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Abstract The measurement of social and psychological phenomena has been
advanced by recent progress in the fields of behavioural economics and
hedonic psychology. In addition, the increased interest in understanding how
individuals perceive their own quality of life, has led to investigating the
relations between various macro and individual level variables, generically
subsumed as happiness. For many “happiness is considered to be an ultimate
goal in life” and it plays an important role in the way people perceive
the overall society they live in. Therefore, social scientists and behavioural
economists are now stressing the importance of well-being measures, related to
people’s evaluations of their quality of life in addition to economic indicators.
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In the transport sector, project evaluation is mainly based on cost-benefit
analyses using economic indicators. However, any provided transportation
project/service impacts the quality of the travel experience, the well-being of
travellers and their travel behaviour. Competitiveness of modes may be also
affected by the promotion of derived or experienced travellers’ well-being.
Thus, existing behavioural travel choice models should be enhanced with
regards to their behavioural validity incorporating the impacts of travelling
happiness/ satisfaction. This study aims to understand and model the impact
of stated (anticipated) happiness in the decision choice between a private
transport mode—car, and a public transport mode—metro.

Keywords Happiness - Well-being - Discrete choice models -
Latent variables - Transport surveys

1 Introduction

“Happiness. .. belongs to that category of words the meaning of which every-
body knows but the definition of which nobody can give” as Howard Mumford
Jones stated (cited in [10]).

According to Veenhoven [22], empirical research on happiness has started
in the 1960s in many branches of the social sciences. Developing from social
indicators research, in sociology, subjective indicators were introduced in
addition to traditional objective indicators, and happiness gained a major
importance as the main subjective indicator of social system performance.

The term of well-being is also called on the ground of human happiness
studies, and it can be a synonymous of “quality of life” or might denote that
something is in a good state. It is a generic term for all the good. Philosophers
correlate the well-being with how well a person’s life is going from their point
of view. Therefore, well-being is a subjective concept, related to each person’s
reference of ‘what is good’ for them.

According to various research fields it is clear that, on one hand, the word
‘happiness’ has different meanings, and, on the other hand, these are very often
mixed up with the notion of ‘well-being’, which gives the concept a reputation
for being elusive [22].

Nowadays, the term of happiness is frequently used for a person’s short-
lived state, while the philosophers encompass the concept within a life time.
It is suitable to use the idea of “well-being” rather than “happiness”, when
discussing the notion of what makes life good for the individual.

This study aims to understand and model the impact of happiness in a
transportation context and has been conducted as part of the TransportNET!
course entitled Transport Business and Markets. Specifically, the study tries to
quantify the impact of different indicators related to happiness on the decision

IFurther details at http://www.transportnet.org/.
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choice between a private transport mode—car, and a public transport mode—
metro. To achieve this goal, an internet survey was developed and data were
collected from several European cities. Innovative mode choice models were
estimated and these included indicators of happiness as independent variables
of the choice behaviour.

These models present a step forward in the existing transportation research,
where the concept usually captured is the perceived satisfaction for using a
transport mode. However, the explicit modelling of travel well-being is very
important for a better representation of travel behaviour models. Findings
from this research may also lead to the design and evaluation of improved
transport policies in terms of their impact on people happiness.

This paper is structured as follows. Section 2 discusses the ground of happi-
ness definition, briefly exploring the still difficult agreement among researchers
that, on various fields, explore the thematic map around the concept. Section
3 describes the behavioural framework and the methodological approach. In
Section 4 the case study is presented and the main results are discussed. The
final section presents the most important conclusions and recommendations
for further research.

2 State of art

In 1789, Jeremy Bentham wrote that the good within an action should not be
judged by the decency of its intentions but by the utility of its consequences,
introducing the concept of final ‘utility’ as human ‘happiness’ [22]. This philos-
ophy, known as ‘Ultilitarianism’, with its roots in hedonism, equates happiness
with both the presence of pleasure and absence of pain [7], or happiness as a
psychological experience resultant of the ‘sum of pleasures and pains’ [22].

During the twentieth century psychologists and other fields’ scientists de-
veloped interest in the study of happiness, pursuing the aim to use empirical
methods to answer questions like—“What is happiness? Can it be measured?
What causes happiness?” [7]

Research on happiness has been introduced by economists in the eighteenth
century focusing on the aim of defining and quantifying the utility of a personal
choice. Focused on individuals within their lives, psychology has been, since
their early stages, concerned about observing and developing measures of
individuals’ well-being. Research developments of the latest decades have
strengthened the importance on the individuals’ behaviour to understand, not
only their choices, but also how can this be incorporated in the modelling tools
that are used to picture present demands and future calls on society levels
such as economy, transport and social policies, among other. Following this, we
present a high level summary of the research findings concerning the happiness
context in several areas of knowledge, such as Psychology, Economics and
Transportation.
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2.1 Happiness in psychology field

To date, the study of subjective well-being (SWB), human strengths and
positive psychology has substantially increased. One consequence of this
‘positive psychology’ focus has been the proliferation of new measures based
on clear definitions, strong theoretical frameworks and rigorous methodology
[14]. Presently, some of the constructs under study (e.g. purpose of meaning-
fulness, kindness, curiosity, etc.) have shown positive relationships with SWB.
Future prospective studies may find bi-directional relationships among these
constructs and SWB.

As stated by Kashdan [14], there are several empirically founded models,
with a large degree of overlap, on the structure of SWB. Considering high
SWB comprised of the combination of three specific factors: (a) frequent
and intensive positive affective states; (b) the relative absence of anxiety and
depression; and (c) global life satisfaction; it becomes apparent that most
studies of SWB measure either the affective or cognitive component, but not
both.

According to Sandvik et al. [21], one of the most common scales used
to measure happiness is composed by the following classification: (a) very
happy; (b) fairly (or pretty) happy; (c) not too happy; (d) unhappy. The main
advantage of using this scale is its simplicity, while one of the disadvantages is
related with its comparable difficulties. Moreover, the amount of happiness is
subjectively determined by the respondents. The subjectivity limitation can be
surpassed by adopting a level of zero happiness, and a simple way to identify
this zero-reference level is by introducing an intermediate level on the scale—
neither happy nor unhappy.

One of the most recent methods applied in the attempt of measuring happi-
ness is the experience sampling method (ESM), also known as time sampling,
beeper studies and ecological momentary assessment (EMA), during which
the participants fill out a questionnaire several times a day. The questionnaire
asks about the participant’s current activities, conditions and feelings [6].

Another approach of measuring SWB is the day reconstruction method
(DRM), which seems to be a more practical method [15]. The respondents
should keep a diary of events of the day before. Then, they rate a set of
positive and negative feelings about the events [15]. Generally, DRM has been
designed to collect data that describes the experiences a person has on a given
day, through a systematic reconstruction conducted on the following day.

Another way of measuring SWB is by the frequency that people smile
when they recall positive memories in comparison with negative emotions
[21]. Additionally, with the help of technology, researchers have been able to
possess stronger and more reliable forms of assessing a positive or negative
individual reaction in different activities.
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2.2 Happiness in the economics field

Economists have had a long-standing inclination for studying people revealed
preferences, which means taking into account individuals’ actual choices rather
than their stated intentions or subjective reports about their preferences.
However, people do often make choices that are highly embedded with their
own sense of happiness or well-being [16].

In the past, the term of happiness was part of philosophy and psychology;
nowadays, it can also be regarded as a province of economics. However, econo-
mists are not interested in the meaning of this term but in its quantification. By
this way it is expected to assess the success of economic policies in terms of
their impact on people’s happiness.

According to Frey and Stutzer [11] subjective well-being can be considered
a useful approximation to utility in the economic science, while happiness is
a concept very close to utility but not identical. These authors consider four
economic elements that affect happiness: income; unemployment; inflation and
effects of democracy (in terms of economic growth).

In what concerns income, the majority of the economists conclude that
money (higher income) can bring high value of happiness, because individuals
(or countries) can buy and consume more products or services. However, there
are economists who do not agree with this argument. Easterlin [9] was the
first economist who supported the idea that “money does not buy happiness”,
others have been adding arguments on this idea [8]. Layard [18] found that
countries like USA, UK and Japan have become richer, and their residents on
average are not happier as depression, suicide, and alcoholism have increased.
With regard to the poorer countries happiness is observed to increase with
higher income. This author concludes that “all the evidence suggests that extra
income certainly matters, but only when we do not have a lot of it”, and that
income is not the only variable for happiness.

The effects of unemployment are felt on the reduction of the individual
and society’s well-being. Differences between well-being and unemployment
in terms of gender and age are identified in some studies, for example:
unemployment on average weights more heavily on men than on women;
or people in the middle working life suffer more than younger and older
when unemployment hits them. In a study of Knut and Stephan [17] it was
found that the happiness of German women over 50 years was not affected by
unemployment.

Additionally, Clark and Oswald [5] conclude that people with low education
have a lower decrease in their SWB due to unemployment than people with
higher education. Clark [4] argues that unemployment and happiness are
correlated positively because unemployed people learn how to live while un-
employed or find friends who are unemployed, too. This author also identifies
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another reason, for this positive correlation, which refers to adoption and
habituation, and concludes that the effect of unemployment in life satisfaction
falls with unemployment duration in the British Household Panel Survey, but
rises with unemployment duration in the German Socio-Economic Panel.

In what relates to inflation, the study of Frey and Stutzer [11] states that
“Happiness research finds out that inflation systematically and sizably lowers
reported individual well-being. In European countries, the effect on happiness
of a 1.0 percentage point increase in unemployment is compensated by a 1.7
percentage point decrease in inflation”.

On the effects of democracy, it has been observed that commitment to
public decisions and decentralization does contribute to happiness.

Moreover, there are other issues that economists are interested in as far as
individual SWB is concerned: happy and unhappy people act differently in ac-
tivities, such as saving and spending [13], and the dimension of work behaviour,
as the majority of satisfied employees are productive [12]. Notwithstanding, it
is to point out a field currently under investigation that aims to understand if
happy people-investors are willing to take higher or lower risk investments and
also, if happy investors would prefer different markets and types of financial
investments.

2.3 Happiness in the transportation field

Transportation has been a significant field of experimentation to understand
human behaviour, as worded by McFadden [19]: “Transportation is affected
by human behavior through its consumers (drivers, riders, vehicle buyers, and
shippers); through its managers and workers; and through the policy-makers
and voters who determine transportation infrastructure and policy.”

When the behavioural approach was introduced in models of transport
mode choice a path was cleared for the subsequent introduction of the thematic
of happiness into the transportation field and consequently, for measuring
the impact of this travel-specific sort of happiness on the individuals’ general
impression of well-being. Recent research findings were already obtained from
the exploration of the interrelationship between transportation and happiness.

Ory and Mokhtarian [20] undertook a project that aimed to measure how
much individuals like to travel. For this purpose they have proposed, to use
on 32 statements, a five-point Likert-type scale: strongly dislike, dislike, neu-
tral, like and strongly like. They have investigated the travelling satisfaction
according to: transport mode; trip purpose; and travelling distance (short
and long distance travel). Some of the main conclusions were that travellers’
attitudes and personality are more important determinants of travel liking
than objective travel amounts (costs). Recent research findings were obtained
from the exploration of the interrelationship between transportation and
happiness by means of a cross-sectional travel and activity well-being survey,
conducted with a sample of commuters in the summer of 2007. According to
the findings in question, commute satisfaction is related to commute stress,
social comparison, commuter’s personality and overall well-being whereas
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happiness derived from performing a certain activity is tied to the individual’s
propensity for activity participation [1-3].

The above state of the art indicates that there is an innovative field
of research involving transportation and happiness. This research field will
borrow and encompass several methodologies and findings from the fields
of psychology and economics, adapting and extending them in the transport
domain. In this research, we are particularly interested in developing advanced
demand models that are behaviourally realistic and include the notion and
impacts of happiness in the travellers’ choice behaviour. The following sections
comprise the behavioural framework, data collection and modelling method-
ology adopted to accomplish the above mentioned objectives.

3 Research methodology
3.1 Behavioural framework

The methodology development requires the definition of the terms of “well-
being” and “happiness”. However, as described in Section 2, happiness and
well-being are two concepts that imply a personal evaluation (both individually
and emotionally related). Therefore, it is unrealistic to state a global and
unique definition for both concepts.

One can think of happiness as a personal positive reaction to a certain
environment or system in a certain time frame. In this sense, the perceived
happiness depends on both the environment considered and the different
personal points of view among individuals.

On the other hand, well-being can be understood as the perceived evalua-
tion of the overall life environment or system. If the domain of this evaluation
is reduced to a sub-system of each one’s life, happiness and well-being can be
seen as depicted by Fig. 1.

The perceived evaluation of well-being and happiness are highly emotional
and combine an infinite number of variables and factors, as all complex
reactions of human beings. This infinite number of variables is reduced when
one reduces the size and complexity of the system. However, at the individual
level one is always dealing with an infinite number of variables involved in
the perceived happiness. As an outsider, one can never state and quantify
all the variables and factors involved in the perceived happiness of another.
As a result, self-responding questionnaires with stated ranking of happiness
are commonly used. Following this perspective, one can foresee a happiness
framework as presented in Fig. 2.

The main conception illustrated is that the process that takes one from the
accessed to the evaluated happiness already comprises a loss in the knowledge
of variables that explain the accessed happiness. This loss can be explained
by: (a) the amount of self knowledge an individual can have; and (b) the
memory effects and all subconscious processes that each individual is not
aware of.

@ Springer
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Fig. 1 Well-being evaluation
and happiness access Well-being Evaluation

Once more, one looses information when asked to report this perceived
happiness to someone else. An emotional context is normally very difficult to
translate into a dialogue. Imagine one has to explain how it feels to eat the best
sweet one can have. Someone might be able to write thousands of words about
that, but there is always something missing, something that really transfers this

Happiness Description Number of | Measurements
framework variables
Access First contact with the system, hedonic perception Infinite Not achievable
of the feeling of happiness/unhappiness. (personal)
Perceived How each person perceives the accessed Not achievable
happiness. It includes subconscious and memory (personal)
process.

Discrete

Fig. 2 Happiness framework description
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feeling to an interlocutor. In the end of the day, probably one will say: “You
have to try it, I can’t explain it”.

Bearing this human related characteristics (and limitations, in a quantifying
and unique conceptual approach), one suggests that perceived happiness can
be very distant from evaluated happiness, considering evaluated happiness the
way an individual can express own happiness to another person. The method
commonly used to assess evaluated happiness is to ask a person to rank the
perceived happiness as a way to evaluate their level of happiness. This can
drive to very dubious results, as people do not share the same reference
point, so the scale proposed does not fit the personal scale of the respondents.
However, this is one of the best ways to evaluate happiness.

Nevertheless, if one needs to quantify happiness as a function of some
variables the information loss is huge, as there is need to adopt a discrete
number of variables while an infinite number of other variables involved
in the process remain. Normally, this procedure requires relating the stated
happiness with the descriptive variables, and essaying the calibration of a
mathematical expression for happiness in a determined system.

The following description attempts to adapt the above framework on a
transportation context.

Since the main scope of this project is to evaluate the impact of happiness in
the decision process of a transport mode, it is aimed to identify the relationship
involving stated happiness and social demographic factors with the choice
between using the private car or metro (public transport).

The initial question to be answered includes: “Does transport stated happi-
ness influence the overall well-being of an individual?” For the purpose of this
study two types of trip purposes were explored: work and leisure.

Following, the overall well-being and the stated happiness is related with
several topics incorporated in the decision process:

e Do people feeling happy with their life choose the same transport mode as
unhappier people?

e How do different stated happiness indicators explain distinct behaviours
on transport mode choice?

e Does stated happiness with the used transport mode influence people’s
overall stated happiness?

Additionally, the impact of the expected happiness related to a transport
mode is quantified. For this purpose, one can build a discrete choice model
in which several quantifiable mode attributes, traveller characteristics and the
expected happiness for each alternative are present. Yet, in order to express
the expected happiness, an emotional reaction associated with a specific trip
should be incorporated in the choice process.

The hypothesis tested in this work is related to the presentation to re-
spondents of a cartoon aiming to transmit the expected environment when
conducting the suggested trip, and then, include the type of environment rep-
resented by the cartoon as an attribute in the built discrete choice model. The
methodology suggests that, if there is a highly related emotional context on

@ Springer
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the given response/evaluation, one should transmit an emotional expectation
to each alternative. It is world spread that an image may worth more than a
1,000 words.

3.2 Research stages

The research for this study was composed by four major stages as follows: (1)
web survey development; (2) data collection and descriptive analysis; (3) well-
being disaggregation; and (4) development and estimation of discrete mode
choice models combined with stated happiness indicators.

3.2.1 Web survey development

In order to collect data on prior stated questions an on-line survey was set up.
The main objective of the survey was to collect data to input the models for
calibration. The survey was built in PAp language and MySql was used for the
database development.

The web survey was composed of three parts:

e st Part: Social demographics—Questions to frame yourself in your social
and demographic environment. In this part several questions were asked
regarding the social and demographic characteristics of the individual. It
included questions such as: country of origin, monthly income, number of
people per household, car ownership, etc. These questions were asked in
order to study different behaviours within alternate social groups.

e  2nd Part: Stated happiness—Questions about how happy you consider
yourself in several different life-related contexts. At this point, the questions
were related to the stated happiness of the respondent. Bearing in mind
the happiness and well-being definitions it was intended to obtain the
evaluated happiness in different life domains of the individuals.

In total, eight questions composed the stated happiness part of the question-
naire as follows:

How happy do you consider yourself, in an overall perspective?

How happy do you feel with your family life?

How happy do you feel with your social life?

How happy do you feel with your financial situation?

How happy do you feel by using your current mode of transport to make a
work related trip?

6. How happy do you feel by using your current mode of transport to make a
leisure trip?

How important is for you to feel happy/satisfied during a work related trip?
8. How important is for you to feel happy/satisfied during a leisure trip?

Nk L=

~

The first question asks the overall well-being of the individual and the
second, third and fourth are questions regarding happiness within the main

@ Springer



New approaches in transportation planning 15

domains of a person’s life. The fifth and sixth questions capture the stated
happiness with respect to the transportation field for the two trip purposes
addressed in this case study. The last two questions aim to quantify a person’s
stated importance of happiness when travelling. The response ranking used
was a 1 to 10 numeric scale; developing from 1 the least happy/unsatisfied level
to 10 the most happy/satisfied level.

e 3rd Part: Travel choices—Where you state your preference for a presented
travel option. In this step different transport alternatives were presented to
respondents. Each respondent was asked to make eight different choices
between metro and private car for a specific trip purpose. The two trans-
port modes were chosen in order to understand the link between public
transport/private car choices and the expected happiness when choosing
one of those transport modes. In each conducted choice experiment a car-
toon was introduced, as a form of transmitting/suggesting the travel condi-
tions and expected travel environment, consequently the transport mode’s
related happiness/satisfaction. Three different cartoons were drawn for
each transport mode, representing: high satisfaction; average satisfaction;
and low satisfaction, as shown in Fig. 3.

The introduction of these cartoons in the questionnaire, as attributes in
the choice set presented to each individual, aims to quantify the impact of
an expected environment (suggested) in the transport mode decision process.
In addition, another target came along: how powerfully the different forms of
suggesting the alternatives (giving information differently) can impact a choice
decision modelling process.

The stated preference (SP) conducted trials included experimental designs
that accounted different choice sets for each combination of trip purpose—
work and leisure, with trip lengths—short and long. Following, for each of
those combinations the respondent was asked to choose between the two
transport mode alternatives (metro/private car), under two scenarios: one
presented simply with the attributes of the modes; and the second displaying
not only the mode attributes, but also the cartoons. In this point of the
questionnaire, each respondent was asked to make eight travel choices for the
eight choice sets presented.

The main mode attributes presented in each choice set were: travel time and
waiting time—for the metro alternative; search time to find a parking place and
total travel cost—for the car alternative. Moreover, to each attribute, three
ranking levels were defined, according with the length of the trip—short/long,
as shown on Table 1.

The construction of the SP experiments used an orthogonal design with
the 16 factors, 12 related to the quantifiable attributes and four related to
the cartoons. To each attribute three levels were defined: 1, 2 or 3. The
experimental design comprised 81 experimental cards, each one with two
choice sets: one for long trips and one for short trips.
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Fig. 3 Cartoons’ design. The cartoons were drawn by Arq. Tiago Veras

Table 1 Mode attribute levels for the SP experiments

Transport Trip length Attribute Level
mode Low Medium High
Private car Short (20 min) Travel cost (€) 2 3 4.5
Travel time (min) 10 20 35
Search parking time (min) 0 5 10
Long (40 min) Travel cost (€) 5 8 15
Travel time (min) 25 40 60
Search parking time (min) 0 5 10
Metro Short (20 min) Travel cost (€) 0.5 1 1.5
Travel time (min) 10 20 30
Waiting time (min) 2 5 15
Long (40 min) Travel cost (€) 2 4 8
Travel time (min) 20 40 60
Waiting time (min) 5 10 15
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For each choice set the respondent was asked to choose the transport mode
and to rate their level of happiness with the chosen alternative, in a 1 to 10
numeric scale ranking from 1 the least happy level to 10 the happiest level.

3.2.2 Web survey data collection

In order to obtain data with the designed survey a promotion strategy was set
up. In the survey’s last page respondents were asked to introduce their email
and a survey invitation was automatically sent to their email, and they were
asked to send this invitation to all their email contacts. This strategy invokes a
‘viral spread’ of the survey invitation, increasing its response rate.

For this approach to be successful, it requires an initial high level promotion
of the questionnaire as the starting point for the spread mechanism. In this
case study, an invitation was sent to all TransportNET network universities
requesting the spread of the invitation through each one’s host university
mailing list and their own personal contacts. The results achieved from using
this methodology are presented in later sections.

3.2.3 Well-being disaggregation

As suggested in the behavioural framework, well-being is an emotional evalu-
ation of the overall system and environment of an individual’s life.

In this sense, this research proposes to conduct a disaggregation of well-
being by investigating if the stated happiness in relation to the current trans-
port mode used for two purpose trips (business and leisure) influences the
overall well-being.

A multi-linear regression has estimated the well-being as the dependent
variable, using the different life aspects—family, social and financial, asked on
the stated happiness questions, as independent variables.

3.2.4 Mode choice model

Following the assessment of transportation happiness significance on the well-
being of an individual, the next step is quantifying the impact of the expected
happiness on the decision process of a transport mode.

The data collected via the survey enabled the identification of the following
issues:

e s there a distinction between people that state their happiness differently
when choosing their transport mode?

e s there a differentiation among people that express higher importance on
transportation happiness when choosing their transport mode?

e Does the expected happiness, inferred by the cartoons, change the way an
individual choose the transport mode?

Figure 4 presents the overall mode choice model structure, developed in this
study, which is able to address all of the questions mentioned before.
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Fig. 4 Mode choice model

Latent Quantifiable Quantifiable Latent

structure Variables Variables Variables Variables
Cartoons Stated
Happiness
Factorial
Analysis
y
Discrete Choice Happiness
Models Indicators
| Results |

At this point, is important to stress that the aim of the mode choice
modelling presented in this research is not to evaluate different structures of
modelling, such as nested logit or random parameters models, but to evaluate
the impact of new ways to embed innovative types of information (as the car-
toons) and latent factors such as happiness. Therefore, each model presented
is a binary logit model with alternative independent variable specifications.

All the model calibrations were completed using the Biogeme software de-
veloped by Prof. Michel Bierlaire from the Transport and Mobility Laboratory
at EPFL, Lausanne.?

4 Case study
4.1 Survey results

The developed questionnaire remained on-line within the 29th November and
the 4th December of 2007 and received a total of 1,342 entries (see Table 2).
The social-demographic and stated happiness analyses used 1,084 responses,
as several respondents did not answer all questions. Model estimations used
870 responses that correspond to fully completed questionnaires.

4.2 Descriptive analysis

Descriptive analysis of the on-line questionnaire results aims at summarising
the social-demographic data and analysing it with respect to the stated happi-
ness responses. These analyses seek to respond to questions like:

e Do people from different countries express different levels of happiness in
their responses?
How does income influence the overall and transport stated happiness?
Are there any differences, in relation to trip purpose—work related and
leisure trips, amongst car owners and no car owners stated happiness?

Zhttp://transp-or.epfl.ch/page63023.html (EPFL/ENAC/INTER/TRANSP-OR, Lausanne).
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Table 2 Survey main results

Number of entries Percentage
Total of entries in the 1,342 100
on-line questionnaire
Social-demographic and 1,084 81
stated happiness
Discrete choice models 870 65

e Does home and work location impact on transport happiness?

e Does the transport mode used to travel to work influence the transport
happiness?

Based on the responses received through the on-line questionnaire the follow-
ing can be assessed:

e Most of the respondents are from Switzerland, Portugal, Greece and Italy.
Responses were also received from other countries, especially from Brazil;
The majority of the respondents are between 20 and 34 years old;

The monthly household income average is 3.500€, with a household
average size of 2.6 members;

Two thirds of the respondents are employed and one third are students;
Most of the respondents live and work in urban areas;

Two thirds of the respondents are car owners and one third do not have a
car; and

e (Car and metro are the main transport modes used for work trips.

Happiness Level vs Country
10

Happiness Level

Switzerland Portugal Greece Brazil Italy Other Other
countries countries
(Europe)
W Work related Trips W Leisure Trips W Overall

Fig. 5 Level of happiness vs. country
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Happiness Level vs Household Income

Happiness Level

5
e & & S & & & & & & S
S & &£ & & & & & & & & & & §
SN R SR LU S S\ ® 9% ¢ K
§ & & & ¢ & ' & & § & & 7
& & & & FF & S & S §
A >’ ot A LN
€/month

~#-Work related Trips ~ —®—Leisure Trips  —*— Overall

Fig. 6 Level of happiness vs. household income

Evaluation of stated happiness responses shows that the level of overall
happiness has a significant variation by country, as shown in Fig. 5. An overall
perspective shows that the most satisfied respondents are non Europeans, es-
pecially the Brazilians. In Europe, the most satisfied are the Swiss respondents
and the least happy are the Portuguese and Italians.

Regarding the stated happiness with the current transport mode used in
work related trips, the happiest are the Swiss and the least happy are the
Portuguese and Brazilians. Concerning the happiness related with the current

Fig. 7 Level of happiness x Happiness Level vs Car Ownership
car ownership

Happiness Level

NO YES
Car Ownership

@Overall EWork related Trips M Leisure Trips
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Fig. 8 Car ownership NO
35%

65%

transport mode used in leisure trips, the more satisfied are the Swiss, Greeks
and Brazilians, and the less satisfied are the Portuguese and Italians.

The level of happiness can be thought to be influenced by income; therefore
this was also an assessed context. In this study, the results show that income is
not a determining factor of the level of happiness, as depicted in Fig. 6. There is
a small increase of happiness level with income, but it is not significant enough
to sustain a theory that more money means more happiness.

It is relevant to stress, in this case, that each person has its own internal
reference scale, which is embed within the answers given to the questionnaire.
Consequently, this constitutes an important factor, deeply related to each
individual, and with a strong correlation with the levels of stated happiness
expressed by the respondents.

Car ownership can also be a determining factor of the level of happiness;
however, a linkage between car ownership and the level of overall happiness
can not be supported, as show in Fig. 7. Most respondents have a car (see Fig. 8)
and are happier with their leisure trips rather with their work related ones. The
opposite can be noticed in the responses from people, who do not have a car,
they are happier with their work related trips than with their leisure trips.

Home and work location may also significantly influence the level of hap-
piness within the work related trips. Generally, the most satisfied respondents
live and work in the same area, or in neighbouring areas, alike those who live
and work in central areas/suburban areas or live in the central area and work

Fig. 9 Home and work

location of the interviewees Rural

Suburban

Urban

Central

0 100 200 300 400 500 600
# of the interviewees
OHome Location B Work Location

@ Springer



22 A. Duarte et al.

Fig. 10 Level of happiness: 10
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in the suburban areas, as shown in Figs. 9 and 10. The less satisfied respondents
live in the urban/suburban areas and work in the rural area. Interesting results
were found for respondents living in the central areas and working in the urban
area, that expressed their dissatisfaction with work related trips (Fig. 10).

Besides the distance between household and work locations, another fac-
tor that may influence people’s happiness in their work related trips is the
transport mode used to perform it (Fig. 11). The respondents that use non-
motorized modes, such as walking and cycling, to travel to work, are more
satisfied than those who use motorized modes such as car and bus, as shown
in Fig. 12. Notwithstanding, the non-motorized modes are the less used by the
respondents (see Fig. 11). Another finding is related to public transport users:
particularly metro and train users are more satisfied with their work related
trips than the individual transport users, like car users. The public transport
mode ranks the second most used by respondents.

Even though the data analysis is supported by a convenience sample, still
we sustain that the aim of the survey, i.e. capturing and modelling socioeco-
nomic and attitudinal influences on transport mode decision-making, has been
thoroughly accomplished.

Fig. 11 Transport mode used
12 ansp Walking Others
for work trips 10% 4%

Car

Bicycl
icycle 3%
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Train
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Fig. 12 Level of happiness:

work related trips x transport
mode used for work related 94
trips
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4.3 Well-being disaggregation

As mentioned in Section 3, a multi-linear regression has estimated the overall
happiness—well-being as dependent variable, using each other stated happi-
ness as independent variables.

The assumption that the several stated happiness are independent variables
should be treated with caution, since there is a significant correlation between
all the stated happiness expressed by an individual. Consequently we chose to
apply a forward regression method that is more suitable when the explainable
variables are strongly correlated. This method sequentially adds variables, one
at a time, based on the strength of their squared semi-partial correlations,
which if significant will make the variables considered by the regression
method. The model considered the following variables: happiness in social;
happiness in family; happiness in financial situation; happiness in work related
trips; happiness in leisure related trips. Table 3 presents the main results of the
regression model performed.

As shown by the results, all the explanatory variables are significant for
this regression. Therefore, it can be perceived that the main factors for the
overall well-being are the family and social happiness, followed by the financial
situation, with almost half the weight of the two first ones.

Nonetheless, happiness in work and leisure trips explains some variation of
the overall happiness of the individuals, consisting in the most relevant result
that has arisen from this exercise.

This model also suggests that the happiness in work related trips influences
more the overall happiness (well-being) rather than the happiness in leisure
related trips. This result is consistent and could be expected as work related
trips are made on a daily basis.

However, the results mentioned should be treated with caution considering
that the number of variables influencing the overall happiness is quite large.
Consequently, there might be the case that the explanatory variables are, in
fact, explaining the variation of other factors.

Despite of this, the results obtained provide a promising starting point for
this work, since they suggest that improving transportation happiness in order
to improve society’s overall happiness is a reasonable aim. Though, at this
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Table 3 Results for the regression in the well-being disaggregation

Model summary®"

Model R R? Adjusted R>  SE of the estimate Durbin—
Watson
1 0.979¢ 0.959 0.959 1.543
2 0.9884 0.975 0.975 12
3 0.99¢ 0.979 0.979 1.099
4 0.991f 0.981 0.981 1.051
5 0.991¢ 0.981 0.981 1.047 0.476
ANOVALH
Sum of squares  df Mean square  F Sig.
5 Regression 199,987.26 5 39,997.452 36,450 0
Residual 3,812.74 3,475 1.097
Total 203,800.00" 3,480
Unstandardized SE Standardized T Sig.
coefficients coefficients
5 Family 0.347 0.01 0.359 35734 0
Social 0.36 0.011 0.347 34049 0
Financial 0.164 0.009 0.149 18308 0
Transp.Work 0.112 0.008 0.112 13381 0
Transp.Leisure 0.042 0.008 0.042 5092 0

Source: SPSS software

4Dependent variable: Overall

bLinear regression through the origin

“Predictors: Family

dPredictors: Family, social

¢Predictors: Family, social, financial

fPredictors: Family, social, financial, TransportWork

gPredictors: Family, social, financial, TransportWork, TransportLeisure

"This total sum of squares is not corrected for the constant because the constant is zero for
regression through the origin

%Dependent variable: Overall
JLinear regression through the origin

point it is still unknown which factors have a higher influence on transport
happiness.

4.4 Mode choice modelling

Mode choice models developed in this section aim to identify the influences of
both expected happiness and previously stated happiness on the choice process
of a transport mode—in this case the choice between private car and metro.

The estimated mode choice models are binary logit. Table 4 presents the
independent variables used in four alternative model specifications.

It is forewarned that each individual responds to two sequential questions:
one without cartoons and one with cartoons (all other attributes remain the
same). Hence, the first two models are calibrated with the choices made
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Table 4 Independent variables used in alternative model specifications

Model Alternative attributes Social and demographic Latent variables
variables
1 Travel cost - -
Travel time
Waiting time
Search parking time
2 Travel cost Car ownership -
Travel time High income
Waiting time Low income
Search parking time Country dummies
Trip purpose Usual travel distance
Younger than 25
Older than 40
3 Travel cost Car ownership All cartoons
Travel time High income
Waiting time Low income
Search parking time Country dummies
Trip purpose Usual travel distance
Younger than 25
Older than 40
4 Travel cost Car ownership All cartoons

Travel time
Waiting time

Search parking time

Trip purpose

High income
Low income

Country dummies
Usual travel distance

Younger than 25
Older than 40

Stated happiness overall
Stated happiness
in transportation
Stated importance of
happiness in transportation

without the cartoons and the last two with the choices made when the cartoons
were presented in the SP experiments.

The latent indicators of the stated overall happiness, of the happiness in
transportation and the stated importance of happiness in transportation were
made via a factorial analysis with all the eight responses of each individual
from the stated happiness part of the survey. The three indicators, derived by

Table 5 Factorial analysis for
latent happiness indicators

Extraction method: Principal
component analysis
Rotation method: Varimax
with Kaiser normalization; a.
Rotation converged in five
iterations

Source: SPSS software

Rotated component matrix

Component

1 2 3
Family 0.797 —0.028 0.133
Social 0.795 0.075 0.064
Financial 0.502 0.493 —0.155
Overall 0.855 0.205 0.067
Using work 0.081 0.809 0.112
Using leisure 0.056 0.786 0.195
HappyWork 0.097 0.156 0.76
HappyLeisure 0.05 0.06 0.832
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the factor analytic model, were included in the forth model as indicators of the
latent stated happiness of each individual.

As shown in the rotated component matrix, Table 5, the three referred
indicators can easily be built. The first component is the stated overall hap-
piness; the second component is the happiness in transportation and the third
component the stated importance of happiness in transportation.

Table 6 presents the estimation results of the mode choice models. It can be
noticed that the main mode attributes, such as travel costs and travel times, are
always significant and with negative signs as expected. The constant is included
in the metro utility function; therefore, the models show that the existence of
a priori preference to choose the private car is always present. The coefficient
sign of the trip purpose variable shows that people prefer to use the private car
when making leisure trips.

Analysis of the alternative model specifications:

Model 1 This is a consistent model using as explanatory variables only the
major attributes of the alternatives. All the coefficients are signif-
icantly different from zero and have intuitive signs. However, this
model does not include any social and demographic characteristics
or the latent conceptions of happiness. This model shall be consid-
ered as a reference model.

Model 2 This model incorporates the social and demographic variables as
independent variables. The explanatory value of this model is sig-
nificantly higher than the reference model, as the coefficients for the
alternative attributes remain similar and the social and demographic
coefficients provide some interesting results. It can be observed
that the car ownership significantly influences the choice of the
private car. This may suggest a memory effect that includes inertia to
change the currently used transport mode. Moreover, all the dummy
variables for the respective countries are very significant. Being
the Swiss the main group of respondents, these dummies state the
different behaviours in relation to them. It can be said that Greeks,
Portuguese and all the other respondents, in general, have a higher
preference for choosing the private car, than the Swiss respondents.
Furthermore, individuals of more than 40 years old choose mainly
the metro, and the individuals younger than 25 years old prefer the
private car. Thus, these last variables are not statistically significant.
One other estimation result from this model is that the income does
not affect the chosen alternative. These results might be slightly
biased, as income is also correlated with the home country of
the respondent. Hence, the income dummies may not capture the
anticipated variation.

Model 3 This model introduces the main scope of this case study. It shows
the influence of the cartoons on the decision process. It can be
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noticed that the high satisfaction cartoons have a positive effect in
the chosen alternative and the low satisfaction cartoons a negative
effect. The low satisfaction cartoon for the metro is not significant,
and this might be explained by the fact that this cartoon does
not transmit a realistic image of a negative environment; thus, its
low significance on the choice behaviour. Moreover, the level of
explanation lowered in relation to model 2. This suggests that the
presence of the cartoons added an impact in the decision process.
Though, the evaluation of each cartoon by each individual addresses
a higher complexity to the choice process. These results show that
the concept of predicting the transport environment and the resul-
tant expected happiness may have a significant role in the decision
process of a transport mode.

Model 4 This model introduces the latent indicators of stated overall
happiness, happiness in transportation and stated importance of
happiness in transportation in the mode choice models. All these
indicators were found significant. In general, individuals who are
happier with their current transport mode and are also happier
in the overall perspective have a preference towards the metro.
However, those who state the importance of happiness in trans-
portation have a higher preference for the private car. Regardless
the fact that these values are statistically significant the resultant
applicability of these indicators is quite dubious. It is necessary to
develop further work concerning this chapter, mainly by essaying
the stated happiness as a factor for inertia in changing the currently
used transport mode.

In general, the expected results are confirmed in these models calibrations.
Therefore, these results should be interpreted as a positive breakthrough to
change the way researchers’ look at Transportation Systems. The subjective
happiness plays a very important role in all decision processes concerning
transportation.

In order to confirm the robustness of these models the values of time for
each model were calculated, and are presented in Table 7. It can be seen that,
except for the first model, all the other ones provide a good relation of the
value of time between metro and private car. Note that these models were
calibrated with a majority of individuals from Switzerland, where the cost of
living is high, and therefore, the values obtained are quite high.

Table 7 Values of time for Modell Model2 Model3 Model 4
car and metro
VOT car (€) 23.0 25.1 263 262
VOT metro (€)  24.1 23.0 2.9 233
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5 Conclusions and further work

The study of happiness has been showing very interesting results in many
fields and is also stimulating a large interest among transportation researchers.
Following the economists’ interest in perceiving what is beyond the classical
formulation of the utility function, transport researchers have been recently
motivated by the introduction of happiness attributes in their transporta-
tion models, in order to better understand the decision process of transport
users.

In this sense, this work was developed as a preliminary approach to quantify
how expected happiness changes the decision process of an individual, in a
binary transportation choice situation between private car and metro. An on-
line questionnaire was held during seven days. In total 1,342 entries were
received, comprising 1’084 social-demographic and stated happiness answers
and 870 responses used to estimate the discrete mode choice models.

The main results to be kept from this work comprehend: the concept of
stated happiness as a consistent indicator in the decision choice process, which
might complement the commonly used indicators of economic trade-offs;
and also the inclusion of non quantifiable attributes (represented by the car-
toons) that return consistent effects on the model calibration. Consequently,
we introduce a different framework for the decision process of a transport
mode, and respective results, that might improve the current frameworks
used.

Transport not only is a key factor in modern economies, but also plays
an important role for the individual happiness. Optimisation of transport
systems is crucial to meet increasing demands and sustainable development.
A transport system will have more chances to be successful as much as it meets
the economic, social and environmental demands.

Transport happiness, as part of the individual’s well-being system, should
be a target point for policy makers. More efforts should be made in order
to capture higher levels of transport happiness, as people spend an important
amount of time travelling each day.

Governments should adopt measures in order to support transport solutions
with which individuals feel happier. However, it should be investigated which
variables make people perceive a lower level of satisfaction when travelling.

Policies should comprise not only local but also regional measures, as the
individual transport can be broken down into the local and regional transport
market, in order to serve citizens’ demands for mobility in their neighbourhood
and in their daily commuter travelling. Some general important measures
are related to: the establishment of transportation plans; the development of
shared client databases; and the assessment surveys.

The results obtained were not yet fully explored, considering the various
analyses that can be done, which also comprises future work.

Further steps include the attempt to answer to the question “Which trans-
port mode attributes have the most significant contribution to the level of
happiness of the chosen transport alternative?”
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Finally the usage of different media resources in the set up of future hap-
piness transport related surveys can be an interesting way of start re-thinking
the data collection methodology in order to improve the results achieved.
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