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Summary
The population is ageing worldwide. In The Netherlands, currently 19% of the population is
65 years and older. It is expected that this will increase to almost 25% in 2030. The current
and future generation of elderly is more mobile, prosperous and vital compared to previous
generations, and is travelling more. They grew up in a period in which travelling became
more common as part of an active, mobile and independent lifestyle. However, an important
part of the elderly, 14% of the people aged 65-75 and 35% of the people aged 75 years or
older, is limited in their mobility. They experience loneliness and a decline in the quality of
life due to a lack of suitable transportation options.

Different transportation options were already researched to make travelling easier for the
elderly. However, these options are often futuristic, expensive, complex to organize or only
applicable locally, such as self-driving cars, customized transport, or ambassadors mak-
ing trips with the elderly. No structural solutions which can be applied in the short term
throughout The Netherlands are available yet.

The bus network in The Netherlands is extensive, with 1800 lines and having the highest
density compared to the other public transport modes. Therefore, the bus could be a suitable
transport option for the elderly. However, the average public transport usage of the elderly,
and thus the bus usage, is very low with 10%.

It is currently unknown which socio-demographic characteristics and bus attributes in-
fluence the preferences and usage of bus services of the elderly, and to which extent. Besides
that, elderly are often treated as a homogeneous group with similar preferences, while elderly
are different (heterogeneous) regarding their preferences and travel behaviour. Therefore, the
objective of this research is to find the socio-demographic characteristics andmode attributes
which influence the preferences and bus usage of the elderly, and to investigate whether they
have heterogeneous preferences. The results of this study could be used to guide policy mak-
ers to design bus networks which are more attractive for the different groups of elderly in The
Netherlands. This could keep the elderly mobile and facilitate a way to stimulate participat-
ing in social and daily activities.

The main research question for this study is:

Which factors influence the preference and use of bus services among elderly people in urban
areas of The Netherlands and what is the corresponding heterogeneity?

A literature study and expert interviews with public transport and behaviour experts from
Goudappel Coffeng were conducted to define the socio-demographic factors and attributes
that could influence the preferences and usage of bus services. In total, 21 socio-demographics
and 5 attributes were considered. A Stated Preference (SP) choice survey was used to exam-
ine which socio-demographic factors and bus attributes influence the preferences and bus
usage of the elderly, and to which extent. The Stated Preference data is based on the indi-
viduals’ reactions to hypothetical situations: it is asked what an individual would choose in
a specific situation. Preferences regarding the bus attributes were collected via the differ-
ent hypothetical choice situations. The attributes included were ’travel time’, ’travel cost’,
’frequency’, ’transfers’, and ’distance to nearest bus stop’. The socio-demographic character-
istics were collected via general questions in the survey.

The questionnaire was distributed online among the elderly and resulted in 256 valid re-
sponses which were used for the data analysis. The statistics of the survey showed that 22%
of the respondents uses the bus one day per week or more, against 29% of the respondents
who never use the bus. The share of elderly possessing a car and driving license is high, with
80% and 81% respectively. Most of the respondents, 79%, is able to cycle. About 33% of the
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vi Summary

respondents possesses a public transport card subscription including the elderly discount.
More than half of the respondents indicate that they do not have a public transport card
subscription at all.

Results of the descriptive analysis showed that the socio-demographic characteristics
’able to cycle’, ’taken to or from destination by friends or family sometimes’, ’possessing a
transport subscription’ and ’able to reach bus stop without help’ have a positive influence on
the bus usage, while ’car possession’ and ’driving license possession’ have a negative influ-
ence on the bus usage.

Based on the stated preference data, a multinomial logit (MNL) model was estimated to quan-
tify the values elderly place on the bus attributes and to explore heterogeneity with by includ-
ing interaction effects. Besides that, a latent class (LC) choice model was estimated to explore
the heterogeneity and the nature of the heterogeneity in preferences among the elderly. The
multinomial logit model showed that all the included attributes influence the bus choice of
the elderly. The attribute ’frequency’ has a positive influence on the bus choice of the elderly.
The attributes ’travel time’, ’travel costs’, ’transfers’, and ’distance to the nearest bus stop’
on the other hand negatively influence the choice. In contrast to the expectations, for the
attribute level range used in this choice experiment, travel costs has the largest impact on
the preference for a bus service , followed by frequency, as shown in table 1. Distance to the
nearest bus stop and transfers have the lowest impact.

Table 1: Contribution to utility per attribute

Parameter estimate Relative importance
Frequency 0.80
Stop distance -0.46
Travel costs -1.16
Transfers -0.36
Travel time -0.63

Socio-demographic characteristics were included in the multinomial logit model as interac-
tion effect to test if these characteristics affect the attributes that influence the bus choice of
the elderly. The results showed the following remarkable interaction effects which were not
expected in advance, but can be explained:

• Men are less sensitive for ’transfers’. A reason for this might be that women are generally
more insecure and sensitive to factors that influence the risk perception on the road,
and that this also applies to women travelling independently by public transport.

• Elderly which make use of a walking tool are less sensitive for travel costs. An explana-
tion might be that elderly with walking difficulties make fewer trips and are willing to
pay more if they finally make a trip.

The latent class choice model distinguished four classes with different preferences regarding
the bus service as shown in figure 1: (1) the ’price sensitive elderly’, (2) the ’transfers and
frequency fans’, (3) the ’nearby and direct bus service lovers’ and (4) the ’time sensitive el-
derly’. Only the socio-demographic ’able to cycle’ can explain the membership of the classes
significantly.

• The size of the first class is the smallest, with 7% of the elderly assigned to it. Those
elderly have the highest preference for low travel cost. Besides that, they prefer low
distance to the nearest bus stop and no transfers. A descriptive analysis showed that
the first class mainly consists of elderly who are able to cycle.

• The size of the second class is large, with 39% of the elderly assigned to it. This class
mainly consists of elderly with a preference for high frequency and low travel costs.
Since frequency was associated with having a transfer in the choice experiment, this
class is positive towards having a transfer. The descriptive analysis showed that both
elderly who are not able to cycle and who are able to cycle belong to this class.
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• The third class is the largest, with 43% of the elderly assigned to it. This class prefers a
bus service without transfers. Besides that, they prefer low distance to the nearest bus
stop and low travel costs. Most of the elderly who are not able to cycle belong to this
class. However, the absolute number of elderly who can cycle is higher.

• The size of the fourth class is small, with 11% of the elderly assigned to it. Only the
elderly in this class have a clear preference for low travel time. Next to that, they prefer
high frequency, low travel costs and no transfers. Mainly elderly who are able to cycle
belong to this class.

The results of this latent class choice model show that different groups of elderly have oppo-
site preferences regarding the attributes of the bus service. Most of the elderly (50%) prefer
a high-frequent bus service with low travel costs, but another large part of the elderly (43%)
prefers a direct bus service with a low distance to the nearest bus stop.

Figure 1: Classes of the LC choice model, size and important attributes per class (own work)

To compare whether the results of the models match with findings in practice, public trans-
port chip card data of Groningen was analysed. The results showed that elderly in Groningen
are expected to use the fast and high-frequent bus services the most. This is in line with the
results from the multinomial logit and latent class choice model, that most of the elderly
prefer a high-frequent bus service with low travel costs. The results also showed that the
bus usage of elderly is highest during off-peak hours in the afternoon. The bus lines going
through the city are used the most, with the bus stops at the train station, city centre, hos-
pitals and park and ride facilities used the most for boarding and alighting.

Directions for policy regarding the bus network in The Netherlands are related the design of
the bus network, the travel costs of the bus and the threshold to use public transport. First,
in order to meet the opposite preferences of the different groups of elderly, it is advised to
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offer different types of bus services: not only fast and high-frequent bus services, but also
dense low-frequent bus service with a low distance to the nearest bus stop. Although the
largest group of elderly prefers a high-frequent bus service, it is not advisable to stretch and
straighten all the bus lines as suggested in the public transport vision of Groningen, since
this could be disadvantageous for the other part of the elderly.

Travel costs has the largest negative effect on the bus choice of the elderly. Therefore,
it is advised to offer bus services for lower prices or for free to attract the elderly to make
more use of the bus. Currently, the elderly can travel by bus with a discount of 34%, but
the sample in this research showed that not all the elderly use this discount when using the
bus. It is advisable to promote the discount, since it is possible not all elderly know that they
can get discount.

Lastly, not only the bus usage of the elderly is low, but also the usage of all other public
transport modes. This research shows that most of the elderly prefer a fast high-frequent
bus service and another important part of the elderly prefer a bus service without transfers
and low distance to the nearest bus stop. Currently, these types of bus services are already
available in The Netherlands, such as Q-link and city bus services in Groningen. Neverthe-
less, this appears not to be sufficient for most elderly to use the bus. Probably, most elderly
are not used to travel by public transport, among other things due to the increase in car
use. When elderly are no longer able to use the car, it is a challenge to start using public
transport. Using public transport can be complicated, such as buying tickets and checking-
in, especially if you are disabled. It is advisable to investigate how to make the switch from
using the car to using public transport easier.

Further research is required to examine the influence of other socio-demographic and at-
tributes on the preferences and choice for bus, such as the kind of walking tool and other
types of special transport elderly use, comfort level of the bus and seat availability. Only
two bus options were considered, while it is interesting to include other alternatives and to
research whether elderly will use other means of transport, or will not travel at all. Addition-
ally, research is needed to look into the preferences and choices of elderly living in less urban
areas or urban areas with tram and metro. Lastly, elderly who are not using a computer or
internet are not considered, while a large part of the elderly, 10% of the elderly aged 65 to
75 and 32% of the elderly aged 75 and over, has never used internet. For policy making, it
is important to know the preferences and bus usage of the non-digital elderly.



Contents

List of Figures xiii

List of Tables xv

1 Introduction 1
1.1 Problem description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Research objective and research questions . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 Scientific and societal relevance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.5 Report structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Methodology 7
2.1 Literature Study. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 Stated Preference Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.3 Discrete Choice Modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.3.1 Data analysis and model estimation . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.3.2 Model types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.3.3 Goodness of fit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3 Literature review 13
3.1 Developments of the elderly and their travel behaviour . . . . . . . . . . . . . . . . . . . 13
3.2 Mode choice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3.2.1 Car usage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.2.2 Public transport usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.3 Public transport network design dilemma . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.4 Heterogeneity and factors influencing mode choice of elderly . . . . . . . . . . . . . . . . 18

3.4.1 Factors influencing the mode choice of elderly . . . . . . . . . . . . . . . . . . . . 18
3.4.2 Relevant socio-demographic factors according to experts . . . . . . . . . . . . . . 21
3.4.3 Missing factors and gaps in literature . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.4.4 Clusters among the elderly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4 Survey design 25
4.1 Alternatives, attributes and attribute levels . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.1.1 Alternatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.1.2 Attributes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.1.3 Attribute levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.2 Survey design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2.1 Model specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2.2 Experimental design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2.3 Prior parameter estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.2.4 Construction of the questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.3 Pilot survey design and results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.3.1 Pilot survey results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.4 Final survey design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.4.1 Improvements from SP pilot survey . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.4.2 Design of the SP final survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

ix



x Contents

5 Descriptive statistics 33
5.1 Sampling method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

5.1.1 Online panel for data collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
5.1.2 Requirements online panel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
5.1.3 Collected data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

5.2 Frequency distribution and representativeness of the sample . . . . . . . . . . . . . . . . 34
5.2.1 Choice set answers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.3 Influence of personal characteristics on bus usage. . . . . . . . . . . . . . . . . . . . . . 38
5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

6 Model estimation 41
6.1 Data preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
6.2 MNL model estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

6.2.1 MNL model interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
6.2.2 Changes in utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
6.2.3 Willingness to Pay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

6.3 MNL model with interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.3.1 Model results of the interaction with personal characteristics . . . . . . . . . . . . 45

6.4 Latent Class Choice Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
6.4.1 Latent Class choice model results . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

6.5 Model estimations with only bus user data . . . . . . . . . . . . . . . . . . . . . . . . . . 52
6.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

7 Theory versus practice: the elderly in Groningen 55
7.1 Demographics and bus network of Groningen . . . . . . . . . . . . . . . . . . . . . . . . 55
7.2 Bus usage Groningen and comparison to model results . . . . . . . . . . . . . . . . . . . 56

7.2.1 Bus usage characteristics elderly . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
7.2.2 Comparison model results with bus usage elderly in Groningen . . . . . . . . . . . 59
7.2.3 Bus usage characteristics all users compared to elderly . . . . . . . . . . . . . . . 59

7.3 Scenario analysis on MNL model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
7.3.1 Estimating choice probabilities. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
7.3.2 Reference scenario. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
7.3.3 Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

7.4 Scenario analysis on LC choice model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
7.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

8 Conclusions, discussion and recommendations 69
8.1 Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
8.2 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

8.2.1 Comparison with previous research . . . . . . . . . . . . . . . . . . . . . . . . . . 74
8.2.2 Comparison model results with literature and findings in Groningen. . . . . . . . . 75
8.2.3 Online survey and respondents . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
8.2.4 Remarkable findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
8.2.5 Limitations of the research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

8.3 Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
8.3.1 Recommendations for further scientific research . . . . . . . . . . . . . . . . . . . 78
8.3.2 Recommendations for practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
8.3.3 Recommendations for policy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

References 81

A Scientific paper 89

B Literature review 99

C Experimental Design 101
C.1 Efficient design in NGENE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .101
C.2 Pilot survey design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .101
C.3 Final survey design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .102



Contents xi

D Final Stated Preference Survey Design 103

E Cities for sampling 111

F Results SP Final Survey 113
F.1 Descriptive statistics frequency distribution . . . . . . . . . . . . . . . . . . . . . . . . . .114
F.2 Representativeness sample check . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .116
F.3 Re-organizing segments and frequency distribution . . . . . . . . . . . . . . . . . . . . .117
F.4 Cross-tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .120
F.5 Chi-square tests socio-demographic characteristics . . . . . . . . . . . . . . . . . . . . .121

G Model estimation 123
G.1 Dummy coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124
G.2 MNL model estimation results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .126

G.2.1 Results of five estimated MNL models . . . . . . . . . . . . . . . . . . . . . . . .126
G.2.2 Parameter estimates of five estimated MNL models . . . . . . . . . . . . . . . . .126
G.2.3 Biogeme syntax Multinomial Logit base model . . . . . . . . . . . . . . . . . . . .127
G.2.4 Summary statistics Multinomial Logit base model . . . . . . . . . . . . . . . . . .127

G.3 MNL models with interaction effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .128
G.3.1 Biogeme syntax MNL model with interaction of license . . . . . . . . . . . . . . .128
G.3.2 Estimation outcomes interaction effects . . . . . . . . . . . . . . . . . . . . . . . .130
G.3.3 Summary statistics MNL models with interaction effects . . . . . . . . . . . . . . .133

G.4 Latent Class Choice model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .134
G.4.1 Biogeme syntax LC choice model with 4 classes . . . . . . . . . . . . . . . . . . .134
G.4.2 Summary statistics LC choice model with four classes including ’able to cycle’. . .136

G.5 Model estimations without non-bus users . . . . . . . . . . . . . . . . . . . . . . . . . . .137
G.5.1 Results MNL model without non-bus users . . . . . . . . . . . . . . . . . . . . . .137
G.5.2 Summary statistics MNL model without non-bus users. . . . . . . . . . . . . . . .137
G.5.3 Results LC choice model without non-bus users . . . . . . . . . . . . . . . . . . .137

H Data analyses Groningen 139





List of Figures
1 Classes of the LC choice model, size and important attributes per class (own

work) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

1.1 Visualisation of the research methodology . . . . . . . . . . . . . . . . . . . . . . 5

3.1 Population increase from 2000 to 2030 (CBS, 2018a) . . . . . . . . . . . . . . . 13
3.2 Trips, distances traveled and travel time per age group (own work, based on

(CBS, 2018b)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.3 Share of trips per person per day by age and means of transport (own work,

based on (CBS, 2018c)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.4 Share of driving license holders by age in 2014 and 2019 (own work, based on

(CBS, 2019a)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.5 Share of car owners by age from 2010 to 2015 (own work, based on (CBS, 2018c)) 15
3.6 Traffic deaths in The Netherlands by age in 2018 (SWOV, 2019) . . . . . . . . . 16
3.7 Illustration of user’s optimum and operator’s optimum (van Nes, 2015) . . . . . 17
3.8 Public transport network design dilemmas . . . . . . . . . . . . . . . . . . . . . . 18

4.1 Example of a choice situation pilot survey (own work) . . . . . . . . . . . . . . . 30
4.2 Example of a choice set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5.1 Distribution answers choice situations . . . . . . . . . . . . . . . . . . . . . . . . 38

6.1 Attributes and the change in utility for the values within the range . . . . . . . 44
6.2 Classes of the LC choice model, size and important attributes per class . . . . . 50
6.3 Changes in utilities for different attribute levels for each class . . . . . . . . . . 51

7.1 Types of bus services Groningen (OV bureau Groningen Drenthe, 2019b) . . . 56
7.2 Number of times checked in by elderly during different days of the week and in

total (own work) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
7.3 Stops in Groningen most used for elderly boarding, March 2019 (own work) . . 58
7.4 Origin-Destination flows Groningen, march 2019 (own work) . . . . . . . . . . . 59
7.5 Stops in Groningen most used by elderly and all users (own work) . . . . . . . . 61
7.6 Stops with relative high amount of elderly boarding . . . . . . . . . . . . . . . . 61
7.7 Scenario 1 (own work) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
7.8 Scenario 2 (own work) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
7.9 Scenario 3 (own work) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

8.1 Attributes and the change in utility for the values within the range (own work) 71
8.2 Classes of the LC choice model, size and important attributes per class (own

work) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

E.1 Cities used for sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

F.2 Gender distribution municipalities: sample data compared with CBS data (own
work, based on (CBS, 2018d)) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

G.1 LC 4 class choice model biogem syntax . . . . . . . . . . . . . . . . . . . . . . . . 134

H.1 Busline usage elderly Groningen march 2019 . . . . . . . . . . . . . . . . . . . . 140

xiii





List of Tables
1 Contribution to utility per attribute . . . . . . . . . . . . . . . . . . . . . . . . . . vi

3.1 Factors influencing the mode choice of the elderly per study . . . . . . . . . . . 19
3.2 Factors influencing the choice of the elderly for Public transport . . . . . . . . . 20

4.1 Attribute levels used in the choice experiment . . . . . . . . . . . . . . . . . . . . 26
4.2 Prior parameter estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

5.1 Frequency distribution socio-demographic characteristics sample compared to
population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

5.2 Results chi-square tests for relation socio-demographic characteristics with bus
usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

6.1 Dummy coding scheme for the personal characteristics . . . . . . . . . . . . . . 42
6.2 Parameter estimates MNL model estimation . . . . . . . . . . . . . . . . . . . . . 43
6.3 Contribution to utility per attribute . . . . . . . . . . . . . . . . . . . . . . . . . . 44
6.4 Willingness to pay for distance to bus stop, transfers and travel time . . . . . . 45
6.5 Interaction effects on socio-demographic characteristics . . . . . . . . . . . . . . 47
6.6 Results latent class choice model estimations with different numbers of classes 48
6.7 Latent 4 Class Choice model parameters including Ability to cycle . . . . . . . . 49
6.8 Class membership probabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
6.9 Comparison model results including all data and including only bus user data 52

7.1 Busline usage elderly Groningen march 2019 . . . . . . . . . . . . . . . . . . . . 57
7.2 Most used stops for boarding among elderly in Groningen, march 2019 . . . . . 58
7.3 Most used origin - destination pairs by elderly, march 2019 . . . . . . . . . . . 58
7.4 Busline usage all bus users Groningen 2018 . . . . . . . . . . . . . . . . . . . . 60
7.5 Most used bus stops for boarding among all users in Groningen, year 2018 . . 60
7.6 Most used origin - destination pairs by all bus users, 2018 . . . . . . . . . . . . 62
7.7 Reference scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
7.8 Scenarios and their utility and probability . . . . . . . . . . . . . . . . . . . . . . 63
7.9 Class membership probabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
7.10Scenario results of the four classes: utility and probability . . . . . . . . . . . . 66

8.1 Comparison results of this research with expectations of literature and expert
interviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

8.2 Comparison results of this research with results found in literature . . . . . . . 74

B.1 Study goals, factor types, data and models used in the reviewed studies . . . . 100

C.1 Choice situations for the pilot survey . . . . . . . . . . . . . . . . . . . . . . . . . 101
C.2 Choice situations for the final survey . . . . . . . . . . . . . . . . . . . . . . . . . 102

F.1 Frequency distribution socio-demographic characteristics sample compared to
population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

F.2 Results of representativeness test of sample socio-demographic characteristics 116
F.3 Crosstable results of socio-demographic variables with bus usage . . . . . . . . 116
F.4 Frequency distribution personal characteristics of respondents compared to

population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
F.5 Frequency distribution personal characteristics of respondents . . . . . . . . . 119
F.6 Cross-table Walking distance in minutes to nearest bus stop with bus usage . 120

xv



xvi List of Tables

F.7 Cross-table Walking distance in minutes to nearest bus stop with income . . . 120
F.8 Chi-square test results for socio-demographic characteristics significant related

to bus usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

G.1 Dummy coding scheme for the personal characteristics . . . . . . . . . . . . . . 124
G.2 Dummy coding scheme for the personal characteristics . . . . . . . . . . . . . . 125
G.3 MNL interactions models Null LL, Final LL, Rኼ and Adjusted Rኼ . . . . . . . . . 133
G.4 Results Latent Class Choice model with 4 classes and personal characteristic

’Able to cycle’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

H.1 Usage of Q-link and city buses in Groningen, March 2019 . . . . . . . . . . . . 141
H.2 Bus stops with relatively high number of check-ins by elderly (number of check-

ins by elderly relative to number of check-ins by bus users in total) . . . . . . . 141



Abbreviations
SP Stated Preference

RP Revealed Preference

MNL Multinomial Logit

DCM Discrete Choice Modelling

LC Latent Class

LRS Likelihood Ratio Statistic

BIC Bayesian Information Criterion

LL Log-likelihood

PT Public Transport

WTP Willingness to Pay

OD Origin-destination

xvii





1
Introduction

It is expected that the current worldwide population of nearly 7.6 billion people is growing
by 1.1 percent per year (The Department of Economic and Social Affairs, 2017). With this,
the life expectancy of people is rising as well, which is leading to an increasing proportion of
people aged over 60. This phenomenon of population ageing is happening worldwide. It was
estimated that in 2017, 13 percent of the global population was aged 60 years or older. Given
the large number of people born in recent decades, it is expected that this older population
will keep growing, reaching 1.4 billion older persons in 2030 and 3.1 billion in 2100 (The
Department of Economic and Social Affairs, 2017).

Currently, in Europe the population aged 60 or over is 25% (The Department of Economic
and Social Affairs, 2017). It is expected that this proportion will be 35% in 2050. In The
Netherlands, the expectation is that the number of people over 651 years will increase to 4,2
million in 2030, which is almost 25% of the population (CBS, 2018f). Especially the number
of people of 80 years and older will increase, reaching 1,2 million in 2030.

The current and future generation of elderly is more mobile, prosperous, and vital compared
to previous generations (Van Dam & Hilbers, 2013). They grew up in a period in which trav-
elling became more common as part of an active, mobile and independent lifestyle. Because
of this, the current and future generation will travel more and further distances compared
to the generations before. The current and future elderly more often have a car and will
use this until high age. However, the aging of the population will also lead to more people
with disabilities participating in the traffic (Goldenbeld, 2015). Especially for the elderly with
disabilities, such as functional disorders, or those without a car it can be problematic to
continue to meet their own transport needs. The ability to drive decreases when they become
older, which makes public transport more important for them to stay independent (Su &
Bell, 2009). However, less than 10% of the elderly aged 65 or older make their trips by public
transport (Szeto et al., 2017).

In the Netherlands, the bus network forms the basis of the public transport network. About
90% of all lines in the complete schedule of public transport is a bus line, which is 1800 bus
lines in total (Zijlstra et al., 2017). This makes the density of the bus network the biggest
compared to the other modes of public transport. The proportion of elderly making use of the
city bus service is limited, an estimated 5% of the bus passengers is 65 years or older. The
infrequent use of public transport services are among other things caused by unreliability,
difficulties and distances to access bus stops and stations, the fear of crime, and unavail-
ability of some destinations (Cui et al., 2017; Hess, 2012; Wong et al., 2018). Besides that,
the bus network is changing, since bus lines get bundled and stretched. This leads to faster
1Definition of the elderly varies across global research, but in most (Dutch) papers 65 years and above is used. Therefore, this
definition will be used in this research as well (CBS, 2018f; Cui et al., 2017). For resources mentioning aging worldwide, elderly
are described as persons aged 60 and above.

1
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and high-frequent buses on the one hand, but also to larger distances to the bus stop.

When the ability to live independently and autonomously and to participate in activities out-
side the door are lost, this can lead to isolation and deterioration of health, both physi-
cally and mentally (Goldenbeld, 2015; Johnson et al., 2017; Rosenbloom & Smiley, 1999).
Through this, elderly will experience a decline in their quality of life (Aguiar & Macário, 2017).
Therefore, it is necessary to offer good mobility and transportation alternatives for the older
population to keep them participating in social and daily activities (Kim, 2011).

To keep elderly participating in outside activities, different options are already researched
to make travelling easier. Discounted or free bus travel is offered in some cities for all older
people to make public transport more attractive (Mackett, 2015; van Wijk, 2015; Wong et al.,
2018). In Zeeland, Public transport ambassadors were introduced to provide information
and answer questions about public transport usage. In addition, the ambassadors make
trips with small groups of elderly to let them experience the usage of public transport (van
Wijk, 2015). In other areas, such as in The London Borough of Camden, specialised transport
services are providing more suitable services for older people (Su & Bell, 2009). In Hervey
Bay, Australia, they respond to the needs of the elderly by offering flexible route bus trans-
port instead of fixed routes (Broome et al., 2012).

Although several transportation options have been researched to make transport accessi-
ble for everyone, those options are often expensive, futuristic or only applicable locally. Yet,
there are no structural solutions that can be applied in the short term throughout The Nether-
lands. Since the bus network in the Netherlands is extensive, it could be a suitable transport
option for the elderly. However, the bus usage of the elderly is very low. Therefore, it is
interesting to do more research to this mode. The focus in this research is on investigating
the bus usage and bus preferences of the elderly and factors influencing these preferences.
These results could be used by governments to develop their policy regarding the bus net-
work to make it more attractive for the elderly. The goal is to stimulate the bus usage of
the elderly to keep them participating in social and daily activities. Not only bus users are
included, but also non-users. Yet, little is known about the differences and similarities in
preferences and travel behaviour by bus among various groups of the elderly, related to their
lifestyles, health, geographic location, and mobile phone possession, as confirmed by Choo
et al. (2016); Cui et al. (2017); de Haas et al. (2018); Fiedler (2007); Figueroa et al. (2014);
Harms et al. (2007); Hess (2012); Hildebrand (2003); Kim & Ulfarsson (2013); Szeto et al.
(2017).

1.1. Problem description
The number of elderly is increasing. With this, the elderly are more mobile these days and
are travelling more. Older people are using the car as primate mode. On the other hand,
aging will also lead to a bigger group of elderly with disabilities, which does not have the
ability to drive themselves anymore. Besides that, not all elderly have a driver’s license or
own a car. This group becomes dependent of other people and other modes of transport,
such as the bus, as part of public transport. However, most elderly do not use the bus and
there is often a lack of other suitable transport. This leads to loneliness and health problems.

To make it possible and more easy for elderly to keep travelling, several (public) transporta-
tion options are researched and still in development, using new technologies. However, these
options are expensive, futuristic or only applicable locally. No structural solutions which can
be applied in the short term throughout The Netherlands are yet available. The bus network
is already extensive with 1800 bus lines throughout The Netherlands and has the highest
density compared to other public transport modes. Besides that, the bus contributes to
autonomy of the people and is affordable compared to other modes (Savelberg & Kansen,
2019). Therefore, the bus could be a suitable transport option for the elderly. However, the
bus usage of elderly is very low. It is unknown which socio-demographic characteristics and
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mode attributes influence to what extent the low bus usage and preferences of the elderly
towards bus services. These factors might be important to take into account to obtain better
understanding of the preferences of the elderly. Besides that, elderly are mostly treated as
a homogeneous group, while there are heterogeneous preferences and differences in travel
behaviour among various groups among the elderly. Up to now, the mobility measures used
for the elderly are mainly for the group of elderly with disabilities, while higher age does not
necessarily mean more immobility (Haustein, 2011).

This research investigates which socio-demographic factors and mode attributes influence
the preferences and usage of the bus, and to which extent. Besides that, it researches
whether there is heterogeneity in how the elderly value the attributes of the bus network, and
whether there are socio-demographic factors to which this heterogeneity can be attributed.
The results of this study could be used for policy making regarding bus network designs
which respond to the preferences of the elderly.

1.2. Scope
Since elderly and mobility is a broad subject for research and the time period for the thesis
research is short, the research is narrowed down on the following aspects.

• The thesis focuses on the elderly in urban areas in The Netherlands.

• The elderly are defined as the part of the population aged 65 and over, since this is
definition is most commonly used in literature.

• This research focuses on bus lines and bus types driving within urban areas/cities.

1.3. Research objective and research questions
The objective of this research is to find the socio-demographic characteristics and mode at-
tributes that influence the usage and preferences of the elderly regarding bus services. The
results could be used to guide policy makers to design bus networks which are more attrac-
tive for the different groups of elderly. This could keep the elderly mobile and facilitate a way
to stimulate participating in social and daily activities. The elderly in the Netherlands living
in different urban municipalities will be used as respondents for a survey.
The main research question for this study is:

Which factors influence the preference and use of bus services among elderly people in urban
areas of The Netherlands and what is the corresponding heterogeneity?

In order to answer the main research question, several sub-questions need to be answered
which are formulated as follows:

1. Which socio-demographic characteristics influence the bus usage of the elderly?

2. Which bus attributes are most important for the elderly, and to which extent?

3. To which extent does heterogeneity in preferences exist among elderly regarding the
values of bus attributes, and to which socio-demographic characteristics can this un-
observed heterogeneity be attributed?

1.4. Scientific and societal relevance
This research will be relevant both scientifically and socially. The scientific relevance and
contribution can be found in the following aspects. First of all, insight is obtained in the
heterogeneity in bus usage of elderly aged 65 and over. This study attempts to fill the knowl-
edge gap regarding the differences and similarities in bus usage among different groups of the
elderly. Secondly, there is some literature about the mobility preferences and needs of the
elderly related to several socio-economic characteristics. However, the mobility preferences
of the elderly related to their geographic location, preferences, resources, new technologies
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and health is missing. Thirdly, insight is obtained about the implications of the preferences
of the elderly for the current bus network design.

Socially, the results of this study will show the preferences of elderly related to the distance to
the bus stop, travel time, travel cost, frequency and transfers. These results can be used by
policy makers and developers of bus networks when developing the current bus networks in
such a way that it meets the preferences of the increasing elderly population. Furthermore,
the lack of mobility of the elderly appears to result in health problems. The chance that they
lose abilities earlier, and to suffer from psychological, mental and physical diseases is larger
(Fiedler, 2007). Using the insights from this research, bus transport systems can be adapted
to the preferences of the elderly to stimulate bus usage and improve the quality of life of the
elderly population. Furthermore, older people who are not able to lead an active and inde-
pendent life cause costs related to services such as care and home deliveries. Reducing the
lack of mobility of the elderly helps saving these social costs (Fiedler, 2007).

1.5. Report structure
The problem, research objective and research questions were identified and formulated in
chapter 1. In chapter 2, the methodology is explained. Chapter 3 reviews literature regarding
development of the elderly, public transport network design dilemmas, factors and mode
attributes influencing travel behaviour of the elderly, and heterogeneity among elderly. The
design of the stated preference survey is described in chapter 4. Chapter 5 elaborates on the
descriptive statistics of the data coming from the survey and themodel estimation is explained
in chapter 6. After this, the findings from the model estimations are compared with findings
from prractice in chapter 7. Based on public transport chip card data of Groningen, elderly
and all bus users are compared. Besides that, a scenario analysis is done. Finally, chapter
8 shows the conclusion, discussion and recommendations. The structure of the thesis is
visualised in figure 1.1.
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Figure 1.1: Visualisation of the research methodology





2
Methodology

This chapter describes the methods used to answer the main research question. Firstly, knowl-
edge on the current travel behaviour and mode choice, developments and known factors influ-
encing the travel behaviour of the elderly, is gathered. A literature study and expert interviews
are used for this, as explained in section 2.1. Based on the factors found in literature and com-
ing from expert conversations, a survey is designed and conducted to gain more insight in the
preferences of (potential) bus users and the impact of the factors. The method used to design
the survey is explained in section 2.2. Section 2.3 describes the methods used to analyse the
gathered data from the survey. The chapter ends with a conclusion in section 2.4.

2.1. Literature Study
A literature study is conducted to provide insight into the current developments of the el-
derly and their travel behaviour, mode choice, and the public transport design dilemmas.
Besides that, the literature study is used to identify the socio-demographic factors and mode
attributes influencing the choice of the elderly for public transport services, more specifically
the choice for bus. Moreover, this part is used to get insight in existing knowledge about
heterogeneity in travel behaviour among different groups of the elderly.

Online databases of scientific research like Google scholar, Science Direct and Scopus are
used to search for relevant studies. Keywords are used for searching such as ’mobility’,
’elderly’, ’public transport’, ’choice behaviour’ and ’ageing’. Besides this, the snowball tech-
nique is used to search for interesting articles.

Next to a literature study, interviews with colleagues from Goudappel Coffeng are conducted
to find socio-demographic factors and mode attributes which influence the bus usage of the
elderly and are not researched yet. These colleagues are experts and have knowledge of the
research object from practical experience.

With the results of the literature study and interviews with public transport experts and
research and behaviour experts from Goudappel Coffeng, the current elderly trend becomes
clear. It is be determined which factors are not researched yet and which factors influenc-
ing mode choice should be included in the survey. Lastly, insight into the design dilemmas
is useful when giving recommendations how the design of the current bus network can be
improved for elderly.

2.2. Stated Preference Survey
To collect data of choice behaviour, people can be asked for trade-offs directly. However, there
are several reasons why this method is not suitable (Chorus, 2018a). Firstly, people do not
know what their trade-off is. Evolution programmed people to make choices instead of trade-
offs. Second, people hesitate to give true trade-offs in many cases. Thirdly, judgment is more

7
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sensitive to bias than choices. Therefore, data based on choice observations is collected. To
analyse choice behaviour, revealed preference data and stated preference data can be used.

Revealed Preference
The revealed preference (RP) method can generate information about the actual travel choice
behaviour of people in real situations. This provides high valid results (Patuelli et al., 2016;
Tseng et al., 2013). Besides that, it is suitable for forecasting choices if the choice alternatives
and market conditions do not change much (Molin, 2018a). However, revealed preference
data has some limitations. First of all, it is not possible to observe choices for new alternatives
and attributes. Secondly, there is insufficient variation in the data, since it is difficult to
model choices in rare circumstances. Next to that, RP data shows only the chosen alternative.
This means that the choice set is unknown and assumptions have to be made which can not
be controlled. Another limitation is multi-collinearity. Correlations are often too high. Some
parameters are unreliable or cannot be estimated. Lastly, many respondents are required,
because the output is only one choice per respondent. this makes the data collection time
consuming and expensive (Molin, 2018a; Yang & Mesbah, 2013).

Stated Preference
With stated preference (SP), choice sets can be pre-specified, in-existent options and new at-
tributes can be included, and levels outside the current value range can be tested (Ben-Akiva
et al., 1992; Yang & Mesbah, 2013). Presenting choice sets to respondents makes it possible
to gain more insight in ”the relative importance of attributes to individuals” (Kløjgaard et al.,
2012). Furthermore, stated choice data collection is easier and multiple observations per in-
dividual are possible, which results in a larger sample size. A disadvantage of stated prefer-
ence is that the intended choice of an individual may not correspond with their actual choice.
What people say they will do is not always similar to their actual behaviour. This is called
hypothetical bias (Wardman, 1988). To limit the hypothetical bias, Hensher (2010) mentions
several suggestions such as explaining the objectives of the choice experiment clearly. An-
other limitation in designing SP experiments is that it depends on the researcher whether all
the important attributes, and alternatives are considered, since he needs to identify these
aspects himself (Bourguignon, 2015).

For this study, stated preference is chosen. SP is based on precise documented informa-
tion and is overall better in retrieving significant effects of factors with important influence
(Beelaerts van Blokland, 2008). This research focuses also on the answers to hypothetical
situations, in which is asked what an respondent would choose in a certain situation. Since
this is impossible to test with revealed preference data, SP is be used. Besides that, to the
best of the author’s knowledge, the factors used in literature represent the important fac-
tors influencing travel choices of elderly just partly. There might be factors which describe
the choice more concrete. These factors, mentioned in chapter 3.4 can be included in the
experiment.

2.3. Discrete Choice Modelling
Discrete choice modelling is used to analyse the data from the stated preference survey. This
method makes it possible to quantify the values respondents place on the attributes. Besides
that, this method can explore whether and to which extent respondents are willing to trade-
off between attributes. The method of discrete choice modelling is explained in this section.
The general mathematical model is described and different types of models are discussed.

2.3.1. Data analysis and model estimation
Descriptive and inferential data analysis are used insights on the behaviour of the respon-
dents. Descriptive statistics is used to describe and summarise the features of the sample
and observations (Hinton, 2014). Inferential statistics is done to test hypotheses and esti-
mate the sample variables and their reliability in order to improve the knowledge about the
population (Asadoorian & Kantarelis, 2005). The software SPSS is used to conduct this anal-
ysis.
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According to Chorus (2018a): ”To understand and be able to forecast transportation systems
and the effects of transport policies, you have to understand and be able to forecast choices”.
There are different options to understand and predict these choices. The manual approach
can be used to predict the choices for other levels of attributes (Chorus, 2018a). However,
this method has limitations. First of all, the choices are assumed to be made deterministi-
cally. This method ignores the heterogeneity across decision-makers and the inconsistency
of decision-makers. Secondly, it does not enable rigorous econometric analysis. Lastly, the
manual approach is very time-consuming and complex, especially for multinomial, multi-
attribute choices.

Based on this insight, a model should be used allows for the inconsistency and heterogeneity
of the decision makers. Besides that, the model should be usable for multi-attribute and
multinomial choice situations. Therefore, discrete choice models (DCM) are suitable for this
research (Chorus, 2018a). Discrete choice model obtain insight into the extent to which the
choice is influenced by specific characteristics, such as socio-demographic characterisitcs or
attributes. The consequences of adapting services or products or introducing new services or
products on the use can be predicted. In this research, the discrete bus choice of the elderly
is studied.

Discrete choice analysis uses the principle of utility maximization, which means that a
decision-maker 𝑛 chooses the alternative with the highest utility (𝑈፧።) (Chorus, 2018a; Hen-
sher & Greene, 2003; Wittink, 2011). Alternative 𝑖 is chosen if:

𝑈፧። > 𝑈፧፣ ∀𝑗 ≠ 𝑖 (2.1)
The utility is decomposed in a systematic component 𝑉። and a random component 𝜀።, see
equation (2.2). The systematic component includes everything that can be related to observed
factors, such as travel time, cost, age and gender. The random component or error term
captures the unobserved factors and randomness in choices.

𝑈፧። = 𝑉፧። + 𝜀፧። (2.2)
When all parameters are considered to be linear, the utility function for an alternative can
be formulated as shown in equation (2.3). In this function, 𝛽፦ is the coefficient of attribute
𝑚, and 𝜒።፦ is the value or attribute level of attribute 𝑚. However, the attributes are tested
for non-linearity. Quadratic components are added to the utility function for non-linear
attributes.

𝑈። = Σ𝛽፦Χ።፦ + 𝜀። (2.3)

2.3.2. Model types
To predict choices, different models can be used. In this section, the most common used
models are described and discussed.

Multinomial logit model
The most widely used and easiest model in discrete choice modelling is the multinomial logit
(MNL) model (Amaya-Amaya et al., 2008; Hausman & McFadden, 1981). The probability 𝑃
that an individual 𝑛 chooses alternative 𝑖 is:

𝑃፧። =
𝑒ፕᑟᑚ

∑ፉ፣዆ኻ 𝑒ፕᑟᑛ
(2.4)

Where 𝐽 is the choice set of 𝑗 alternatives and 𝑒 is the base number for a natural logartihm. A
limitation of this model is that it does not consider random taste variation for the attributes of
alternatives. It assumes that everybody has the same preferences. However, in this research
one of the goals is to investigate whether the elderly have different preferences. Another lim-
itation is that the model does not account for correlated choice situations when observations
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are drawn from the same individual (Chorus, 2018a; Hensher & Greene, 2003; Train, 2002;
Wittink, 2011). This might be problematic for this research, since each respondent has to
answer more than one choice situations. However, MNL models are used in the reviewed lit-
erature and therefore it is justified to use MNL models in this study as well for a first insight
in the preferences and bus usage of the elderly.

Mixed logit model
To overcome the limitations of the multinomial model, a mixed logit (ML) model can be used.
The mixed logit model considers random taste variation, unrestricted substitution patterns,
and captures panel effects. The random taste variation is captured by assuming the 𝛽 differs
across individuals, resulting in a distribution of the 𝛽 estimates. An extra error term is
added that represents variation across individuals of the utility of the common unobserved
factors. The panel effect is captured by using each draw for computing the entire sequence of
logit probabilities for an individual (Chorus, 2018b; Hensher & Greene, 2003; Train, 2002).
Although this model can overcome the limitations of the multinomial model, it can not explain
the nature of the heterogeneity . Therefore, the latent class choice model is more suitable in
this research.

Latent class choice Model
The latent class (LC) choice model also overcomes the limitations of the MNL model. With
a latent class choice model, the population is separated into several classes with homoge-
neous preferences (Molin & Maat, 2015). Across these classes, the preferences are different.
For each class a set of parameters is estimated by applying the latent class model. The
classes are not directly observable, and thus latent (Train, 2002). The number of classes is
not known beforehand. Therefore, multiple models with different numbers of classes will be
estimated. Based on the model fit of the models, the number of classes will be chosen (Shen
et al., 2006). Together with the estimation of the parameters, a class membership model
is estimated, modelling the probability of an individual belonging to a class based on the
socio-demographic and other characteristics (Molin & Maat, 2015). By weighting the choice
probabilities for each class by the estimated share of each segment, the choice probabilities
for each choice alternative can be predicted.

The formula (2.5) shows the latent class choice model. In this formula, 𝑃፧(𝑖|𝛽) indicates
the probability of an individual 𝑛 choosing alternative 𝑖, conditional on the model parameters
𝛽. The class membership probability is indicated by 𝜋፧፬, which gives the probability that an
individual 𝑛 belongs to class 𝑠.

𝑃፧ (𝑖|𝛽) =
ፒ

∑
፬዆ኻ
𝜋፧፬𝑃፧ (𝑖|𝛽፬) (2.5)

The class membership model, shown in (2.6) uses class-specific constants 𝛿፬ and a vector of
parameters 𝛾፬, which are jointly estimated.

𝜋፧፬ =
𝑒᎑ᑤዄ፠(᎐ᑤ ,፳ᑟ)

∑፥዆ኻ..ፒ 𝑒᎑ᑝዄ፠(᎐ᑝ ,፳ᑟ)
(2.6)

The functional form of the utility for in the class allocation is given by the linear-additive
function 𝑔(∘). This function is based on observed variables such as socio-demographics,
shown as 𝑧፧.

Conclusion
Both mixed logit and latent class choice models account for preference heterogeneity across
individuals. However, their approaches in capturing the heterogeneity is different (Wen &
Lai, 2010). With mixed logit, it cannot be investigated what the nature of the heterogeneity
is. latent class choice models assume that different groups or classes with internally homo-
geneous preferences exist in the population, but the preferences between the classes differ.
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For this study it is interesting to know why people choose a certain alternative, thus where
the heterogeneity can be attributed to. Therefore, a latent class model is estimated in this
study and not a mixed logit model.

2.3.3. Goodness of fit
To check whether the model fits with the data, McFaddens’ rho-square based on the log-
likelihood (LL) can be used. It compares the performance of the estimated model with the
performance of the null model (Chorus, 2018a). The higher the log-likelihood of the final
model, the better the model fits with the data. McFaddens’ rho-square can be calculated
with equation:

𝜌ኼ = 1 − 𝐿𝐿(𝛽)𝐿𝐿(0) (2.7)

Where:
᎞Ꮄ = McFaddens’ rho-square
ፋፋ(ᎏ) = final log-likelihood
ፋፋ(ኺ) = null log-likelihood
To compare model fit across the models, two statistics can be used:

1. Likelihood Ratio Statistic (LRS)
This test is used to compare two models, in which one model is a simpler case of the
other model, in other words it compares two nested models. The base model is rejected
when the LRS has a higher value than the threshold of the significance level (Chorus,
2018a).

𝐿𝑅𝑆 = −2 ∗ (𝐿𝐿ፀ − 𝐿𝐿ፁ), (2.8)

2. Bayesian Information Criterion (BIC)
This criterion weighs both model fit and parsimony. The likelihood of models can be in-
creased when adding parameters. However, this can lead to overfitting. BIC introduces
a penalty term for the number of parameters used in the model to solve this problem.
The lower the BIC value, the better the model. This criterion is best suited for latent
classchoice models (Van Cranenburgh, 2018).

𝐵𝐼𝐶 = −2 ∗ 𝐿𝐿 + 𝑘 ∗ 𝑙𝑛(𝑁) (2.9)

Where:
ፋፋ = final log-likelihood
፤ = number of parameters to be estimated
ፍ = number of observations

Since adding more classes will always increase the model fit, because of more degrees of
freedom, LL is not a goodmeasure to assess model performance. Parsimony needs to be taken
into account. Besides that, the models in this research are non-nested models. Therefore,
the Bayesian Information Criterion is used.

2.4. Conclusion
The used methodology is described and elaborated on in this chapter. First, a literature
study is used to gather background information and existing knowledge about factors influ-
encing travel behaviour of elderly and heterogeneity among elderly. To gather data, a stated
preference survey with choice experiments is designed. To analyse the data coming from
the survey, discrete choice modelling is used. First a multinomial logit model is estimated.
Secondly, a latent class choice model is applied, since this model overcomes the limitations
of the MNL model and can investigate the nature of the heterogeneity.





3
Literature review

The goal of this literature study is to provide background information to get insight in existing
knowledge about the elderly, their travel behaviour and factors influencing their behaviour.
Section 3.1 discusses the existing knowledge on the development of the mobility and travel
behaviour of elderly. Next, section 3.2 describes the mode choice of elderly. Section 3.3 fo-
cuses on the public transport network design problems. After this, section 3.4 discusses the
heterogeneity and factors influencing the mode choice of the elderly. The chapter ends with a
conclusion in section 3.5.

3.1. Developments of the elderly and their travel behaviour
As mentioned in the introduction, the world population is increasing and ageing. The health
of the population has improved and the mortality rates are declined (CBS, 2018e). With this,
the number of older people, aged 65 and over, is rising as well. This trend is shown in figure
3.1. Not only the life expectancy of people is increasing, also the number of years without lim-

Figure 3.1: Population increase from 2000 to 2030 (CBS, 2018a)

itations and in good health is rising (CBS, 2018a; Rosenbloom & Smiley, 1999). The current
elderly travel more than the comparable age groups twenty to twenty-five years ago (Siren
& Haustein, 2019). They make more and longer trips and they participate in a greater vari-
ety of activities outside the door (Rosenbloom & Smiley, 1999; Szeto et al., 2017). Although
the work-related trips decrease after retirement, the leisure and shopping trips do not decline
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before elderly have reached high age (Choo et al., 2016; Cui et al., 2017; Hjorthol et al., 2010).

Even though the life expectancy of people and the years in good health are increasing, at
a certain time the travel behaviour of the elderly, in particular after the age of 75, will change
(Cui et al., 2017). They are more likely to make less trips, travel less distances and travel
less during peak hours or at night. These trends are shown in figure 3.2. Their purposes to
travel become simpler and the mode choice options decrease (Johnson et al., 2017).

Figure 3.2: Trips, distances traveled and travel time per age group (own work, based on (CBS, 2018b))

3.2. Mode choice
The type of mode older people choose depends partly on the type of trip they are going to make
and on location and personal factors (Rahman et al., 2016; Rosenbloom & Smiley, 1999). In
European countries, car is the most important travel mode for the elderly, as being the driver
or passenger (Szeto et al., 2017). The share of cars is much higher than those of rail and
buses. When people age, the number of trips decrease (CBS, 2018c). Besides that, the travel
characteristics and mode choices change. The willingness and ability to drive decreases and
driving as a passenger increases. The use of public transport and walking become more
important for people’s independence (Su & Bell, 2009; Szeto et al., 2017). These differences
in modal split based on age are shown in figure 3.3.

Figure 3.3: Share of trips per person per day by age and means of transport (own work, based on (CBS, 2018c))
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3.2.1. Car usage
Although the number of trips and trip distances become less when people get older, older peo-
ple have become more dependent on the private car as primary transport mode (Cui et al.,
2017; Rosenbloom & Smiley, 1999). The new cohort of elderly uses cars more, since the car
appears to have given older people more choices, a wider range of possible activities, flexibil-
ity, comfort, and independence (Buys et al., 2012).

Driver licensing among the older people is very high and still increasing, due to the rise
in number of elderly and the rise in percentage of people who obtained a driver’s license in
general (CBS, 2016; Rosenbloom & Smiley, 1999). This increase in driver licensing between
2014 and 2019 is shown in figure 3.4.

Figure 3.4: Share of driving license holders by age in 2014 and 2019 (own work, based on (CBS, 2019a))

Nowadays, 67% of the people aged 70 and older in The Netherlands has a driver’s license
(CBS, 2019a). This is an increase of 11% compared to 2014. The share of driving license
holders is much higher for the people aged between 60 and 70, with 86%. Besides this in-
crease in drivers licenses, the percentage of older people owning a car increased as well. The
share of car owners by age from 2010 to 2015 is shown in figure 3.5.

Figure 3.5: Share of car owners by age from 2010 to 2015 (own work, based on (CBS, 2018c))
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The increase in car usage amongst elderly has a turning point. Older people lose the ability
to drive safely at a certain point and the number of crashes of the elderly gets higher. This
risk of crashes is especially the case if the older drivers do not realize they are losing skills or
do not adjust their driving behaviour to drive safely. Next to this, crashes lead to more seri-
ous injuries for elderly, since vulnerability increases when people age (Rosenbloom & Smiley,
1999; SWOV, 2019).

Figure 3.6: Traffic deaths in The Netherlands by age in 2018 (SWOV, 2019)

In 2018, the majority of the traffic deaths in The Netherlands were 80 years and older with
21%, followed by people aged between 70 and 80 with 19%, as shown in figure 3.6.

3.2.2. Public transport usage
Although the use of public transport can be a viable alternative to car dependency for mobile
elderly and becomes more important for elderly for their independence as they age, research
showed that the PT usage remains low in many parts of the world (Johnson et al., 2017).
In the Netherlands, less than 10% of the elderly aged 65 or older make their trips by public
transport (Szeto et al., 2017).

Various causes of this infrequent use of public transport services can be identified. Among
other things unreliability, difficulties and distances to access bus stops and stations, the
fear of crime, and unavailability of some destinations are important reasons (Goldenbeld,
2015). Also, concerns about personal safety at night, difficulties with carrying heavy loads,
difficulties entering and alighting vehicles, behaviour of passengers, lack of toilets and the
cleanliness of public transport services are barriers for usage (Buys et al., 2012; Transport,
2002).

Besides the causes mentioned, also the place of living and changes in population density
influence the design and the use of public transport. In areas with a shrinking population
and a declining concentration of services the public transport services are limited and under
pressure (Goldenbeld, 2015; Wong et al., 2018; Yang et al., 2018). This makes it even harder
for the people living here to use public transport. Next to this, suburbanization - caused by
increasing car usage - has speed up the decline of public transport services and makes the
option to walk impractical. This makes the problems for the elderly without a car of limited
access to a car even bigger (Rosenbloom & Smiley, 1999).

Looking at the usage of the bus, in The Netherlands, seven out of ten people hardly or do
not use the bus (Zijlstra et al., 2018). About three out of ten Dutch people do use the bus.
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This includes people who use the bus at least one time per six months. A big part of the bus
users (15%) are occasional users which use the bus less than once per month. Only a small
group of less than 3% of the Dutch people uses the bus 4 days per week or more. The share
of elderly is limited, an estimated 5% of the bus passengers is 65 years or older. However,
the share of elderly bus passengers varies between different datasets such as OViN, KBOV
and wROOV, but is never higher than 8 percent.

3.3. Public transport network design dilemma
When designing a public transport network, several dilemmas have to be considered. Op-
posite objectives need being balanced. As can be seen in figure 3.7, the biggest conflict in
network design is between the traveller and the operator. The operator of the network wants
the network with the minimum spanning tree, because of the costs. The traveller wants the
fully connected network with the shortest travel time.

Figure 3.7: Illustration of user’s optimum and operator’s optimum (van Nes, 2015)

Focussing on a specific perspective, here the view of the traveller, design dilemmas do still
exist. Given a fixed operational budget, five design dilemmas are defined (van Nes, 2015; Van
Oort & Van Nes, 2009).

The first dilemma is short in-vehicle times versus short access times (figure 3.8a). Many
stops leads to less distance to the stop. However, public transport services have to stop at
every stop, resulting to large in-vehicle times. The second dilemma, shown in figure 3.8b,
represents short waiting times versus short in-vehicle times. Dense networks results to short
in-vehicle times because of direct routes. However, the number of buses per link will be lower,
leading to less frequent services and longer waiting times. The third dilemma is minimization
of transfers versus short waiting times, shown in figure 3.8c. High density of lines leads to
less transfers needed. On the other hand, this results in a decrease in frequencies and to
large waiting times. The fourth dilemma involves short travel times versus minimization of
transfers, as shown in figure 3.8d. More network levels will lead to more transfers. However,
each network will be suitable for specific trip lengths and will decrease the travel times. The
fifth dilemma is the length of line versus reliability. Less transfers are needed because of
longer lines, since this leads to more direct connections. On the other hand, longer lines of-
ten lead to less variability. This results to more deviations from the schedule and increased
waiting times for travellers (Van Oort & Van Nes, 2009).

For urban public transport networks the key design variables are line spacing and stop spac-
ing (van Nes, 2015). This research focuses on the urban public bus transport network. This
is a single level urban network. To determine the optimal proportion for line spacing and stop
spacing for urban public transport networks, only the first, third, and fifth design dilemma
are important to take into account (van Nes, 2015). Therefore, the second and fourth design
dilemmas are not relevant for this research. The optimum values for the mentioned network
characteristics depend on the formulated objective and the movement pattern (Eck, 2010).
Research showed that the option with fewer lines and stops but higher frequency is preferred
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(a) Stop densities design dilemma (van Nes, 2015)
(b) Network density design dilemma (van Nes,
2015)

(c) Line density design dilemma (van Nes, 2015) (d) Network levels design dilemma (van Nes, 2015)

Figure 3.8: Public transport network design dilemmas

the most by passengers, because of less waiting time and less in-vehicle time (KiM Nether-
lands Institute for Transport Policy Analysis, 2016). This means passengers will reach their
destination faster. Besides that, it makes planning a trip and reaching connections easier
since the frequency of the service is high.
However, for the 6% of people in the Netherlands with disabilities, such as for an impor-
tant group of the elderly, the distance to a public transport service stop can be problematic
(Bakker et al., 2018). For them, it is desirable to have access to public transport services
nearby their homes.

3.4. Heterogeneity and factors influencing mode choice of elderly
Older people are different from each other in terms of their characteristics and level of mobility
and thus prefer different types of modes (Rosenbloom & Smiley, 1999; Shrestha et al., 2017).
For example, many older people are active and healthy for years or decades after retirement,
but an important part of the elderly is not. Most of the elderly have a driver’s license, but a
substantial part has not. Among the older population aged 60 to 70, 13,9% does not have a
driver’s license (CBS, 2018d). This is even higher among the elderly aged 70 and above, with
32,8%. Older women are less likely to own a driver’s license or to own a car than men. This
difference is the biggest among the age group of 70 years and over, where 80% of man have
a driver’s license against 53% of women (CBS, 2018d). This section elaborates on the factors
influencing the mode choice of elderly and in particular the choice for public transport found
in literature. Besides that, this section discusses the heterogeneity among elderly.

3.4.1. Factors influencing the mode choice of elderly
There are various studies available in which factors are defined that influence travel be-
haviour, and thus the mode choice, of the elderly. Cui et al. (2017) reviewed 19 scientific
articles and retrieved insight in the travel behaviour and mobility needs of the elderly. The
articles are reviewed to investigate among others the most important factors influencing the
travel behaviour of the elderly. Eight of the reviewed articles fit within the scope of this re-
search and are reviewed again. These studies are separated in papers exploring important
factors influencing the mode choice of elderly in general and papers exploring important fac-
tors influencing the choice of elderly to use public transport specifically. Besides the articles
mentioned in Cui et al. (2017), the studies of Böcker et al. (2017); Haustein (2011); Kim &
Ulfarsson (2004); Schmöcker et al. (2008) are valuable and added to the list (studies [7], [8],
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[9] and [12]), since they focus on the same topic. The list of the studies with its location,
age group, study goals, type of factors, used data and model are summarized in table B.1 in
appendix B.

The literature review shows many factors influencing the travel behaviour of the elderly and
the choice to use public transport specifically. Besides personal characteristics and mode
attributes, other factors such as trip attributes, mobility related attitudes and built- and en-
vironmental factors influence the travel behaviour. However, this research focuses on the
personal characteristics and mode attributes influencing the travel behaviour of the elderly.
Therefore, only these types of factors are included in the research and study review.

The results of the reviewed studies are shown in the tables below. First, the results of re-
viewed studies indicating the factors influencing mode choice of the elderly (studies [1] until
[9]) are shown in table 3.1. The results of the reviewed studies indicating the factors influ-
encing the use of public transport specifically (studies [7] until [12]) are shown in table 3.2.

Table 3.1: Factors influencing the mode choice of the elderly per study

Factors [1] [2] [3] [4] [5] [6] [7] [8] [9]
Personal characteristics
Age x x x x x x x
Gender x x x x x x
Ethnicity x
Driver’s license x
Car ownership x x x x x
PT card x
Bicycle ownership x
Household size x x x x x
Geographical location living x x x
Health (disabilities) x x x x x
Income x x x
Educational level x x
Size of social network x
Mode attributes
Travel time x x
Stop density x
Costs x
Distance to stop x
Safety x
Comfort x

Where: [1] (Yang et al., 2013); [2] (van den Berg et al., 2011); [3] (Boschmann & Brady, 2013); [4] (Hjorthol et al., 2010); [5]
(Davey, 2019); [6] (Zeitler et al., 2012); [7] (Böcker et al., 2017); [8] (Kim & Ulfarsson, 2004); [9] (Schmöcker et al., 2008)

From the literature review of the studies [1] to [9] it can be concluded that the factors influ-
encing the travel behaviour of elderly are varying per study. Some factors are mentioned in
several studies, such as the personal characteristics ’age’, ’gender’, ’car ownership’, ’house-
hold size’, ’geographical location living’, ’health (disabilities)’, ’income’ and ’educational level’.
However, it cannot be concluded that these factors are more important than the other factors.
Possibly less attention has been paid to the other factors or they are not taken into account
in most of the reviewed studies. For example, the influence of size of social network is only
studied in Kim & Ulfarsson (2004) and not even mentioned in the other studies.
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Table 3.2: Factors influencing the choice of the elderly for Public transport

StudyFactors [7] [8] [9] [10] [11] [12] Sign Significant

Personal characteristics
Age x x x x x x +/- yes
Gender (male, ref = female) x x x x x - yes
Ethnicity (non-Western, ref = Western) x + yes
Driver’s license (yes, ref = no) x x - yes
Car ownership (yes, ref = no) x x x - yes
PT card (yes, ref = no) x + yes
Bicycle ownership (yes, ref = 0) x - no
Household size x x x x - yes
Location living (the more urban) x x + yes
Health (disabilities) x x x x - yes
Income x x x x x x - yes
Educational level x x +/- yes
Children living nearby x - yes
Mobile phone possession x + yes
Employed x x +/- yes
Mode attributes
Travel time x - yes
Stop density x x + yes
Costs x - yes
Distance to stop x x x - yes
Safety (accidents) x - no
Safety (harassment) x - no
PT excitement x + yes
PT easiness of use x + yes
Seat availability x + ?
Reliable services x + ?
Time to get on and off PT x + ?

Where: [7] (Böcker et al., 2017); [8] (Kim & Ulfarsson, 2004); [9] (Schmöcker et al., 2008); [10] (Truong & Somenahalli, 2015);
[11] (Moniruzzaman et al., 2013); [12] (Haustein, 2011)
Signs with value ’+/-’ indicate a difference in the results of the different studies. Signs with value ’?’ indicate lack of clarity of the
significance of a factor.

Table 3.2 shows the factors influencing the choice for public transport specifically according
to literature. In this table also the sign and significance of the parameters are shown. In
each study the parameters of the factors are estimated. The values of these parameters are
different per factor and different in each study. The two factors with the highest parameter
values of each study are shown in the table with bold crosses.

The definitions of the different factors are explained below:

• Age: The age of the elderly.
• Gender: The gender of the elderly, male or female.
• Ethnicity: The ethnicity of elderly, non-western or Western.
• Driver’s license: The possession a driver’s license or not.
• Car ownership: The possession of a car or not.
• PT card: The possession of a Public Transport card or not.
• Bicycle ownership: The possession of a bicycle or not.
• Household size: The number of person in the household.
• Location living: The closeness of home to CBD, or whether living urban or rural.
• Health: The degree of disabilities elderly have.
• Income: The height of the personal net income.
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• Educational level: The height of the level of education.
• Size of social network: The number of people with whom the elderly have social contact.
• Children living nearby: Whether children are living close to the elderly or not.
• Mobile phone possession: The possession of a mobile phone or not.
• Employed: Having a job or not.
• Travel time: The travel time when using public transport.
• Stop density: The distance between stops.
• Costs: The public transport fare.
• Distance to stop: The distance to a public transport stop.
• Safety (accidents): The extent to which an individual feels safe with regard to be in-

volved in an accident.
• Safety (harassments): The extent to which an individual feels safe with regard to harass-

ments and attacks.
• PT excitement: The extent to which positive aspects are associated with the use of

public transport, e.g. social communication and relaxing.
• PT easiness of use: The extent to which individuals perceive the use of public transport

as easy and the extent to which individuals feel autonomous when
using public transport.

• Seat availability: The availability of seats.
• Reliable services: The extent to which public transport services are available and

stick to their timetables and schedules.
• Time to get on and off PT: The time to board or alight from public transport.

As shown in the table, not all factors are significant in each study. The factors with a ques-
tion mark are mentioned in the study in a qualitative way, but do not have a quantitative
value. Therefore, it is impossible to conclude whether these values are significant. The cir-
cumstances of a study influence the significance of the factors in that particular study. A
significant factor in one study does not guarantee that it is also significant in another study
(Kløjgaard et al., 2012). Therefore, all factors coming from the literature review in this table
can be considered for this research.

It can be concluded from the literature review that the factors with the most influence on
the travel behaviour, the choice for public transport specifically, are different per study and
thus scattered. The factors ’car ownership’ and ’income’ are marked two times as factors with
highest parameter values. It should be taken into account that the studies differ in their us-
ability and reliability. First of all, the locations of the studies are spread worldwide, except
from study of Böcker et al. (2017) [7], which is is coming from Rotterdam. These cities have
their own public transport service networks with corresponding characteristics. Secondly,
the data sets used in the studies [8] and [9] are coming from 2000 and 2001, respectively.
In the meantime there have been many developments in the areas of transport, mobility and
characteristics of the elderly. Besides that, the number of respondents of study [10] is 177,
which might influence the reliability of the research.

Since the results are scattered and the studies are scattered in terms of their location, num-
ber of respondents, year of the research and used model, all factors mentioned in the table
can be considered to include in the survey. However, the number of factors is too high to
include them all. Therefore, a selection is made in chapter 4.1.2.

3.4.2. Relevant socio-demographic factors according to experts
Experts from Goudappel Coffeng with many years of practical experience are asked about
factors which might be important and are not researched yet, or should be researched in
more detail. Arthur Scheltes and Anne Koot are experts in public transport. According to Koot
(2019), it is interesting to include social environment, indicating whether there are people in
the immediate vicinity which are willing to drive the older person somewhere. Having many
people around willing to drive you might lead to less bus usage of elderly. Another interesting
factor is car ownership of the household, which might lead to less bus usage as well. Besides
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that, the health factor of the people could be included in other ways, such as the ability to
cycle. Being able to cycle increases your mobility, which makes it also easier to walk to reach
a bus stop and might lead to more bus usage. According to Scheltes (2019), it is interesting to
include whether elderly make use of the Valys, since this might lead to less bus usage. Also
the distance to the nearest bus stop in meters and minutes walking, since the expectation is
that elderly dislike a high distance to the nearest bus stop. Therefore, it is also interesting to
include the question whether the elderly are able to reach the bus stop without help of other
people.

3.4.3. Missing factors and gaps in literature
Although research has been done about mode choice of elderly and the choice for public
transport, to the best of the author’s knowledge, almost no research has been examined
specifically on the bus usage of the elderly. Several socio-demographic characteristics and
mode attributes have been taken into account in existing research. However, some of the
attributes can be more specified, such as health. Health is a broad concept, with multiple
definitions (Davey, 2019). People give a different meaning to this concept. Studies use ’dis-
abilities’ in terms of yes or no, which is unclear since disabilities can be anything (Böcker
et al., 2017; Haustein, 2011). Other studies asked respondents to indicate their mobility level
and health status on a rating scale (Haustein, 2011), which is very subjective. The study of
Truong & Somenahalli (2015) only takes health into account in terms of difficulty with walk-
ing. This is not a complete indicator for the overall health of a person. The attribute should
be more specified and give information about the distances respondents are able to walk or
the extent to which they are able to use different modes of transport.

Another attribute which can be defined more specifically is the geographic location. In re-
search from Schmöcker et al. (2008) the postcode of the residence of respondents is included
to determine the location of residence in inner or outer London. Truong & Somenahalli (2015)
considers the location in terms of distance to the Central Business District by car and ask-
ing for the perceived walking time to the nearest public transport stop. These studies do not
consider distance to a bus stop specifically, and the perceived walking time to a bus stop,
which might be different from the real distance.

Besides that, just one study, the study of Truong & Somenahalli (2015) uses the attribute
mobile phone possession. This research suggests that the possession of a mobile phone in-
creases the likelihood to use public transport among older adults. However, this relationship
according to bus usage specifically is not researched yet. Next to that, internet connection
and frequency of mobile phone usage are not considered and might be important to reveal
deeper relationships.

3.4.4. Clusters among the elderly
To get more insight in the heterogeneity in travel behaviour amongst the elderly and to dif-
ferentiate subgroups, already several cluster studies have been done. Haustein (2011) did
research in Germany and made a mobility-related segmentation for the elderly, relying on the
most important determinants of elderly mobility behaviour. Hildebrand (2003) distinguished
six different lifestyle clusters with differences in travel behaviour based on socio-demographic
variables in Portland, United States. However, the used data is coming from 1994 and the
travel behaviour, mobility options and characteristics of the elderly have been changed in
the meantime. Siren et al. (2013) analysed the travel behaviour and expectations of Danish
baby boomers in order to better understand how the ageing baby boomers may affect future
travel demand. The study identified three sub-groups with different expectations regarding
the future. These sub-groups also differed in terms of their current travel behaviour and
living conditions. The three studies have some disadvantages in common. All three of them
used the k-means approach for cluster analysis. This approach has some problems (Kroe-
sen, 2018). First of all, the cases are deterministically assigned, which leads to biases in
cluster centers. Secondly, it is impossible to include nominal variables. Thirdly, there are
no statistical criteria to choose the number of clusters. Another lack in these studies is that
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geographic location is not taken into account.

3.5. Conclusion
This chapter provided background knowledge about elderly and their travel behaviour, pub-
lic transport network design dilemmas, factors influencing the mode choice of elderly, and
heterogeneity among the elderly.

Elderly have become more dependent on car as primary mode of transport. The number
of cars and driving licenses has increased among the elderly. The usage of public transport,
specifically the bus, is very low. Around 5% of the bus passengers is 65 years or older.

When designing a public transport network, five dilemmas have to be considered. Only three
of them are important to take into account when designing an urban bus network, since the
key design variables for a urban public transport network are line spacing and stop spacing.
These dilemmas include the stop density, line density, and length of line versus reliability
design dilemmas.

There are many factors influencing the mode choice of elderly. All factors resulting from
the literature review about the choice for public transport can be considered to use in the
survey. These factors are: age, gender, ethnicity, driver’s license, car ownership, PT card,
bicycle ownership, household size, location living, health, income, educational level, children
living nearby, mobile phone possession, employed, travel time, stop density, costs, distance
to stop, safety, PT excitement, PT easiness of use, seat availability, reliable services, and time
to get on and off PT. This list of factors will be extended with the use of expert consulting.
However, a selection of factors will be included in the survey, because there are too many to
include them all. This selection is made in the next chapter.





4
Survey design

This chapter presents and describes the stated preference choice experiment. A question-
naire is used in this research to examine which socio-demographic factors and bus network
attributes, and to which extent, influence bus usage and preferences of the elderly.
This chapter starts with the description of the alternatives, attributes and attribute levels used
in the stated preference survey in section 4.1. Section 4.2 presents the survey design with its
model specification, experimental design and the construction of the questionnaire. After that,
sections 4.3 and 4.4 present the design and results of the pilot survey and final survey. The
chapter ends with a conclusion in section 4.5.

4.1. Alternatives, attributes and attribute levels
This section describes the alternatives, attributes and attribute levels used in the stated
choice experiment.

4.1.1. Alternatives
In the stated choice experiment in this research, respondents were asked to choose between
two bus options A and B. The alternatives are unlabeled, which means the alternatives have
generic parameters (ChoiceMetrics, 2018). Respondents have to choose from only two alter-
natives in order to make the design not too complex and to get enough responses from the
elderly. An opt-out alternative is left out, since the objective of this study is to compare the
levels and attributes of the choice experiment by computing the marginal effects (Campbell
& Erdem, 2019). When including a reference or opt-out alternative, respondents may choose
this alternative when they are indifferent about the alternatives or to avoid making difficult
trade-offs. When this occurs, the choices for the opt-out alternatives would not provide infor-
mation about the trade-offs between other alternatives in the choice tasks. This could lead
to less accurate model parameters (Chintakayala et al., 2009).

4.1.2. Attributes
In a choice experiment, the number of attributes that can be included is unrestricted. How-
ever, the more attributes included, the more complex for respondents to answer the questions
leading to inconsistency and inaccuracy (Mangham et al., 2009; Snowball, 2008). Therefore,
the advice is to use a maximum of 6 or 7 attributes. According to Molin (2018a) the attributes
which are most important for respondents and the attributes which are relevant for policy or
design should be included. The attributes used for the stated preference survey are based on
the outcome of the literature study and expert interviews. Not all attributes can be tested,
since this requires too many questions. Therefore, a selection has been made which mode
attributes are most relevant and researched in this study. The following attributes are se-
lected for the SP experiment:

Travel time: the time in the bus to travel from A to B in minutes.
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Travel costs: the costs for using the bus service in euros.
Frequency: the time in minutes between the departure of two consecutive buses

(headway time).
Transfers: the number of transfers from bus to bus needed to arrive at the des-

tination.
Distance to bus stop: the distance from home to the nearest bus stop in meters.

The attributes ’travel time’ and ’travel costs’ are included in the choice experiment, since
these are common attributes to design realistic alternatives and determine the willingness to
pay for travel alternatives (Athira et al., 2016; Wien, 2017). The attributes ’frequency’, ’trans-
fers’ and ’distance to bus stop’ are included, because these are related to public transport
network design dilemma variables mentioned in section 3.3.

The key design variables for urban public transport networks are stop and line spacing.
As shown in section 3.3, stop spacing influences the distance to a stop and travel time. Line
spacing has an effect on the number of transfers, which influences travel time and frequency
on the one hand and reliability on the other hand. Since reliability can be interpreted differ-
ently, is hard to capture and is not required to include for the objective of this research, this
attribute is left out in this choice experiment.

Other important aspects of public transport services are safety, comfort, easiness of use,
and excitement (Haustein, 2011; Schmöcker et al., 2008). However, including these factors
as attributes leads to too many attributes in the choice sets. Next to that, these factors do not
influence the design dilemmas mentioned in section 3.3 and are hard to capture as attribute,
since they can be interpreted in various ways. Therefore, these attributes are not included
in this stated choice experiment.

4.1.3. Attribute levels
The number of levels per attribute is often limited to 2 to 4 levels (Molin, 2018a). The number
of attribute levels is important, since this influences the significance of the attribute. An in-
crease in the number of attribute levels increases the possible significance of that attribute,
since respondents are likely to consider attributes with more levels as more important. By
adding the same number of levels to all attributes, this problem can be avoided (Kløjgaard
et al., 2012).

In this choice experiment, all attributes, except from ’transfers’, have three levels to make it
possible to test for linearity. The attribute ’transfers’ has only two levels. The attributes with
the used levels are shown in table 4.1.

Table 4.1: Attribute levels used in the choice experiment

Attribute Attribute levels
Travel time [min] 20 30 40
Travel costs [euro] 1,50 2,50 3,50
Frequency [headway] 60 15 7,5
Transfers [#] 0 1
Distance to bus stop [meter] 200 400 600

The levels of ’travel time’ are based on the average trip distance and speed of the bus. The
average trip distance by bus is 9 kilometres (Zijlstra et al., 2018) and the average speed of
the bus is 20 km/h (van Nes, 2015). This leads to an average travel time of 27 minutes. The
attribute levels are set to 20, 30 and 40 minutes.

The attribute levels of ’travel costs’ are based on the costs of travelling on balance, and
exists of two components: a fixed basic rate plus a fixed rate per kilometer. The national
determined basic rate for 2019 is 0,96 euros. The rate per kilometer is based on (9292ov,
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2019; GVB, 2019; HTM, 2019) and is 16,6 cents per kilometer. With an average trip length
of 9 km, the average costs are 2,45 euros. However, people aged 65 and over get a reduction
of 34%, which leads to a price of 1,62 euros. The attribute levels are rounded up to 50 cents
and set to 1,50, 2,50, and 3,50 euro.

The levels of ’frequency’ are based on the average operating frequency per stop in the
Netherlands for workdays (Zijlstra et al., 2018). The frequency in the urban areas is mostly
between two and eight times per hour. The attribute levels are set to 1 bus per 60 minutes,
1 bus per 15 minutes and 1 bus per 7,5 minutes.

The attribute ’transfers’ has two levels. The chosen values are set to 0 and 1, since it is
unlikely to transfer more than one time during a bus trip.

The ’distance to bus stop’ is based on the current values for stop spacing for urban public
transport networks in the Netherlands, which ranges between 350 and 450 meter (van Nes,
2015). The attribute levels are set to 200, 400 and 600 meters.

4.2. Survey design
To create a stated choice experiment, three steps need to be taken (ChoiceMetrics, 2018).
The first step is determining the model specification. The second step is choosing the type of
experimental design and generating the design, in which hypothetical choice situations are
created. The last step is generating the survey which is usable for collecting the data.

4.2.1. Model specification
Based on the alternatives, attributes and attribute levels, the model is specified. The utility
function is specified in equation 4.1. This utility function is similar for both alternatives since
the alternatives are unlabeled and have generic parameters.

𝑉። = 𝛽ፓፓ ∗ 𝑇𝑇 + 𝛽ፓፂ ∗ 𝑇𝐶 + 𝛽ፅ ∗ 𝐹 + 𝛽ፓፅ ∗ 𝑇𝐹 + 𝛽ፒፃ ∗ 𝑆𝐷 (4.1)

Where:
ፕᑚ = utility of alternative i
ᎏᑋᑋ = generic parameter for the variable ’Travel Time’ (TT)
ᎏᑋᐺ = generic parameter for the variable ’Travel Costs’ (TC)
ᎏᐽ = generic parameter for the variable ’Frequency’ (F)
ᎏᑋᐽ = generic parameter for the variable ’Transfers’ (TF)
ᎏᑊᐻ = generic parameter for the variable ’Distance to bus stop’ (SD)

4.2.2. Experimental design
After the model specification, the experimental design is developed. This describes the hypo-
thetical choice situations the respondents have to choose from in the stated choice experi-
ment (ChoiceMetrics, 2018). There are several designs possible. The following questions are
answered to find the best design for this research (ChoiceMetrics, 2018):

• Should the design be labelled or unlabelled?
• Should the design be attribute level balanced?
• How many attribute levels are used?
• What are the attribute level ranges?
• What type of design to be used?
• How many choice situations to use?

Asmentioned before, themodel specification has alternatives with generic parameters. There-
fore, the design is unlabelled. The design is attribute level balanced, indicating that each level
of an attribute will occur with equal frequency. This minimizes the variance in parameter
estimates (Mangham et al., 2009).

The more attribute levels used per attribute, the more choice situations are needed in the
design. Besides that, using different numbers of levels for each attributes may also lead to
more choice situations needed. The number of attribute levels is set to three for all attributes
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except from the attribute ’transfers’, which is set to two levels. The three level attributes mini-
mizes the number of choice situations needed while making it possible to test for non-linearity
of the attributes. The ranges of the attribute levels are set relatively wide, since this leads
in theory lead to more significant parameters. However, using too wide ranges can lead to
choice situations with dominated alternatives (ChoiceMetrics, 2018). It is important that the
shown attribute levels make sense to the respondents.

Different design types can be considered for the experimental design. In a full-factorial de-
sign all possible combinations of all selected attribute levels are constructed. However, this
leads to too many alternatives in the research (Molin, 2018a). Therefore, a fractional factorial
design is suitable, which is a fraction of the full factorial design and has a smaller number of
alternatives. Within the fractional factorial design various design types exist. Orthogonal de-
sign have statistically independent attributes and an efficient designs minimize the standard
errors (Molin, 2018a). In this research an efficient design is used, because efficient designs
maximize the information from each choice situation, avoid dominance of a choice alterna-
tive by utility balancing, and may increase the reliability of the parameters. Besides that,
less choice sets are needed. However, this design needs accurate prior parameter estimates,
which requires more effort (ChoiceMetrics, 2018; Molin, 2018a). In order to obtain designs
which include the uncertainty about the prior parameter estimates, a Bayesian efficient de-
sign is used. This design uses random priors instead of fixed priors, which are described
by random distributions. The determination of the prior parameter estimates is further de-
scribed in the next paragraph 4.2.3.

The number of choice situations needed depends on the design. This research uses an effi-
cient fractional factorial design which results in 12 choice sets. Per respondent, the number
of choice sets should be around 10, depending on complexity of and familiarity with the al-
ternatives, attributes and choice tasks (Molin, 2018b). Since a panel will be used in which
respondents are paid for participating in the survey, it is chosen to give every respondent 12
choice set questions.

To create the choice set for the survey, the software package Ngene is used. With this soft-
ware, designs with any number of alternatives, choice tasks, attributes and attribute levels
can be generated. Furthermore, design properties such as attribute level balance can be
controlled. The syntax of the Ngene model for the pilot survey can be found in Appendix C.
The choice sets resulting from the Ngene model are presented in appendix C.2.

4.2.3. Prior parameter estimates
In order to make use of an efficient design, prior parameters need to be estimated. The ef-
ficient design depends on the prior parameter estimates and their accuracy. The last years,
Bayesian efficient designs have been used in order to get more robust designs. These are
less dependent on the accuracy of the prior parameter estimates, since they take the prior
parameter estimates as random parameters which are described by random distributions
(ChoiceMetrics, 2018).

In order to obtain the prior parameter estimates, several steps are taken. First of all, litera-
ture is used to search for coefficients for each attribute as estimated in other studies. Since
it was not possible to find a single previous study that contains estimated coefficients for all
attributes considered by the analyst, coefficients from multiple studies are combined.

The literature studies from Schmöcker et al. (2008), Wong et al. (2018), Truong & Some-
nahalli (2015) and Lucas et al. (2007) are used to obtain the priors. However, due to scale
differences, the coefficients could not be used directly. The ratios of coefficients should be
used, with a common attribute as the base Bliemer & Collins (2016). Unfortunately, the
studies do not have a common attribute, which made it hard to compare them. Even without
estimating the parameters, determining the signs of the parameters by reasoning and using
literature and using a prior parameter not equal to zero would already improve the design
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(ChoiceMetrics, 2018).

After trying and changing the parameters in Ngene, the prior parameters are estimated. Since
only the sign of the prior parameters is known and the variance and exact magnitude are un-
known, uniform distributions are used. The probabilities are checked and are in line with
the expectations. The prior parameter estimates and their range in utility contribution are
shown in table 4.2. Transfers has the highest utility contribution range, followed by distance
to stop, since it is assumed that those attributes are very important for elderly. Frequency
has the lowest utility contribution range, since it is assumed that frequency contributes to
utility up to a certain height. For example, it is assumed that having a frequency of 6 times
per hour or 10 times per hour is not relevant for the elderly. However, having a frequency of
1 time per hour or 4 times per hour does matter.

Table 4.2: Prior parameter estimates

Attribute Prior parameter estimate Utility contribution range
Travel time -0.035 [-0.7, -1.4]
Travel costs -0.35 [-0.53, -1.23]
Frequency 0.08 [0.08, 0.64]
Transfers -1.4 [0, -1.4]
Distance to stop -0.00225 [-0.45, -1.35]

4.2.4. Construction of the questionnaire
After the experimental design is created, the questionnaire is constructed. The output of
the experimental design presents different rows with values for attributes. These rows are
converted into choice situations. Besides asking for the respondent’s preferences with regard
to the choice situations, information related to the personal characteristics of the respondent
is collected. The survey was constructed with the use of the software Snap Surveys (Snap,
2019). The survey is conducted two times. The first time, a pilot survey is conducted to test
the survey and the second time the final survey is distributed among the target audience
with the help of PanelClix, which is explained in section 5.1.1

4.3. Pilot survey design and results
The pilot survey is conducted among colleagues of Goudappel Coffeng and among some older
people to test whether the respondents understand the choices they are asked to make.
The pilot survey was updated according to the given feedback in section 4.3.1. The survey
consists of an introduction, choice tasks and questions related to personal characteristics
and is distributed in Dutch.

Introduction
The introduction gives the respondents a description of the questionnaire.

Choice tasks
Twelve choice tasks are given to the respondents. The experimental conditions are given at
the start of the questionnaire:

”Imagine you are making a trip from your home to your destination by bus. The tempera-
ture outside is 17 degrees Celsius and there is no rainfall. You do not carry any (large) luggage
with you.”

Respondents are asked to choose between two bus options A and B and are asked to select
the option they prefer. The attributes and levels for each option are shown. A visualisation
of a choice situation in the pilot survey is shown in figure 4.1.
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Figure 4.1: Example of a choice situation pilot survey (own work)

Socio-demographic characteristics
Questions about the personal characteristics of the respondents are included to gain more
information about the respondents. These questions are placed at the end to prevent re-
spondents leaving the survey before finishing the choice experiment, since some questions
are about privacy-sensitive information. The following socio-demographic characteristics are
selected from the literature review, table 3.2, and from interviews with experts:

• Gender
• Age
• Zip code
• Household situation*
• Income (Bruto)
• Usage of walking tool
• Physically able to cycle
• Bicycle usage
• Car ownership
• Driving license
• Taken to or from destination by family or friends sometimes
• Valys** usage
• Bus usage
• Public transportation subscription/ticket
• Ability to reach nearest bus stop without help
• Distance to nearest bus stop in meters
• Distance to nearest bus stop in minutes walking
• Mobile phone possession
• Internet access mobile phone
• Internet usage mobile phone
• Usage of trip planner via mobile phone

*Household situation indicates whether the person is living together with someone else and/or
with children. ** Valys is transport for travelers with reduced mobility who want to make
social-recreational trips further than 25 km from their home address (Valys, 2019).

Ethnicity is left out, since this research is conducted in The Netherlands, and not in the
focus of this research. Employment is not included, because the target group is people of
65 years and older. At this moment, the retirement age is 67. Therefore, it is assumed that
most people are already retired. Also educational level is left out, since not all factors could
be included and it is assumed that other characteristics are more important to take into
account.
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4.3.1. Pilot survey results
The pilot survey was distributed among colleagues, friends and elderly via e-mail. In total,
15 respondents provided feedback on the pilot survey.

Respondents indicated that it was difficult to choose between the options A and B in
every choice set. The choice sets are quite similar, it is hard to see the differences between the
options and there are many attributes which need to be judged again in every question. Some
respondents mentioned that this is caused by the absence in use of icons instead of text and
the absence in color differences in choice sets. Other respondents noticed that the context of
the choice sets is unclear and only mentioned once at the start of the questionnaire. Among
others the trip purpose and whether you are travelling on your own or with companions is not
written down. Besides that, respondents indicated that it is not mentioned whether people
must imagine that they are in the situation of the context description and have to choose one
bus option, even if they never travel by bus.

Respondents commented on the second part of the survey, containing questions about
socio-demographic characteristics, that the ’I don’t know’ option is missing at several ques-
tions. The options of the question about bus usage seems to be illogical and it is more
common to ask about gross income instead of net income. The question about residence can
be taken out, since there is already a question about the zip code.

4.4. Final survey design
Based on the feedback from the respondents, adjustments are made to the pilot survey. The
main adjustments are described in section 4.4.1, whereafter the design of the final SP survey
is shown in section 4.4.2.

4.4.1. Improvements from SP pilot survey
The Stated Preference survey is improved on the basis of the feedback on the pilot survey.
The following adjustments are made:

• The explanation of the attributes are updated in more logical and understandable sen-
tences and the choice context is adjusted by indicating travel companion and trip pur-
pose. This context is presented at the beginning of every choice set question, so that
respondents do not have to go back in order to remind the context situation.

• To make the differences between the options within a choice situation and between
choice situations clearer, icons are added to the attribute values of ’travel time’ and
’distance to stop’ and for every new choice set the color of the lines around the choice
set change.

• The income question is changed from net income to gross income and the options for bus
usage are changed according to the multiple choice options used in the questionnaire
of the ’OV klantenbarometer’.

• The question about residence is taken out the questionnaire, since zip code is already
asked.

• A question about the usage of public transport trip planner via mobile phone is included,
since it was unclear in the pilot survey why the question about ’internet usage mobile
phone’ was asked.

• For the entire survey some changes are made in the construction and structure of the
sentences and questions.

It is chosen to do not change the number of attributes, because Dogterom (2019), expert in
research and behaviour from Goudappel Coffeng, mentioned that people will make a choice
based on the attributes which are most important according to them. When deleting at-
tributes, valuable information might get lost.
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4.4.2. Design of the SP final survey
The attributes, attribute levels and number of choice situations remained the same as in the
pilot survey. The Ngene syntax remained the same as well. However, the model has been
run again to shuffle the choice situations and options. The design is checked for dominance,
attribute level balance and whether the choice probabilities for every choice set are as ex-
pected. The resulting 12 choice situations are shown in appendix C.2. The complete SP final
survey in Dutch is included in Appendix D. The respondents are informed at the start of
the questionnaire about the approximate completion time of 10 minutes. The survey starts
with an introduction. After the introduction, 12 choice situations are given. An example of
a choice situation is visualised in figure 4.2, including the context description. The last part
of the survey consists of 22 questions about personal characteristics.

Example Choice Set
”Imagine you are making a trip on your own by bus from your home to family or friends. The
temperature outside is 17 degrees Celsius and there is no rainfall. You do not carry any (large)
luggage with you.”

Which option do you prefer?

Figure 4.2: Example of a choice set

4.5. Conclusion
This chapter described the designs and results of the Stated Preference pilot survey and
the design of the Stated Preference final survey. Respondents have to choose between bus
options A and B for every choice set. The attributes included in the choice experiment are
travel time, travel costs, frequency, distance to bus stop and transfers. A selection of socio-
demographics is also included in the survey. This selection consists of ’gender’, ’age’, ’zip
code’, ’household situation’, ’income (bruto)’, ’usage of walking tool’, ’physically able to cycle’,
’bicycle usage’, ’car ownership’, ’driving license’, ’taken to or from destination by friends or
family sometimes’, ’valys usage’, ’bus usage’, ’public transport subscription/ticket’, ’ability
to reach nearest bus stop without help’, ’distance to nearest bus stop in meters’, ’distance
to nearest bus stop in minutes walking’, ’mobile phone possession’, ’internet access mobile
phone’, ’internet usage mobile phone’, ’usage of trip planner via mobile phone’. The pilot
survey was conducted in order to design the final questionnaire. An efficient design was
used to create the choice situations for both pilot and final surveys. For the efficient design
of the pilot survey, prior parameter values were estimated. The final survey consists of an
introduction, choice situations and questions about socio-demographic characteristics.
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Descriptive statistics

This chapter elaborates on the distribution of the survey and descriptive statistics. Section 5.1
discusses the data collection and section 5.2 describes the sample and its representativeness.
After that, section 5.3 analyses the influence of socio-demographic characteristics on the bus
usage. Based on these insights, section 5.4 answers the first research question: ”Which socio-
demographic characteristics influence the bus usage of the elderly?”.

5.1. Sampling method
This section discusses the sampling method. First, the online panel used for data collection
is described. After that, the requirements which participants have to meet are explained.

5.1.1. Online panel for data collection
To spread the questionnaire and collect the data, the online panel PanelClix is used. Panel-
Clix is a company specialised in creating panels and having online questionnaires completed
(PanelClix, 2019). Participants in this panel have given permission to use their data for re-
search. This company is used, since the size of their panel is very large and diverse. Besides
that, the distribution of the survey is online and the members receive some money for com-
pleting a questionnaire. This leads to fast data collection. However, it is important to take
into account that the quality of data might be lower, since only respondents capable of using
computer and internet will complete the survey and respondents might only complete the
questionnaire to receive the money.

To determine the minimum number of respondents needed, the value of the S-estimate of
the design created in Ngene is used. This S-estimate indicates the sample size needed to ob-
tain a statistically significant parameter estimate at the 95% confidence level (ChoiceMetrics,
2018). The S-estimate is an indication of the sample size you would need to obtain a statis-
tically significant parameter estimate at the 95% confidence level. According to S-estimate
the minimum number of respondents required is 31. However, in order to receive enough
responses and to get reliable results it is recommended to obtain more respondents. The
available budget of Goudappel Coffeng and the Smart Public Transport Lab of the TU Delft
makes it possible to recruit 250 respondents via PanelClix.

5.1.2. Requirements online panel
PanelClix is not only used for its fast data collection, but also for its capability to compose
samples based on specific profile characteristics. For this research, respondents have to
fulfill the following requirements:

• The respondent needs to be 65 years or older.
• The residence of the respondent needs to be one of the following municipalities: Eind-
hoven, Groningen, Tilburg, Breda, Nijmegen, Apeldoorn, Haarlem, Arnhem, Enschede,
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Amersfoort, Zaanstad, Den Bosch, Haarlemmermeer, Zwolle, Leiden, Leeuwarden, Maas-
tricht, Dordrecht, Alphen aan de Rijn, Alkmaar, Venlo.

The residence of the respondent needs to be one of the selected municipalities above for
several reasons. First of all, Bouwknegt (2019), public transport expert at Goudappel Cof-
feng, recommended to exclude municipalities having metro and/or tram networks, since
these types of networks are available in just a few municipalities in The Netherlands. Us-
ing respondents living there would not be representative for The Netherlands and makes it
impossible to draw general conclusions. Secondly, sufficient respondents are needed to ob-
tain reliable results. Conducting the survey at just two municipalities to compare the bus
preferences would lead to insufficient responses according to PanelClix. PanelClix came up
with a list of the larger municipalities in The Netherlands, from which sufficient responses
can be obtained. A complete overview of the list is shown in Appendix D. This list is screened
based on the degree of urbanity, percentage of elderly and public transport modes available
and resulted in the municipalities mentioned above. Zoetermeer is removed from the list,
because of the RandstadRail in this city. Almere, Ede, Westland and Emmen are removed
from the list based on degree of urbanity and the share of persons of 65 and older. The share
of elderly in Almere is just 10,8%, while the other municipalities have a share of at elast
12,7%. Ede, Westland and Emmen are removed, because of the low and medium urbanity
degree, while the degree in the other municipalities is strong urban to very strong urban.

To make the distribution of respondents between 65 to 74 years and 75 years and older
as equal as possible, firstly the 75+ aged respondents were recruited, because the number of
people in the panel aged 75 and over is much lower. After that, the sample was supplemented
to 250 with respondents aged 65 to 74.

5.1.3. Collected data
The data was collected between the 26th and 28th of June in 2019. With the use of PanelClix,
274 responses were collected within two days. The average duration of completion was 7
minutes and 40 seconds. The 274 responses were screened and 18 were eliminated because
of the following reasons:

• 13 respondents completed the survey within 4 minutes. It is assumed that completing
the questionnaire in a reliable way takes at least 4 minutes.

• 1 respondent did not have an ID code in the data, this respondent probably filled in the
survey two times.

• 4 respondents did not fulfill the requirements stated in section 5.1.2. Two respondents
filled in a postcode which is not within one of the municipalities on the list. Two respon-
dents filled in a year of birth of 1954 or higher, which means that these respondents
are younger than 65 years.

After the screening, 256 responses remained and are used for data analysis.

5.2. Frequency distribution and representativeness of the sample
The sample is compared with the population of elderly living in the municipalities mentioned
in section 5.1.2 in order to check whether the sample does not deviate to much from the
population. The comparison is made based on the socio-demographic characteristics ’gen-
der’, ’age’, ’income’, ’driving license’ and ’residence’. Due to a lack of data concerning the
distribution of ’income’ of the elderly in the municipalities, the sample is compared to the
whole elderly population in The Netherlands for this variable. The frequency distribution of
the socio-demographic variables are included in table 5.1.

To obtain significant results by using this data, it is checked if each sub group consists of at
least 30 respondents. For the sub groups with less than 30 respondents, it can not be investi-
gated if the results are significantly different than for other sub groups. Groups with less than
30 respondents are combined as described in appendix F.3. It appeared that some categories
of age, income, bus usage, household situation, walking tool, public transport subscription,
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Table 5.1: Frequency distribution socio-demographic characteristics sample compared to population

Socio-demographic variable Number of
respondents

Sample share Share NL Share municipalities
together

Gender
Male 141 55,1% 46% 45%
Female 115 44,9% 54% 54%

Age
65-69 72 28,1% 30,9% 30,3%
70-74 73 28,5% 26,9% 27,3%
75-79 75 29,3% 18,2% 18,0%
80-84 27 10,5% 12,6% 12,7%
85-89 8 3,1% 7,6% 7,7%
90-94 1 0,4% 3,1% 3,2%
95+ 0 0% 0,8% 0,8%

Income (Bruto)
less than 10.000 euro 6 2,3% (2,9%) 4%
10.000 - 20.000 euro 58 22,7% (28,3%) 50%
20.000 - 30.000 euro 50 19,5% (24,4%) 22%
30.000 - 40.000 euro 46 18,0% (22,4%) 11%
40.000 - 50.000 euro 26 10,2% (12,7%) 5%
50.000 - 100.000 euro 18 7,0% (8,8%) 6%
100.000 - 200.000 euro 1 0,4% (0,5%) 1%
200.000 euro or more 0 0,0% (0%) 0%
I don’t know/I don’t wanna say 51 19,9% (-) -

Driving license
Yes 207 80,9% 70%
No 49 19,1% 30%

Residence
Alkmaar 12 5% 4%
Amersfoort 7 3% 5%
Apeldoorn 14 5% 6%
Arnhem 12 5% 5%
Breda 16 6% 6%
Dordrecht 8 3% 4%
Eindhoven 18 7% 8%
Enschede 23 9% 5%
Groningen 12 5% 7%
Haarlem 15 6% 5%
Haarlemmermeer 12 5% 5%
Leeuwarden 9 4% 4%
Leiden 10 4% 4%
Maastricht 18 7% 4%
Nijmegen 15 6% 6%
Tilburg 19 7% 7%
Venlo 10 4% 3%
Zaanstad 16 6% 5%
Zwolle 10 4% 4%

and distance to nearest bus stop contained less than 30 respondents and are combined with
another category. These new sub groups are used for the subsequent analyses. The answers
of the respondents to the questions about socio-demographic characteristics are visualised
on the next page.
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To determine the representativeness of the sample, the Chi-square test is used. This test
is used, since the variables which need to be checked are nominal or categorical variables.
This chi-square test determines the expected counts on the basis of the population values
and compares these with the observed counts of the sample. When the distribution of the
social-demographic characteristics do not differ significantly between sample and population,
the sample is representative for these variables in the population (Molin, 2019).

First, it is checked whether the distribution of the gender of respondents is representa-
tive. This resulted in a p-value of 0.00, indicating that the distribution of gender is not repre-
sentative. In general, the females are underrepresented and the males are over-represented.
There are a few outliers. The sample of Breda consists of 19% males and 81% females,
the sample of Groningen consists of 75% males and 25% females and the sample of Leiden
contains 80% males and 20% females.

The representativeness is also checked for ’age’, ’income’ and ’residence’, resulting in
p-values of 0.00, 0.00 and 0.854, respectively. The age group ’75-79’ is over-represented
and the age group ’80+’, is underrepresented. The income segment ’less than 20.000 euro’
is underrepresented and the segments ’30.000 - 40.000 euro’ and ’40.000 euro or more’ are
over-represented. The conducted p-values indicate that the distribution of ’age’ and ’income’
are not representative for the Dutch elderly population. However, the distribution of the lo-
cation where the respondents are living is representative. The results of the chi-square tests
are shown in appendix F.2.

Since the sample is not representative based on the personal characteristics, it is necessary
to check whether the non-representative variables are related to the target variable (Molin,
2019). In this research, bus usage is the target variable. The difference between sample
mean and population estimator is checked by using cross tables. The results are shown in
appendix F.2 table F.3. All three non-representative variables do not distort the target vari-
ables. This means the sample can still be used.

Although the sample can be used, the results should be interpreted with care, because there
is a selective bias in two ways. First of all, self-selection is occurring because questions are
asked online to a group who is potentially not comfortable online. Secondly, there is selection
in the recruitment process of respondents since elderly are asked about bus usage online.
Members of a panel are in general willing to fill in surveys on a regular basis and probably
have on average more time available than non-panel members. Besides that, they receive a
compensation for completing questionnaires. As a result, the Value of Time might be lower
for the sample compared to the population (Molin, 2019).

In conclusion, there are significant differences in shares between the sample and popula-
tion. However, the non-representative variables do not distort the target variables, so the
sample can be used in a representative way for elderly in the targeted municipalities.

5.2.1. Choice set answers
In the first part of the survey, the respondents answered twelve choice situations. The dis-
tribution of these answers of the respondents is presented in figure 5.1. For every choice
situation, the percentage of the respondents choosing option A and option B is shown. The
figure shows that the preferences for the bus options A and B are divided among the elderly.
For choice situations 3, 4 and 10 most of the elderly in the sample have option B as prefer-
ence. However, the options A and B have different attribute values in every choice situation.
Therefore, it is not possible to already draw conclusions based on the shown distribution of
the answers.
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Figure 5.1: Distribution answers choice situations

5.3. Influence of personal characteristics on bus usage
To test if respondents with a certain bus usage have socio-demographic characteristics in
common, cross-tables are used in the program SPSS. For each socio-demographic variable
chi-square tests are used to check the significance of the relation with bus usage. The re-
sults of these tests are shown in table 5.2. The seven socio-demographic characteristics
’walking tool’, ’physically able to cycle’, ’car ownership household’, ’driving license’, ’taken
by friends/family’, ’public transport subscription’ and ’able to reach bus stop without help’
have significant results, since their p-value is lower than 0.05. The extensive results of the
chi-square tests of the socio-demographic characteristics signficicant related to bus usage
are shown in appendix F.5.

Table 5.2: Results chi-square tests for relation socio-demographic characteristics with bus usage

Socio-demographic variable Chi-square p-value
Gender 6.436 0.169
Age 7.487 0.824
Household situation 7.813 0.800
Income 9.038 0.700
Walking tool 10.468 0.033*
Physically able to cycle 11.906 0.018*
Cycle usage 0.977 0.913
Car ownership household 23.391 0.000*
Driving license 12.405 0.001*
Taken by friends/family 14.557 0.006*
Valys usage 2.746 0.601
Public transport subscription 85.24 0.000*
Able to reach bus stop without help 17.155 0.002*
Distance to nearest bus stop 21.545 0.158
Walking time to nearest bus stop 22.901 0.116
Mobile phone posession 2.451 0.653
Internet access mobile phone 1.682 0.794
Internet usage mobile phone 7.123 0.971
Trip planner usage mobile phone 8.503 0.075

* Significant on a 95% confidence interval (p < 0.05)

The chi-squared statistic indicates howmuch difference there is between the observed counts
(O) and the expected counts (E) if there is no relationship between the specific socio-demographic
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variable and bus usage. An example: The observed counts for elderly using the bus 1-3 days
per month and having a walking tool is 13. If there is no relationship between walking tool
and bus usage, the expected count would be 10,1 elderly having a walking tool and using
the bus 1-3 days per week. Thus, the observed counts differ from the expected counts. The
Pearson Chi-square test shows that having a walking tool or not significantly influences the
bus usage, since the p-value is lower than 0.05. Elderly having a walking tool make rela-
tively more use of the bus than elderly without having a walking tool. However the Pearson
Chi-square is not always applicable: One of the assumptions of the chi-square test is that
the value of the expected counts should be 5 or more in at least 80% of the cells (McHugh,
2013) and no cell should have an expected count of less than one. For the results of the
relation between ’able to reach bus stop without help’ and bus usage, this assumption is
violated, since there are 5 cells (50%) with an expected count of 5 or less. Therefore, the
Fisher-Freeman-Halton exact test is applied. This test gives a significant result indicating a
significant relation between the variables. The observations for the other socio-demographic
characteristics besides walking tool are:

• Able to cycle: Elderly who are able to cycle make relatively more (1-3 days per month
or 6-11 days per year) use of the bus.

• Car possession: Elderly without having a car make more often use of the bus. 23% of
the elderly without a car make at least 1 day per week use of the bus, against 8% of the
elderly with a car.

• Driving license: The bus usage is higher for elderly without a driving license compared
to the elderly with a driving license. From the elderly without a driving license, 49%
makes use of the bus at least 1-3 days per month, against 26% of the elderly with a
driving license.

• Taken to or from destination by friends/family: Elderly who are sometimes taken
to or from a destination by friends or family make more use of the bus compared to the
elderly who are never taken by friends or family.

• Transport subscription: The bus usage is much higher for elderly having a trans-
port subscription including 65+ discount or having a transport subscription with other
discount/without discount compared to elderly without a transport subscription. The
percentage of elderly using the bus one day per week or more for these groups is 23,5%,
10% and 4%, respectively.

• Able to reach bus stop without help: Elderly who are not able to reach the bus stop
without help make less use of the bus compared to the other elderly. 58% of the elderly
who can not reach the bus stop by themselves never make use of the bus.

5.4. Conclusion
This chapter described the findings of the survey and aimed to answer the first research ques-
tion. In total, 274 respondents filled in the online survey, from which 256 valid responses are
used for data analysis. It can be concluded from the descriptive statistics that the sample
is representative for the elderly in the urban municipalities ’Alkmaar’, ’Amersfoort’, ’Apel-
doorn’, ’Arnhem’, ’Breda’, ’Dordrecht’, ’Eindhoven’, ’Enschede’, ’Groningen’, ’Haarlem’, ’Haar-
lemmermeer’, ’Leeuwarden’, ’Leiden’, ’Maastricht’, ’Nijmegen’, ’Tilburg’, ’Venlo’, ’Zaanstad’,
and ’Zwolle. However, the results should be interpreted with care because a selective bias
occurs as a result of the use of an online panel. The bus usage is distributed: 22% of the
respondents never make use of the bus and 30% uses the bus at least 1 day per month.

SQ 1: ”Which socio-demographic characteristics influence the bus usage of the elderly?”

The socio-demographic variables ’walking tool’, ’physically able to cycle’, ’car ownership
household’, ’driving license’, ’taken or driven by friends or family’, ’public transport subscrip-
tion’ and ’able to reach bus stop without help’ have an significant influence on bus usage.
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Elderly having a walking tool make more use of the bus than elderly without a walking tool.
Elderly without a car and elderly without a drivers license make more use of the bus. It can
be concluded that having a car and having a driving license probably make them less depen-
dent on the bus service. Elderly who are sometimes taken to or from a destination by friends
or family make more use of the bus compared to elderly who are never taken by friends or
family. Probably the elderly who are sometimes taken are more willing to travel at all.
Elderly with a transport subscription including 65+ discount make most use of the bus, fol-
lowed by elderly having a transport subscription with other discount or without discount.
Elderly without a transport subscription make less use of the bus. Having a transport sub-
scription, with or without discount makes it cheaper and probably easier to use the bus.
Elderly who are not able to reach the bus stop without help make less use of the bus. This
result is obvious, since those elderly are dependent of help and are not able to use the bus
by themselves.



6
Model estimation

The answers of respondents on the choice situations in the survey are used as input for the esti-
mation of different models. This chapter elaborates on themodel estimation of two types of mod-
els. First, a base MNL model is estimated, which is extended by including socio-demographic
variables to test for heterogeneity. Second, a Latent Class choice model is estimated to account
for panel effects and test for heterogeneity in a different way.
Section 6.1 describes the data preparation before using it for model estimation. Section 6.2
elaborates on the estimation of the base MNL model. Section 6.3 extends the base MNL model
with testing for interaction effects. After that, the estimation of the latent class choice models is
described in section 6.4. In section 6.5, the models are estimated again, but now only consid-
ering data of bus users. The chapter ends with a conclusion in section 6.6, in which an answer
will be given to sub-question 2: ”Which bus attributes are most important for the elderly, and
to which extent?” and sub-question 3: ”To which extent does heterogeneity in preferences exist
among elderly regarding the values of bus attributes, and to which socio-demographic charac-
teristics can this unobserved heterogeneity be attributed?”

6.1. Data preparation
The data coming from the survey needs to be re-coded to use it for model estimation. As socio-
demographic variables are often categorical, the levels need to be re-coded for use in Biogeme.
In the choice literature, the most widely used coding for levels of categorical variables is
dummy coding (Molin & Timmermans, 2010). With dummy coding, a variable with L levels
is coded by L-1 indicator variables. On each respective indicator variable the first L-1 levels
are coded with 1 and the other indicator variables are coded with 0. For the Lth level, all
indicator variables are coded with 0. By using dummy coding, the estimated parameters can
be used for calculating the utility contribution of the attribute levels compared to the reference
level. In this research, the reference level is always the lowest level of an socio-demographic
variable or attribute. As an example, the dummy coding for the socio-demographic variables
characteristics gender, age and household situation are given in table 6.1. The complete
coding scheme can be found in appendix G.1.

41
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Table 6.1: Dummy coding scheme for the personal characteristics

Gender GENDER
Male 1
Female 0
Age AGE1 AGE2 AGE3
80+ 1 0 0
75-79 0 1 0
70-74 0 0 1
65-69 0 0 0
Household situation HH1 HH2 HH3
Together with children living at home or somewhere else 1 0 0
Together without children 0 1 0
Single with children living at home or somewhere else 0 0 1
Single without children 0 0 0

6.2. MNL model estimation
The first model estimated is a base MNL model. This model only includes the attributes
which are used in the choice experiment. The utility functions of option A (𝑉ኻ) and option B
(𝑉ኼ) are shown in equations 6.1 and 6.2. As can be seen, the utility functions of both options
are similar, because the alternatives are unlabeled and have generic parameters.

𝑉ኻ = 𝛽ፓፓ ∗ 𝑇𝑇ፀ + 𝛽ፓፂ ∗ 𝑇𝐶ፀ + 𝛽ፅፑፄፐ ∗ 𝐹𝑅𝐸𝑄ፀ + 𝛽ፓፅ ∗ 𝑇𝐹ፀ + 𝛽ፒፃ ∗ 𝑆𝐷ፀ (6.1)

𝑉ኼ = 𝛽ፓፓ ∗ 𝑇𝑇ፁ + 𝛽ፓፂ ∗ 𝑇𝐶ፁ + 𝛽ፅፑፄፐ ∗ 𝐹𝑅𝐸𝑄ፁ + 𝛽ፓፅ ∗ 𝑇𝐹ፁ + 𝛽ፒፃ ∗ 𝑆𝐷ፁ (6.2)

To check whether the attributes are non-linear, different MNL models are estimated with a
quadratic component for one specific attribute in each model. Only the quadratic component
for the attribute ’frequency’ became significant. The results of the MNL model estimations
are included in appendix G.2. The base MNL model and the models with a quadratic param-
eter are compared based on the goodness of fit. Since the models use different numbers of
parameters, the goodness of fit is checked with the adjusted rho-square value, which makes
a correction for the amount of parameters. The model with a quadratic component for ’fre-
quency’ has the highest adjusted Rho-square of 0.155 and the highest final log-likelihood.
Besides that, all parameters are significant an have a logical parameter sign.

6.2.1. MNL model interpretation
The model fit of the base MNL model as indicated by the adjusted rho-square is not that
high. This might be because the model does not test for heterogeneity. Therefore, in section
6.3, heterogeneity is included in the MNL model by including the socio-demographic charac-
teristics. It is expected that the model fit will increase by the implementation of these aspects.

The model that explains the data the best, only consists of significant parameters. The lin-
ear and quadratic parameters for ’frequency’ are incorporated. The utility functions for the
alternatives for the best MNL model are presented in equation 6.3 and 6.4.

𝑉ኻ = 𝛽ፓፓ ∗ 𝑇𝑇ፀ + 𝛽ፓፂ ∗ 𝑇𝐶ፀ + 𝛽ፅፑፄፐ፥ ∗ 𝐹𝑅𝐸𝑄ፀ + 𝛽ፅፑፄፐ፪ ∗ 𝐹𝑅𝐸𝑄ኼፀ + 𝛽ፓፅ ∗ 𝑇𝐹ፀ + 𝛽ፒፃ ∗ 𝑆𝐷ፀ (6.3)

𝑉ኼ = 𝛽ፓፓ ∗ 𝑇𝑇ፁ + 𝛽ፓፂ ∗ 𝑇𝐶ፁ + 𝛽ፅፑፄፐ፥ ∗ 𝐹𝑅𝐸𝑄ፁ + 𝛽ፅፑፄፐ፪ ∗ 𝐹𝑅𝐸𝑄ኼፁ + 𝛽ፓፅ ∗ 𝑇𝐹ፁ + 𝛽ፒፃ ∗ 𝑆𝐷ፁ (6.4)

Where:
ፕᎳ = utility of option 1
ፕᎴ = utility of option 2
ᎏᑋᑋ = generic parameter for the variable ’Travel Time’ (TT)
ᎏᑋᐺ = generic parameter for the variable ’Travel Costs’ (TC)
ᎏᐽᑉᐼᑈᑝ = generic parameter for the linear component of the variable ’Frequency’ (FREQ)
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ᎏᐽᑉᐼᑈᑢ = generic parameter for the quadratic component of the variable ’Frequency’ (FREQኼ)
ᎏᑋᐽ = generic parameter for the variable ’Transfers’ (TF)
ᎏᑊᐻ = generic parameter for the variable ’Distance to stop’ (SD)

The biogeme syntax is included in Appendix G.2.3. The estimated model resulted in a final
log-likelihood of -1792.918, a Likelihood ratio test of 672,861 and an adjusted Rho-square
of 0.155, as shown in appendix G.2.4. The estimated values are shown in table 6.2.

Table 6.2: Parameter estimates MNL model estimation

Parameter name Parameter Parameter estimate Robust Std err Robust t-test p-value
Frequency 𝛽ፅፑፄፐ፥ 0.357 0.0979 3.65 0.00*

𝛽ፅፑፄፐ፪ -0.0269 0.0106 -2.55 0.01*
Distance to bus stop 𝛽ፒፃ -0.00114 0.000158 -7.22 0.00*
Travel costs 𝛽ፓፂ -0.580 0.0290 -19.99 0.00*
Transfers 𝛽ፓፅ -0.364 0.0520 -6.99 0.00*
Travel time 𝛽ፓፓ -0.0316 0.00334 -9.46 0.00*

* Significant on a 95% confidence interval (p < 0.05)

The parameters are all significant, since the p-values are less than 0.05. All parameters have
the expected sign. Higher frequency results in higher utility. The quadratic parameter for
frequency has a negative value, which means that at a certain moment, the utility is not
increasing anymore for an increase in frequency. Higher ’travel time’, ’travel costs’, ’trans-
fers’ and ’distance to bus stop’ result in lower utilities, since these parameter values have,
as expected, a negative sign.

Besides this, the parameter estimates are interpreted. The parameter estimates give the
gain or loss in utils when the attribute increases with one unit. The parameter estimate for
’travel costs’ is -0.580 which indicates that utility will decrease with 0.580 utils when the
travel costs increase with 1 euro. The estimated parameters for the linear and quadratic
components of ’frequency’ are 0.357 and -0.0269 respectively. Utility does not increase lin-
early with the increase in frequency, because the parameter for the quadratic component is
significant. The quadratic component has a negative value, thus the curve for ’frequency is
concave down. The parameter estimate for ’distance to bus stop’ is -0.00114, which indi-
cates that when the ’distance to bus stop’ increases with 1 meter, utility will decrease with
0.00114 utils. This is 0.114 utils per 100 meter. The parameter estimate for ’transfers’ is -
0.364, which indicates that when having a transfer to another bus during the bus trip, utility
decreases with 0.364 utils. The parameter ’travel time’ is estimated -0.0316, which indicates
that when the ’travel time’ increases with 1 minute, utility will decrease with 0.0316 utils.
this is 0.316 utils per 10 minutes.

Since the parameters are measured within different ranges, it is not possible to compare
them directly. Therefore, the relative importance is calculated by multiplying the parameter
values with the attribute range. Table 6.3 shows the relative importance of the parameters
as well as the 95% confidence interval and utility range of the parameter estimates.

The table shows that hightes relative importance for the linear parameter of ’frequency’, in-
dicating that this parameter has the largest impact on utility for the range used. However,
the utility contribution of ’frequency’ depends on both the linear and quadratic component,
resulting in a relative importance of 0,80. Therefore, it is ’travel costs’ which has the high-
est impact on utility for the attribute range. When varying the travel costs over the used
attribute range, the utility decreases with -1.16. After ’travel costs’, ’travel time’ has the
highest negative impact on utility for the attribute range used.
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Table 6.3: Contribution to utility per attribute

Parameter estimate Value 95% C.I. Attribute
range

Utility range Relative
importance

𝛽ፅፑፄፐ፥ 0.357 0.37485 0.357 7 0.357 2.856 2.50
𝛽ፅፑፄፐ፪ -0.0269 -0.02556 -0.0269 7 -0.0269 -1.7216 -1.69
𝛽ፅፑፄፐ፥ + 𝛽ፅፑፄፐ፪ 7 0.3301 1.1344 0.80
𝛽ፒፃ -0.00114 -0.00108 -0.00114 400 -0.228 -0.684 -0.46
𝛽ፓፂ -0.58 -0.551 -0.58 2 -0.87 -2.03 -1.16
𝛽ፓፅ -0.364 -0.3458 -0.364 1 0 -0.364 -0.36
𝛽ፓፓ -0.0316 -0.03002 -0.0316 20 -0.632 -1.264 -0.63

6.2.2. Changes in utilities
To calculate the changes in utilities for all the attribute levels, the parameter outcomes of
the MNL estimation are used. The changes are visualised in figure 6.1. The sensitivity of the
elderly for a change in the attribute level for the attribute range used in the choice experiment
is indicated by the steepness of the line. Travel costs has the largest decrease in utility per
level. Distance to the nearest bus stop and travel time have the lowest decrease in utility
per unit change and frequency the largest increase. For the attribute level range used in the
choice experiment, travel costs and frequency have the largest impact.

Figure 6.1: Attributes and the change in utility for the values within the range

6.2.3. Willingness to Pay
For the linear attributes ’travel time’, ’transfers’ and ’distance to bus stop’ the willingness to
pay (WTP) is calculated. The willingness to pay indicates elderly are willing to pay for a one
unit improvement of attributes of the bus service (Hensher, 2010). The WTP can be calculated
by dividing the estimated parameter with the estimated cost parameter of the choice model.
This equation is shown in Equation 6.5. The results of the calculated WTPs for ’distance to
bus stop’, ’transfers’ and ’travel time’ are shown in table 6.4. The results are compared with
the WTP of average bus users at the end of this section.
The WTP for transportation attribute 𝑘 comes from:

𝑊𝑇𝑃፤ =
𝛽፤
𝛽፭፜

(6.5)

Respondents are willing to pay €0,20 for 100 meters decrease in distance to the nearest bus
stop. The WTP of transfers is €0,63 for one transfer less. For a hour reduction in travel time,
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Table 6.4: Willingness to pay for distance to bus stop, transfers and travel time

Willingness to Pay Value Unit Value Unit
Distance to bus stop 0.002 [euro/ meter] 0.20 [euro/ 100 meter]
Transfers 0.63 [euro/ transfer]
Travel time 0.046 [euro/ minute] 2.76 [euro/ hour]

the WTP is €2,78. This means that respondents have a higher dis-utility towards travel time
than towards distance to the nearest bus stop and transfers. However, it depends on which
unit is used to define the value: the WTP for a 10 minute reduction in travel time instead of a
hour reduction is 0,46 euro, which is lower than the WTP for having less transfers. Therefore,
the results should be compared with care.

6.3. MNL model with interaction
One shortcoming of the MNL model is the assumption that everybody has the same prefer-
ences. It does not consider that individuals can prefer different attributes of an alternative.
To take into account this heterogeneity, the socio-demographic variables obtained from the
survey are included as interaction variables in the MNL model. It is estimated what the ef-
fects of the socio-demographic variables are on the attributes of the bus choice.

To include interaction variables in the MNL model, the dummy coded variables from sec-
tion 6.1 are used. The MNL model estimated in section 6.2.1 is used as base model and
the socio-demographic variables are incorporated sequentially to find the influence of each
variable. An example of the incorporation of ’driving license’ in the utility function of the
MNL model is presented in equations 6.6 and 6.7. The Biogeme model syntax is included in
Appendix G.3.1.

𝑉ኻ = 𝛽ፓፓ ∗ 𝑇𝑇ፀ + 𝛽ፓፂ ∗ 𝑇𝐶ፀ + 𝛽ፅፑፄፐ፥ ∗ 𝐹𝑅𝐸𝑄ፀ + 𝛽ፅፑፄፐ፪ ∗ 𝐹𝑅𝐸𝑄ኼፀ + 𝛽ፓፅ ∗ 𝑇𝐹ፀ + 𝛽ፒፃ ∗ 𝑆𝐷ፀ+
𝛽ፋፈፂፄፍፒፄ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፭፭ ∗ 𝑇𝑇ፀ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፭፜ ∗ 𝑇𝐶ፀ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸+

𝛽ፋፈፂፄፍፒፄ፟፫፞፪፥ ∗ 𝐹𝑅𝐸𝑄ፀ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፟፫፞፪፪ ∗ 𝐹𝑅𝐸𝑄ኼፀ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸+
𝛽ፋፈፂፄፍፒፄ፭፟ ∗ 𝑇𝐹ፀ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፬፝ ∗ 𝑆𝐷ፀ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸

(6.6)

𝑉ኼ = 𝛽ፓፓ ∗ 𝑇𝑇ፁ + 𝛽ፓፂ ∗ 𝑇𝐶ፁ + 𝛽ፅፑፄፐ፥ ∗ 𝐹𝑅𝐸𝑄ፁ + 𝛽ፅፑፄፐ፪ ∗ 𝐹𝑅𝐸𝑄ኼፁ + 𝛽ፓፅ ∗ 𝑇𝐹ፁ + 𝛽ፒፃ ∗ 𝑆𝐷ፁ+
𝛽ፋፈፂፄፍፒፄ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፭፭ ∗ 𝑇𝑇ፁ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፭፜ ∗ 𝑇𝐶ፁ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸+

𝛽ፋፈፂፄፍፒፄ፟፫፞፪፥ ∗ 𝐹𝑅𝐸𝑄ፁ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፟፫፞፪፪ ∗ 𝐹𝑅𝐸𝑄ኼፁ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸+
𝛽ፋፈፂፄፍፒፄ፭፟ ∗ 𝑇𝐹ፁ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸 + 𝛽ፋፈፂፄፍፒፄ፬፝ ∗ 𝑆𝐷ፁ ∗ 𝐿𝐼𝐶𝐸𝑁𝑆𝐸

(6.7)

6.3.1. Model results of the interaction with personal characteristics
The MNL models including interactions with socio-demographic variables are estimated by
using Biogeme. The results of interaction effects are shown in table 6.5. An extended ver-
sion of the results including the robust standard errors, t-test and p-values is included in
appendix G.3. A comparison of the MNL interaction models with their loglikelihood and rho-
square is shown in appendix G.3.3.

The lowest line for every socio-demographic variable represents the base case. For exam-
ple, the base case for gender equals female (female = 0). A female elderly has on average a
parameter value of -0.498 for the attribute ’transfers’. The parameter values above this base
case level indicate the change for the base case parameter value due to a change in level of
the socio-demographic variable. For example, the parameter value of the attribute ’transfers’
for male lies 0.245 point higher, compared to female, which results in a value of -0.253. The
positive value of the male indicates that elderly males are less sensitive for ’transfers’.

The results in table 6.5 shows that different parameters for the interaction effects are found
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to be significant on a 95% confidence interval, since these parameters have a p-value lower
than 0.05. These parameters are marked in green. The table also shows many insignificant
interaction effects. Insignificant interaction effects indicate that this interaction effect is not
relevant.

The large and notable significant interaction effects are the following:

• Gender & Transfers: Men are less sensitive for ’Transfers’ than women. According to
research of Derriks (2011) and Molengraaff (2016) women are generally more insecure
and sensitive to the factors that influence the risk perception on the road than men. It is
possible that this also applies for women travelling independently by public transport,
where having a transfer makes women more insecure.

• Age & Travel time: Elderly aged 75 - 79 are less sensitive for travel time than individ-
uals aged 65 - 69. Since most elderly are retired, the elderly in general have more time
available. Therefore, it is possible that travel time is less important for them.

• Age & Travel costs: Elderly aged 70 and over are less sensitive for travel costs than
individuals aged 65 - 69. An explanation might be that those older elderly travel less,
so if they travel then the costs are less important. Another explanation might be that
people getting older care less about money, since in general they have a fixed income
from retirement and no longer have children living at home for whom they have to save
money.

• Income & Travel costs: Elderly with a household income of 20.000 - 30.000 and 30.000
- 40.000 are less sensitive for travel costs than individuals with a household income of
less than 20.000 euro. These elderly with higher incomes probably have less worries
about money and consider costs as less important.

• Walking tool & Travel costs: Elderly with a walking tool are less sensitive for travel
costs than individuals without a walking tool. Research from Schmöcker et al. (2005)
shows that people with walking difficulties make fewer trips. Possibly those elderly are
willing to pay more if they finally make a trip.

• Driving license & travel costs: Elderly with a drivers license are less sensitive for travel
costs than individuals without a driving license. This can be explained by the fact that
the use of a car is generally more expensive than using the bus, so these bus costs will
probably be considered as less important.

• Minutes to nearest bus stop & Travel costs: Elderly who have to walk 6 minutes or
more to the nearest bus stop are less sensitive for travel costs than individuals who
have to walk 0 - 2 minutes to the nearest bus stop. Two possible explanations are:
the elderly in the sample living 0 - 2 minutes from a bus stop have lower incomes, or
elderly living more than 6 minutes walk from a bus stop make less use of the bus, and
therefore might not care about the price. However, the cross-tables in appendix F.6 and
F.7 disprove these explanations. Further research is required why elderly living nearby
a bus stop are more sensitive for travel costs.
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Table 6.5: Interaction effects on socio-demographic characteristics

Socio-demographic characteristics Travel time Travel costs Frequency Frequency2 Transfers Distance to busstop
Gender
Male -0.00143 -0.0595 -0.00806 0.000919 0.245 -5.06E-05
Female -0.031 -0.55 0.363 -0.0275 -0.498 -0.00112
Age
80+ 0.0157 0.21 -0.0652 0.00945 0.112 2.32E-05
75-79 0.0186 0.248 -0.00106 0.000292 0.0406 -0.000172
70-74 0.00319 0.193 0.0948 -0.00605 -0.269 0.00019
65-69 -0.041 -0.748 0.349 -0.0273 -0.322 -0.00116
Household situation
Together with children living at home or somewhere else -0.019 -0.135 0.349 -0.0332 -0.0652 -0.000319
Together without children -0.00926 -0.0551 0.156 -0.0122 -0.0758 0.000132
Single with children living at home or somewhere else -0.00483 -0.0669 0.101 -0.00824 -0.15 -0.000391
Single without children -0.0224 -0.515 0.186 -0.0115 -0.299 -0.00103
Income (Bruto)
40.000 or more 9.40E-05 0.44 0.515 -0.0624 0.101 9.31E-05
30.000 - 40.000 euro 0.0014 0.54 0.508 -0.0658 -0.24 -0.000164
20.000 - 30.000 euro 0.0146 0.455 0.347 -0.0478 -0.103 0.000266
less than 20.000 -0.0386 -1.05 -0.111 0.0322 -0.303 -0.00123
Walking tool
Yes 0.0162 0.175 -0.223 0.0212 0.138 -0.000226
No -0.0357 -0.624 0.412 -0.032 -0.399 -0.0011
Physically able to cycle
Yes -0.0237 -0.194 -0.113 0.0118 0.0214 0.00063
No -0.0139 -0.438 0.456 -0.037 -0.391 -0.00164
Cycle usage
Yes 0.0054 0.0775 -0.447 0.0428 -0.0674 -0.000556
No1 -0.0425 -0.704 0.739 -0.063 -0.31 -0.000524
Car ownership
Yes -0.00444 0.146 0.0734 -0.0104 0.16 6.62E-05
No -0.0281 -0.699 0.3 -0.0187 -0.494 -0.0012
Driving license
Yes 0.00757 0.27 -0.248 0.0197 0.12 0.000203
No -0.0386 -0.808 0.568 -0.0436 -0.467 -0.00133
Taken to or from destination by friends/family sometimes
Yes -0.00214 -0.0255 0.179 -0.0159 0.0115 -4.62E-05
No -0.0308 -0.571 0.279 -0.0199 -0.369 -0.00113
Valys usage
Yes1 0.017 0.0798 0.1 -0.00958 -0.01 0.000406
No -0.0332 -0.588 0.35 -0.0262 -0.364 -0.00118
Bus usage
1 day per week or more -0.0176 -0.147 0.185 -0.0128 -0.0549 -0.000193
1-3 days per month 0.0125 0.0746 4.18E-05 0.00108 -0.017 0.000662
6-11 days per year -0.00545 -0.0391 -0.102 0.0146 -0.119 0.000418
5 days or less per year -0.00544 -2.51E-15 3.23E-16 0.00268 4.43E-17 0.000798
Never -0.0303 -0.581 0.366 -0.03 -0.338 -0.00159
Public transport subscription/ticket
Yes. including 65+ discount 7.62E-17 7.62E-17 0.123 -0.00955 -0.0972 -0.000109
Yes. without discount or other discount -1.30E-16 -1.30E-16 0.127 -0.0103 -0.163 -0.000288
No -0.0271 -0.559 0.301 -0.0225 -0.309 -0.00107
Able to get to nearest bus stop without help
Yes -0.0213 -0.174 -0.376 0.0348 -0.321 -0.321
No1 -0.0121 -0.421 0.715 -0.06 -0.0692 -0.00181
Distance to nearest bus stop
600 meters or more -0.00171 -0.000589 0.197 -0.0226 -0.0174 -0.000523
400 - 600 meters -0.0055 0.0265 0.356 -0.0422 0.122 0.000502
200 - 400 meters -0.00525 -0.0148 -0.0662 0.00383 0.0649 0.00033
0 - 200 meters -0.0287 -0.588 0.268 -0.0153 -0.413 -0.00127
Minutes to nearest bus stop
6 minutes or more 0.0177 0.19 0.213 -0.0263 -0.12 -0.000333
4-6 minutes -0.00601 -0.0485 0.337 -0.0364 -0.0529 -2.28E-05
2-4 minutes -0.0119 0.0333 0.264 -0.0296 -0.216 -0.00034
0-2 minutes -0.0303 -0.626 0.151 -0.00338 -0.278 -0.000984
Mobile phone posession
Yes 0.00139 0.227 -0.637 0.0635 0.0922 -0.000242
No1 -0.0331 -0.801 0.977 -0.0886 -0.454 -0.000909
Internet access mobile phone
Yes 2.05E-17 0.016 0.155 -0.0141 0.0982 0.000106
No -0.0276 -0.588 0.229 -0.015 -0.433 -0.00123
Internet usage mobile phone
One or several times per day -0.00345 0.141 -0.113 0.0132 0.0516 0.000391
A few times per week -0.0201 -0.226 0.22 -0.0212 -0.0482 -5.40E-05
1 time per week or less -0.0285 -0.623 0.42 -0.0338 -0.363 -0.00137
Trip planner usage mobile phone
Yes -0.00185 0.0115 -0.257 0.0317 0.107 0.000575
No -0.0325 -0.581 0.517 -0.0455 -0.391 -0.00143

Significant values are marked in green and with a * (p < 0.05)
ኻ = N < 30
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Comparison with average Dutch bus users
To see whether the elderly have different preferences regarding the attribute values of bus
services compared to the average bus users, the results are compared. According to Ben-
Akiva & Morikawa (2002) and Phanikumar & Maitra (2007), bus users dislike low frequency
and transfers. Besides that, the willingness to pay is very high for the in-vehicle travel time
followed by frequency. However, this WTP depends on the trip purpose. Commuting trip
makers have a higher WTP value for travel time, while non-commuting trip makers have
higher WTP values for qualitative attributes. Research from Zijlstra et al. (2017) showed that
the average Dutch bus users with higher income experiences travel time as more important
compared to those with lower income.

Comparing this with the results of the MNL model estimation, it can be concluded that
the elderly have similar preferences and experience the attributes frequency and travel time
as very important. However, the attribute travel costs is most important according to the
elderly, which is not mentioned in literature for the average bus users. Besides that, different
from the average bus users, elderly with higher income are not more sensitive for travel time
than those with lower income. This can be explained by the fact that generally elderly do not
have to travel for work any more.

6.4. Latent Class Choice Model
Another way to test for heterogeneity is to estimate a latent class choice model with a class
membership function. This model can explain the heterogeneity and considers panel data,
which is an improvement compared to the MNL model. The model assumes that there are
latent classes, which cannot be observed, containing elderly with homogeneous preferences.
The classes will be identified by the model. Based on the observed socio-demographic vari-
ables, it can be predicted which elderly are in which class.

The latent class choice model has the same utility function as the base MNL model in sec-
tion 6.2. The quadratic parameter for frequency appeared to be insignificant, therefore this
parameter is eliminated. To decide which number of classes gives the best fit for the data, dif-
ferent models are estimated with different number of classes. Since it is possible that a local
maximum log-likelihood is found, different start values are used for the class membership
parameter. The models are compared based on the Log-likelihood (LL), Bayesian Information
Criterion (BIC) and Rho-squared value (Rኼ) (Van Cranenburgh, 2018). The results of the best
models are presented in table 6.6.

Table 6.6: Results latent class choice model estimations with different numbers of classes

Classes LL BIC Rኼ

Basic RUM model -1796,2 3632,5 0,156
2 -1697,7 3483,7 0,203
3 -1630,5 3397,4 0,234
4 -1585,9 3356,5 0,255
5 -1567,0 3366,8 0,264

The log-likelihood and rho-squared values improve by adding more parameters. However,
adding parameter can lead to overfitting. To determine which number of classes fits the
best, the Bayesian Information Criterion is used (Van Cranenburgh, 2018). This criterion
uses a penalty term for the number of parameters in the model to solve the problem of over-
fitting. The lower the value of BIC, the better the model fits the data. As shown in table 6.6,
the model with 4 classes has the lowest BIC value and therefore has the best model fit.

To determine if the classes can be explained by socio-demographic characteristics, the class
membership parameters and corresponding probabilities are added. All socio-demographic
factors asked in the survey are modeled in the 4 class LC model. Only the factor ’able to cy-
cle’ became statistically significant. This means that the classes formed by the model cannot
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be explained by other socio-demographic factors. Elderly have a chance to be allocated to
a class independently of all the socio-demographic characteristics. In other words, elderly
have a probability to be assigned to either class and their personal characteristics do not
influence this probability, except from ’able to cycle’. The Biogeme syntax of the model is
included in appendix G.4.1.

6.4.1. Latent Class choice model results
The estimation of the latent class choice model with 4 classes results in the parameter val-
ues shown in table 6.7. The parameter signs are as expected, except from the parameter
’transfers’ in class 2: This parameter is statistically significant and positive, which means
that if the number of transfers increases, the utility increases. This is remarkable, since
elderly dislike transfers in general. For the other classes ’transfers’ has a negative sign. The
parameter ’travel costs’ is negative and significant in all classes, which means that if travel
costs increase, utility decreases. The ’frequency’ parameter is positive in all classes, but only
significant in classes 2 and 4, suggesting that in the other classes this parameter is not of
importance. The ’distance to stop’ parameter is only significant, and thus only of importance,
in classes 1 and 3. The parameter ’travel time’ was only significant in class 4, suggesting it
is only of importance in class 4.

As described in chapter 2 section 2.3.2, the class membership parameters are used to de-
termine the probability that an elder person belongs to a class (πns) regardless the socio-
demographic characteristics. The higher the estimated class membership parameter, the
higher the probability to belong to that class, and the larger the size of the class (Molin &
Maat, 2015). Besides that, the ’able to cycle’ coefficients indicate the probability that an elder
person who is able to cycle or not belongs to a class. The able to cycle coefficients of class 2
and 3 are negative, which means that the elderly not able to cycle have higher probability to
belong to these classes. The class membership probabilities are shown in table 6.8.

Table 6.7: Latent 4 Class Choice model parameters including Ability to cycle

Parameter Class 1 Class 2 Class 3 Class 4
Frequency 0,0355 0,324 0,0507 0,211
Distance to stop -0,0025 0,0003 -0,003 -0,0006
Travel costs -1,9 -0,498 -0,271 -0,92
Transfers -0,345 0,251 -0,968 -0,637
Travel Time -0,027 0,0039 -0,009 -0,127

Class membership parameter (δ) 0 1,69 1,8 0,41
Able to cycle 0 -1,12 -1,29 0,39

Significant values are marked in green

Table 6.8: Class membership probabilities

Probabilities Class 1 Class 2 Class 3 Class 4
Class membership probability (πns) 7,2% 38,8% 43,3% 10,8%

Probability that an individual
who cannot cycle belongs to a class

2% 41% 54% 3%

Ability to cycle (Ablecycle) Probability that an individual
who can cycle belongs to a class

15% 27% 25% 33%

Each of the classes is described in more detail according to the parameters. The classes with
their size and important attributes are visualised in figure 6.2. In this figure, the attributes in
red indicate that the specific class has the most negative parameter value for this attribute.
The attributes in green indicate that the specific class has the most positive parameter value
for this attribute. Besides that, the probability that an individual who can cycle and who
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cannot cycle belongs to a class is shown. The number between brackets shows the absolute
number of individuals. The changes in utility for the different attribute levels of the classes
are shown in figures 6.3. Only the significant parameters are visualised.

Figure 6.2: Classes of the LC choice model, size and important attributes per class

Class 1: ’Price sensitive elderly’
The first class has the lowest acceptance of travel costs of all classes. Compared to the MNL
model, this class has a higher penalty for the distance to the nearest bus stop, indicating
that the elderly in this class prefer a bus network with a low distance to the nearest bus
stop. The transfer parameter does not have an extreme value compared to the other classes,
and has the lowest willingness to pay for having one transfer less (€0, 18). The frequency and
travel time parameters are not significant, suggesting these attributes are not important for
the elderly in this class. The size of this class is very small: only 7% can be assigned to this
class. Elderly who are able to cycle have a chance of 15% to be assigned to this class. Elderly
who are not able to cycle have a minimum chance to be assigned to this class. On average,
people who are able to cycle have a lower acceptance of travel costs.

Class 2: ’Transfers and frequency fans’
This second class has the highest bonus for frequency. A remarkable characteristic of elderly
in this class is the positive parameter for transfers, indicating that this class prefers transfers.
This can be explained by the fact that for most choice sets the bus option with higher fre-
quency is associated with having a transfer. The respondents choosing for higher frequency
will automatically choose for a transfer. The travel costs parameter does not have an extreme
value. The distance to stop and travel time parameters are not significant, suggesting these
attributes are not important for the elderly in this class. About 39% of the elderly belongs
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to this class. Elderly who are able to cycle have a high chance (41%) to be assigned to this
class. For the elderly who are not able to cycle is this chance 27%. However, the number of
respondents able to cycle and not able to cycle is 203 and 53, respectively. This means that
in absolute numbers, the respondents who are able to cycle will be higher compared to the
respondents who can not cycle in this class, with 54 compared to 22, respectively.

Class 3: ’Nearby an direct bus service lovers’
The elderly in this class the are least sensitive to travel costs. On the other hand, this class
is highest sensitive for distance to stop and transfers. This suggests that the elderly in this
class are willing to pay more to shorten the distance to the nearest bus stop (€1, 11 for 100
meter less) and to have less transfers (€3, 57 for a transfer less). The frequency and travel
time parameters are not significant, suggesting these attributes are not important for the
elderly in this class. This class is the largest with about 43% of the elderly assigned to it.
The probability of elderly able to cycle being assigned to this class is high, with 54%. For the
elderly who are not able to cycle is this chance 25%. However, the number of respondents
able to cycle and not able to cycle is 203 and 53, respectively. This means that in absolute
numbers, the respondents who are able to cycle will be higher compared to the respondents
who can not cycle in this class, with 51 compared to 28, respectively.

Class 4: ’Time sensitive elderly’
Only this class has a significant parameter with a high value for travel time, indicating that
the elderly in this class are high sensitive for travel time. The willingness to pay is €1, 38 to
shorten the travel time with 10 minutes. Next to that, the class is relatively high sensitive
for travel costs. The willingness to pay for one transfer less is €0, 69. The distance to stop
parameter did not become significant, indicating that this attribute is not important for the
elderly in this class. The class membership parameter did not become significant, indicating
that this class is not significant larger than class 1: price sensitive elderly. This also applies
to the parameter for ability to cycle.

Figure 6.3: Changes in utilities for different attribute levels for each class



52 6. Model estimation

6.5. Model estimations with only bus user data
The models in section 6.4 capture all the data coming from the survey including bus users
and non-bus users. It might be that bus users have different preferences than non-bus
users. Therefore, a base MNL model and a latent class choice model without the non-bus
users are estimated in this section. It is not possible to estimate the models for the non-bus
users, since this sample is too small.

The same utility functions as in the MNL model in section 6.2 are used, since the quadratic
component for ’frequency’ became significant. The results of the MNL model including all
data an the MNL model with only bus users data is presented in table 6.9. Comparing the
parameter values of the two MNL models, shown in table 6.2 in section 6.2 and in appendix
G.5.1, it can be seen that those parameters just have very little negligible differences. The
relative importance of the parameters remained the same.

For estimating the Latent Class choice model, models with an increased number of classes
are estimated with different starting values for the class membership parameters, similar
to section 6.4. The model with 4 classes fits best, since it has the lowest BIC. Also in this
model it is determined whether the classes can be interpreted by socio-demographic factors.
All the socio-demographic factors from the survey are modeled in the LC choice model with
4 classes. However, none of the factors became statistically significant. This means that
the elderly have a probability to be assigned to either class regardless of all their personal
characteristics.

Table 6.9: Comparison model results including all data and including only bus user data

Model # observations # parameters Rኼ adjusted Rኼ Null LL Final LL LRS BIC
MNL model all data 3072 5 0,156 0,154 -2129,348 -1796,154 666,388 3632,459
MNL model only bus users 2400 5 0,164 0,161 -1663.553 -1391,188 544.730 2821,293

2 3072 11 0,203 0,198 -2129,348 -1697,704 863,289 3483,739
3 3072 17 0,234 0,226 -2129,348 -1630,466 997,763 3397,44
4 3072 23 0,255 0,244 -2129,348 -1585,918 1086,86 3356,528
4 able cycle 3072 26 0.259 0,246 -2129,348 -1578,492 1101,712 3365,766

LC choice all data

5 3072 29 0,264 0,25 -2129,348 -1566,986 1124,725 3366,844
2 2400 11 0,21 0,203 -1663,55 -1314,838 697,43 2715,292
3 2400 17 0,238 0,228 -1663,553 -1267,619 791,868 2667,554
4 2400 23 0,257 0,243 -1663,553 -1236,772 853,563 2652,558

LC choice only bus users

5 2400 29 0,267 0,25 -1663,553 -1218,612 889,882 2662,938

6.6. Conclusion
This chapter described themodel estimation and aimed to answer sub-questions 2 and 3. The
influence of the five attributes ’travel time’, ’travel costs’, ’frequency’, ’transfers’ and ’distance
to bus stop’ on the bus choice was identified by estimation of a MNL model. The socio-
demographic characteristics were included in the MNL model as interaction effects to test if
these characteristics affect the attributes that influence the bus choice. To see if segments
for the bus choice could be identified, and to test for heterogeneity in another way, a Latent
Class Choice Model was estimated.

SQ2: ”Which bus attributes are most important for the elderly, and to which extent?”

Results of the MNL model estimation show that all parameter values for the five attributes
’travel time’, ’travel costs’, ’frequency’, ’transfers’ and ’distance to bus stop’ are significant.
This means that the five attributes are of influence on elderly’s choice for the bus. For the
attribute level range used in this choice experiment, it turned out that ’travel costs’ is the
most important for choosing a bus service, followed by ’frequency’ and ’travel time’. For
the attribute level range used in this choice experiment, ’transfers’ had the lowest relative
importance followed by ’distance to the nearest bus stop’. The importance of ’travel costs’ is
about three times higher compared to those attributes. Also the willingness to pay indicates
this differences in importances of the attributes. The willigness to pay for a bus stop 100
meters closer is €0,20, while the wtp for a 10 minutes reduction in travel time is €0,46.
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SQ3: ”To which extent does heterogeneity in preferences exist among elderly regarding the
values of bus attributes, and to which socio-demographic characteristics can this unobserved

heterogeneity be attributed?”

Results of the MNL model estimation on the interaction effects show heterogeneity in pref-
erences exist. For the attribute ’travel time’, the interactions with ’age’ and ’walking tool’
became significant. Higher age and having a walking tool reduce the sensitivity for travel
time. For the attribute ’travel costs’, the interactions with ’age’, ’income’, ’walking tool’ and
’driving license’ became significant. Higher age, higher income, having a walking tool and
having a driving license reduce the sensitivity for travel costs. For the attribute ’transfers’,
the interaction with ’gender’ became significant, suggesting that males are less sensitive for
having a transfer during the trip. The interaction with ’bus usage’ became significant for the
attribute ’distance to bus stop’. However, this effect is very small and not considered. No
interactions became significant for the attribute ’frequency’.

Results of the latent class choice model also show heterogeneity. The latent class model
with 4 classes has the best model fit. Only the socio-demographic factor ’able to cycle’ can
explain the heterogeneity. The four classes ’price sensitive elderly’, ’transfers and frequency
fans’, ’nearby and direct bus service lovers’ and ’time sensitive elderly’ were identified. How-
ever, the classes ’price sensitive elderly’ and ’time sensitive elderly’ are very small.

• The class ’transfers and frequency fans’ contains 39% of the elderly. They are high
sensitive for frequency and are positive about transfers, which is remarkable. It is more
likely that elderly who can not cycle belong to this class.

• The largest class ’nearby and direct bus service lovers’ contains 43% of the elderly. They
do not consider the costs as important. These elderly have relatively high penalties for
distance to bus stop and transfers. They are more likely to not be able to cycle.

• The class ’price sensitive elderly’ is the smallest, with 7% of the elderly attributed to it.
These elderly are high sensitive for travel costs and do not appreciate the distance to
the bus stop. Price sensitive elderly are more likely to be able to cycle.

• Finally, the ’time sensitive elderly’ has the largest dislike for travel time. Also the travel
costs are relatively high penalized. The size of this class is comparable to the price
sensitive elderly, since the class membership parameter did not become significant.

The MNL and LC choice models were also estimated for only bus user data to check whether
these results are different. The differences for the MNL results are very small and therefore
negligible. The LC choice model with 4 classes also had the best fit for this data. However, for
this data, the heterogeneity can not be explained by the socio-demographic characteristics,
since none of the characteristics became significant.





7
Theory versus practice: the elderly in

Groningen
This chapter compares the results of the theory andmodels with findings in practice. Groningen
is used to gain insights, because of the availability of public transport chip card data. Besides
that, Groningen is an urban area with increasing ageing. The bus usage of elderly is compared
with the bus usage of all bus users in Groningen, and compared with the model results from
chapter 6. After this, a scenario analysis is done to test which bus network designs are pre-
ferred by the elderly. With the results from the scenario analysis, it is investigated whether a
certain policy decision regarding the bus network in Groningen is beneficial or disadvantageous
for the elderly.
The first section gives a description of the demographics and types of bus services in Groningen.
Section 7.2 elaborates on the bus usage of elderly in Groningen including the usage of bus stops,
bus lines and origin-destination pairs and compares this with the bus usage of all bus users.
Besides that, the usage of the types of bus services by elderly in Groningen is compared with
the model results from chapter 6. Scenarios are developed, and tested in sections 7.3 and 7.4
on the MNL model and LC choice model. One of the scenarios represents a policy choice for
Groningen. The chapter ends with a conclusion in section 7.5.

7.1. Demographics and bus network of Groningen
Groningen is one of the strong growing municipalities in The Netherlands. The municipal-
ity of Groningen is expected to grow from 203.000 to 250.000 inhabitants until 2030-2035
(Scheltes & Kwantes, 2019). Within the growing population the number of elderly is also
increasing. The number of people aged 65 years and older in the city, villages and the coun-
tryside of Groningen is expected to double from 22.000 to 41.000 from now until 2040. At
the moment, the share of elderly is 15% of the total population (CBS, 2019b).

The most popular transport mode for trips within the municipality is the bicycle. For longer
trips between the municipality and beyond people mainly choose the car. About 11% of the
total mobility from, to and within Groningen takes place with public transport (Scheltes &
Kwantes, 2019). Four types of bus services can be distinguished, which are clearly different
from each other. These types of bus services are shown in figure 7.1, and the differences are
mentioned below.

• City bus: Stops en route at many stops, including the train station, shopping centers,
hospitals, and living and working areas. Most city buses run twice an hour. City buses
run more often on busier routes.

• Regional bus: Runs between the villages and towns in Groningen and Drenthe once
or twice per hour on workdays. Regional buses less frequently in the evenings and at
weekends.

55
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• Q-link: this is the fast bus network between Groningen City and the larger commuter
areas around it. The network consists of seven lines. With this service, important
destinations in the city such as the station, city center and hospital can be reached
without transfers. Q-link is focused on short travel times by stretching lines and high
frequency. The Q-link lines run every 10 minutes or more during rush hours.

• Qliner: Runs a direct, fast route between large villages and towns and stops at a limited
number of stops. The Qliner also runs on a number of routes along the bus lane along
the traffic jam, to reach destinations faster. Qliner drives more often during rush hours.

Q-link and Qliner are part of the high-quality public transport network (HOV-netwerk). This
HOV-network has such characteristics that this transport is a serious alternative for many
car trips from the origin or from transfer locations in the travel chain (OV bureau Groningen
Drenthe, 2019a). An area-wide basic network connects and opens up larger villages and
towns.

(a) City bus Groningen

(b) Regional bus Groningen

(c) Q-link bus Groningen

(d) Qliner bus Groningen

Figure 7.1: Types of bus services Groningen (OV bureau Groningen Drenthe, 2019b)

7.2. Bus usage Groningen and comparison to model results
Based on Public transport chip card data from March 2019 with a 65+ discount product, the
bus usage of people aged 65 and over in Groningen is analysed. The bus usage data of these
elderly is compared to the the model results of chapter 6. Besides that, the bus usage data
of the elderly is compared to the public transport chip card data from 2018 of all bus users.
The comparison between bus usage of the elderly and all bus users is made based on the
average number of travelers boarding, the average distance per trip, the travel time during
the day, the bus line usage, the bus stop usage and the most used origin-destination pairs.

7.2.1. Bus usage characteristics elderly
In March 2019, the number of elderly travelers boarding was 570.687. The average distance
the elderly traveled by bus was 8 kilometers. From the data it appears that the elderly used
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the bus the most during the afternoon, at off peak hours. This bus usage during the day is
shown in figure 7.2.

Figure 7.2: Number of times checked in by elderly during different days of the week and in total (own work)

Bus line usage elderly
There are many bus lines in Groningen. Some of the lines are used more frequent by the
elderly than others. Figure H.1 in appendix H shows per bus line the number of times
checked in by elderly in March 2019. This figure shows that 70% of the number of times
checked in are at the first nine lines. Table 7.1 presents these nine bus lines with the number
of times that elderly checked in and the line frequency. The most used types of lines are city
lines and Q-link lines, specifically city line 10 and Q-link lines 4 and 3 are used intensively,
with 11,4%, 11,3% and 10,8% respectively. As shown in the table, these lines have high
frequencies during the day.
The bus lines which are part of Q-link or City lines, and its usage in % of the total usage
are presented in Appendix G table H.1. This table shows that 40,3% of the number of times
elderly checked-in in March 2019 were at Q-link lines and 29,8% at city lines.

Table 7.1: Busline usage elderly Groningen march 2019

Busline Type of service # check-ins % of total % cumulative Freq spits Freq dal Freq weekend
10 City 10348 11,4% 11,4% 4 4 2-4
4 Q-link 10198 11,3% 22,7% 6 2-6 2-4
3 Q-link 9738 10,8% 33,5% 3-6 2-6 2-4
5 Q-link 8045 8,9% 42,4% 6 2-6 2-4
9 City 7227 8,0% 50,4% 2-4 2-4 2-4
7 City 4770 5,3% 55,6% 4 4 2-4
8 City 4301 4,8% 60,4% 2 2 0-2
6 Q-link 4160 4,6% 65,0% 2-6 2-4 0-2
50 Regional 3818 4,2% 69,2% 2-5 2-3 1-2

Bus stop usage elderly
The ten most used bus stops by elderly for boarding (march 2019) are shown in table 7.2.
There is a big difference between the usage of the bus stops, even within the top 10 most used
stops. The usage of the bus stop ’Groningen, Hoofdstation’ comes out on top with 19,7% of
the boardings, followed by ’Groningen, Grote markt’ with only 6,8% of the boardings.
The stops in the table are nearby important facilities such as the train station, the city center,
the hospital, the shopping mall, residential care centers and park and ride places. The bus
stops with high amount of boardings are visualised in figure 7.3. The larger the dot, the
higher the number of boardings. The red dots are in the top ten of most used bus stops.
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Table 7.2: Most used stops for boarding among elderly in Groningen, march 2019

Bus stop # times checked-in by elderly
march 2019

% of total check-ins elderly (65+)
march 2019

Groningen, Hoofdstation 17836 19,7%
Groningen, Grote markt 6174 6,8%
Groningen, Zuiderdiep 5614 6,2%
Groningen, UMCG Hoofdingang 2258 2,5%
Haren, P+R Haren / A28 1841 2,0%
Groningen, Westerhaven, 1647 1,8%
Hoogkerk, P+R Hoogkerk 1646 1,8%
Groningen, De Trefkoel 1458 1,6%
Groningen, MartiniZKH Hoofdingang 1290 1,4%
Emmen, Station 1153 1,3%

Figure 7.3: Stops in Groningen most used for elderly boarding, March 2019 (own work)

Most used origin-destination pairs elderly
The ten most used origin-destination pairs by elderly in Groningen are shown in table 7.3.
The largest share of elderly travels from ’Groningen, Hoofdstation’ to ’Groningen, Grote Markt’.
This OD-pair has 881 boardings one way, and 825 boardings the way back. The most used
OD pairs are all departing from or arriving at the most used stops already mentioned in table
7.2. Overall, the most used OD pairs are within the city center, between the city center and
a park and ride location, or between the city center and the hospital.

Table 7.3: Most used origin - destination pairs by elderly, march 2019

Origin Destination # times checked-in by elderly
Groningen, Hoofdstation Groningen, Grote Markt 881
Groningen, Grote Markt Haren, P+R Haren/A28 825
Groningen, Grote Markt Groningen, Hoofdstation 815
Haren, P+R Haren/A28 Groningen, Grote Markt 672
Groningen, Zuiderdiep Haren, P+R Haren/A28 629
Hoogkerk, P+R Groningen, Hoofdstation 557
Groningen, Hoofdstation Groningen, UMCG Hoofdingang 535
Groningen, Hoofdstation Groningen, Martini Ziekenhuis Hoofdingang 465
Groningen, Martini Ziekenhuis Hoofdingang Groningen, Hoofdstation 434
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Figure 7.4: Origin-Destination flows Groningen, march 2019 (own work)

7.2.2. Comparison model results with bus usage elderly in Groningen
According to the results of the MNL model, elderly prefer a high-frequent bus service with low
travel costs. Also the LC choice model results indicate that most of the elderly (50%) prefer
a high-frequent bus service with low travel costs. However, another big group (43%) prefers
a bus service without transfers and a low distance to the nearest bus stop. The findings of
the bus usage of the elderly in Groningen showed that most of the check-ins at buses (40%)
were at the fast and high-frequent Q-link buses. This indicates that most elderly prefer this
bus option. Besides that in second place, 30% of the check-ins at buses were at the city bus
lines with many stops and lower frequency. Therefore, it can be concluded that the results
from the models are in line with findings in practice.

7.2.3. Bus usage characteristics all users compared to elderly
This section elaborates on the bus usage of all the bus users in Groningen in 2018, based on
public transport chipcard data, and compares this with the bus usage of the elderly. In 2018,
the total number of times checked-in at the bus during the year was 21.969.843. Comparing
this with the data of the elderly indicates that 31% of the bus usage is by the elderly. The
average distance of all travelers by bus was 10,3 kilometers. The average distance the elderly
travel is a little lower. According to Zijlstra et al. (2017), the overall bus usage is the highest
during peak hours in the morning and evening. However, the bus usage of the elderly is
highest during off peak hours as shown in figure 7.2.

Bus line usage
An overview of the most used bus lines by all users is presented in figure 7.4. 70% of the
total number of times checked-in was at these lines. The most used types of lines are again
the Q-link and city lines. However, The Qliner lines and regional lines became also more
important. The most used line is Q-link line 3 with 9,4%, followed by lines 4 and 15 with
9,2% and 7,1%, respectively.
Based on the tables 7.1 and 7.4 it can be concluded that the bus line usage of all users is
more spread over the lines compared to the bus line use of elderly, since 15 lines served
70% of the boardings of all users compared to 9 lines serving 70% of the boardings of elderly
users.
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Table 7.4: Busline usage all bus users Groningen 2018

Bus line Type of service # times checked-in % of total % cumulative
3 Q-link 2092464 9,4% 9,4%
4 Q-link 2054499 9,2% 18,6%
15 Q-link 1575478 7,1% 25,7%
5 Q-link 1225277 5,5% 31,2%
10 City 1162519 5,2% 36,5%
9 City 1077555 4,8% 41,3%
7 City 937424 4,2% 45,5%
6 Q-link 856911 3,9% 49,4%
300 Qliner 786248 3,5% 52,9%
1 Q-link 768451 3,5% 56,4%
309 Qliner 674614 3,0% 59,4%
2 Qlink 666068 3,0% 62,4%
50 Regional 616407 2,8% 65,2%
61 Regional 480735 2,2% 67,3%
65 Regional 470749 2,1% 69,4%

Bus stop usage
The ten most used bus stops for boarding by all bus users in Groningen are shown in table
7.5. Again the bus stop ’Groningen, Hoofdstation’ has the highest percentage number of times
checked-in, with 22,2%, followed by ’Emmen, Station’ with 3,2%. There is a big difference in
usage between the stops in the table.
Many of the bus stops which are most used by all users, are also used a lot by the elderly.
However, the bus stop ’Groningen, Zernikeplein’ is used very little by elderly and very popular
according to all users. This can be explained by the fact that this bus stop is at Groningen
campus, which is relevant for students and employees and not for elderly. The bus stop with
high amount of boardings by elderly and all users are visualised in figure 7.5. The larger the
dot, the higher the number of boardings. The orange dots are the bus stops in the top ten
most used bus stops by all bus users. The red dots are the bus stops in the top ten most
used bus stops by elderly.

Table 7.5: Most used bus stops for boarding among all users in Groningen, year 2018

Bus stop users boarding
year 2018

% of total users
boarding 2018

Groningen, Hoofdstation 4931294 22,2%
Emmen, Station 715437 3,2%
Groningen, Zuiderdiep 713512 3,2%
Groningen, Grote Markt 683947 3,1%
Groningen, Zernikeplein 669226 3,0%
Groningen, UMCG Hoofdingang 436624 2,0%
Groningen, UMCG Noord 416029 1,9%
Groningen, Westerhaven 364911 1,6%
Assen, Station 296655 1,3%
Groningen, P+R Kardinge 283698 1,3%
Hoogkerk, P+R Hoogkerk 282349 1,3%
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Figure 7.5: Stops in Groningen most used by elderly and all users (own work)

Bus stops with high share of boardings by elderly
In addition to the differences in usage of bus stops between elderly and all users, the pro-
portion of number of times checked-in by elderly to the number of times checked-in by all
bus users is also different per stop. At some bus stops, the share of checked-ins by elderly is
relatively high compared to those of all users. Figure 7.6 shows the stops at which the share
of check-ins by elderly is at least 15%. Details are shown in table H.2 in appendix H.
As shown in table H.2, 39,1% of the boardings at bus stop ’Groningen, W. Dreesstraat’ are
done by elderly. A possible explanation for this high percentage is the existence of the Willem
Dreesflat nearby the bus stop. This flat contains rental apartments for elderly. The other
bus stops in the table are also in neighbourhoods important for elderly, since they are nearby
service flats with homes for the elderly, nearby a residential care center or nearby the hospi-
tal.

Figure 7.6: Stops with relative high amount of elderly boarding
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Most used origin-destination pairs
The ten most used origin-destination pairs by all bus users are shown in table 7.6. The
largest share of the bus users travels from ’Groningen, Zernikeplein’ towards ’Groningen,
Hoofdstation’ or the other way around. Also here, OD pairs within the city center and between
the city center and hospital are in the top ten most used OD pairs. However, the Park and
Ride locations are not in the top 10. Instead of this, Zernikeplein and Nijenborgh, which are
nearby the campus of Groningen, are now popular. Besides that, Also OD pairs starting or
ending outside Groningen, such as Assen and Emmen, are popular.

Table 7.6: Most used origin - destination pairs by all bus users, 2018

Origin Destination #travelers boarding year
Groningen, Zernikeplein Groningen, Hoofdstation 326846
Groningen, Hoofdstation Groningen, Zernikeplein 279512
Groningen, Hoofdstation Groningen, Grote Markt 156483
Groningen, Grote Markt Groningen, Hoofdstation 129040
Groningen, Hoofdstation Assen, M.L. Kingweg 128584
Groningen, Hoofdstation Groningen, UMCG Noord 118665
Groningen, Hoofdstation Groningen, Nijenborgh 115334
Groningen, Zuiderdiep Groningen, Hoofdstation 113732
Emmen, Station Groningen, Hoofdstation 112430

7.3. Scenario analysis on MNL model
In the following sections, three scenarios are developed to test which scenarios are beneficial
or disadvantageous for the elderly and to help operators choose a strategy for the network
design of the bus. The impact of all the attributes used in the survey are analysed: ’travel
time’, ’travel cost’, ’frequency’, ’distance to bus stop’, and ’transfers’. To create different
scenarios, the design dilemmas from section 3.3 are used as policy and design measures.
One of the scenarios represents a public transport vision choice regarding the bus network
in Groningen.

7.3.1. Estimating choice probabilities
To perform the scenario analysis, the MNL model without interaction effects with the esti-
mated parameter is used. The multinomial logit probability function, presented in equation
2.4 , is used to compute the choice probabilities of the alternatives. The utility function is
provided in equation 7.1.

𝑉። = −0.0316∗𝑇𝑇።+−0.580∗𝑇𝐶።+0.357∗𝐹𝑅𝐸𝑄።+−0.0269∗𝐹𝑅𝐸𝑄ኼ። +−0.364∗𝑇𝐹።+−0.00114∗𝑆𝐷። (7.1)

Where:
ፕᑚ = utility of scenario i
ፓፓᑚ = value of the variable ’Travel Time’ (TT) of scenario i
ፓፂᑚ = value of the variable ’Travel Cost’ (TC) of scenario i
ፅፑፄፐᑚ = value of the variable ’Frequency’ (FREQ) of scenario i
ፓፅᑚ = value of the variable ’Transfers’ (TF) of scenario i
ፒፃᑚ = value of the variable ’Distance to bus stop’ (SD) of scenario i

7.3.2. Reference scenario
A reference scenario is used, see table 7.7. Average values for the attributes of this scenario
are defined based on the averages calculated in section 4.1. For determining the travel cost,
it is assumed that the elderly use a public transport card with elderly discount of 34%.
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Table 7.7: Reference scenario

Attribute Reference scenario
Travel time [min] 30
Travel costs [euro] 1,70
Frequency [veh/h] 4
Transfers [transf/trip] 0
Distance to nearest bus stop [meter] 400

7.3.3. Scenarios
Three scenarios are developed and tested and will be explained in the following paragraphs.
The results of the scenarios including the attribute values, utility and probability to be chosen
are presented in table 7.8. Two probabilities are estimated. The first percentage indicates the
probability of elderly choosing the scenario when they have to choose between the reference
scenario and this scenario. The second percentage between brackets indicates the probability
that this scenario will be chosen out of all four scenarios.

Table 7.8: Scenarios and their utility and probability

Reference Scenario 1: High
frequent bus

Scenario 2: Dense network
& high travel time

Scenario 3: Combination
of both

Travel time [min] 30 20 35 27
Travel costs [euro] 1,70 1,50 2,00 1,70
Frequency [veh/h] 4 6 2 4
Transfers [transf/trip] 0 0 0 1
Distance to nearest bus stop [meter] 400 600 200 300
Utility -1,3924 -1,0124 -1,8876 -1,5476
Probability when compared to reference*
% of total** 25%

59%
37%

38%
16%

46%
22%

* probability of elderly choosing the scenario when they have to choose between the reference scenario and this scenario
** probability of elderly choosing the scenario when they have to choose between the reference scenario and the 3 other scenarios

Scenario 1: High frequent bus
This first scenario represents a public transport vision choice regarding the bus network in
Groningen. In Groningen, the pressure on the public transport system gets higher, since the
number of public transport users increases and the public transport usage per person gets
higher due to a mobility transition (Scheltes & Kwantes, 2019). The municipality of Gronin-
gen wants to develop and improve their public transport network to secure affordable and
future-proof high-quality public transport for the long term. Therefore, the public transport
vision Groningen 2040 is composed, which describes the headlines of the public transport
choices until 2040 and forms the basis for future public transport policy. One choice in
the public transport vision is to improve the bus network and reduce the travel time of the
city buses by stretching and straightening routes (Scheltes & Kwantes, 2019). The design
dilemma short in-vehcile times versus short access times needs to be considered here, since
stretching lines leads to a larger distance to the nearest bus stop. This choice is translated
into a scenario.

Figure 7.7: Scenario 1 (own work)

In this scenario the travel time is short, 20 minutes, and the distance to the nearest bus stop
is large, 600 meters. The frequency is high, with 6 buses departing per hour (one bus per 10
minutes). The costs of the trip are €1,50. The attribute values of this scenario are shown in
table 7.8.

Offering a bus option with higher frequency, low travel time and less travel cost will at-



64 7. Theory versus practice: the elderly in Groningen

tract elderly, even if the distance to the nearest bus stop is high. To increase the frequency
and decrease the travel time, the bus can not stop at too many places. Besides that, more
vehicles are needed and operational costs are higher. However, when travel time decreases,
less vehicles are needed again.

Scenario 2: Dense network with higher travel time

Figure 7.8: Scenario 2 (own work)

In this scenario, the network density is increased. The distance to the nearest bus stop is
very short, 200 meters. However, the travel time is higher now, since the bus needs to stop
at many places and is not driving in a straight line. This leads to an lower frequency as well.
The costs increased because of the higher travel time (in-vehicle time).

Table 7.8 shows the values of the attributes. Offering a bus option with a very small distance
to a bus stop, but higher travel time, costs and lower frequency is less attractive for the
elderly. This scenario is not only less attractive compared to the reference scenario, but also
compared to the two other scenarios.

Scenario 3: Combination of both

Figure 7.9: Scenario 3 (own work)

This scenario is a mix between scenario 1 and 2, between a dense and coarse bus network.
The design dilemma short-in vehicle times versus short access times and minimization of
transfers versus short waiting times is considered here. The travel time is higher compared
to a coarse network, but lower compared to a dense network, since there are less stops. Be-
cause of this, the frequency is higher compared to the dense network scenario. However,
this leads to a larger distance to the nearest bus stop for a part of the people compared to
the dense network scenario. One transfer has to be made during the trip, to switch from the
bus on a dense network to a bus on a coarse network. The values of the attributes of this
scenario are shown in table 7.8.
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Offering a bus option which combines lower distance to the bus stop and lower travel time
compared to the reference scenario, but having a transfer is a little less attractive for the
elderly. However, this scenario is more attractive compared to scenario 2.

7.4. Scenario analysis on LC choice model
The three developed scenarios are also tested on the classes of the Latent Class choice model,
which is estimated in in section 6.4. Where the MNL model is used to test which scenarios
are beneficial or disadvantageous for the elderly as a whole, the LC choice model is used to
test which scenarios are beneficial or disadvantageous for each of the four classes among the
elderly. The results of the estimated Latent class model are presented again in table 7.9.

Table 7.9: Class membership probabilities

Probabilities Class 1 Class 2 Class 3 Class 4
Class membership probability (πns) 7,2% 38,8% 43,3% 10,8%

Probability that an individual
who cannot cycle belongs to a class

2% 41% 54% 3%

Ability to cycle (Ablecycle) Probability that an individual
who can cycle belongs to a class

15% 27% 25% 33%

To compute the choice probabilities of the different scenarios for the classes, again the multi-
nomial logit probability function is used. The utility functions of the classes are provided in
equations 7.2 to 7.5, where 𝑖 represents the scenario. Only the significant parameters of
each class are used in the utility function.

𝑉፜፥ፚ፬፬ኻ። = −1.9 ∗ 𝑇𝐶። +−0.345 ∗ 𝑇𝐹። +−0.0025 ∗ 𝑆𝐷። (7.2)

𝑉፜፥ፚ፬፬ኼ። = −0.498 ∗ 𝑇𝐶። + 0.324 ∗ 𝐹𝑅𝐸𝑄። + 0.251 ∗ 𝑇𝐹። (7.3)

𝑉፜፥ፚ፬፬ኽ። = −0.271 ∗ 𝑇𝐶። +−0.968 ∗ 𝑇𝐹። +−0.0031 ∗ 𝑆𝐷። (7.4)

𝑉፜፥ፚ፬፬ኾ። = −0.92 ∗ 𝑇𝐶። + 0.211 ∗ 𝐹𝑅𝐸𝑄። +−0.637 ∗ 𝑇𝐹። +−0.127 ∗ 𝑇𝑇። (7.5)

The results of the scenarios in terms of utility and probability are presented in table 7.10.
Again two probabilities are estimated. The first percentage indicates the probability of elderly
choosing the scenario when they have to choose between the reference scenario and this
scenario. The second percentage indicates the probability that this scenario will be chosen
out of all four scenarios. The four classes with their preferences regarding the scenarios are
discusses below.

Class 1
The elderly in the first class do not have a clear preference for one scenario. The probability
that elderly in this class will choose a certain scenario is about 25% for all scenarios. An
explanation for this is that this class is most sensitive for ’travel costs’ and ’distance to the
nearest bus stop’. For each scenario, a decrease in distance to the nearest bus stop also
means an increase in travel costs, and vice versa. Therefore, this class judges the scenarios
almost equally.

Class 2
The elderly in class 2 prefer scenario 1: ’high frequent bus’. The least favorite scenario is
scenario 2: ’dense network and high travel time’. This can be explained by the fact that this
class does not consider distance to bus stop and prefers high frequency and low travel costs.

Class 3
The elderly in class 3 prefer scenario 2: ’dense network & high travel time’. They prefer
scenario 3: combination of both and scenario 1: ’high frequent bus’ the least. This can be
explained by the fact that this class only considers frequency, travel costs and transfers.
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Table 7.10: Scenario results of the four classes: utility and probability

Reference Scenario 1: High
frequent bus

Scenario 2: Dense network
& high travel time

Scenario 3: Combination
of both

Class 1
Utility -4,222 -4,338 -4,296 -4,319
Probability when compared to reference*
% of total** 27%

47%
24%

48%
25%

48%
24%

Class 2
Utility 0,4494 1,197 -0,348 0,7004
Probability when compared to reference*
and % of total** 21%

68%
44%

31%
9%

56%
27%

Class 3
Utility -1,6847 -2,2425 -1,154 -2,3467
Probability when compared to reference*
% of total** 21%

36%
15%

63%
45%

34%
14%

Class 4
Utility -4,53 -2,654 -5,863 -4,786
Probability when compared to reference*
% of total** 12%

87%
76%

21%
3%

44%
9%

* probability of elderly choosing the scenario when they have to choose between the reference scenario and this scenario
** probability of elderly choosing the scenario when they have to choose between the reference scenario and the 3 other
scenarios

Scenario 2 has the lowest distance to the nearest bus stop and no transfers and thus the
favourite scenario. On the other hand, scenario 1 has a very high distance to the nearest
bus stop, and scenario 2 has a medium distance to the nearest bus stop and a transfer.
Therefore, these scenarios are preferred the least.

Class 4
In this class, the elderly clearly prefer scenario 1: ’high frequent bus’ with a choice proba-
bility of 76% out of all scenarios. The scenarios 2: ’dense network high travel time’ and 3:
’combination of both’ are by far preferred the least. This becomes clear when looking at the
utility function of this class, indicating that for the elderly in this class lower travel costs and
travel time, high frequency and no transfers are very important. The scenarios 2 and 3 have
a lower distance to the nearest bus stop, but this is not important for the elderly in class 4.

7.5. Conclusion
This chapter analysed the bus usage of elderly in Groningen and compared it to the model
results of chapter 6. Besides that, the bus usage of elderly is compared to all bus users in
Groningen. Next, several scenarios are developed and tested. One of the scenarios repre-
sented the choice of the municipality of Groningen to stretch and straighten the bus lines.
The results of these scenarios provided insights in preferences of elderly regarding the net-
work design of the bus.

Based on the data from Groningen it can be concluded that elderly use the fast and high-
frequent Q-link lines the most, with 40% followed by the dense and low-frequent city bus
lines with 30%. This is in line with both the MNL and LC choice model results that most
elderly prefer fast and high-frequent bus services.

Practice shows differences between the bus usage of elderly and all bus users. First of all,
30% of the number of check-ins at the buses are by elderly. Secondly, on average, elderly
travel less distances. Thirdly, the bus usage of elderly is highest during off-peak hours, while
that of all users is highest during peak hours. Fourth, the bus line usage of all users is more
spread over the different bus lines, including Qliner buses and regional buses.

The analysis of the bus stop usage shows similarities between the elderly and all bus
users. The most used bus stops by elderly and the most used bus stops by all users have
much overlap. These stops are all nearby important facilities such as hospitals, stations,
shopping malls, residential care centers, park and ride places, and the city center. The bus
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stop which stands out the most for both the elderly and all users is ’Groningen, Hoofdstation’.
The only stop which is used extensively by all users and used very little by elderly is the bus
stop ’Groningen, Zernikeplein’, which is located next to Campus Groningen. Some bus stops
are more used by elderly, such as ’Groningen, W. Dreesstraat’. These stops are located in
areas nearby rental appartments for elderly, service flats, residential car centers or nearby
the hospital.

Also the most used origin-destination pairs show similarities between the OD-pairs used
by eldery and those used by all bus users. Only the OD pairs departing from or arriving at
’Groningen, Zernikeplein’ or ’Groningen, Nijenborgh’ are not popular to the elderly. As men-
tioned before, these stops are nearby Campus Groningen. Therefore, these stops are used
intensively by students and employees, and not by elderly.

Three scenarios are tested on the MNL model and LC choice model.
According to the MNL model, the elderly prefer the scenario representing a public trans-

port policy choice of the municipality of Groningen to stretch the bus lines. This scenario
has a low travel time, high frequency, and high distance to the nearest bus stop. Although
the distance to the nearest bus stop is high, this scenario is preffered the most by the elderly.

According to the LC choice model, the four classes have different preferences. The el-
derly in the first class do not have a preference for one of the scenarios. The probabilities
of choosing one of the scenarios is equally distributed. The elderly in class 2 have the same
preferences as resulting from the MNL model. This class might use the HOV network in-
cluding Q-link and Qliner buses the most. On the other hand, class 3 prefers the scenario
with the dense bus network the most. This class might use the city bus lines the most. The
elderly in class 4 clearly prefer scenario 2. This class might use the HOV network including
Q-link and Qliner buses the most, like class 2.





8
Conclusions, discussion and

recommendations
This research investigated the mode attributes and socio-demographic factors influencing the
bus usage and preferences of elderly in urban areas. This chapter first describes the conclusion
in section 8.1, by answering the sub research questions and main research question. Section
8.2 contains a discussion of the results of this research. After that, the chapter ends with the
recommendations for practice and future research.

8.1. Conclusions
The objective of this research was to find important socio-demographic characteristics and
mode attributes that influence the bus service preferences and bus usage of elderly in urban
areas in the Netherlands. Insight in individuals’ preferences and trade-offs was obtained
based on the choices made by respondents in the choice experiment. The presented results
and guidelines could be used in future research on mobility options for an ageing popula-
tion. At the same time, it could be used by governments to develop their bus network policy
to make it more attractive for elderly to stimulate their bus usage in order to keep them mo-
bile and participating in social and daily activities. This section answers the sub questions
and main research question of this research.

The first sub research question is formulated as folllows:

SQ 1: ”Which socio-demographic characteristics influence the bus usage of the elderly?”

Based on literature research and interviews with public transport and behaviour experts
different socio-demographic characteristics were selected, as shown in table 8.1. It can be
concluded based on cross-tables and the chi-square test that the socio-demographic char-
acteristics ’walking tool’, ’physically able to cycle’, ’car ownership’, ’driving license’, ’public
transport subscription’, and ’ability to reach nearest bus stop without help’ have a signif-
icant influence on the bus usage of elderly with the sign as expected from literature and
expert interviews. It was observed that elderly with a walking tool make use of the bus more
often. However, elderly who are not able to reach the bus stop without help, make less use
of the bus. Furthermore, it was observed that the bus usage is higher for elderly without
a car, elderly without a driving license and elderly having a transport subscription. Lastly,
elderly who are able to cycle make more use of the bus as well. However, this last result
needs to be taken with care, because the chi-square assumption for this socio-demographic
characteristic is violated. The socio-demographic characteristic ’taken to or from destination
by family or friends sometimes’ turned out to have a significant influence on the bus usage
of elderly, however, the direction of the sign is opposite to the direction expected from expert
interviews. It was observed that elderly who are taken to or from a destination sometimes by
friends or family are also using the bus more compared to the other elderly.

69
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Table 8.1: Comparison results of this research with expectations of literature and expert interviews

Socio-demographic
characteristics

Expected influence on bus
usage
(literature, expert interviews)

Influence on bus usage
results from research

Age - no
Gender (man use less) - no
Household situation -/+ no
Income - no
Walking tool + +
Physically able to cycle + +
Bicycle usage - no
Car ownership - -
Driving license - -
Taken to or from destination
by family or friends sometimes

- +

Valys usage - no
Public transport subscription + +
Ability to reach nearest bus
stop without help

+ +

Distance to nearest bus stop in
meters

- no

Distance to nearest bus stop in
minutes walking

- no

Mobile phone possession + no
Internet access mobile phone + no
Internet usage mobile phone + no
Usage of trip planner via
mobile phone

+ no

SQ 2: ”Which bus attributes are most important for the elderly, and to which extent?”

In the choice experiment the generic attributes ’travel time’, ’travel costs’, ’frequency’, ’trans-
fers’ and ’distance to nearest stop’ were included that apply to both alternatives. Results of
the MNL model estimation showed that all mode attributes have a negative effect on utility,
except from frequency. This indicates that for the elderly a higher travel time, higher travel
costs, having transfers, and a higher distance to the nearest bus stop are experienced as
negative. Frequency has a positive effect on the utility of a bus option, which indicates that
for the elderly a higher frequency is experienced as positive.

As can be seen in figure 8.1, travel costs has the largest influence on utility per unit
change since the steepness of this line is the highest, followed by transfers and frequency.
Looking at the impact on utility for the attribute level range used in the choice experiment,
again travel costs has the largest impact. Based on these findings, it can be concluded that
the travel costs are most important for the elderly followed by frequency, when looking at the
elderly as one group. For the attribute level range used in this choice experiment, transfers
had the lowest relative importance followed by distance to the nearest bus stop. The impor-
tance of travel costs is about three times higher compared to those attributes.
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Figure 8.1: Attributes and the change in utility for the values within the range (own work)

SQ 3: ”To which extent does heterogeneity in preferences exist among elderly regarding the
values of bus attributes, and to which socio-demographic characteristics can this unobserved

heterogeneity be attributed?”

It was examined if elderly with different socio-demographic characteristics are sensitive for
different bus attributes in two ways. First, the socio-demographic variables obtained from
the survey were included as interaction variables in the MNL model. Second, a Latent Class
Choice model with a class membership function was estimated.

Results of the MNL model estimation on the interaction effects showed that only a few inter-
actions are significant.

• Gender - transfers: Men are less sensitive to transfers than female.
• Age - travel costs: Elderly with higher age than 65-69 are less sensitive to travel cost.
• Age - travel time: Elderly aged 75-79 care also less about travel time than those aged
65-69.

• Income - travel costs: Elderly with higher (bruto) income are less sensitive to travel
costs.

• Walking tool - travel costs: The elderly using a walking tool consider travel costs as less
important than elderly without a walking tool.

• Driving license - travel costs: Elderly having a driving license consider travel costs as
less important.

• Distance to the nearest bus stop in minutes walking - travel costs: Elderly who have to
walk 6 minutes or more are less sensitive for travel costs than elderly who have to walk
0-2 minutes.

The heterogeneity in preferences has also been confirmed by the results of the estimation of
the Latent Class Choice model. Four classes were distinguished: 7% of the elderly belong
to class 1, 39% to class 2, 43% to class 3, and 11% to class 4 as visualised in figure 8.2.
However, the class membership parameter of class 4 did not become significant, and should
be interpreted as not being larger than class 1. Only the socio-demographic characteristic
’able to cycle’ can significantly explain the membership of the classes.

• Elderly in the first class clearly prefer a cheap bus option without ransfers, having a
low distance to the nearest bus stop. From the descriptive analysis it follows that this
class mainly consists of elderly who are able to cycle.

• The second class mainly consists of elderly with a high preference for a frequent bus
service. Remarkable in this class is the significant preference for transfers. There is
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significant dis-utility for travel costs, however, much lower than in the first class. El-
derly who are not able to cycle have a high chance to belong to this class. However, the
absolute number of elderly who can cycle will be higher.

• The third class is the largest class and has a high preference for a bus service with low
distance to the nearest bus stop and without transfers. Travel costs are less important
compared to the other classes. Elderly who are not able to cycle have the highest chance
to belong to this class. However, again, the absolute number of elderly who can cycle
will be higher.

• Elderly in the fourth class prefer low travel time, low travel costs, no transfers and
high frequency. The class membership parameter and ability to cycle parameter did
not become significant. Therefore, it can be concluded that this class is not significant
larger than class 1 and the probabilities being able to cycle are not significant larger
than in class 1.

Based on these results, the design dilemmas mentioned in section 3.3 come up again. The
first design dilemma ’short in-vehicle times versus short access times’ is of interest, since the
classes 1 and 3 prefer short access times, while the classes 2 and 4 prefer short in-vehicle
times. Besides that, the third design dilemma ’minimisation of transfers versus short waiting
times’ is of interest, since the classes 1 and 3 prefer no transfers, while the classes 2 and
4 high frequency, and thus short waiting times. Following from the results of the scenario
analysis, it can be concluded that the different classes have different preferences regarding
the bus network. The first class does not have a clear preference for one of the types of bus
networks. The classes 2 and 4, representing 50% of the elderly, prefer a network with fast
and high-frequent network, but with a large distance to the nearest bus stop. Another large
group, class 3 representing 43%, prefers a dense and low-frequent bus network, but with a
bus stop nearby.

Also from the findings in practice in can be concluded that there is heterogeneity in prefer-
ences among the elderly. The use of the different bus lines differs per type of line. The fast
and high-frequent Q-link lines are used the most, with 40%. The city bus lines with lower
distance to the bus stop and lower frequency are used second most, with 30%.
To get back to the main research question:

”Which factors influence the preference and use of bus services among elderly people in
urban areas of The Netherlands and what is the corresponding heterogeneity?”

The socio-demographic characteristics ’walking tool’, ’able to reach the bus stop without help,
’car possession’, ’driving license’, ’transport subscription’, ’taken/driven to or from destina-
tion by friends or family sometimes’, and ’able to cycle’ influence the bus usage of the elderly
significantly.

Besides that, the values of the bus attributes influence the bus choice of the elderly.
Travel costs has the largest negative effect on the bus preference per unit and frequency the
largest and only positive effect.

The socio-demographic characteristics gender, age, income, walking tool, driving license
and distance to the nearest bus stop in minutes walking influence the preferred value of the
attributes and thus indicates heterogeneity in preferences among the elderly.

Four classes can be distinguished among the elderly having different preferences. The
first class (7%) is very price sensitive and prefers a bus network without transfers and low
distance to the nearest bus stop. The second class (39%) prefers high-frequent bus networks
and are positive towards transfers. Class 3 (43%) highly prefers a bus stopping nearby and
without transfers. Class four (11%) prefers a fast and high-frequent bus network without
transfers. Only one the socio-demographic ’able to cycle’ can explain the class membership
significantly. The classes 1 and 4 consist of almost only elderly who are able to cycle. The
elderly who are not able to cycle are spread over the classes 2 and 3. It can be concluded
that elderly have opposite preferences regarding the values of bus attributes and opposite
preferences regarding the bus network.
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Figure 8.2: Classes of the LC choice model, size and important attributes per class (own work)
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8.2. Discussion
This section discusses the methodology and results of this research. First, the results of the
research are compared with results of previous studies. Second, the results of the models are
compared with results from literature and findings from practice. The findings from practice
result from data analysis of data from Groningen. Third, aspects related to the online survey
and respondents are discussed. Fourth, the remarkable findings are discussed. Last, the
limitations of this research are presented.

8.2.1. Comparison with previous research
The results of the research are compared with findings from previous studies. To the best of
the author’s knowledge, this study is unique, since no study has been conducted in order to
determine the socio-demographic factors and mode attributes that influence the choice for
bus specifically, and in The Netherlands. However, research has already been done towards
factors influencing mode choice and the choice for public transport specifically of elderly.
Factors from the literature review were selected and used in a Stated Preference experiment.
The factors obtained from literature studies and used in this research are compared, based
on their sign and significance. The results are shown in table 8.2.

Table 8.2: Comparison results of this research with results found in literature

Literature This research
Factors Sign Significance Sign Significance
Socio-demographic characteristics
Age - yes no
Gender (man use less) - yes no
Income - yes no
Household situation -/+ yes no
Driving license - yes - yes
Car available - yes - yes
Mobile phone possession + yes no
Walking tool + no + yes
Pt card owner + yes + yes
Bicycle ownership - no no
Attributes
Distance to stop - yes - yes
Travel time - yes - yes
Travel costs - yes - yes
Frequency + no + yes
Transfers - no - yes

The table shows that bicycle ownership was not significant from results obtained from liter-
ature and resulting from this research. This means that bicycle ownership does not have an
effect on the elderly’s bus choice. It can be seen that driving license, car availability and Pt
card possession are both significant in results found in literature and within this research.
The same applies for distance to stop, travel time and travel costs. However, age, gender,
income, household situation and mobile phone possession were significant in results found
in literature, but not within this research. Next to that, walking tool, frequency and transfer
were insignificant in results found in literature, but significant in results found within this
research.

Zijlstra et al. (2017) did a choice experiment among bus users where respondents had
to choose between two public transport alternatives. The alternatives were varying in type of
service, costs, travel time, punctuality, frequency and presence of other passengers. It was
found that costs was the most important attribute for choosing between the public transport
solutions. This is in line with the results found in this study, that costs has a high impact on
utility per unit. This is also in line with the results of the choice experiment from Bronsvoort
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(2019), where bus users in rural areas had to choose alternative public transport. Also here,
costs proved to be the most important attribute.

Yang et al. (2013) researched the heterogeneity in travel time among elderly. It was
found that elderly do not differ that much from other age groups in terms of their activity-
travel behaviour. The needs of the elderly do not differ that much from younger people. The
results of the MNL model estimation in our study is in line with these results. However, the
results of the estimated class choice model indicate differences in needs among the elderly,
and thus differences in needs compared to other age groups.

Hildebrand (2003) researched the heterogeneity in travel behaviour among elderly by
delineating the elderly into different lifestyle groups. It was found that the majority of elderly
will be highly mobile, while a smaller part will have disabilities. This is in line with our
research, since 79% of the respondents is still able to cycle, and 62% is still using the cycle.
Only 20,7% of the respondents is using a walking tool.

8.2.2. Comparison model results with literature and findings in Groningen
Data analysis on public transport chip card data of elderly and all bus users in Groningen
showed that the average travel distance of the elderly is a little lower than the travel distance
of the average bus user. This is in line with literature, as mentioned by Cui et al. (2017), and
findings from CBS (2018c). The bus usage of the elderly resulted to be the highest during
the afternoon at off peak hours and the bus usage of all bus users resulted to be the highest
during peak hours, which is also in line with literature (CBS, 2018c; Cui et al., 2017).

According to the scenario analysis on the MNL model, most elderly prefer a high frequent
bus service. Findings from practice confirm this, since data analysis showed that 40,3% of
the check-ins of elderly in Groningen were at the fast and high-frequent Q-link buses and
29,8% of the check-ins were at city bus lines with more stops and lower frequency. The other
30% were either Qliner buses or regional buses. That most elderly prefer a high frequent
bus option is also in line with research from KiM Netherlands Institute for Transport Policy
Analysis (2016), which showed that a fast and frequent public transport option is preferred
by most passengers. This is also in line with the scenario analysis on the LC choice model
with four classes, in which 7% of the elderly (class 1) do not have a specific preference, 50%
of the elderly (class 2 and 4) prefer a high-frequent bus, and 43% of the elderly (class 3) prefer
a dense network with low distance to the nearest bus stop.

8.2.3. Online survey and respondents
An online panel is used for data collection, which means that respondents received some
money for filling in the questionnaire. There is a risk that respondents did not fill in the
questionnaire seriously and only completed the questionnaire to receive the money. Fur-
thermore, the respondents were asked to answer 12 choice situations, which might have
been too many questions, resulting in fatigue to answer the last questions seriously. Besides
that, the elderly who do not have access to or do not have the skills to use a computer or
tablet with internet connection are not reached by using an online survey. According to CBS
(2019c), in 2018, 10% of the people aged 65 to 75 had never used internet. This was 32% of
the people aged 75 years and older. Together, this might reduce the quality of the data and
influence the results regarding the bus preferences. Elderly who not have a computer or do
not use internet might have other preferences regarding bus services. It might be preferable
for them to have direct bus services, since it is harder for them to get information about the
route without using internet.

The respondents include both bus users and non-bus users. It might be that non-bus
users consider this choice situations as less important and just answer those questions
without really thinking about their preferences according to bus attributes.

8.2.4. Remarkable findings
Our expectation was that a lot of elderly would prefer a bus service with a low distance to
the nearest bus stop and no transfers. However, according to the results from the models
and from practice, just a part of the elderly prefers this. Most of the elderly prefer a fast
high-frequent bus service. Next to that, our expectation was that elderly would care less
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about travel costs and travel time compared to the younger bus users. According to the
results though, travel costs has the highest impact on utility for the attribute range used
in this research. However, the sensitivity for the travel costs decreases with higher age.
An explanation for the importance of costs might be the high possession of car (80%) and
ability to cycle (79%) within the sample, which indicates that those elderly are probably still
self-sufficient in their transport, and choose for cheaper options.

The descriptive statistics of the sample showed that only 33% of the elderly owns a public
transport card including 65+ discount and 52% of the elderly do not have a public transport
card at all. The descriptive statistics also showed that 6,6% of the elderly uses the bus at
least once a month without a public transport card and 6,3% of the elderly uses the bus
at least once a month with a public transport card with other discount or without discount.
This is remarkable, since the results showed that elderly in general are very sensitive to travel
costs. It might be that those elderly do not know about the 65+ discount.

Remarkable interaction effects are those between gender and transfers, and walking tool
and travel costs. Men are less sensitive to have a transfer compared to women. According to
research of Derriks (2011) and Molengraaff (2016) women are generally more insecure and
sensitive to the factors that influence the risk perception on the road than men. It is possible
that this also applies for women travelling independently by public transport, where having
a transfer makes women more insecure.

Elderly with a walking tool are less sensitive for travel costs than elderly without a walking
tool. Research from Schmöcker et al. (2005) shows that people with walking difficulties make
fewer trips. Possibly those elderly are willing to pay more if they finally make a trip.

Another remarkable interaction effect is the effect between the distance to the nearest
bus stop in minutes walking and travel costs. Elderly who have to walk 6 minutes or more
are less sensitive for travel costs than elderly who have to walk 0-2 minutes. Two possible
explanations are that in this sample, elderly living closer to a bus stop have lower incomes,
or that elderly living more than 6 minutes walk from a bus stop make less use of the bus,
and therefore might not care about the price. However, cross-tables in appendix F.6 and F.7
disprove these explanations. It is unclear what another explanation might be.

According to the results of the Latent Class choice model with 4 classes, transfers contribute
to utility in a positive way. This is remarkable since elderly in general and bus users in gen-
eral dislike transfers. An explanation is that for most choice sets in the questionnaire the
bus option with the highest frequency also contained a transfer. Elderly who always choose
the bus option with the highest frequency most of the time choose the option with a transfer
as well. As a result, those elderly will both prefer frequency and transfers.

Our expectation was that the classes resulting from the Latent Class choice model with
4 classes could be explained by socio-demographic characteristics. However, only the socio-
demographic ’able to cycle’ can explain the class membership significantly. This indicates
that the elderly are all very different, and cannot be placed in boxes according to the socio-
demographic characteristics used in this research, except from ’able to cycle’. The classes 1
and 4 consisted of almost only elderly who are able to cycle. The elderly who are not able to
cycle are spread over the classes 2 and 3. This is remarkable, since we would expect that
elderly who are not able to cycle are less mobile. Therefore, is was expected that those elderly
would prefer a low distance to the nearest bus stop and thus would be member of class 3.

Another remarkable finding is the high bus usage of elderly in Groningen. Based on the
data, the elderly accounted for 30% to the total number of check-ins at the bus. This share
is very high compared to proportion of elderly in relation to the total population, which is
15%. Besides that, research from Zijlstra et al. (2017) showed that an estimated 5 to 8% of
the bus passengers is 65 years or older. In Groningen, this appears to be much higher.

8.2.5. Limitations of the research
This paragraph discusses the limitations of this research.
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Stated Preference Survey Design
First of all, a Stated Preference survey has been used for data collection. Respondents had
to make choices for hypothetical choice situations based on their own preferences. It is
unknown whether respondents would make this choice in reality. Besides that, no opt-out
option was included in the choice experiment to prevent that respondents would avoidmaking
difficult trade-offs. Respondents always had to choose between two bus options. There was
no choice to not make the trip or use another mode of transport. This made it impossible
to calculate thresholds for attribute levels corresponding with no longer willing to use one of
the bus options. Instead of this, insight is obtained into the preferences of elderly regarding
attribute values of the bus.

Second, a description of the weather at the time of the trip and the trip purpose were
included in the context of the choice experiment. It was assumed that the temperature was 17
degrees Celsius and no rainfall. Other weather forecasts could have resulted in other choices
and thus different parameter values. For example, rain or temperature might influence the
importance of less transfers and lower distance to the nearest bus stop.

Third, this research did not consider all bus attributes mentioned in section 3.4. In-
cluding more attributes would make it too complex for respondents, especially for elderly, to
answer the questions. Next to that, some attributes are left out because they are difficult
to manage or research. The attributes which are not considered could have an impact. For
example, access and egress and comfort might be important for elderly, such as availabil-
ity of seats. It is expected that these factors are of great influence for the bus choice and
preferences of the elderly.

Fourth, there are some limitations regarding the attribute levels in the choice experiment.
The used ranges for the attributes are limited. No conclusions can be drawn outside this
range. However, using another range might lead to other choices and results.

Data Groningen
The results of the model estimations in section 6 are compared with and applied to the bus
network and bus usage of elderly in Groningen. The public transport card data of elderly
having a public transport subscription including elderly discount is used for this compari-
son and application. However, there are elderly who make use of the bus without having a
subscription with discount or without having a public transport subscription at all. These
elderly are not considered and this is a limitation of the current findings.

Besides that, the bus usage of the elderly is compared with the bus usage of all bus users
in Groningen. This comparison is made based on elderly data of March 2019 and the total
bus use data of the year 2018. Since the data is not from the same period of time and same
year, the results of this research may differ from results when a comparison is made based
on data from the same year and same period.
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8.3. Recommendations
This section presents the recommendations for science in, practice, and policy based on the
conclusions and limitations of this research.

8.3.1. Recommendations for further scientific research
Include other attributes and attribute levels
As described in the discussion, this research only considered two bus options and five at-
tributes varying within these bus options. For further research, it is interesting to include
other alternatives, such as valys, wmo, customized transport, or if the elderly will use other
means of transport or will not travel at all. When other alternatives are included, it is likely
that the choice distribution will become different.

Only a limited amount of attributes is tested within the bus options in order to reduce
the complexity of the choice situations. For further research, it is interesting to include other
attributes related to this research, such as comfort and reliability of the bus service, to see
whether these attributes have an impact on the preference of elderly.

In this research, the attribute ’travel costs’ has an attribute level range between 1,50 euro
and 3,50 euro. It is interesting to test how the bus choice of the elderly will change when
the bus options are both for free, since the MNL model showed a high relative importance of
travel costs and in several cities elderly can travel by bus for a very low price or for free.

Use different contexts for the choice sets
In this research, the context was similar for all choice situations and respondents. However,
respondents might choose different options in a different context. For further research, the
context should be varied among the choice situations to see whether this has an impact on
the results.

Compare different samples and investigate if the research is also applicable for other types of
cities
The number of respondents per municipality was too low to compare the results between the
municipalities. For further research, it is interesting to research if there is a difference in bus
usage and bus choice among the elderly living in different municipalities by using a larger
sample from each municipality.

The respondents in this research were mainly bus users, only 51 of the respondents
never uses the bus. It is interesting for further research to see if elderly that make no use
of the bus at the moment have similar preferences compared to the bus users. Besides that,
to get a more complete picture of the bus usage of bus users and non-users and whether
this usage has changed, it is interesting to ask to what extent the elderly used the bus in the
past.

The choice model in this research was estimated on a sample with respondents living in
urban municipalities without tram and metro and can be applied to these cities. For further
research, it is interesting to research if elderly living in less urban areas or urban areas with
tram and metro are making the same choices.

Last, no research is done into the elderly who are not using a computer or internet. In
this research, only insight is obtained from elderly who are able to fill in a questionnaire
online. For policy making, it is important to also have information on the preferences and
bus usage of those non-digital elderly, since it is likely that they have different preferences.

Further research on a remarkable finding
As shown in the results of the MNL model with interaction effects, elderly who have to walk 6
minutes or more to reach the nearest bus stop are less sensitive for travel costs than elderly
who have to walk 0-2 minutes. Two possible explanations are that in this sample, elderly
living closer to a bus stop have lower incomes, or that elderly living more than 6 minutes
walk from a bus stop make less use of the bus, and therefore might not care about the price.
However, cross-tables in appendix F.6 and F.7 disprove these explanations. To explain this
finding, further research is required.
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Research the preferences of elderly without a car
The descriptive statistics of the survey showed that the car possession and driving license
possession was very high, with 80% and 81% respectively. Based on this, it can be assumed
that many of the elderly are still self-sufficient regarding their transport. It is interesting
for further research to investigate the preferences of elderly regarding transport when they
do not have a car and/or driving license any more, since it is likely that those elderly have
different preferences.

8.3.2. Recommendations for practice
Based on the parameter interpretation of the scenario analysis it can be concluded that
the preferences of bus services based on travel costs, travel time, frequency, transfers and
distance to nearest bus stop are divided among the elderly. On the one hand there is a group
that prefers high-frequent and fast buses, like the average non-elderly bus users, and on the
other hand there is a group that prefers low-frequent, low distance to bus stop bus services.
However, it is not possible to explain the differences among those groups based on their
socio-demographic variables. Further research can be done towards these groups regarding
the socio-demographic characteristics to investigate the nature of the heterogeneity among
the elderly. To do so, a questionnaire including more questions about socio-demographic
characteristics is required.

Another recommendation for further research is to use a bigger sample which can be
sorted into smaller groups based on similar observed socio-demographic characteristics. In
this research, some groups needed to be merged since the groups were too small, for ex-
ample the number of elderly who used the valys was 22, which is too little to draw reliable
conclusions. Possibly using a bigger sample with larger and more subgroups can contribute
to explain the heterogeneity in preferences among the elderly.

8.3.3. Recommendations for policy
Bus network design and public transport vision Groningen 2040
The research showed that the preferences of elderly regarding the use and type of bus service
is divided among the elderly. On the one hand there is a big group that prefers fast and
high-frequent bus services, like the average bus users, and on the other hand there is a
big group that prefers low-frequent bus services with low distance to the nearest bus stop.
The preferences are so heterogeneous that it is difficult to create an optimal network for the
elderly. Therefore, to meet the preferences of the different groups of elderly, it is advisable
to offer different types of bus services: fast and high-frequent bus services, and dense low-
frequent bus services.

One of the choices of the public transport vision Groningen 2040 is to stretch and
straighten the routes of city bus services to reduce travel time. Since a big group of el-
derly prefer the low-frequent bus services with a low distance to the nearest bus stop, which
are the characteristics of the city bus service in Groningen, it is advisable to not stretch and
straighten all the city bus services.

Bus price
Results of the MNL model showed that travel costs are the most important attribute for the
elderly when choosing a bus option. Therefore, it is advisable to offer bus services for lower
price or for free to stimulate the elderly to use the bus. A number of cities, such as Nijmegen
en Eindhoven, already experimented with offering (almost) free bus transportation, which led
to an increase of bus trips made by elderly. However, many of the cities are going to terminate
or already terminated the free bus transport, because of high costs. For many elderly this
means that they will stay at home more often. An option to reduce these high costs of offering
free public transport is to rise the age limit to which elderly are entitled to use the bus for
a reduced price or for free. Currently, the age limit is 65 years and older. However, the life
expectation of the current elderly is higher and they are more mobile compared to previous
elderly generations. For example, the age limit can be raised to the AOW pension age, which
raised as well, or to 70/75 years and older. Further research is required to examine if free
bus also stimulates the non- bus users to travel.
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In the current situation, elderly can already travel by bus with 34% discount. However,
the research showed that not all bus users use this discount and an explanation for this is
not clear. It is advisable to advertise more among the elderly that travelling with discount is
possible, since this might stimulate the elderly to use the bus.

Lower the threshold to use public transport
Not only the bus usage of the elderly is low, but also the usage of all other public transport
modes. This research shows that most of the elderly prefer a fast high-frequent bus service
and another important part of the elderly prefer a bus service without transfers and low
distance to the nearest bus stop. Currently, these types of bus services are already available
in The Netherlands, such as Q-link and city bus services in Groningen. Nevertheless, this
appears not to be sufficient for most elderly to use the bus. Probably, most elderly are not
used to travel by public transport, among other things due to the increase in car use. When
elderly are no longer able to use the car, it is a challenge to start using public transport. Using
public transport can be complicated, such as buying tickets and checking-in, especially if you
are disabled. According to SPoorPro (2018), 32% of the elderly has difficulties with travelling
by public transport. It is advisable to investigate how to make the switch from using the car
to using public transport easier. For example, in Zeeland ambassadors to make trips with
elderly to teach them how to use public transport. However, this is only being carried out at
local level. Further research could be done into this how to make it applicable throughout
the Netherlands.

Further research to other types of transport
The choice experiment used in this research can also be applied to choices between tram,
metro and train options. Since bus, tram, metro, and train are the same category public
transport, it is possible and likely that this would result in similar preferences in attribute
values. As mentioned before, the switch from car usage to public transport usage is difficult,
which might be a cause of the low public transport usage of elderly. Therefore, it is advisable
to do further research to transportation options which are easy to use, also for the elderly
who have no experience in usage.
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B
Literature review

In table B.1 an overview of the reviewed studies is given with the location of the study, age
group, study goals, type of factors, data source, and the used models.

99



100 B. Literature review

Ta
bl
e
B.
1:

St
ud
y
go
al
s,
fa
ct
or
ty
pe
s,
da
ta
an
d
m
od
el
s
us
ed

in
th
e
re
vi
ew

ed
st
ud
ie
s

St
ud

y
Lo

ca
tio

n
A
ge

gr
ou

p
St
ud

y
go

al
s

Ty
pe

of
fa
ct
or
s

D
at
a

M
od

el

[1
]

Th
e
N
et
he
rla
nd
s

60
+

In
ve
st
ig
at
in
g
he
te
ro
ge
ne
ity

w
ith
in

ag
ei
ng

po
pu
la
tio
n
to
de
te
ct
ho
m
og
en
ou
s
se
gm

en
ts

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-T
ra
ve
lp
ur
po
se
s

-T
ra
ns
po
rt
m
od
es

-T
ra
ve
lt
im
e
ex
pe
nd
itu
re

D
ut
ch

N
at
io
na
lT
ra
ve
lS
ur
ve
y
20
09

(a
ge
d
60
-6
4,
n=
26
81
,

ag
ed

65
-7
4,
n=
35
23
,

ag
ed

75
+,
n=
21
23
)

-D
es
cr
ip
tiv
e
an
al
ys
is

-C
hi
-s
qu
ar
e
au
to
m
at
ic

in
te
ra
ct
io
n
de
te
ct
io
n
an
al
ys
is

[2
]

Ei
nd
ho
ve
n,
Th
e
N
et
he
rla
nd
s

O
ld
er
ad
ul
ts

re
la
tiv
e
to
yo
un
ge
r

co
ho
rts

Pr
ed
ic
tin
g
th
e
ef
fe
ct
of
ag
e

on
nu
m
be
ro
ft
rip
s,
tra
ve
l

di
st
an
ce

an
d
m
od
e
ch
oi
ce

fo
rs
oc
ia
lt
rip
s

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-N
ei
gh
bo
rh
oo
d
in
fo
rm
at
io
n

Tw
o
da
ys
’s
oc
ia
li
nt
er
ac
tio
n
di
ar
ie
s

in
20
08

(n
=7
32
)

-D
es
cr
ip
tiv
e
an
al
ys
is

-R
eg
re
ss
io
n
m
od
el
an
al
ys
is

[3
]

D
en
ve
r,
C
ol
or
ad
o,
U
S

60
+

An
al
ys
in
g
tri
ps
,d
is
ta
nc
es
,

m
od
e
ch
oi
ce
s,
tri
p
pu
rp
os
es
,

tim
e
of
da
y
tra
ve
lc
ha
ra
ct
er
is
tic
s

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-T
rip

pu
rp
os
e

-T
rip

ch
ar
ac
te
ris
tic
s

A
24
-h
ou
rw

ee
kd
ay

tra
ve
la
ct
iv
iti
es

su
rv
ey

du
rin
g
oc
to
be
r2
00
9
an
d
ju
ne

20
10

by
th
e
D
en
ve
rr
eg
io
na
lC

ou
nc
il
of

G
ov
er
nm

en
t(
n=
69
66

ho
us
eh
ol
ds
,1

6,
21
0
pe
rs
on
s

-D
es
cr
ip
tiv
e
an
al
ys
is

-R
eg
re
ss
io
n
m
od
el

[4
]

D
en
m
ar
k,
N
or
w
ay

an
d

Sw
ed
en

40
-8
4

An
al
ys
in
g
ch
an
ge
s
in
tra
ve
l

an
d
ac
tiv
ity

pa
tte
rn
s
du
rin
g

th
e
lif
e
co
ur
se

an
d
id
en
tif
yi
ng

pe
rio
d,
ag
e
an
d
co
ho
rt
ef
fe
ct
s

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

Ag
gr
eg
at
ed

da
ta
th
ro
ug
h
N
at
io
na
l

Tr
av
el
Su

rv
ey
s
of
D
en
m
ar
k
(1
98
1
an
d

20
06
),
N
or
w
ay

(1
98
4/
19
85

an
d
20
05
)a
nd

Sw
ed
en

(1
98
4/
19
85

an
d
20
05
/2
00
6)
,n
=?

-D
es
cr
ip
tiv
e
an
al
ys
is

-C
oh
or
ta
na
ly
si
s

[5
]

N
ew

Ze
al
an
d

75
+

An
al
ys
in
g
th
e
im
pa
ct
s
of

liv
in
g
w
ith
ou
ta

ca
ro
n

on
lif
es
ty
le
an
d
qu
al
ity

of
lif
e

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

Fa
ce
-to
-fa
ce

in
te
rv
ie
w
s
by

O
ffi
ce

fo
r

Se
ni
or
C
iti
ze
ns
,N

ew
Ze
al
an
d
go
ve
rn
m
en
t

(n
=2
8
co
up
le
an
d
43

si
ng
le
)

-D
es
cr
ip
tiv
e
an
al
ys
is

[6
]

Br
is
ba
ne
,A

us
tra
lia

56
-8
7

Ex
pl
or
in
g
if
an
d
ho
w
su
bu
rb
an

en
vi
ro
nm

en
ts
im
pa
ct
ol
de
rp
eo
pl
e’
s

m
ob
ilit
y
an
d
th
ei
ru
se

of
di
ffe
re
nt
m
od
es

of
tra
ns
po
rt

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s-
N
ei
gh
bo
rh
oo
d
in
fo
rm
at
io
n

Tr
av
el
di
ar
y
an
d
G
PS

tra
ck
in
g
da
ta
fo
r

se
ve
n
co
ns
ec
ut
iv
e
da
ys
,

Se
m
i-s
tru
ct
ur
ed

in
te
rv
ie
w
s
(n
=1
3)

-D
es
cr
ip
tiv
e
an
al
ys
is

[7
]

R
ot
te
rd
am

,T
he

N
et
he
rla
nd
s

65
+

An
al
ys
in
g
ef
fe
ct
s
of
so
ci
o-

de
m
og
ra
ph
ic
,h
ea
lth
,t
rip
,

sp
at
ia
la
nd

w
ea
th
er
at
tri
bu
te
s

on
tri
p
m
ak
in
g
an
d
tra
ns
po
rt
m
od
e
ch
oi
ce

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-N
ei
gh
bo
rh
oo
d
in
fo
rm
at
io
n

-N
at
ur
al
en
vi
ro
nm

en
t

-T
rip

at
tri
bu
te
s

Tr
av
el
di
ar
y
da
ta
se
to
f2
01
2
an
d
20
13

(n
=1
47
)

-Z
er
o-
in
fla
te
d
ne
ga
tiv
e

bi
no
m
ia
lm

od
el

-M
ul
tin
om

ia
ll
og
it

re
gr
es
si
on

m
od
el

[8
]

W
as
hi
ng
to
n
St
at
e

65
+

An
al
ys
in
g
tra
ve
lp
at
te
rn
s
an
d
tra
ve
lm

od
e
ch
oi
ce

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-N
ei
gh
bo
rh
oo
d
in
fo
rm
at
io
n

-T
rip

at
tri
bu
te
s

-A
ct
iv
ity

pu
rp
os
e

20
00

Pu
ge
tS

ou
nd

Tr
an
sp
or
ta
tio
n
Pa

ne
l(
PS

TP
)d
at
a

(n
=4
21
)

-M
ul
tin
om

ia
ll
og
it
m
od
el

[9
]

Lo
nd
on
,U

K
65
+

U
nd
er
st
an
di
ng

m
od
e

ch
oi
ce

de
ci
si
on
s

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-M
od
e
at
tri
bu
te
s
/a
cc
es
si
bi
lit
y
va
ria
bl
es

LA
TS

(L
on
do
n
Ar
ea

Tr
av
el
Su

rv
ey
)2
00
1

(n
=8
01
2,
an
d
n=
24
27

yo
un
ge
rt
ha
n
65

w
ith

a
lo
ng
st
an
di
ng

he
al
th
pr
ob
le
m
)

-N
es
te
d
Lo
gi
tm

od
el

[1
0]

Ad
el
ai
de
,A

us
tra
lia

65
+

Ex
pl
or
in
g
fa
ct
or
s

in
flu
en
ci
ng

th
e
fre
qu
en
cy

of
pu
bl
ic
tra
ns
po
rt
us
e

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-M
od
e
at
tri
bu
te
s

Q
ue
st
io
nn
ai
re
20
10

(n
=1
77
)

-D
es
cr
ip
tiv
e
an
al
ys
is

-M
ul
tin
om

ia
ll
og
is
tic

re
gr
es
si
on

m
od
el

-M
ul
tip
le
co
rre

sp
on
de
nc
e

an
al
ys
is
m
od
el

[1
1]

M
on
tre
al
,C

an
ad
a

55
+

In
ve
st
ig
at
in
g
fa
ct
or
s

fa
ct
or
s
in
flu
en
ci
ng

m
od
e

ch
oi
ce

an
d
co
rre

sp
on
di
ng

tri
p
le
ng
th

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-N
ei
gh
bo
rh
oo
d
in
fo
rm
at
io
n

H
ou
se
ho
ld
tra
ve
ls
ur
ve
y
of
20
08

(n
=3
1,
63
1)

-J
oi
nt
di
sc
re
te
-c
on
tin
uo
us

m
od
el
an
al
ys
is

-S
pa
tia
lm

od
el
lin
g

[1
2]

N
or
th
R
hi
ne
-W

es
tp
ha
lia
,

G
er
m
an
y

60
+

Ex
pl
or
in
g
fa
ct
or
s

in
flu
en
ci
ng

m
ob
ilit
y

be
ha
vi
ou
ra
nd

fin
di
ng

cl
us
te
rs
w
ith

di
st
in
ct

m
ob
ilit
y
pa
tte
rn
s

-P
er
so
na
lc
ha
ra
ct
er
is
tic
s

-M
od
e
at
tri
bu
te
s/
in
fra
st
ru
ct
ur
e

-M
ob
ilit
y-
re
la
te
d
at
tit
ud
es

-P
er
ce
iv
ed

da
ng
er

C
om

pu
te
r-a

ss
is
te
d
te
le
ph
on
e
in
te
rv
ie
w
s
20
09
,

(n
=1
50
0)

-F
iv
e
re
gr
es
si
on

an
al
ys
es

W
he
re
:[
1]
(Y
an
g
&
M
es
ba
h,
20
13
);
[2
](
va
n
de
n
Be

rg
et
al
.,
20
11
);
[3
](
Bo

sc
hm

an
n
&
Br
ad
y,
20
13
);
[4
](
H
jo
rth
ol
et
al
.,
20
10
);
[5
](
D
av
ey
,2
01
9)
;[
6]
(Z
ei
tle
re
ta
l.,
20
12
);
[7
](
Bö

ck
er
et
al
.,
20
17
);

[8
](
Ki
m
&
U
lfa
rs
so
n,
20
04
);
[9
](
Sc
hm

öc
ke
re
ta
l.,
20
08
);
[1
0]
(T
ru
on
g
&
So

m
en
ah
al
li,
20
15
);
[1
1]
(M
on
iru
zz
am

an
et
al
.,
20
13
);
[1
2]
(H
au
st
ei
n,
20
11
)



C
Experimental Design

C.1. Efficient design in NGENE
EFFICIENT DESIGN

Design
;alts = alt1*, alt2*
;rows = 12
;eff = (mnl,d,mean)
;model:
U(alt1) = bTT[(u,-0.035,0)] * TT[20,30,40] + bTC[(u,-0.35,0)] * TC[1.5,2.5,3.5] + bF[(u,0,0.8)] *
F[1,4,8] + bTF[(u,-1.4,0)] * TF[0,1] + bSD[(u,-0.00225,0)] * SD[200,400,600]/
U(alt2) = bTT * TT + bTC * TC + bF * F + bTF * TF + bSD * SD
$

C.2. Pilot survey design
Table C.1: Choice situations for the pilot survey

Option A Option BChoice situation TT TC F TF SD TT TC F TF SD
1 30 1.5 1 0 400 30 3.5 8 1 400
2 30 3.5 8 0 200 30 1.5 4 1 600
3 30 3.5 8 0 600 30 1.5 1 1 200
4 20 1.5 4 1 600 40 3.5 4 0 200
5 20 2.5 1 0 400 40 2.5 8 1 400
6 30 2.5 4 1 600 30 2.5 1 0 200
7 20 3.5 1 1 200 40 1.5 8 0 600
8 40 2.5 8 0 400 20 2.5 1 1 400
9 40 2.5 1 0 600 20 2.5 8 1 200
10 40 3.5 4 1 200 20 1.5 4 0 600
11 40 1.5 4 1 200 20 3.5 4 0 600
12 20 1.5 8 1 400 40 3.5 1 0 400
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C.3. Final survey design
Table C.2: Choice situations for the final survey

Option A Option BChoice situation TT TC F TF SD TT TC F TF SD
1 30 3.5 8 0 600 30 1.5 1 1 200
2 20 1.5 8 1 200 40 3.5 1 0 600
3 30 2.5 1 0 600 30 2.5 8 1 200
4 40 3.5 1 0 200 20 1.5 8 1 600
5 40 1.5 1 0 200 20 3.5 8 1 600
6 30 1.5 4 1 600 30 3.5 4 0 200
7 30 3.5 8 0 200 30 1.5 4 1 600
8 40 2.5 4 1 400 20 2.5 1 0 400
9 40 2.5 8 1 400 20 2.5 1 0 400
10 20 3.5 4 1 400 40 1.5 4 0 400
11 20 2.5 1 1 400 40 2.5 8 0 400
12 20 1.5 4 0 600 40 3.5 4 1 200
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Final Stated Preference Survey Design
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E
Cities for sampling

In the figure below the municipalities are shown with the address density, degree of urbanity,
province, surface, share of 65+, and the number of inhabitants. The municipalities in red
are removed from the list.
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Results SP Final Survey
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F.1. Descriptive statistics frequency distribution
Table F.1: Frequency distribution socio-demographic characteristics sample compared to population

Socio-demographic variable Number of
respondents

Sample share Share NL Share municipalities
together

Gender
Male 141 55,1% 46% 45%
Female 115 44,9% 54% 54%

Age
65-69 72 28,1% 30,9% 30,3%
70-74 73 28,5% 26,9% 27,3%
75-79 75 29,3% 18,2% 18,0%
80-84 27 10,5% 12,6% 12,7%
85-89 8 3,1% 7,6% 7,7%
90-94 1 0,4% 3,1% 3,2%
95+ 0 0% 0,8% 0,8%

Income (Bruto)
less than 10.000 euro 6 2,3% (2,9%) 4%
10.000 - 20.000 euro 58 22,7% (28,3%) 50%
20.000 - 30.000 euro 50 19,5% (24,4%) 22%
30.000 - 40.000 euro 46 18,0% (22,4%) 11%
40.000 - 50.000 euro 26 10,2% (12,7%) 5%
50.000 - 100.000 euro 18 7,0% (8,8%) 6%
100.000 - 200.000 euro 1 0,4% (0,5%) 1%
200.000 euro or more 0 0,0% (0%) 0%
I don’t know/I don’t wanna say 51 19,9% (-) -

Driving license
Yes 207 80,9% 70%
No 49 19,1% 30%

Residence
Alkmaar 12 5% 4%
Amersfoort 7 3% 5%
Apeldoorn 14 5% 6%
Arnhem 12 5% 5%
Breda 16 6% 6%
Dordrecht 8 3% 4%
Eindhoven 18 7% 8%
Enschede 23 9% 5%
Groningen 12 5% 7%
Haarlem 15 6% 5%
Haarlemmermeer 12 5% 5%
Leeuwarden 9 4% 4%
Leiden 10 4% 4%
Maastricht 18 7% 4%
Nijmegen 15 6% 6%
Tilburg 19 7% 7%
Venlo 10 4% 3%
Zaanstad 16 6% 5%
Zwolle 10 4% 4%
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(a) Gender (own work, based on (CBS, 2018d))
(b) Drivers license (ownwork, based on (CBS,
2019a))

(c) Age (own work, based on(CBS, 2018d))

(d) Income (own work, based on (CBS, 2018d))
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Figure F.2: Gender distribution municipalities: sample data compared with CBS data (own work, based on (CBS, 2018d))

F.2. Representativeness sample check
Table F.2: Results of representativeness test of sample socio-demographic characteristics

Socio-demographic variable Chi-square p-value
Gender 17,322 0.000
Age 29,584 0.000
Income 60,900 0.000
Residence 11,862 0.854

Table F.3: Crosstable results of socio-demographic variables with bus usage

Socio-demographic variable sample mean population estimator
Gender 3,31 3,29
Age 3,31 3,34
Income 3,33 3,25
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F.3. Re-organizing segments and frequency distribution
• The age segments ’80-84 years’, ’85-89 years’, ’90-94 years’ and ’95+’ are taken together
to one segment called ’80+’.

• The income segments ’less than 10.000’ and ’10.000-20.000’ are taken together in ’less
than 20.000’. The last four segments are taken together into ’more than 40.000’.

• The bus usage segments ’1-4 days per week’ and ’5 days a week or more’ are taken
together into ’1 day per week or more’.

• The household situation segments ’single with children’ and ’single with children living
somewhere else’ are taken together into ’single with children (living at home or some-
where else)’. The same applies to ’together with a partner and children (living at home
or somewhere else)’.

• The walking tool segments are reclassified in the segments walking tool ’yes’ or ’no’.
• The public transport subscription segments ’yes without discount’ and ’yes including
different discount’ are taken together.

• The distance to nearest bus stop segments ’600-800 meters’, ’800-1000 meters’ and
’more than 1 km’ are taken together in the segment ’600 meters or more’.

• The walking distance in minutes to nearest bus stop segments ’8-10 minutes’ and ’more
than 10 minutes’ are taken together in the segment ’6 minutes or more’.

• The internet usage mobile phone segments ’1 time per week’, ’2 or 3 times per month’,
’1 time per month or less’ are taken together to the segment ’1 time per week or less’.
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Table F.4: Frequency distribution personal characteristics of respondents compared to population

Socio-demographic variable Number of
respondents

Sample share

Gender
Male 141 55,1%
Female 115 44,9%

Age
65-69 72 28,1%
70-74 73 28,5%
75-79 75 29,3%
80+ 36 14,1%

Household situation
Single without children 52 20,3%
Single with children living
at home or somewhere else

42 16,4%

Together without children 76 29,7%
Together with children living
at home orsomewhere else

86 33,6%

Income (Bruto)
less than 20.000 euro 64 25,0%
20.000 - 30.000 euro 50 19,5%
30.000 - 40.000 euro 46 18,0%
40.000 or more 45 17,6%
I don’t know 51 19,9%

Walking tool
Yes 53 20,7%
No 203 79,3%

Physically albe to cycle
Yes 203 79,3%
No 53 20,7%

Cycle usage
Yes 159 62,1%
No 24 9,4%

Car ownership household
Yes 204 79,7%
No 52 20,3%

Driving license
Yes 207 80,9%
No 49 19,1%
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Table F.5: Frequency distribution personal characteristics of respondents

Socio-demographic variable Number of
respondents

Sample share

Taken by friends/family
Yes 114 44,5%
No 142 55,5%

Valys usage
Yes 22 8,6%
No 234 91,4%

Bus usage
1 day per week or more 29 11,3%
1 - 3 days per month 49 19,1%
6 - 11 days per year 47 18,4%
5 days or less per year 75 29,3%
Never 56 21,9%

Public transport subscription
Yes, including 65+ discount 85 33,2%
Yes, without discount or other discount 39 15,2%
No 132 51,6%

Able to reach bus stop without help
Yes 239 19,1%
No 17 80,9%

Distance to nearest bus stop
0 - 200 meters 90 55,5%
200 - 400 meters 68 26,6%
400 - 600 meters 56 21,9%
600 meters or more 36 14,1%
I don’t know 56 21,9%

Walking distance in minutes to nearest bus stop
0 - 2 minutes 60 2,3%
2 - 4 minutes 66 25,8%
4 - 6 minutes 76 29,7%
6 minutes or more 47 18,4%
I don’t know 7 2,7%

Mobile phone possession
Yes 248 96,9%
No 8 3,1%

Internet access mobile phone
Yes 178 71,8%
No 70 28,2%

Internet usage mobile phone
One or several times per day 103 56%
A few times per week 34 19%
1 time per week or less 41 17%

Trip planner usage mobile phone
Yes 93 52%
No 85 48%
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F.4. Cross-tables
Table F.6: Cross-table Walking distance in minutes to nearest bus stop with bus usage

Bus usageWalking distance in minutes
to nearest bus stop 1 day per week

or more
1 - 3 days
per month

6 - 11 days
per year

5 days or less
per year

Never
Total

Count 5 9 13 17 16 600 - 2 minutes
% min distance 8,3% 15,0% 21,7% 28,3% 26,7% 100%
Count 11 13 14 17 11 662 - 4 minutes
% min distance 16,7% 19,7% 21,2% 25,8% 16,7% 100%
Count 8 15 15 27 11 764 - 6 minutes
% min distance 10,5% 19,7% 19,7% 35,5% 14,5% 100%
Count 5 12 5 12 13 476 minutes or

more % min distance 10,6% 25,5% 10,6% 25,5% 27,7% 100%
Count 0 0 0 2 5 7I don’t know
% min distance 0,0% 0,0% 0,0% 28,6% 71,4% 100%
Count 29 49 47 75 56 256Total
% min distance 11,3% 19,1% 18,4% 29,3% 21,9% 100%

Table F.7: Cross-table Walking distance in minutes to nearest bus stop with income

Income (Bruto)Walking distance in minutes
to nearest bus stop less than 20.000 20.000 - 30.000 30.000 - 40.000 40.000 or more I don’t know

Total

Count 16 12 8 14 10 600 - 2 minutes
% min distance 26,7% 20,0% 13,3% 23,3% 16,7% 100%
Count 15 17 8 9 17 662 - 4 minutes
% min distance 22,7% 25,8% 12,1% 13,6% 25,8% 100%
Count 13 15 21 13 14 764 - 6 minutes
% min distance 17,1% 19,7% 27,6% 17,1% 18,4% 100%
Count 18 6 8 8 7 476 minutes or

more % min distance 38,3% 12,8% 17,0% 17,0% 14,9% 100%
Count 2 0 1 1 3 7I don’t know
% min distance 28,6% 0,0% 14,3% 14,3% 42,9% 100%
Count 64 50 46 45 51 256Total
% min distance 25,0% 19,5% 18,0% 17,6% 19,9% 100%
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F.5. Chi-square tests socio-demographic characteristics
Table F.8: Chi-square test results for socio-demographic characteristics significant related to bus usage

Bus usage
Socio-demographic variable One day per week

or more (1)
1-3 days
per month (2)

6-11 days
per year (3)

5 days or less
per year (4)

Never (5)

(O) 6 13 8 8 18
(E) 6,0 10,1 9,7 15,5 11,6Yes
(%) 11,3% 24,5% 15,1% 15,1% 34,0%
(O) 23 36 39 67 38
(E) 23,0 38,9 37,3 59,5 44,4

Walking tool

No
(%) 11,3% 17,7% 19,2% 33,0% 18,7%

Pearson chi-square = 10,468
df = 4
p-value = 0,033
0 cells (0,0%) have expected
count less than 5.

(O) 22 40 39 66 36
(E) 23,0 38,9 37,3 59,5 44,4Yes
(%) 10,8% 19,7% 19,2% 32,5% 17,7%
(O) 7 9 8 9 20
(E) 6,0 10,1 9,7 15,5 11,6

Able to cycle

No
(%) 13,2% 17,0% 15,1% 17,0% 37,7%

Pearson chi-square = 11,906
df = 4
p-value = 0,018
0 cells (0,0%) have expected
count less than 5.

(O) 17 31 40 67 49
(E) 23,1 39,0 37,5 59,8 44,6Yes
(%) 8,3% 15,2% 19,6% 32,8% 24,0%
(O) 12 18 7 8 7
(E) 5,9 10,0 9,5 15,2 11,4

Car possession

No
(%) 23,1% 34,6% 13,5% 15,4% 13,5%

Pearson chi-square = 23,391
df = 4
p-value = 0,000
0 cells (0,0%) have expected c
ount less than 5.

(O) 19 35 37 66 50
(E) 23,4 39,6 38,0 60,6 45,3Yes
(%) 9,2% 16,9% 17,9% 31,9% 24,2%
(O) 10 14 10 9 6
(E) 5,6 9,4 9,0 14,4 10,7

Driving license

No
(%) 20,4% 28,6% 20,4% 18,4% 12,2%

Pearson chi-square = 12,405
df = 4
p-value = 0,015
0 cells (0,0%) have expected
count less than 5.

(O) 19 29 20 28 18
(E) 12,9 21,8 20,9 33,4 24,9Yes
(%) 16,7% 25,4% 17,5% 24,6% 15,8%
(O) 10 20 27 47 38
(E) 16,1 27,2 26,1 41,6 31,1

Taken by
friends/family

No
(%) 7,0% 14,1% 19,0% 33,1% 26,8%

Pearson chi-square = 14,557
df = 4
p-value = 0,006
0 cells (0,0%) have expected
count less than 5.

(O) 20 25 23 15 2
(E) 9,6 16,3 15,6 24,9 18,6

Yes, incl 65+
discount

(%) 23,5% 29,4% 27,1% 17,6% 2,4%
(O) 4 12 11 8 4
(E) 4,4 7,5 7,2 11,4 8,5

Yes, other/no
discount

(%) 10,3% 30,8% 28,2% 20,5% 10,3%
(O) 5 12 13 52 50
(E) 15,0 25,3 24,2 38,7 28,9

Transport subscription

No
(%) 3,8% 9,1% 9,8% 39,4% 37,9%

Pearson chi-square = 85,240
df = 8
p-value = 0,000
1 cells (6,7%) have expected
count less than 5.

(O) 27 46 45 75 46
(E) 27,1 45,7 43,9 70,0 52,3Yes
(%) 11,3% 19,2% 18,8% 31,4% 19,2%
(O) 2 3 2 0 10
(E) 1,9 3,3 3,1 5,0 3,7

Able to reach bus
stop without help

No
(%) 11,8% 17,6% 11,8% 0,0% 58,8%

Pearson chi-square = 17,155
df = 4
p-value = 0,002
5 cells (50,0%) have expected
count less than 5.

Total number of respondents 29 49 47 75 56
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G.1. Dummy coding
Table G.1: Dummy coding scheme for the personal characteristics

Gender GENDER
Male 1
Female 0
Age AGE1 AGE2 AGE3
80+ 1 0 0
75-79 0 1 0
70-74 0 0 1
65-69 0 0 0
Household situation HH1 HH2 HH3
Together with children living at home or somewhere else 1 0 0
Together without children 0 1 0
Single with children living at home or somewhere else 0 0 1
Single without children 0 0 0
Income (Bruto) INC1 INC2 INC3
40.000 or more 1 0 0
30.000 - 40.000 euro 0 1 0
20.000 - 30.000 euro 0 0 1
less than 20.000 0 0 0
Walking tool TOOL
Yes 1
No 0
Physically able to cycle ABLECYCLE
Yes 1
No 0
Cycle usage CYCLEUSE
Yes 1
No 0
Car ownership CAR
Yes 1
No 0
Driving license LICENSE
Yes 1
No 0
Taken to or from destination by friends/family sometimes TAKEN
Yes 1
No 0
Valys usage VALYS
Yes 1
No 0
Bus usage BUSU1 BUSU2 BUSU3 BUSU4
1 day per week or more 1 0 0 0
1-3 days per month 0 1 0 0
6-11 days per year 0 0 1 0
5 days or less per year 0 0 0 1
Never 0 0 0 0
Public transport subscription/ticket PTCARD1 PTCARD2
Yes, including 65+ discount 1 0
Yes, without discount or other discount 0 1
No 0 0
Able to get to nearest bus stop without help REACHBUS
Yes 1
No 0
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Table G.2: Dummy coding scheme for the personal characteristics

Distance to nearest bus stop DISTBUS1 DISTBUS2 DISTBUS3
600 meters or more 1 0 0
400 - 600 meters 0 1 0
200 - 400 meters 0 0 1
0 - 200 meters 0 0 0
Minutes to nearest bus stop DISTBUS1 DISTBUS2 DISTBUS3
6 minutes or more 1 0 0
4-6 minutes 0 1 0
2-4 minutes 0 0 1
0-2 minutes 0 0 0
Mobile phone posession MOBILE
Yes 1
No 0
Internet access mobile phone MOBINTER
Yes 1
No 0
Internet usage mobile phone MOBUSE1 MOBUSE2
One or several times per day 1 0
A few times per week 0 1
1 time per week or less 0 0
Trip planner usage mobile phone TRIPPLAN
Yes 1
No 0
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G.2. MNL model estimation results
G.2.1. Results of five estimated MNL models

MNL Final LL Rho-square Adjusted Rho-square Number of parameters % of parameters significant
[1] -1796.154 0.156 0.154 5 100%
[2] -1792.918 0.158 0.155 6 100%
[3] -1796.154 0.156 0.154 6 67%
[4] -1796.154 0.156 0.154 6 67%
[5] -1796.154 0.156 0.154 6 67%

Where:
[1] =MNL model with all parameters, no quadratic parameter components.
[2] =MNL model with all parameters, quadratic parameter component for frequency.
[3] =MNL model with all parameters, quadratic parameter component for distance to stop.
[4] =MNL model with all parameters, quadratic parameter compontent for transfers.
[5] =MNL model with all parameters, quadratic parameter component for travel time.

G.2.2. Parameter estimates of five estimated MNL models

MNL frequency frequency² distance to
bus stop

distance to
bus stop²

travel
costs

transfers transfers² travel
time

travel
time²

[1] parameter
estimate

0.109 -0.000958 -0.584 -0.290 -0.0271

t-value 13.17 -6.89 -20.31 -6.73 -9.68
p-value 0.00* 0.00* 0.00* 0.00* 0.00*

[2] parameter
estimate

0.357 -0.0269 -0.00114 -0.580 -0.364 -0.0316

t-value 3.65 -2.55 -7.22 -19.99 -6.99 -9.46
p-value 0.00* 0.01* 0.00* 0.00* 0.00* 0.00*

[3] parameter
estimate

0.109 -4.99e-13 -1.20e-006 -0.584 -0.290 -0.0271

t-value 13.17 0.00 0.00 -20.31 -6.73 -9.68
p-value 0.00* 1.00 1.00 0.00* 0.00* 0.00*

[4] parameter
estimate

0.109 -0.000958 -0.584 -0.145 -0.145 -0.0271

t-value 13.17 -6.89 -20.31 0.00 0.00 -9.68
p-value 0.00* 0.00* 0.00* 1.00 1.00 0.00*

[5] parameter
estimate

0.109 -0.000958 -0.584 -0.290 -3.09e-014 -0.00045

t-value 13.17 -6.89 -20.31 -6.73 0.00 0.00
p-value 0.00* 0.00* 0.00* 0.00* 1.00 1.00
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G.2.3. Biogeme syntax Multinomial Logit base model

G.2.4. Summary statistics Multinomial Logit base model
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G.3. MNL models with interaction effects
G.3.1. Biogeme syntax MNL model with interaction of license
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G.3.2. Estimation outcomes interaction effects

Travel Time Travel CostSocio-demographic variable
Value St error t-test p-value Value St error t-test p-value

Gender
Male -0,00143 0,00689 -0,21 0,84 -0,0595 0,0601 -0,99 0,32
Female -0,031 0,005 -6,2 0* -0,55 0,0434 -12,68 0*
Age
80+ 0,0157 0,0115 1,36 0,17 0,21 0,101 2,09 0,04*
75-79 0,0186 0,00919 2,02 0,04* 0,248 0,0821 3,02 0*
70-74 0,00319 0,00978 0,33 0,74 0,193 0,0864 2,23 0,03*
65-69 -0,041 0,00705 -5,82 0* -0,748 0,0642 -11,65 0*
Household situation
Together with children living at home or somewhere else -0,019 0,00953 -1,99 0,05 -0,135 0,084 -1,61 0,11
Together without children -0,00926 0,0096 -0,96 0,34 -0,0551 0,0834 -0,66 0,51
Single with children living at home or somewhere else -0,00483 0,011 -0,44 0,66 -0,0669 0,0951 -0,7 0,48
Single without children -0,0224 0,00722 -3,1 0* -0,515 0,0629 -8,2 0*
Income (Bruto)
40,000 or more 9,40E-05 0,0257 0 1 0,44 0,222 1,98 0,05
30,000 - 40,000 euro 0,0014 0,026 0,05 0,96 0,54 0,225 2,4 0,02*
20,000 - 30,000 euro 0,0146 0,0259 0,57 0,57 0,455 0,224 2,03 0,04*
less than 20,000 -0,0386 0,0249 -1,55 0,12 -1,05 0,216 -4,86 0*
Walking tool
Yes 0,0162 0,008 2,02 0,04* 0,175 0,069 2,53 0,01*
No -0,0357 0,004 -8,93 0* -0,624 0,0351 -17,8 0*
Physically able to cycle
Yes -0,0237 0,00806 -2,94 0* -0,194 0,0683 -2,84 0*
No -0,0139 0,00697 -1,99 0,05 -0,438 0,00697 -1,99 0,05
Cycle usage
Yes 0,0054 0,0138 0,39 0,7 0,0775 0,127 0,61 0,54
No1 -0,0425 0,0131 -3,24 0* -0,704 0,122 -5,78 0*
Car ownership
Yes -0,00444 0,0087 -0,51 0,61 0,146 0,077 1,9 0,06
No -0,0281 0,00781 -3,59 0* -0,699 0,0694 -10,07 0*
Driving license
Yes 0,00757 0,00986 0,77 0,44 0,27 0,0872 3,1 0*
No -0,0386 0,00913 -4,22 0* -0,808 0,081 -9,97 0*
Taken to or from destination by friends/family sometimes
Yes -0,00214 0,00694 -0,31 0,76 -0,0255 0,0606 -0,42 0,67
No -0,0308 0,00456 -6,76 0* -0,571 0,0395 -14,44 0*
Valys usage
Yes1 0,017 0,0114 1,5 0,13 0,0798 0,0991 0,8 0,42
No -0,0332 0,00363 -9,14 0* -0,588 0,0316 -18,61 0*
Bus usage
1 day per week or more -0,0176 0,013 -1,36 0,17 -0,147 0,108 -1,36 0,17
1-3 days per month 0,0125 0,00976 1,28 0,2 0,0746 0,076 0,98 0,33
6-11 days per year -0,00545 0,0105 -0,52 0,6 -0,0391 0,084 -0,46 0,64
5 days or less per year -0,00544 0,00771 -0,71 0,48 -2,51E-15 3,35E+04 0 1
Never -0,0303 0,00645 -4,7 0* -0,581 0,0423 -13,73 0*
Public transport subscription/ticket
Yes, including 65+ discount 7,62E-17 1,59E+03 0 1 7,62E-17 1,59E+03 0 1
Yes, without discount or other discount -1,30E-16 1,80e+308 0 1 -1,30E-16 1,80e+308 0 1
No -0,0271 0,00463 -5,86 0* -0,559 0,0403 -13,86 0*
Able to get to nearest bus stop without help
Yes -0,0213 0,0136 -1,57 0,12 -0,174 0,115 -1,52 0,13
No1 -0,0121 0,0131 -0,92 0,36 -0,421 0,11 -3,82 0*
Distance to nearest bus stop
600 meters or more -0,00171 0,011 -0,16 0,88 -0,000589 0,0943 -0,01 1
400 - 600 meters -0,0055 0,00922 -0,6 0,55 0,0265 0,0814 0,33 0,74
200 - 400 meters -0,00525 0,00894 -0,59 0,56 -0,0148 0,0781 -0,19 0,85
0 - 200 meters -0,0287 0,00574 -4,99 0* -0,588 0,0502 -11,71 0*
Minutes to nearest bus stop
6 minutes or more 0,0177 0,0101 1,76 0,08 0,19 0,0877 2,16 0,03*
4-6 minutes -0,00601 0,00997 -0,6 0,55 -0,0485 0,0874 -0,56 0,58
2-4 minutes -0,0119 0,00991 -1,2 0,23 0,0333 0,0874 0,38 0,7
0-2 minutes -0,0303 0,00705 -4,3 0* -0,626 0,062 -10,1 0*
Mobile phone posession
Yes 0,00139 0,0225 0,06 0,95 0,227 0,199 1,14 0,26
No1 -0,0331 0,0222 -1,49 0,14 -0,801 0,197 -4,07 0*
Internet access mobile phone
Yes 2,05E-17 5,98E+05 0 1 0,016 0,0606 0,26 0,79
No -0,0276 0,00641 -4,31 0* -0,588 0,0512 -11,49 0*
Internet usage mobile phone
One or several times per day -0,00345 0,0101 -0,34 0,73 0,141 0,0882 1,6 0,11
A few times per week -0,0201 0,0146 -1,38 0,17 -0,226 0,131 -1,72 0,09
1 time per week or less -0,0285 0,00867 -3,29 0* -0,623 0,0757 -8,23 0*
Reisplanner usage mobile phone
Yes -0,00185 0,00833 -0,22 0,82 0,0115 0,0726 0,16 0,87
No -0,0325 0,00577 -5,64 0* -0,581 0,051 -11,41 0*

Significant values are marked in green and with a * (p < 0.05)
ኻ = N < 30
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Frequency Frequency2Socio-demographic variable
Value St error t-test p-value Value St error t-test p-value

Gender
Male -0,00806 0,197 -0,04 0,97 0,000919 0,0212 0,04 0,97
Female 0,363 0,145 2,5 0,01* -0,0275 0,0157 -1,75 0,08
Age
80+ -0,0652 0,322 -0,2 0,84 0,00945 0,0346 0,27 0,78
75-79 -0,00106 0,258 0 1 0,000292 0,0278 0,01 0,99
70-74 0,0948 0,266 0,36 0,72 -0,00605 0,0285 -0,21 0,83
65-69 0,349 0,188 1,86 0,06 -0,0273 0,0202 -1,36 0,18
Household situation
Together with children living at home or somewhere else 0,349 0,273 1,28 0,2 -0,0332 0,0294 -1,13 0,26
Together without children 0,156 0,28 0,56 0,58 -0,0122 0,0302 -0,41 0,68
Single with children living at home or somewhere else 0,101 0,323 0,31 0,75 -0,00824 0,0348 -0,24 0,81
Single without children 0,186 0,213 0,87 0,38 -0,0115 0,023 -0,5 0,62
Income (Bruto)
40,000 or more 0,515 0,772 0,67 0,5 -0,0624 0,0827 -0,75 0,45
30,000 - 40,000 euro 0,508 0,786 0,65 0,52 -0,0658 0,0842 -0,78 0,43
20,000 - 30,000 euro 0,347 0,781 0,44 0,66 -0,0478 0,0837 -0,57 0,57
less than 20,000 -0,111 0,755 -0,15 0,88 0,0322 0,0808 0,4 0,69
Walking tool
Yes -0,223 0,239 -0,94 0,35 0,0212 0,0258 0,82 0,41
No 0,412 0,111 3,71 0* -0,032 0,0119 -2,68 0,01*
Physically able to cycle
Yes -0,113 0,239 -0,47 0,64 0,0118 0,0258 0,46 0,65
No 0,456 0,212 2,16 0,03* -0,037 0,0228 -1,62 0,11
Cycle usage
Yes -0,447 0,354 -1,26 0,21 0,0428 0,0379 1,13 0,26
No1 0,739 0,333 2,22 0,03* -0,063 0,0357 -1,77 0,08
Car ownership
Yes 0,0734 0,246 0,3 0,77 -0,0104 0,0265 -0,39 0,69
No 0,3 0,221 1,36 0,17 -0,0187 0,0237 -0,79 0,43
Driving license
Yes -0,248 0,259 -0,96 0,34 0,0197 0,0277 0,71 0,48
No 0,568 0,236 2,41 0,02* -0,0436 0,0251 -1,74 0,08
Taken to or from destination by friends/family sometimes
Yes 0,179 0,197 0,91 0,36 -0,0159 0,0212 -0,75 0,45
No 0,279 0,132 2,12 0,03* -0,0199 0,0142 -1,4 0,16
Valys usage
Yes1 0,1 0,342 0,29 0,77 -0,00958 0,0371 -0,26 0,8
No 0,35 0,103 3,4 0* -0,0262 0,0111 -2,37 0,02*
Bus usage
1 day per week or more 0,185 0,33 0,56 0,58 -0,0128 0,0353 -0,36 0,72
1-3 days per month 4,18E-05 0,259 0 1 0,00108 0,028 0,04 0,97
6-11 days per year -0,102 0,269 -0,38 0,7 0,0146 0,029 0,51 0,61
5 days or less per year 3,23E-16 7,02E+04 0 1 0,00268 0,00235 1,14 0,25
Never 0,366 0,137 2,67 0,01* -0,03 0,0148 -2,03 0,04*
Public transport subscription/ticket
Yes, including 65+ discount 0,123 0,219 0,56 0,57 -0,00955 0,0236 -0,41 0,69
Yes, without discount or other discount 0,127 0,289 0,44 0,66 -0,0103 0,031 -0,33 0,74
No 0,301 0,135 2,23 0,03* -0,0225 0,0145 -1,55 0,12
Able to get to nearest bus stop without help
Yes -0,376 0,401 -0,94 0,35 0,0348 0,043 0,81 0,42
No1 0,715 0,387 1,85 0,06 -0,06 0,0416 -1,44 0,15
Distance to nearest bus stop
600 meters or more 0,197 0,312 0,63 0,53 -0,0226 0,0335 -0,68 0,5
400 - 600 meters 0,356 0,267 1,34 0,18 -0,0422 0,0288 -1,47 0,14
200 - 400 meters -0,0662 0,254 -0,26 0,79 0,00383 0,0273 0,14 0,89
0 - 200 meters 0,268 0,165 1,62 0,1 -0,0153 0,0178 -0,86 0,39
Minutes to nearest bus stop
6 minutes or more 0,213 0,302 0,71 0,48 -0,0263 0,0326 -0,81 0,42
4-6 minutes 0,337 0,276 1,22 0,22 -0,0364 0,0297 -1,23 0,22
2-4 minutes 0,264 0,281 0,94 0,35 -0,0296 0,0303 -0,98 0,33
0-2 minutes 0,151 0,204 0,74 0,46 -0,00338 0,022 -0,15 0,88
Mobile phone posession
Yes -0,637 0,612 -1,04 0,3 0,0635 0,0657 0,97 0,33
No1 0,977 0,604 1,62 0,11 -0,0886 0,0648 -1,37 0,17
Internet access mobile phone
Yes 0,155 0,219 0,71 0,48 -0,0141 0,0236 -0,6 0,55
No 0,229 0,186 1,23 0,22 -0,015 0,0199 -0,75 0,45
Internet usage mobile phone
One or several times per day -0,113 0,29 -0,39 0,7 0,0132 0,0312 0,42 0,67
A few times per week 0,22 0,377 0,58 0,56 -0,0212 0,0403 -0,53 0,6
1 time per week or less 0,42 0,246 1,71 0,09 -0,0338 0,0265 -1,28 0,2
Reisplanner usage mobile phone
Yes -0,257 0,236 -1,09 0,28 0,0317 0,0254 1,25 0,21
No 0,517 0,168 3,08 0* -0,0455 0,0181 -2,51 0,01*

Significant values are marked in green and with a * (p < 0.05)
ኻ = N < 30
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Transfers Distance
to busstopSocio-demographic variable

Value St error t-test p-value Value St error t-test p-value
Gender
Male 0,245 0,105 2,34 0,02* -5,06E-05 0,000319 -0,16 0,87
Female -0,498 0,0772 -6,45 0* -0,00112 0,000233 -4,81 0*
Age
80+ 0,112 0,173 0,65 0,52 2,32E-05 0,000526 0,04 0,96
75-79 0,0406 0,139 0,29 0,77 -0,000172 0,000417 -0,41 0,68
70-74 -0,269 0,144 -1,87 0,06 0,00019 0,000433 0,44 0,66
65-69 -0,322 0,104 -3,09 0* -0,00116 0,000304 -3,82 0*
Household situation
Together with children living at home or somewhere else -0,0652 0,146 -0,45 0,66 -0,000319 0,000438 -0,73 0,47
Together without children -0,0758 0,149 -0,51 0,61 0,000132 0,000448 0,29 0,77
Single with children living at home or somewhere else -0,15 0,171 -0,88 0,38 -0,000391 0,000523 -0,75 0,46
Single without children -0,299 0,114 -2,62 0,01* -0,00103 0,000339 -3,05 0*
Income (Bruto)
40,000 or more 0,101 0,378 0,27 0,79 9,31E-05 0,00143 0,06 0,95
30,000 - 40,000 euro -0,24 0,386 -0,62 0,53 -0,000164 0,00145 -0,11 0,91
20,000 - 30,000 euro -0,103 0,383 -0,27 0,79 0,000266 0,00144 0,18 0,85
less than 20,000 -0,303 0,367 -0,82 0,41 -0,00123 0,00141 -0,87 0,38
Walking tool
Yes 0,138 0,124 1,11 0,27 -0,000226 0,000384 -0,59 0,56
No -0,399 0,0593 -6,72 0* -0,0011 0,000181 -6,08 0*
Physically able to cycle
Yes 0,0214 0,121 0,18 0,86 0,00063 0,000389 1,62 0,11
No -0,391 0,107 -3,66 0* -0,00164 0,000344 -4,78 0*
Cycle usage
Yes -0,0674 0,189 -0,36 0,72 -0,000556 0,000565 -0,98 0,33
No1 -0,31 0,178 -1,74 0,08 -0,000524 0,000531 -0,99 0,32
Car ownership
Yes 0,16 0,134 1,19 0,23 6,62E-05 0,000396 0,17 0,87
No -0,494 0,121 -4,09 0* -0,0012 0,000354 -3,39 0*
Driving license
Yes 0,12 0,143 0,84 0,4 0,000203 0,000431 0,47 0,64
No -0,467 0,132 -3,55 0* -0,00133 0,000395 -3,36 0*
Taken to or from destination by friends/family sometimes
Yes 0,0115 0,105 0,11 0,91 -4,62E-05 0,000321 -0,14 0,89
No -0,369 0,0698 -5,29 0* -0,00113 0,000213 -5,31 0*
Valys usage
Yes1 -0,01 0,184 -0,05 0,96 0,000406 0,000531 0,76 0,44
No -0,364 0,0545 -6,68 0* -0,00118 0,000168 -7,03 0*
Bus usage
1 day per week or more -0,0549 0,181 -0,3 0,76 -0,000193 0,000603 -0,32 0,75
1-3 days per month -0,017 0,138 -0,12 0,9 0,000662 0,00047 1,41 0,16
6-11 days per year -0,119 0,141 -0,84 0,4 0,000418 0,000498 0,84 0,4
5 days or less per year 4,43E-17 1,16E+05 0 1 0,000798 0,000384 2,08 0,04*
Never -0,338 0,0731 -4,62 0* -0,00159 0,000319 -4,98 0*
Public transport subscription/ticket
Yes, including 65+ discount -0,0972 0,117 -0,83 0,41 -0,000109 0,000356 -0,31 0,76
Yes, without discount or other discount -0,163 0,148 -1,1 0,27 -0,000288 0,000474 -0,61 0,54
No -0,309 0,0712 -4,34 0* -0,00107 0,000218 -4,92 0*
Able to get to nearest bus stop without help
Yes -0,321 0,198 -1,62 0,11 -0,321 0,198 -1,62 0,11
No1 -0,0692 0,191 -0,36 0,72 -0,00181 0,00068 -2,66 0,01*
Distance to nearest bus stop
600 meters or more -0,0174 0,165 -0,11 0,92 -0,000523 0,000528 -0,99 0,32
400 - 600 meters 0,122 0,14 0,87 0,38 0,000502 0,000426 1,18 0,24
200 - 400 meters 0,0649 0,135 0,48 0,63 0,00033 0,000411 0,8 0,42
0 - 200 meters -0,413 0,0888 -4,65 0* -0,00127 0,000266 -4,79 0*
Minutes to nearest bus stop
6 minutes or more -0,12 0,16 -0,75 0,45 -0,000333 0,000478 -0,7 0,49
4-6 minutes -0,0529 0,147 -0,36 0,72 -2,28E-05 0,000452 -0,05 0,96
2-4 minutes -0,216 0,152 -1,42 0,15 -0,00034 0,000449 -0,76 0,45
0-2 minutes -0,278 0,11 -2,53 0,01* -0,000984 0,000325 -3,03 0*
Mobile phone posession
Yes 0,0922 0,359 0,26 0,8 -0,000242 0,000919 -0,26 0,79
No1 -0,454 0,355 -1,28 0,2 -0,000909 0,000905 -1 0,31
Internet access mobile phone
Yes 0,0982 0,0887 1,11 0,27 0,000106 0,000357 0,3 0,77
No -0,433 0,0768 -5,64 0* -0,00123 0,0003 -4,11 0*
Internet usage mobile phone
One or several times per day 0,0516 0,155 0,33 0,74 0,000391 0,000475 0,82 0,41
A few times per week -0,0482 0,204 -0,24 0,81 -5,40E-05 0,000633 -0,09 0,93
1 time per week or less -0,363 0,133 -2,74 0,01* -0,00137 0,000406 -3,36 0*
Reisplanner usage mobile phone
Yes 0,107 0,125 0,85 0,39 0,000575 0,000387 1,48 0,14
No -0,391 0,0898 -4,35 0* -0,00143 0,000271 -5,27 0*

Significant values are marked in green and with a * (p < 0.05)
ኻ = N < 30
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G.3.3. Summary statistics MNL models with interaction effects

Table G.3: MNL interactions models Null LL, Final LL, RᎴ and Adjusted RᎴ

MNL df Null LL Final LL R Adjusted Rኼ

Base MNL with quadratic frequency 6 -2129,348 -1792,918 0,158 0,155
Gender 13 -2129,348 -1787,098 0,161 0,155
Age 27 -2129,348 -1773,142 0,167 0,155
Household situation 27 -2130,041 -1785,162 0,162 0,149
Income (Bruto) 27 -1705,142 -1421,415 0,166 0,151
Walking tool 13 -2129,348 -1785,163 0,162 0,156
Physically able to cycle 13 -2129,348 -1775,013 0,166 0,16
Cycle usage 13 -1688,507 -1382,537 0,181 0,174
Car ownership 13 -2129,348 -1789,648 0,16 0,153
Driving license 13 -2129,348 -1785,075 0,162 0,156
Taken to/from destination by friends/family sometimes 13 -2129,348 -1789,863 0,159 0,153
Valys usage 13 -2129,348 -1790,371 0,159 0,153
Bus usage 34 -2130,041 -1782,093 0,163 0,147
Public transport substricption/ticket 20 -2130,041 -1789,383 0,16 0,151
Able to get to nearest bus stop without help 13 -2129,348 -1781,363 0,163 0,157
Distance to nearest bus stop 27 -2079,442 -1739,549 0,163 0,15
Minutes to nearest bus stop 27 -2071,124 -1726,651 0,166 0,153
Mobile phone posession 13 -2129,348 -1790,184 0,159 0,153
Internet access mobile phone 13 -2062,806 -1737,069 0,158 0,152
Internet usage mobile phone 20 -1480,562 -1234,639 0,166 0,153
Reisplanner usage mobile phone 13 -1480,562 -1239,771 0,163 0,154
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G.4. Latent Class Choice model
G.4.1. Biogeme syntax LC choice model with 4 classes

Figure G.1: LC 4 class choice model biogem syntax
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G.4.2. Summary statistics LC choice model with four classes including ’able to
cycle’

Table G.4: Results Latent Class Choice model with 4 classes and personal characteristic ’Able to cycle’

Parameter Name Value Std err t-test p-value
Frequency BETA_FREQ_1 0,0355 0,0417 0,85 0,39

BETA_FREQ_2 0,324 0,0359 9,03 0,00*
BETA_FREQ_3 0,0507 0,0188 2,69 0,01*
BETA_FREQ_4 0,211 0,0343 6,14 0,00*

Distance to stop BETA_SD_1 -0,0025 0,0010 -2,44 0,01*
BETA_SD_2 0,0003 0,0004 0,75 0,45
BETA_SD_3 -0,0031 0,0003 -9,14 0,00*
BETA_SD_4 -0,0006 0,0004 -1,49 0,14

Travel cost BETA_TC_1 -1,90 0,289 -6,57 0,00*
BETA_TC_2 -0,498 0,0863 -5,77 0,00*
BETA_TC_3 -0,271 0,0685 -3,96 0,00*
BETA_TC_4 -0,92 0,146 -6,31 0,00*

Transfers BETA_TF_1 -0,345 0,167 -2,07 0,04*
BETA_TF_2 0,251 0,116 2,16 0,03*
BETA_TF_3 -0,968 0,108 -8,98 0,00*
BETA_TF_4 -0,637 0,188 -3,39 0,00*

Travel time BETA_TT_1 -0,027 0,0145 -1,82 0,07
BETA_TT_2 0,004 0,009 0,45 0,65
BETA_TT_3 -0,009 0,0063 -1,46 0,15
BETA_TT_4 -0,127 0,0177 -7,16 0,00*

Class membership parameter delta_s2 1,69 0,45 3,75 0,00*
delta_s3 1,80 0,438 4,10 0,00*
delta_s4 0,408 0,685 0,60 0,55

Able to cycle B_ABLECYCLE2 -1,12 0,488 -2,3 0,02*
B_ABLECYCLE3 -1,29 0,482 -2,68 0,01*
B_ABLECYCLE4 0,392 0,69 0,57 0,57

Significant values are marked in green and with a * (p < 0.05)
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G.5. Model estimations without non-bus users
G.5.1. Results MNL model without non-bus users

Parameter Value Robust Std err Robust t-test p-value
𝛽ፅፑፄፐ፥ 0.354 0.112 3.17 0.00*
𝛽ፅፑፄፐ፪ -0.0258 0.0120 -2.15 0.03*
𝛽ፒፃ -0.00104 0.000183 -5.68 0.00*
𝛽ፓፂ -0.597 0.0346 -17.25 0.00*
𝛽ፓፅ -0.346 0.0592 -5.85 0.00*
𝛽ፓፓ -0.0322 0.00398 -8.08 0.00*

G.5.2. Summary statistics MNL model without non-bus users

G.5.3. Results LC choice model without non-bus users

Parameter Name Value Std err t-test p-value
Frequency BETA_FREQ_1 0,352 0,0424 8,3 0,00*

BETA_FREQ_2 0,0551 0,0242 2,28 0,02*
BETA_FREQ_3 0,2 0,0322 6,2 0,00*
BETA_FREQ_4 0,0323 0,0385 0,84 0,40

Distance to stop BETA_SD_1 8,24E-05 0,000482 0,17 0,86
BETA_SD_2 -0,00285 0,000394 -7,23 0,00*
BETA_SD_3 -0,000654 0,000422 -1,55 0,12
BETA_SD_4 -0,00224 0,000906 -2,48 0,01*

Travel cost BETA_TC_1 -0,489 0,0995 -4,92 0,00*
BETA_TC_2 -0,259 0,083 -3,13 0,00*
BETA_TC_3 -0,946 0,136 -6,94 0,00*
BETA_TC_4 -1,81 0,267 -6,79 0,00*

Transfers BETA_TF_1 0,19 0,146 1,3 0,19
BETA_TF_2 -1,08 0,132 -8,19 0,00*
BETA_TF_3 -0,434 0,172 -2,53 0,01*
BETA_TF_4 -0,297 0,177 -1,68 0,09

Travel time BETA_TT_1 0,0118 0,011 1,07 0,28
BETA_TT_2 -0,0144 0,0081 -1,77 0,08
BETA_TT_3 -0,114 0,0149 -7,64 0,00*
BETA_TT_4 -0,0138 0,0144 0,95 0,34

Class membership parameter delta_s2 0,896 0,266 3,37 0,00*
delta_s3 1,21 0,264 4,58 0,00*
delta_s4 1,18 0,256 4,63 0,00*

Significant values are marked in green and with a * (p < 0.05)
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Table H.1: Usage of Q-link and city buses in Groningen, March 2019

Busline boardings (% of total)
1 2,66%
2 1,50%
3 10,76%
4 11,27%
5 8,89%
6 4,60%
15 0,63%

Q-link

100 0,01%
Q-link total 40,32%

7 5,27%
8 4,75%
9 7,99%
10 11,44%
12 0,18%
17 0,09%
26 0,05%

City service

27 0,01%
City service total 29,80%

Table H.2: Bus stops with relatively high number of check-ins by elderly (number of check-ins by elderly relative to number of
check-ins by bus users in total)

Bus stop Total people boarding
in 2018

Elderly boarding
march 2019

Elderly boarding
year 2019

Elderly boarding 2019
/ Total people boarding 2018

Groningen, W. Dreesstraat 11114 362 4344 39,1%
Groningen, Palmelaan 25712 562 6744 26,2%
Groningen, Groenestein 12461 242 2904 23,3%
Groningen, Curacaostraat 14209 271 3252 22,9%
Groningen, C.Jetsesstraat 12589 235 2820 22,4%
Groningen, Siersteenlaan 19101 317 3804 19,9%
Groningen, J. van Goyenstraat 16553 268 3216 19,4%
Haren, Raadhuisplein 30852 476 5712 18,5%
Groningen, Overwinningsplein 55274 840 10080 18,2%
Emmen, Centrum 27921 419 5028 18,0%
Groningen, MartiniZKH Hoofdingang 100209 1290 15480 15,4%
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