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Abstract

the travel options offered by the residential environment.

The objective of this paper is to study 1) do people living in certain residential environments express more dissatisfaction
with general functionality and safety of travel, 2) is dissatisfaction with general functionality and safety of travel related to
dissatisfaction with certain transport modes, 3) is the residential environment related to mode-specific travel satisfaction
mediated by satisfaction with general functionality and safety of travel, and 4) is dissatisfaction with general functionality and
safety of travel related to use of different transport modes. The analyses are based on a Finnish survey (representative sample
of 17,996 people, response rate 29.79%) on citizen satisfaction with the transport system and travel chains. Three groups, the
satisfied, the neither satisfied nor dissatisfied and the dissatisfied, are analysed according to their residential environment,
satisfaction with different transport modes and the use of the modes. The results indicate that the residential environment
and the satisfaction with general functionality and safety of travel are related. Results suggest that satisfaction with different
modes is partly related to lower options offered by the residential environment and higher expectations towards the
residential environment. However, satisfaction with general functionality and safety of travel does not relate to higher
expectations in a similar way. Findings from this study indicate that satisfaction with daily travel is a phenomenon related to
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1 Introduction

Different residential environments are divergent in terms
of transport mode options, leading to especially notable
differences between rural and urban areas. This study
takes interest in how different residential areas and the
available modes affect satisfaction with general functional-
ity and safety of travel. According to De Vos & Witlox [7],
the term travel satisfaction can be used to refer to either
satisfaction with one trip (“trip satisfaction”) or satisfac-
tion with travel in general (“satisfaction with daily travel”).
Trip satisfaction refers to the experienced emotions
during a trip whereas satisfaction with daily travel is
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associated with satisfaction with daily travel needs and op-
portunities [7]. In this study, the terms travel satisfaction
and satisfaction with general functionality and safety of
travel are used to refer to satisfaction with daily travel.
Building on previous studies, this study uses the
framework presented in Fig. 1 to analyse the relation-
ships between the residential environment, satisfaction
with general functionality and safety of travel, mode-
specific travel satisfaction and transport mode choice.
This study exploits the results of a survey carried out in
Finland with a very large representative sample of 17,996
people and a response rate of 29.7%. The large sample of
the survey enables analyses with a detailed classification
of the residential environment and on mode-specific
travel satisfaction. This study presents a novel approach
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Fig. 1 Analysis framework of this study. RQOs refer to the four research questions of this study

\ RQ4

Transport mode choice

in which the survey respondents are divided into three
groups according to their satisfaction with general func-
tionality and safety of travel. This enables focusing on
the group, which expresses dissatisfaction and therefore
should especially be considered in transport system de-
velopment. This study generates new knowledge about
the relation between residential environments and both
mode-specific satisfaction and satisfaction with general
functionality and safety of travel. Understanding if satis-
faction with general functionality and safety of travel
and mode satisfaction in Finland are related to more
compact or sprawled residential environments can ad-
vise policymakers on the needs to create more satisfying
travel environments for people. According to Mouratidis
et al. [13], such knowledge could offer both important
theoretical advancements and empirically-based input
for policymakers.

The research questions studied in this paper are 1) do
people living in certain residential environments express
more dissatisfaction with general functionality and safety
of travel, 2) is dissatisfaction with general functionality
and safety of travel related to dissatisfaction with certain
transport modes, 3) is the residential environment re-
lated to mode-specific travel satisfaction mediated by
satisfaction with general functionality and safety of
travel, and 4) is dissatisfaction with general functionality
and safety of travel related to use of different transport
modes. Next we present key findings from previous
studies related to the four research questions. This is
followed by description of methods and data used in our
analyses. Thereafter we present the results of our ana-
lyses. Finally, we discuss the results and present the
conclusions.

2 Key findings from previous studies

2.1 The residential environment and travel satisfaction
Population density is linked with travel behaviour. Higher
population densities are associated with shorter trip dis-
tances. However, some studies suggest that the associa-
tions between density and travel distance do not reflect a
true causality, and instead it is the residential self-
selection processes that explain the results [22]. Observed

differences in travel behaviour or mode choice in different
areas may be due to residential self-selection rather than
objective travel choices, and people, who choose a certain
type of residential area, tend to travel in certain ways [12].
According to Scheiner [20], residential self-selection in
travel behaviour seeks to answer whether geographical dif-
ferences in travel behaviour are caused by the individual,
social or psychological characteristics of people that deter-
mine their residential choice and the spatial context they
live in rather than the urban form and the opportunities
provided by it. Both travel preferences and residential
preferences have been found to play a significant role in
residential choice [20]. However, a recent study by De Vos
and Alemi [5] suggests that young adults might choose to
live in urban locations based on other attributes, such as
closeness to activities and smaller housing units, rather
than the transport options provided by the location, indi-
cating that travel attitudes are not often in line with the
chosen residential location and that there could be a
limited self-selection effect.

De Vos and Witlox [7] argue that attitudes affect dir-
ectly the transport mode choice as well as the residential
choice, which in turn affects the use of a certain trans-
port mode and trip length. A positive attitude towards
travel might influence the choice of neighbourhood
making it possible to minimize travel or make trips that
are longer in time and distance [7]. Residential reloca-
tion enables people to make trips that are more satisfac-
tory and therefore might influence travel satisfaction [6].

2.2 Mode-specific travel satisfaction, general travel
satisfaction and the residential environment

According to De Vos [4], the results of numerous stud-
ies, which have analysed the effect of transport mode
choice on travel satisfaction indicate that the users of
public transport, bus in particular, are the least satisfied
whereas the car users are often found to be the most sat-
isfied. However, Friman et al. [9] have noted that using
active transport modes (walking and cycling) has a more
positive effect on travel satisfaction than the use of pas-
sive transport modes.
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Public transport has been studied widely to identify
the key attributes, which affect how public transport is
perceived by customers [27]. Customer satisfaction can
be measured using subjective traveller perceptions, or
objectively with performance measurements [1]. For
public transport satisfaction, safety and security issues
were recognised as key attributes by e.g. Mouwen [14],
Guirao et al. [10] and Redman et al. [18]. Assessing satis-
faction with public transport system and building on
Maslow’s hierarchy of needs, Allen et al. [2] considered
that hierarchy of needs for public transport composes of
three elements: functional, security and hedonic attri-
butes. Security attributes include both security against
traffic accidents and assaults as well as the perception of
safety. According to Allen et al. [2], this needs hierarchy
in public transport should be used in future customer
satisfaction studies. For car satisfaction, costs of buying,
owning and driving a car [9] as well as congestion, expe-
rienced safety, travel time reliability, parking availability
and other road users [7] have been found to play an im-
portant role. Some of the land-use trends, such as urban
sprawl, also encourage the use of car [18]. Walking and
cycling have been found to be affected by attributes such
as weather, personal fitness level and the quality of infra-
structure [7]. For the use of bicycle, urban form and
travel distance, road infrastructure, safety and travel time
play an important role [9]. Pedestrian satisfaction is also
related to the aesthetics of the surroundings [7].

Residential neighbourhood type dissonance can be de-
fined as an incongruence in land use patterns between
the neighbourhood currently resided and the preferred
structure of the residential environment [21]. Thus, resi-
dential dissonance occurs, when people choose a neigh-
bourhood that does not match their travel and
residential preferences, and the residents are forced to
use less desired modes [4]. According to De Vos [4], this
might result in trips that are perceived negative and to
low mode-specific travel satisfaction.

The concept of a value-action gap describes the dis-
crepancy between attitudes and behaviour, such as
mode choice and mode preference. This gap may be
due to the presence of subjective norms and behav-
ioural control, or the lack of skills and the presence
of certain barriers. One of these barriers is the resi-
dential environment, which can be seen as an obstacle
in choosing a certain transport mode. For example,
people living further from key locations might be
forced to choose a motorised transport mode despite
their preferences [4]. Determinants of travel satisfac-
tion with public transport have also been found to
vary according to location, and both the size of urban
area and the socio-demographic profile of the area
affect the attributes influencing travel satisfaction [1].
Forced car ownership, which was originally associated
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with rural areas with lack of transport options, has
also been associated with people living in more cen-
tral urban areas with income and accessibility related
challenges [3].

2.3 Travel satisfaction, travel behaviour and transport
mode choice

People evaluate different transport modes according to
their needs and values, and experience different levels of
satisfaction with modes according to how the mode
meets these priorities. However, there are indications
that personal values and motivations are more important
in mode choice than traditional characteristics of differ-
ent modes, such as travel time or costs. Therefore, it is
important to analyse travel satisfaction and its relation
to travel behaviour with both traditional measures, such
as service level aspects, as well as more psychological
variables [24].

Travel-related attitudes have been found to affect
travel behaviour, and transport mode choice in particu-
lar. Positive attitude towards a certain transport mode
results in a higher probability to use that mode in future.
The attitude towards a certain mode is affected both dir-
ectly and indirectly through the residential choice.
People might choose to live in a neighbourhood that en-
ables them to make satisfying trips and use their pre-
ferred mode. Positive attitude towards travel might
result in choosing a residential location that supports
longer daily trips whereas negative attitude could make
people choose a residential location that minimizes
travel [7]. The dissonance between attitudes and behav-
iour can result in discomfort or dissatisfaction [4]. How-
ever, as De Vos [4] has noted, in some repetitive trips,
such as journeys to work, transport mode choice might
have become habitual and might be based on past be-
haviour rather than attitudes towards transport modes.

3 Methods and data

Analyses in this paper are based on data collected with
the “Survey on citizen satisfaction with the transport sys-
tem and travel chains 2017” by the Finnish Transport
Agency. Similar survey is carried out biannually and the
data used for this paper was collected in spring 2017
with a representative sample of 17,996 people, 5350 re-
spondents, and a response rate of 29.7%. The purpose of
the survey is to provide information on people’s percep-
tions on the service level of travel, transport chains and
the transport system [11]. The data analysis and its
connection with the research questions of this study is
presented in Fig. 2.

3.1 Areal classifications and residential environments
In order to analyse the survey data in this study, two dif-
ferent types of areal classifications are used. The first
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§' 1) The dissatisfied (n=236; including very dissatisfied (n=26) and dissatisfied (n=210))
& | 2) The neither satisfied nor dissatisfied (n=723)

3) The satisfied (n=2,684; including very satisfied (n=232) and satisfied (n=2,452))

¥

Analysing the connections between satisfaction and the residential area and satisfaction in relation to
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RQ1: Do people livingin certain residential environments
express more dissatisfaction with general functionality and
safety of travel?

different transport modes using cross tabulation and Pearson Chi-Square test

RQ2: Is dissatisfaction with general functionality and
safety of travel related to dissatisfaction with certain
#» transport modes?

Cross tabulation: residential environmentand satisfaction
with general functionality and safety of travel

RQ3: Is the residential environment related to mode-
specific travel satisfaction mediated by satisfaction with
general functionality and safety of travel?

Cross tabulation: satisfaction with general functionality
and safety of travel and mode satisfaction

RQA4: Is dissatisfaction with general functionality and
safety of travel related to use of different transport
modes?

-

Cross tabulation: satisfaction with general functionality and
safety of travel and mode satisfaction in different
residential environments

Analysis & research question connections

Cross tabulation: the use of different transportmodes and
satisfaction with general functionality and safety of travel

Fig. 2 Data analysis and its connection with the research questions of the study

areal classification includes travel related zones intro-
duced by Finnish Environment Institute in the monitor-
ing system of spatial structure and urban form. This
classification is often used in Finnish urban studies to
describe the transport supply and urban form of the lo-
cation and is closely linked to the model of three urban
fabrics, a concept used by Peter Newman and Jeffrey
Kenworthy [15, 16] and Newman et al. [17]. Finnish En-
vironment Institute [8] has used 250 m x 250 m grid cells
to classify areas into travel related zones (TRZ) based on
area’s location in the urban form and their public trans-
port supply. The main categories are pedestrian zones,
public transport zones and car zones. In pedestrian
zones opportunities for daily travel are diverse and most
of the travel is conducted by foot. Edges of city centre

are located 1-3km from the pedestrian zone and the
availability of public transport varies. The pedestrian
zones in subcentres are areas of one kilometre in width.
Public transport (PT) zones are divided into intensive
PT and basic PT with different attributes for PT fre-
quency. In car zones, public transport supply is poor, the
use of public transport is rare, and a high share of popu-
lation owns a car ( [25], p. 19-21). These main categor-
ies can be divided into more specific zones according to
the attributes of the area.

The survey data included information about the re-
spondent’s residential TRZ. In the original survey data,
the zones were classified as 1) zones with good precon-
ditions for pedestrian and bicycle traffic of city centre, 2)
edges of city centre, 3) intensive public transport zones,
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4) basic public transport zones, 5) edges of city centre
that are also basic PT zones, 6) edges of city centre that
are also intensive PT zones, 7) poor PT zones, 8) car-
oriented zones, 9) zones in subcentre with good precon-
ditions for pedestrian and bicycle traffic, 10) subcentres
that are also PT zones, 11) subcentres that are also in-
tensive PT zones, and 12) unclassified urban areas or
outside urban areas. The original TRZ classification was
found to be too specific in relation to the available sur-
vey data and thus the subzones of the original zone allo-
cation were reclassified into new main zones. The main
categories used in this paper are A) zones with good
preconditions for pedestrian and bicycle traffic (later re-
ferred to as ‘pedestrian-oriented zone’) that includes ori-
ginal zones 1 and 9, B) ‘edges of city centre’ that
includes original zone 2, C) ‘public transport-oriented
zones’ that includes original zones 3, 4, 5, 6, 10 and 11
and D) ‘car-oriented zones’, which include original zones
7 and 8. Unclassified urban areas or zones outside urban
areas were not included in analyses (Table 1). This clas-
sification is used in our analyses and is referred to as
‘residential environment’.

The second areal classification to categorise areas in
Finland is based the location and population size of the
area. Seven (7) distinct geographical areas can be recog-
nised, of which one, the areas with population less than
20,000, was excluded from the analysis. This exclusion
was made as after the classification of travel related
zones it was found that the areas with population less
than 20,000 inhabitants (n = 617) were mostly located in
unclassified TRZ locations (# = 591) and no results could
be drawn from the small remaining sample (n = 26).

3.2 Measuring satisfaction and grouping the respondents
according to their level of satisfaction

In previous studies, travel satisfaction has been mea-
sured through a single question about experienced travel
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satisfaction, a question about satisfaction with one trip
or satisfaction with different elements of the trip [23]. In
this paper, travel satisfaction is analysed using responses
to the survey question about satisfaction with general
functionality and safety of travel and the questions about
overall satisfaction with different modes (see Table 2).
Before answering the question on the overall satisfaction
towards a specific transport mode, the respondents had
considered several elements, which affect the particular
mode, e.g. the amount and condition of pedestrian paths
related to walking. The different elements that the re-
spondents were asked to assess related to their satisfac-
tion in different transport modes is presented in
Additional file 1. In all questions, the satisfaction was
asked on a 5-step scale (very dissatisfied, dissatisfied,
neither satisfied nor dissatisfied, satisfied, very satisfied)
plus the option “I cannot say”.

Before the respondents gave an answer on their satis-
faction with general functionality and safety of travel in
the end of the survey, they had been asked multiple
questions considering the satisfaction with different
transport modes and their elements in their own resi-
dential environment and on long-distance domestic
journeys. Thus, the respondents had been thinking about
many aspects related to satisfaction before they gave
their answer on satisfaction with different modes and
the general functionality and safety of travel. The re-
spondents were asked to assess their satisfaction with
safety, both traffic safety and other safety aspects, in dif-
ferent transport modes (see Additional file 1). It is worth
noting that in this question, the respondents considered
the two elements (general functionality and safety of
travel) together as one issue, but the respondents can in-
terpret and emphasise either of the two differently when
considering their response. Therefore, from the answers
to this particular question, it cannot be analysed how
the two elements are weighted and assessed. Thus, a

Table 1 Number of survey respondents according to different areal classifications

Classification based on population size in

Classification based on travel related zones (TRZ) of the urban form

the area pedestrian-oriented edges of city public transport- car-oriented  unclassified Total
zone centre oriented zone zone (excluded)

1. Capital region 59 2 427 73 2 563

2. Other parts of Uusimaa and Riihimaki 114 98 207 291 185 895

region

3. Tampere and Turku region 56 4 296 119 48 523

4. Jyvaskyld, Kuopio, Lahti and Oulu region 71 30 208 153 144 606

5.40,000-90,000 inhabitants’ regions 137 109 265 412 247 1170

6. 20,000-40,000 inhabitants’ regions 101 157 126 327 265 976

7. Regions with less than 20,000 0 0 4 22 591 617

inhabitants (excluded)

Total 538 400 1533 1397 1482 5350

Excluded refers to classifications on which data is not analysed
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Table 2 Questions in the survey and grouping of the respondents and responses

Object of satisfaction Question in the survey

Answering options (+ | cannot say, excluded from the analyses)

very dissatisfied neither satisfied nor
dissatisfied dissatisfied

satisfied very
satisfied

Grouping of the respondents

Satisfaction with the

general functionality

and safety of travel
safety of your journeys in general.

Satisfaction with
transport modes

What is your general assessment of 1) walking

On this form you have assessed transport conditions
from different perspectives. As a conclusion we like to
ask, how satisfied are you with the functionality and

conditions, 2) cycling conditions, 3) local public
transport, 4) car traffic in your own residential area?
Additionally, in Greater Helsinki general satisfaction

The dissatisfied The neither satisfied  The satisfied

nor dissatisfied

Satisfied with
transport mode

Neither satisfied nor
dissatisfied with
transport mode

Dissatisfied with
transport mode

towards different forms of public transport (commuter

train, tram, metro, bus) was asked separately.

respondent expressing satisfaction or dissatisfaction to-
wards the general functionality and safety of travel, may
be satisfied or dissatisfied with either or both of them.

In the analysis, the respondents were divided into
three groups based on their answer concerning satisfac-
tion with the general functionality and safety of travel.
Total of 3643 respondents were included in analyses,
6.5% in the group dissatisfied (n (very dissatisfied) = 26,
n (dissatisfied) = 210), 19.8% in the group neither satis-
fied nor dissatisfied (n = 723) and 73.7% in the group sat-
isfied (n (satisfied) = 2452, n (very satisfied) = 232). The
respondents who had answered “I cannot say” (n =65)
were excluded. Similar grouping was made with the re-
sponses related to the satisfaction with different modes
in respondent’s own residential environment (see Table
2). Satisfaction with public transport is analysed in both
Greater Helsinki area (15 cities and municipalities in the
capital region and other parts of Uusimaa and Riihiméaki
region) and other parts of Finland. Satisfaction with dif-
ferent PT modes (commuter train, tram, metro and bus)
was asked only in Greater Helsinki area, but the residen-
tial environment is not used in these analyses because
there are not enough responses for statistically relevant
analysis. The uneven sample sizes between the groups
should be noticed when interpreting the results, since it
is possible that some deviant respondents might have
affected the results in the dissatisfied group more due to
small sample size compared to other groups.

4 Results

This section is divided according to the four research
questions. In the analyses, the results are presented as
shares of respondents in the three groups, the satisfied,
the neither satisfied nor dissatisfied and the dissatisfied.
These groups are uneven in size, but all groups include
enough cases for statistical analysis. Analyses (cross
tabulation, Pearson Chi-Square test) were conducted
using statistics software. As the variables in analyses are

categorical, Pearson Chi-Square was used to determine
the statistical difference between groups of interest. Sta-
tistically significant difference occurs, when sig. < 0.05
and statistically highly significant difference, if sig. <
0.001.

4.1 Results on RQ1: the residential environment and
satisfaction with general functionality and safety of travel
When analysing satisfaction with general functionality
and safety of travel in relation to the residential environ-
ment, the dissatisfied were found to live more often in
car-oriented zones compared to the neither satisfied nor
dissatisfied or the satisfied. By contrast, the satisfied
lived in public transport-oriented and pedestrian-
oriented zones more often than the dissatisfied or the
neither satisfied nor dissatisfied (see Table 3). The re-
sults were statistically highly significant (Pearson Chi-
Square Value = 32.392, df = 6, sig. < 0.001).

When looking at the same data from the residential
environment’s point of view (Table 4), we found that the
share of dissatisfied respondents was the highest (9%) in
car-oriented zones. The lowest share of dissatisfied re-
spondents was found in pedestrian-oriented zones (4%).
The results were statistically highly significant (Pearson
Chi-Square Value = 32.392, df = 6, sig. < 0.001).

4.2 Results on RQ2: satisfaction with general functionality
and safety of travel and mode-specific travel satisfaction
and RQ3: the residential environment and mode-specific
travel satisfaction

Next, satisfaction with walking, cycling and car use is
analysed, after which satisfaction with public transport is
analysed in Greater Helsinki and in other parts of
Finland. In Figs. 3, 4 and 5, satisfaction with walking,
cycling and car use is presented in all residential envi-
ronments to answer RQ2 and separately in different
residential environments to answer RQ3.
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Table 3 Satisfaction with general functionality and safety of travel by group in different residential environments

The residential environment

The groups Pedestrian-oriented zone  Edges of city centre  Public transport-oriented zone  Car-oriented zone  Total
The dissatisfied (n = 236) 7.6% 11.4% 33.9% 47.0% 100%
The neither satisfied nor dissatisfied  13.4% 12.0% 35.7% 38.9% 100%
(n=723)

The satisfied (n = 2684) 14.6% 9.6% 42.0% 33.8% 100%

Figure 3 presents satisfaction with walking among the
groups and in different residential environments. Sur-
prisingly, the difference in satisfaction with walking be-
tween the satisfied and the dissatisfied was the greatest
in pedestrian-oriented zones, where 35% of the dissatis-
fied expressed dissatisfaction towards walking and only
2% of the satisfied had responded being dissatisfied with
walking. The results were statistically highly significant,
but in pedestrian-oriented zones there were too few
cases to draw valid statistical conclusions (33.3% of cells
have expected count less than 5). The statistical results
(Pearson Chi-Square Value; df; sig.) were: for all areas
(563.302; 4; <0.001), for pedestrian-oriented zones
(80.365; 4; <0.001), for edges of city centre (259.605; 4;
<0.001), for public-transport oriented zones (563.302; 4;
<0.001), and for car-oriented zones (180.789; 4; < 0.001).

When analysing satisfaction with cycling among the
groups in different residential environments, the respon-
dents were found to be more dissatisfied with cycling
than with walking (Fig. 4). The results were statistically
highly significant. The statistical results (Pearson Chi-
Square Value; df; sig.) were: for all environments
(409.899; 4; <0.001), for pedestrian-oriented zones
(46.137; 4; <0.001), for edges of city centre (51.495; 4; <
0.001), for public-transport oriented zones (161.255; 4;
<0.001), and for car-oriented zones (157.244; 4; < 0.001).

Satisfaction with car use was analysed similarly in dif-
ferent residential environments and in general (Fig. 5).
The share of dissatisfied with car use was large among
the dissatisfied in all residential environments. The re-
sults were statistically highly significant. The statistical
results (Pearson Chi-Square Value; df; sig.) were: for all
environments (752.934; 4; <0.001), for pedestrian-
oriented zones (124.095; 4; <0.001), for edges of city

centre (71.848; 4; <0.001), for public-transport oriented
zones (322.236; 4; < 0.001), and for car-oriented zones
(271.034; 4; < 0.001).

Satisfaction with public transport was analysed in
two different areas, in Greater Helsinki and other
parts of Finland. In other parts of Finland, when ana-
lysing the general functionality and safety of travel,
7% belonged to the group dissatisfied, 20% to the nei-
ther satisfied nor dissatisfied, and 73% to the satisfied
(Fig. 6). The corresponding shares in Greater Helsinki
were 7%, 18% and 75% (Fig. 7). In other parts of
Finland, the difference in satisfaction with public
transport between the dissatisfied and other groups
was clear, and there was only little difference between
different residential areas. The results were statisti-
cally highly significant, but in pedestrian-oriented
zones there were too few cases to draw valid statis-
tical conclusions (22.2% of cells have expected count
less than 5). The statistical results (Pearson Chi-
Square Value; df; sig.) were: for all environments
(453.011; 4; <0.001), for pedestrian-oriented zones
(61.807; 4; <0.001), for edges of city centre (58.233;
4; <0.001), for public-transport oriented zones
(179.375; 4; <0.001), and for -car-oriented zones
(164.976; 4; <0.001).

In Greater Helsinki, the difference in satisfaction with
public transport between the dissatisfied and other
groups was also clear, but differences between different
residential areas could also be found. In the edges of city
centre, 88% of the dissatisfied were dissatisfied with pub-
lic transport, and even 21% of the satisfied expressed dis-
satisfaction with public transport. The results were
statistically significant, but in pedestrian-oriented zones
and in edges of city centre there were too few cases to

Table 4 Satisfaction with general functionality and safety of travel by the residential environment in different groups

The groups
The residential areas The dissatisfied The neither satisfied nor dissatisfied The satisfied Total
Pedestrian-oriented zone (n = 506) 3.6% 19.2% 77.3% 100%
Edges of city centre (n=373) 7.2% 23.3% 69.4% 100%
Public transport-oriented zone (n = 1464) 5.5% 17.6% 76.9% 100%
Car-oriented zone (n = 3643) 8.5% 21.6% 69.8% 100%
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separately (Fig. 8). The results on satisfaction with bus
and commuter train showed large differences between the
satisfied and the dissatisfied groups, but satisfaction with
tram and metro did not. However, in case of tram and
metro, the results were not statistically reliable due to the
small number of cases in each group (22.2% of cells have
expected count less than 5). The statistical results (Pear-
son Chi-Square Value; df; sig.) were: for train (148.583; 4;
<0.001), for tram (56.763; 4; 0.001), for metro (35.619; 4;
0.015), and for bus (257.272; 4; < 0.001).

4.3 Results on RQ4: satisfaction with general functionality
and safety of travel and transport mode choice

The use of different modes and satisfaction with general
functionality and safety of travel are presented in Fig. 9.
Compared to the satisfied, the dissatisfied responded
more often that they never use public transport. 73% of
the dissatisfied used car daily or almost daily, whereas
the corresponding share among the satisfied was 57%.
The satisfied cycled and walked more often than the dis-
satisfied. The results were statistically highly significant
in walking, car use and public transport, but in cycling
the results were not statistically significant. The statis-
tical results (Pearson Chi-Square Value; df; sig.) were:
for walking (38.500; 8; <0.001), for cycling (14.614; 8;
0.067), for car use (37.448; 8; 0.001), and for public
transport (30.749; 8; < 0.001).

5 Discussion

Related to the first research question, do people living in
certain residential environments express more dissatis-
faction with general functionality and safety of travel,
the results indicate that the residential environment has
linkages with travel satisfaction. The share of dissatistied
respondents was the highest in car-oriented zones,
where public transport services are poorer. In the edges
of city centre the share of dissatisfied was the second
highest. This is somewhat surprising, but it could be due
to higher expectations for the functionality of the trans-
port system and the residential environment that, des-
pite relatively central location, fails to meet respondent’s
expectations related to the transport system and the ser-
vice it offers. It could be that the edges of city centre are
“in between” zones, with public transport services that
do not meet the needs and expectations of the residents,
and simultaneously with relatively long distances. Two
aspects regarding residential location and travel satisfac-
tion are to be considered when analysing travel satisfac-
tion in different residential environments. First, are
people forced to travel with less desired transport modes
resulting in dissatisfaction, and secondly, have the resi-
dents chosen a neighbourhood that supports their pre-
ferred mode choice? De Vos [4] found that the travellers
using their preferred mode were more satisfied with the
chosen transport mode than the travellers using an un-
desirable mode were. Our results suggest that residential
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neighbourhood type dissonance could be found espe-
cially in car-oriented zones where the share of dissatis-
fied respondents is the largest. In car-oriented zones,
some of the dissatisfaction found in this study could be
explained through forced car ownership. People with
limited alternatives for travel could be forced into car
ownership to meet their mobility needs [3]. This could
explain why people living further from city centre might
experience lower travel satisfaction.

Related to the second research question, the respon-
dents who were dissatisfied with the general functional-
ity and safety of travel were found to be more often
dissatisfied with all the transport modes compared to
the satisfied or the neither satisfied nor dissatisfied. The
difference in mode satisfaction between the satisfied and
the dissatisfied groups was the largest in public transport
and car use and the smallest in walking. This could be a
clue that in areas where public transport is expected to
offer good service level, dissatisfaction with public trans-
port relates to dissatisfaction with travel in general.

Related to the third research question, the difference
between the groups in satisfaction with walking was
found in all residential environments, but perhaps sur-
prisingly, among the dissatisfied the share of dissatisfied
with walking was the greatest in pedestrian-oriented
zones and in car-oriented zones. This might be similar
to public transport, where higher expectations about the
residential environment lead to dissatisfaction to some
extent. Similar results were found when analysing cyc-
ling. Furthermore, satisfaction with car use gave interest-
ing results. In pedestrian-oriented zones, 80% of the
dissatisfied were dissatisfied with car use. Of the satisfied
respondents living in pedestrian-oriented zones, only 5%
expressed dissatisfaction with car use. In pedestrian-
oriented zones with good transport options, dissatisfac-
tion with different transport modes could be explained
through residential self-selection. Residential self-
selection assumes that people choose their residential lo-
cation so that it supports the use of their preferred
transport mode [21]. When people have chosen a central
residential location, they have high expectations consid-
ering their residential environment and the available
transport options. If these options fail to meet the expec-
tations, dissatisfaction could occur. However, De Vos
and Alemi [5] suggest that travel attitudes are not often
in line with chosen residential location and that there
could be limited self-selection effect among young urban
residents. This could also be the case in our results,
which show low mode satisfaction in pedestrian-
oriented zones among the dissatisfied.

Related to the fourth research question, the use of different
transport modes was analysed and compared between the
satisfied, the neither satisfied nor dissatisfied and the dissatis-
fied groups. The satisfied walked more often than the
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dissatisfied, who in turn were more active car-users than the
satisfied. This is in line with literature, which indicates that
the use of active transport modes has a positive effect on
travel satisfaction [9]. These findings also support the result
that the dissatisfied live more often in car-oriented zones.
Past literature identifies that the users of public transport are
the least satisfied. According to De Vos [4], this could be be-
cause of the large share of public transport users who are not
traveling with their preferred mode. In our analyses the share
of people who never use public transport or use it less than
once a month is larger among the dissatisfied than among
the satisfied. Thus, it can be speculated whether the low use
of public transport leads to dissatisfaction or is dissatisfaction
the reason public transport is used less.

Our results indicate that people living in residential
areas with limited transport options are more dissatisfied
with the transport system. People living in residential
environments with high expectations are the most satis-
fied with the functionality and safety of travel in general,
but dissatisfied with different transport modes. The re-
sults highlight the importance of the residential environ-
ment as well as the importance of satisfaction with both
car use and public transport that were both found to
have the largest differences in mode-specific satisfaction
between the satisfied and the dissatisfied groups. Yet, it
is worth noticing that in the survey analysed in this
study, general satisfaction was measured with a question
including both functionality and safety of travel. There-
fore, the responses can include satisfaction or dissatisfac-
tion towards either or both of these elements according
to each respondent’s interpretation.

The study was based on a survey with a very large
sample, which enabled detailed analyses. However, even
with such a large sample, there were too few cases to
draw statistical conclusions in some analyses. The small
number of dissatisfied respondents could also have af-
fected the results, since few deviant answers have a lar-
ger impact on results compared to large samples, such
as the satisfied respondents. Even though the sample
sizes are large enough for statistical analysis in all
groups, the uneven group sizes should be noticed when
considering the results.

6 Conclusions

The research questions in this paper were 1) do people living
in certain residential environments express more dissatisfac-
tion with general functionality and safety of travel, 2) is dis-
satisfaction with general functionality and safety of travel
related to dissatisfaction with certain transport modes, 3) is
the residential environment related to mode-specific travel
satisfaction mediated by satisfaction with general functional-
ity and safety of travel, and 4) is dissatisfaction with general
functionality and safety of travel related to use of different
transport modes.
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Generally, the results imply that Finns have a high
travel satisfaction. People living in car-oriented zones
expressed dissatisfaction with the general functionality
and safety of the travel more often than people living in
other residential areas, whereas the share of satisfied was
the highest among people living in pedestrian-oriented
zones. The ones expressing dissatisfaction with the gen-
eral functionality and safety of the travel were dissatis-
fied with all transport modes in every residential
environment. The dissatisfied were found to use car
more than the satisfied, whereas the satisfied were found
to walk more often than the dissatisfied.

The results give additional justification for developing
residential environment and transport system towards
more pedestrian and public transport-oriented direction.
Furthermore, transport system planners can see the re-
sults of this study as a reminder to focus more on the level
and development of mode-specific satisfaction. The results
also give a signal to develop transport system in the edges
of city, which is perhaps overlooked in planning.

Further studies could look more into the background
variables of the respondents. A survey focusing on resi-
dential location choice and satisfaction with travel
should be conducted in order to learn more about the
occurrence of residential neighbourhood type dissonance
and residential self-selection. Future surveys should be
conducted in a way, which ensures that enough cases
are drawn in every residential environment. In Finland,
similar survey as analysed in this paper, is carried out bi-
annually, which enables further studies based on longitu-
dinal approach. Longitudinal analyses could be used to
analyse the effects of major changes in transport system,
such as opening the new metro line and reorganising the
bus routes in Greater Helsinki in the end of 2017. Some
studies related to Greater Helsinki public transport sys-
tem have already been published e.g. by Weckstrom
et al. [26] and Salonen and Toivonen [19].

7 Supplementary information
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