. Error Statistic 

: 184 1 5 2,32 ,083 1,121 

: 183 1 4 1,72 ,061 ,828 

: 184 1 5 2,68 ,087 1,177 

: 183 1 5 2,25 ,078 1,055 

Valid N (listwise) 183      

 

Table 10: Behavior before and after the trip depending on travel time 

Report 

rush/not hour : : : : 

7.30-9 Mean 2,31 1,67 2,62 2,31 

N 94 94 94 94 

Std. Deviation 1,164 ,795 1,254 1,048 

Std. Error of Mean ,120 ,082 ,129 ,108 

9-15 Mean 2,40 1,79 2,81 2,17 

N 52 52 52 52 

Std. Deviation 1,015 ,825 1,067 ,985 

Std. Error of Mean ,141 ,114 ,148 ,137 

16.30-18 Mean 2,23 1,77 3,00 2,54 

N 13 13 13 13 

Std. Deviation 1,363 1,092 1,354 1,506 

Std. Error of Mean ,378 ,303 ,376 ,418 
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18-21 Mean 2,50 2,00 2,50 2,00 

N 2 2 2 2 

Std. Deviation ,707 ,000 ,707 ,000 

Std. Error of Mean ,500 ,000 ,500 ,000 

Before 7.30; 15-16.30; After 

21 

Mean 2,22 1,73 2,52 2,05 

N 23 22 23 22 

Std. Deviation 1,126 ,883 1,039 ,999 

Std. Error of Mean ,235 ,188 ,217 ,213 

Total Mean 2,32 1,72 2,68 2,25 

N 184 183 184 183 

Std. Deviation 1,121 ,828 1,177 1,055 

Std. Error of Mean ,083 ,061 ,087 ,078 

 

Table 11: Biggest problems (place) 

Statistics 

 

:Where are your 

biggest 

problems during 

your metro 

trip?At the 

gateways 

:Where are your 

biggest 

problems during 

your metro 

trip?At the 

escalators 

:Where are your 

biggest 

problems during 

your metro 

trip?At the 

common stairs 

:Where are your 

biggest 

problems during 

your metro 

trip?At the 

platform 

:Where are your 

biggest 

problems during 

your metro 

trip?Inside the 

wagon 

N Valid 28 39 14 23 54 

Missing 101 90 115 106 75 
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Table 12: Biggest problems (time) 

Statistics 

 

:At what times 

do you have 

more problems / 

inconveniences 

to travel by 

metro?Before 

7.30 

:At what times 

do you have 

more problems / 

inconveniences 

to travel by 

metro?7.30-9 

:At what times 

do you have 

more problems / 

inconveniences 

to travel by 

metro?9-11 

:At what times 

do you have 

more problems / 

inconveniences 

to travel by 

metro?11-13 

:At what times 

do you have 

more problems / 

inconveniences 

to travel by 

metro?13-15 

N Valid 2 86 13 3 8 

Missing 127 43 116 126 121 

 

Statistics 

 

:At what times do 

you have more 

problems / 

inconveniences to 

travel by metro?15-

16.30 

:At what times do 

you have more 

problems / 

inconveniences to 

travel by 

metro?16.30-18 

:At what times do 

you have more 

problems / 

inconveniences to 

travel by metro?18-

21 

:At what times do 

you have more 

problems / 

inconveniences to 

travel by 

metro?After 21 

N Valid 16 77 8 8 

Missing 113 52 121 121 
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Table 13: Awareness of the uneven distribution 

:Are you aware of the uneven distribution of travelers along the platform and inside the train? 

(more people at the beginning and the end of the train and less in the middle) 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid I am aware and I try to place 

myself where I know there 

are less people 

71 55,0 56,8 56,8 

I know it, but I do not take it 

into account 
14 10,9 11,2 68,0 

I know it, but I prefer to place 

myself at the beginning / end 

of the train even if it is more 

crowded 

35 27,1 28,0 96,0 

I need more information 5 3,9 4,0 100,0 

Total 125 96,9 100,0  

Missing System 4 3,1   

Total 129 100,0   

 

Table 14: Attitudes to other passengers 

Descriptive Statistics 

 

N Minimum Maximum Mean Std. Deviation 

Statistic Statistic Statistic Statistic Std. Error Statistic 

:How likely is it that the 

following things happen in 

your regular metro 

trip?People try to sit as far 

away from other passengers 

as possible 

205 1 5 3,73 ,090 1,284 



159 
 

:How likely is it that the 

following things happen in 

your regular metro 

trip?People try to not get 

anyone close (avoid eye 

contact with boarding users, 

leave the window seat 

free..) 

205 1 5 3,27 ,084 1,209 

:How likely is it that the 

following things happen in 

your regular metro 

trip?Passengers try to be 

busy to avoid being 

disturbed by other travelers 

205 1 5 3,24 ,083 1,183 

:How likely is it that the 

following things happen in 

your regular metro 

trip?Passengers look 

uncomfortable with the 

distance between them and 

the nearest passenger 

205 1 5 3,23 ,082 1,172 

:How likely is it that the 

following things happen in 

your regular metro 

trip?People choose the 

closest place to the door 

205 1 5 3,19 ,082 1,175 

Valid N (listwise) 205      
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Table 15: Attributes importance 

Descriptive Statistics 

 

N Minimum Maximum Mean Std. Deviation 

Statistic Statistic Statistic Statistic Std. Error Statistic 

Please evaluate these six 

improvements. Rank them 

from the most worthy for 

you to the worst one.Each 

improvement should have a 

different level, two different 

improvements can not have 

the same value.:The trains 

depart every 3 minutes 

instead of every 10 

187 1 7 5,69 ,116 1,593 

Please evaluate these six 

improvements. Rank them 

from the most worthy for 

you to the worst one.Each 

improvement should have a 

different level, two different 

improvements can not have 

the same value.:The train is 

filled like in picture 1 instead 

of like 

187 1 7 5,04 ,106 1,446 

Please evaluate these six 

improvements. Rank them 

from the most worthy for 

you to the worst one.Each 

improvement should have a 

different level, two different 

improvements can not have 

the same value.:You have a 

seat all the trip instead of 

standing 

187 1 7 4,86 ,133 1,823 
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Please evaluate these six 

improvements. Rank them 

from the most worthy for 

you to the worst one.Each 

improvement should have a 

different level, two different 

improvements can not have 

the same value.:The train is 

not too full to have to 

choose another do 

187 1 7 4,82 ,134 1,830 

Please evaluate these six 

improvements. Rank them 

from the most worthy for 

you to the worst one.Each 

improvement should have a 

different level, two different 

improvements can not have 

the same value.:Include 

disability place inside the 

wagons 

187 1 7 3,87 ,136 1,853 

Please evaluate these six 

improvements. Rank them 

from the most worthy for 

you to the worst one.Each 

improvement should have a 

different level, two different 

improvements can not have 

the same value.:The 30day-

card is made 30 kr cheaper 

186 1 7 3,80 ,149 2,026 

Please evaluate these six 

improvements. Rank them 

from the most worthy for 

you to the worst one.Each 

improvement should have a 

different level, two different 

improvements can not have 

the same value.:There are 

customer service personal 

redistributing peo 

186 1 7 2,22 ,109 1,481 

Valid N (listwise) 186      
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Table 16: SP question 

:Choice 1: 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid You travel standing, paying 

660 kr for the card (30days) 

and the waiting time is 10 

minutes maximum 

36 27,9 31,3 31,3 

Does not matter / can not 

choose 
19 14,7 16,5 47,8 

You travel seated, paying 

720 kr and the waiting time 

is 3 minutes maximum 

60 46,5 52,2 100,0 

Total 115 89,1 100,0  

Missing System 14 10,9   

Total 129 100,0   

:Choice 2: 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid You travel seated, paying 

720 kr and the waiting time 

is 10 minutes maximum 

15 11,6 13,0 13,0 

Does not matter / can not 

choose 
21 16,3 18,3 31,3 

You travel standing, paying 

660 kr and the waiting time 

is 3 minutes maximum 

79 61,2 68,7 100,0 

Total 115 89,1 100,0  

Missing System 14 10,9   

Total 129 100,0   
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:Choice 3: 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid You travel standing, paying 

720 kr and the waiting time 

is 3 minutes maximum 

32 24,8 27,8 27,8 

Does not matter / can not 

choose 
32 24,8 27,8 55,7 

You travel seated, paying 

660 kr and the waiting time 

is 10 minutes maximum 

51 39,5 44,3 100,0 

Total 115 89,1 100,0  

Missing System 14 10,9   

Total 129 100,0   
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