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Summary

Currently, transport accessibility is under pressure in urban regions where the demand for mobility is large and ever growing. Within this
system, public transport has the ability to deal with negative transport consequences such as traffic congestion, traffic accident and air
pollution (Ngoc, Hung, & Tuan, 2017) and simultaneously contribute to the 5xE; effective mobility, an efficient city, economy, environment
and equity (social cohesion) (van der Bijl, Maartens, & van Oort, 2016). In order to fulfil this role successfully, public transportation needs
to satisfy traveller needs to a high standard. In the Netherlands, the “OV-klantenbarometer” is the main customer satisfaction survey for
regional public transport. It is a national opinion survey of travellers in urban and regional public transport (CROW-KpVYV, n.d.). Although
overall appreciation of public transport has risen over recent years, the travel information provision in the event of disruptions has fallen in
the eyes of the traveller. In 2019, travellers only scored 55% satisfactory on travel information provision during disruptions, where the RET
scored below the national average with a 53% score (CROW-KpVV, 2018). The RET is the public transport operator in the metropolitan
region Rotterdam where this research has been conducted. The RET business plan stipulates that one of their objectives is to achieve an
overall score of 80% by 2021 in the “OV-klantenbarometer” (RET NV., 2019). A specific element in achieving that is to increase the score
on traveller information during disruption from 53% in 2019 to at least 70% by 2021. Currently RET struggle with a lack of insight in the
traveller experience during disruption, which has therefore been the starting point of this research. In order to link the RET information
provision during disruptions to the impact on the traveller experience, a different kind of research requirement arose than traditional
quantitative research. The next part of this summary will briefly describe the setup and approach of this research followed by the main
insights, conclusions and recommendations.

This research will focus on bus passengers only, because of my personal interest for the bus services. This interest comes from the fact
that the bus operates in free traffic and in urban areas where it has to deal with many different interferences, which makes it a challenging
mode of transport. Furthermore, it is often seen as a subordinated modality to trains, subways and trams, both in practice and in science.
In most public bus transport related research, the bus is merged with other modes of transport, such as the metro and tram. This results
in limited insight in the group of bus travellers and their specific experiences, behaviours and needs. Disruption is a negative experience
by definition, but it appears that both in practice and in research very little is known about the holistic experience of travellers during
disruptions and influence of traveller information on this. Therefore this research has been set out to study the traveller experience from
a holistic perspective during disruptions of RET bus traveller, specifically focussing on the role of information provision. The focus of this
research will be on assessing the current traveller information provision process and the role of the different actors involved. The overall
goal is to identify a set of opportunities for the RET to improve the traveller experience through the use of traveller information provision
during disruption.

This has led to the following main question for this research:

“How can RET use traveller experience insights and_traveller information provision to improve
the bus traveller experience during disruptions?”

Research methods

The research consists of three main sections: literature research, context research and user research to collect data and findings. Focusing
on the main aspects of traveller experiences, information provision and RET internal processes. The literature study is used to gain
background information on; traveller information needs during a regular and disrupted situation, the disruption handling from a traveller’s
perspective, and what determines the travellers experience, perceived service quality, and satisfaction.

The context research was conducted using RET internal documentation, working instructions and the RET business plan. This contributes
to gain insight into the RET's vision on traveller experiences, the different actors involved in the disruption handling process, and how
these actors contribute to the traveller information provision. The insights gained from this will be valuable at a later stage of this research
as they can be used as a benchmark for insights gained during the user research.

The user research consists out of two kinds of research; a field user research on the bus traveller and a field user research on the
other actors involved in the disruption handling and traveller information provision (the traffic controller, traveller information and bus

driver). For this research qualitative (design) methodologies were applied. The field user research on the bus traveller included; context
mapping, in-depth interviewing, a social media case study, and in-depth case study. These methods are used for their ability to unravel
the traveller experience from a holistic perspective and highlight how travellers perceive information and how that influences their
experience. Additionally, the customer journey mapping technique helped to the visualise and describe travellers’ actions and emotions
during disruptions. It is showing how the current service affects the traveller experiences. The case study is an in-depth analysis of an
unplanned disruption followed from different perspectives (Traveller, Bus Driver, Traffic controller and Traffic informant) and via various
traveller information channels. Which helped to expose the specific pain points for the traveller and at a later stage supports the RET
recommendations for improving the traveller information provision. For the field user research on the traffic controller, traveller informant
and bus driver observation and in-depth interviews are used to gain insights into their working environment, role during disruptions and
contributions to the traveller information provision.

Through analysing and interpreting each section separately some main findings on the topics were established. However, by combining all
three pillars through an inductive approach called synthesis, enabled this research to retrieve the value from the raw data, by identifying
important patterns and themes. The key insights are related to following themes: traveller experiences in reqular and disrupted situations,
traveller information needs during disruption, the traveller information provision process, perceived quality of traveller information during
disruption, workload and communication interfaces and systems. These themes are listed under the following elements: the traveller, the
traveller and RET (this is where the transfer of traveller information takes place) and the RET itself. In the last stage, opportunities are
derived from the key insights and presented in the form of a roadmap for RET.

This research has an exploratory character by looking at the human aspects through design methodologies in the field of public transport
engineering, which is typically characterised by quantitative research set-ups. Design methodologies were specially selected because they
can reveal the deeper layers of traveller needs, behaviours and emotions by studying them in a naturalistic environment. Furthermore,
this research includes the RET system, giving it a co-design character, which matches with the philosophy of design methodology. This
research contributes to getting the public transport engineering field acquainted with qualitative design methodologies, which are helpful
methods to gain insights in a specific context, problem by in-depth and extensive understanding of the reality and helps to understand
needs, wishes and the motivation of the users of the system. The is valuable to the research field because social-technical systems such
as public transport are better served when user-centric (qualitative) and techno-centric (quantitative) research methods are combined.
Hopefully, this research contributes to the further development of interdisciplinary research set-ups. Whereas more of these exploratory
research is desirable to explore further and established this new field.
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Key insights and conclusions:

At first, the Literature research has shown that traveller experience is strictly personal and includes cognitive, affective, emotional,
social, and physical responses to a public transport service (Gentile, Spiller, & Noci, 2007)). The traveller experience is influenced by
different components such as; perceived service quality, past experiences and traveller characteristics. The perceived service quality is
the difference between the actual service quality delivered by the operator and the expected service quality. Which are determined by
traveller needs which consist out of two aspects; basic traveller needs (Peek & van Hagen, 2002)(Peek & van Hagen, 2002) and personal
traveller needs related to the traveller characteristics. The experience ultimately determines the level of satisfaction, which can be seen
in the traveller satisfaction model, Figure | on the previous page. A service failure or perceived service gap occurs when a traveller's
experience does not match their expectations (Liljander & Strandvik, 1997). An adequate response to a service failure leads to lots of
‘goodwill" amongst customers, sometimes even more than when the service is delivered in line with expectations right away. This is also
known as the service recovery paradox (McCollough & Bharadwaj, 1992).
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This research revealed a phenomenon that appears during disruptions in public bus transport. First, the regular situation is taken as a
baseline, where the perceived service gap between RET and the traveller is not that wide, underpinned by the 75% traveller feedback
score (situation 1). Although, even without disruptions, the travellers experience some negative emotions, but they are in general quite
positive about their journey. This resulted from the field user-research, presented in a customer journey, shows the emotion curve of five
traveller during various phases of a regular bus trip (Figure Il). The positive peak moments are when sitting on the bus (=personal time)
and arriving at the destination. However, the peak moment of sitting on the bus can be negatively influenced by other factors such as
the cleanness and climate in the vehicle, behaviour of other passengers, etcetera. Negative emotions of stress, frustration and worry are
triggered by previous experiences; such as buses leaving earlier than planned, or uncertainty on leaving the bus at the right stop.
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Figure I1. Customer Journey Map of the five bus travellers for a regular trip based on the user research.

However, when a disruption occurs (situation 2), the gap instantly widens because the expected service of the traveller is diverging
further from the actual service delivery by RET. The increase of the service gap is influenced by how RET handles of the disruption (red
arrow). At that point, the traveller needs change because of the uncertainty the disruption brings. In general, disruption is perceived as
a negative experience for most travellers. As shown by the field user research, a disruption can trigger emotions of stress and anxiety
because the traveller ends up in an uncertain situation. The uncertainty is triggered from the moment the bus should have actually arrived
but is not there yet. A disruption can also trigger other emotions like frustration, and something even anger as travellers are no longer in
control of the situation. The extent of the impact, size of the gap, is dependent on factors like personality and travel motives. Which might
strengthen the negative impact even further (orange arrow).

This study has revealed that there is a third aspect which can increase or decrease the perceived service gap during disruption, and that
is the provision of traveller information (situation 3). Because when a traveller is notified on what is happing, they are empowered to make
practical decisions and reduce the level of uncertainty. The RET specific insights concluded that discrepancies and inefficiencies in the
system, combined with peak workload for the traffic controller and traveller informant, currently increases the gap between the desired
traveller information provision and the actual service delivered. The different travel motives, personalities and characteristics of the
traveller will influence the gap of the perceived service.

When zooming in on situation 3, the traveller information provision during disruption can be linked to the product-service model as
presented by Tomiyama (2001). This model consists of five elements: a provider, receiver, service, product and system. The provider
shares a service via a product with the receiver, supported by a system. The products & service received by the traveller (receiver) result
in an experience, which is a cognitive, affective, emotional, social, and physical response to this product & service (Gentile et al., 2007).
This experience defines the valuation of the products & service. When the valuation is not in line with the expectations of the traveller,
a perceived service gap occurs. Figure Ill, visualises the RET product service model, as defined by this research. What this research has
shown is that experience research can be a powerful tool to gain insight into the traveller perceived service quality and the valuation of
the product & service. The receiver is often not in direct contact with the system, but the system is providing the input to the product
and service. This means that the traveller experience and valuation of the service can also be used as indirect feedback on the system.
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Figure I11. Overview of the RET product service model.

This research has shown that essential and highly valuable information for the traveller during an unplanned disruption are; the cause
“(O), an estimated impact on journey time, the scale and duration of the cause (G, P), and alternative options (A). So-called ‘'OPGA-
information’. At the same time, this information should be shared timely, transparently and honestly. Furthermore, this information
should be consistent and accessible for travellers across various information channels. Currently, however, RET service failures lead to a
dissatisfying valuation of the information provision during disruptions by travellers, as can be seen by the score of only 55% satisfactory
on the customer satisfaction survey (CROW-KpVV, 2018). This research, among other things, discovered which attributes contribute to
this dissatisfaction of the traveller. Through the field user research and the in-depth case study on an unplanned disruption, this research
has revealed that the main service failures related to traveller information are: The inconsistency of traveller information across various
channels, the inconsistency in the ‘'OPGA-information’ provided or the complete lack of ‘'OPGA-information’. Furthermore, service failure
occur due to inaccurate timing and out-dated information provided. These service failures result in different emotional experiences, such
as frustration, confusion and anxiety, which lead to a valuation of the product and service as being unreliable and untrustworthy. These
service failures and experiences are ultimately caused by inconsistencies and inefficiencies in the underlying system.

The insights from a system perspective are divided into three categories; Operational, Technical and Cultural. Where Cultural aspects
are underlying and (can) influences both the technical systems as well as the operational procedures. Some of the main-insights are
elaborated below. The technical systems can be seen as supporting the operational procedures. One of the main aspects that cause in
the inconsistency between various channels is triggered by the current protocol on channels (products) usages by the Traveller Informant
for the different types of disruption. Furthermore the lack of clear guidelines of the ‘OPGA-text messages’ and the wide selection of
predetermined texts for the Traveller Informant makes that there is inconsistency of the ‘OPGA-information’. Another main insights is
caused by the communication interface by phone between the Traffic Controller and Traveller Informant, due to the peak workload of both,
this creating a hurdle to share information and therefore missing on certain problems or updates for the bus network. Resulting in lack
of ‘OPGA-Information’ and, or causing delays and decreased up-to-datedness. The peak workload of the Traffic Controller is determined
by the geometrical nature of the bus service operations, the operational procedures and practices and the experience and specific
knowledge of the individual. The peak workload of Traveller Informant is determined by the responsible for the traveller information of
three mobilities, the competence & knowledge, and some limitation in the support software. A main technical aspect is the difference in
automatic and manual generated information, leading to a delay in communication. Automatically generated information provides actual
information on departure and arrival times. there is information that is automatic sent when the Traffic Controller makes adjustments
on the bus service planning. However this does not consist of ‘OPGA-information” which is currently only generated manually. The
information that is of the highest value for the traveller during disruptions is a manually created by the Traveller Informant and takes
longer to reach the traveller than automatically generated information. Which results to the service failure of timing and up-to-datedness
of ‘'OPGA-information’.
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Also some cultural aspects have been found that negatively influence the system of traveller information during disruption. The hierarchical
company structure and the (unwritten) modality hierarchy of first the metro, then tram then bus, Results in the bus not always getting
the attention it needs from the Traveller Informant. This in turn, resulting in lack of ‘OPGA-information” and,or up-to-datedness of the
information. Furthermore, the negative reinforcement culture caused by the financial fines from the concession agreement with the
MRDH and the silo-thinking culture results in operational limitations for the Traffic Controller, which makes thinking from the traveller’s
perspective more difficult during disruptions.

The research insights clusters in operational, technical and cultural, are translated into opportunities for RET whereas they are divided in
the main pillars of: standardisation, travellers intimacy, improved efficiency and embracing digitisation. Figure IV gives an overview of the
recommendations for the RET.

2018:

A score of 53% on the topic traveller information
during disruption on the ‘OV-klantenbarometer

Traveller valuation of unreliable and distrustful, due
to service failures

(P —

2021:

A score of 70% on the topic traveller information
during disruption on the ‘OV-klantenbarometer

Traveller valuation of more reliable and trust full, by
reducing service failures.

——

Standardisation:
This pillar helps to improve clarity and
guarantees quality with the goal to
provide more consistency towards the
traveller.

e
Traveller intimacy:

This pillar helps to improve the

awareness of, and the alignment

with the travellers' needs. This will

contribute to become more traveller

N

Improved efficiency:
This pillar is focused on reducing the
peak workload and speed up the traveller
information  provision, through improved
alignment between different actors in the

7
Embrace digitalisation:
This pillar is focused on the
optimisation and digitalisation of
internal processes and external
products.

centric and improve travellers’
Clear strategy on the use of external empathy.
communication channels.

system and reduce the room for errors.
RETs' app improvement.
Improved communication interface between
Establish a customer panel. Traffic Controller and Traveller Informant. Upgrading of existing DRIS
Reduction of the drop-down signs and adding signs to stops
disruption options in the RIVER Improved communication Establishment of disruptions protocols for that currently do not have them.
system. standard for Twitter messaging. the bus Revive cooperation with 92920V.

\ \ y

Use the Bus Driver more actively Updating the geo-GUI system.
as a channel.
\ v

Additional resources and restructuring of

the traveller information role.

| Breaking down the walls. y
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Figure IV. Overview of the RET recommendations

Recommendations further research + practise.

For further research three main topics can be pointed out, namely on the data gathering, the methodology and research extension. They
will be described in further detail below. This research consists of a raw dataset of mainly qualitative data. As an example, quantitative
research methodologies can be used to gain more insights into the channel (product) use of travellers and their preferences. Combined
research would be valuable to gain more insights into the relationship of service failures, recovery, travellers needs and their behaviour
on a more generalised level. These further researches contribute to the validation of this research. By adding to the triangularity, and
transferability and application of this research in other settings. This research has explored applying design methodologies such as
context mapping in the field of public transport engineering. Further research into how design methodologies could be made more fitting
with engineering design would be interesting. This will contribute to enhancing interdisciplinary research from the beginning, by the
development of new, and adjustment of current methodologies to make them applicable in such research setups. Research extension
could go in two ways, first by using different samples and target groups to provide a better understanding of the traveller experience
from a broad perspective. The second part is to progress further through the double diamond design principle, whereas steps could be
taken further from the ideation phase to ‘design things right’ related the product & service side. Which will be a valuable addition to the
current recommendations focussing on the system side.
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e DR A better public bus traveller experience: Improving traveller information during disruption, for
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h . W\N A ' ! the faculty of CITG - TU Delft. To start off, the first section of this thesis will provide a general

introduction on the motivation for, and relevance of this research. This will include how this
research fits into the overall vision and goals of the RET where this research was conducted. This
will be followed by a general introduction on the topic of the pyramid of traveller needs. Which in
combination with the research motivation sets the objectives for this research out, of which the
research questions were deducted. In addition to the research conditions and constrains are briefly
mentioned. Followed by the research approach and general thesis outline.



1 = Introduction

1.1 Motivation

Since the year 2019 the transport accessibility is under pressure in urban regions where the demand for mobility is large and growing
fast. Public transport has the ability to deal with negative transport consequences such as traffic congestion, traffic accident and air
pollution (Ngoc, Hung, & Tuan, 2017) and simultaneously contribute to the 5xE; effective mobility, an efficient city, economy, environment
and equity (social cohesion)(van der Bijl, Maartens, & van Oort, 2016).

The level of customer service in public transport can and should be better. As in practice, it appears that public transport companies
do not always approach travellers as customers and insufficiently place themselves in their position(Grotenhuis, Wiegmans, & Rietveld,
2007). Processes are often designed from the perspective of the operator instead of the travellers(A. L. Durand, van Oort, & Hoogendoorn,
2018). The public transport sector should therefore become more market-oriented and competitive (Lai & Chen, 2011). This requires
a clear understanding of travel behaviour and consumer needs and expectations, to be able to improve the service quality which is
needed (Beirdo & Cabral, 2007). A lack of consciousness for the perceived service quality and missing quality management systems
are negatively influencing the customer satisfaction, passenger demand, investment decisions and revenue (Barron, Melo, Cohen, &
Anderson, 2013). Furthermore, it is the leading cause of the rapid growth of individual motorised traffic in cities (Ngoc et al., 2017). During
a service failure as a disruption is it is essential for the operator to respond adequately. Not giving this the right priority has a severe
impact on the loyalty and satisfaction of travellers, where an adequate response leads to a lot of “goodwill” among customers, sometimes
even more than when service is delivered right away (Hart, Heskett, Sasser Jr, & Sasser, 1989). During disrupted situations, passengers will
experience waiting times and services differently. By responding well to a disruption, any inconvenience is perceived as less inconvenient
(van Hagen & de Bruyn, 2012) and the perception of reliability and robustness rises significantly as the uncertainty reduces (Bruglieri
et al.,, 2015). Therefore, it becomes essential to measure the level of service to identify the potential strengths and weaknesses of public
transport systems (Beirdo & Cabral, 2007).

In the Netherlands, the ‘OV-klantenbarometer’ {PT-Customer satisfaction survey} is the customer satisfaction survey for regional public
transport. It is a national opinion survey of travellers in urban and regional public transport (CROW-KpVV, n.d.). Monsuur and ldzenga
(2016) analysed the results of the ‘OV-klantenbarometer’ for bus travellers from 2007 to 2014. The results indicate that for bus travels
the quality aspects ‘speed’, ‘frequency’ and ‘punctuality’ are the most important factors in the overall assessment of bus transportation.
Followed by ‘customer friendliness of the staff’ and ‘driving style of the driver’. Less well-scoring quality aspects, such as the fare and
the information during disruptions, weigh less heavily on the travellers overall opinion about public transport. The advice for public
transport operators and authorities was not to give these aspects the highest priority. The question is, however, was this the right advice?
If the occurrence of disruption is almost inherent to services (Wilson, Zeithaml, Bitner, & Gremler, 2016) and a disrupted situation is an
important issue for travellers, public transport operators and infrastructure managers (Yap, van Oort, van Nes, & van Arem, 2015). Figure
1, provides a graph with an overview of the public transport customer barometer grades for the bus since 2006 (excluding 2012 & 2013).
It presented the grades, nationwide and for RET specific, about information at the stop/station and information about delay/disruption.

30% 80%

70% 70%
50% 60%
50% 50%

10% 40%

50% 30%

2006 2007 2008 2009 2010 2011 ' 2014 2015 2016 2017 2018

mmm RET average score on information provision during disruptions
——National average score on information provision during disruptions

mmm RET average score on information provision
National average score on information provision

Figure 1. Yearly average ‘OV Klantenbarometer’ scores on the information provision since 2006 (CROW-KpVV, n.d.).
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The results of the ‘OV-klantenbarometer’, for the period from 2014 to 2017, still show that after the fare the information during disruption
had the lowest overall score (CROW-KpVYV, 2018). Overall the appreciation of public transport has risen however in the past few years,
travel information in the event of disruption has fallen in the customer judgment. Travelers now onlyscore 55% for this and the results of
the RET are even below the national average with a 53% score (CROW-KpVV, 2018). Not for nothing, that for years, information about
disruptions has been at the top of the list of points for improvements mentioned by the travellers. Striking, because there are more and
more means to provide the traveller with up-to-date information over the past few years, real-time information signs have been positioned
at many stops and in vehicles. Also, various travel-apps provide more and more real-time information. The grow of use of real-time
information services will continue. Although, these facilities appear to meet the customer needs in normal operation. Still, it turns out that
there is a different kind of need for information during disruption.

This research will focus on bus passengers only, driven by my personal interest for the bus services. This as it operates in free traffic and in
urban areas where it has to deal with many interferences, which makes it a challenging mode of transport. Furthermore, it is often seen as
a subordinated modality to trains, metros and trams in practice and science. However, bus transit services have an underestimated value
in the public transport network, however they are a fundamental aspect of implementing integrated and sustainable transit solutions
(Morton, Caulfield, & Anable, 2016). Moreover, bus services are often the only option when lack of space limits laying more asphalt or tram
rails as a possibility, and the subway expansion is costly, complicated and time-consuming. In most public bus transport related research,
the bus is merged with other modes of transport, such as the metro and tram. For these reasons | have decided to commit this research
to bus passengers only.

1.1.1  The RET aim

One of the RET's objectives is to score an 8 out of 10 by 2021 in ‘OV-klantenbarometer’ (RET NV., 2019). When making a journey more
comfortable and accessible, it turns out that traveller information during disruptions is an essential part of it. Therefore, it has been a
key point since 2012 and it is included in their business plan ever since. Their aim is to increase the score on traveller information during
disruption from a 59% to at least a 70% score Also, the principle of the RET the ‘Metropolitan region Rotterdam Den Haag' (MRDH)
stated in the concession requirements that they expect RET to actively inform travellers about connecting forms of transport that are
relevant to them. The efforts of the RET must lead to travellers increasingly appreciating the quality of the travel information. This should
result in 2020 in a rating for the travel information in general of at least a 75% and for travel information in the event of delays at least
65%. The results then should increase by at least 0.1 points every three years (MRDH, 2016). However, lack of insight into customer needs
limits RET in the interaction with the customer. Moreover, the interaction with the customer does not always meet his needs. The number
of disruptions has risen slowly in recent years, and the travel information in the event of disruptions is not in line with their ambitions for
customer satisfaction. This research will help to get more insight in the customer needs and provide a set of (practical recommendations)
which can contribute to achieving their goal.

1.2 Pyramid of travellers needs

In the sector of public transportation, the pyramid of traveller needs is used to define the quality of customer needs in different hierarchical
layers (Peek & van Hagen, 2002). The pyramid is analogous to the Maslow pyramid that hypothesised that within every human being there
exists a hierarchy of needs (Maslow, 1943).

The pyramid of traveller needs, figure 2, is divided in a lower section; the dissatisfiers such as safety, reliability, speed and ease and the
upper section; the satisfiers such as comfort and experience. Dissatisfiers are components that must be sufficient met or otherwise lead
to dissatisfaction. Satisfiers against this, do contribute to more satisfaction, but its absence does not necessarily lead to dissatisfaction
(Peek & van Hagen, 2002). A comment on the figure of the pyramid of traveller needs. The experience aspect is at the top of the pyramid
and is therefore assumed to be the least important, and this is not correct. Studies using in-depth interviews and associative techniques
found that enhancing the qualities of the satisfiers is far more important than passengers themselves realise (e.g.: Anable & Gatersleben,
2004; van Hagen & Bron, 2014; van Hagen & van Oort, 2019). Besides, experience occurs in all layers of the pyramid, because every
quality aspect has an objective and a subjective component. Experience is, therefore, not the correct name and can lead to confusion.
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Satisfiers

Dissatisfiers

Figure 2. The pyramid of traveller needs, including the aspects of the “OV-klantenbarometer” (Peek & van Hagen, 2002) (CROW-KpV'V, n.d.).

Traveller information about disruptions is a ‘dissatisfier’. This information is so fundamental nowadays that insufficient information leads
to dissatisfaction. However, traveller information has interfaces with more layers of the pyramid. Travel information could ease the journey
and improve the travel experience, by creating positive perceptions of waiting times, higher customer satisfaction and image about
public transport, and sense of security (e.g.: Beecroft & Pangbourne, 2015; Brakewood, Barbeau, & Watkins, 2014; Cats, Koutsopoulos,
Burghout, & Toledo, 2011; Papangelis, Nelson, Sripada, & Beecroft, 2016). This certainly also applies to traveller information in the event
of delays. A proper disruption handling and information provision also contribute to a better experience. This puts information at the
top of the pyramid. A disrupted journey with proper disruption handling, could result in a more memorable experience than if they had
a smooth journey. However, this positive effect on the experience will only be achieved if all other needs in the pyramid have been met
(Rijkswaterstaat, 2009). Until the 21th-century public transportation research mainly focused on components related to improving factors
such as availability, efficiency, reliability, safety, and comfort (Schweiger, 2003). These hard quality characteristics are more straight
forward to investigate using well-known research methods in transport engineering and are better measurable for public transport
operators. The operators have focused on improving the hard quality characteristics (bottom of the pyramid) resulting in overall satisfied
travellers as the overall satisfaction of public transport has stabilised around the 75% mark (CROW-KpVYV, 2017a). To be able to improve
traveller satisfaction further attention should be paid to the top of the pyramid, more soft quality characteristics. Travellers quality
perception is based on both hard and soft quality characteristics and the role of the soft qualities in the top of the pyramid is far more
important than passengers themselves realise (van Hagen & Bron, 2014; van Hagen & van Oort, 2019). This indicates how important it is
not to ignore the upper part of the pyramid. It provides opportunities for both research and the public transport sector to focus more on
these soft factors, especially the experience of customers. Eventually, this leads to higher customers satisfaction and a more attractive
public transportation service in the future (Cairns et al., 2004; van Hagen & van Oort, 2019).

However, there are some difficulties as this pyramid gives a general indication. Customer needs can be hard to define because often
customers do not even know what their needs are as well as on an individual level. The needs can be not as deterministically ordered. In
public transportation there are many different groups of customers [different; ages, gender, travel purpose, economic status,...] whom all
have different needs and expectations (Beirdo & Cabral, 2007). Thereby, going upward in the pyramid the size of the group that considers
it of interest decreases, and there are more and more differences between people concerning their wishes (Rijkswaterstaat, 2009). This
entails a direct challenge for public transport operators and the research field.
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1.3 Research objectives and questions

As stated above; by improving the information provision during disruptions in public transportation, a lot can be gained . Especially with
regard to customer satisfaction and loyalty, which requires a clear understanding of travel behaviour, needs and expectations (Beirdo
& Cabral, 2007). This reflection leads to the aim of this research which is to improve the understanding of travellers experiences and
information needs during disruptions in public transportation, to be able to take traveller-centric operational action that contributes to a
better experience.

The research will be conducted for the RET, department ‘Centrale Verkeersleiding (CVL)' {central traffic control}. The RET, The Rotterdam
Electrical Tram NV. is a Dutch transport company that is active in urban transport in and around the city of Rotterdam. Public transport
is carried out by tram, bus, metro and ferry. The CVL is responsible for the daily operations and supervision of the execution of the
exploitation.

The research contributes to the need of narrowing the gap between scientific research and practical needs. This is done by investigating
the importance of service quality attributes in public transportation from a travellers point of view. The current theoretical gap on the
holistic traveller experience of (bus)-travellers in the regular situation and disrupted situation. A goal also is to contribute a better
understanding of traveller information provision and how the current service gap occur on traveller information during disruption.
Furthermore this research contributes to the theoretical gap of apply design (qualitative) research methods in the field of public transport
engineering research. From the point of view that public transport is a social-technical system and that the traveller (user) is an important
part of it, and needs to be put at the centre. Various design research methodologies offer this possibility, The research contributes to
the practical gap at RET, to define the opportunities for improving their service experience of the bus-service and information provision
during disruption from a traveller perspective. The insights and opportunities could be of practical relevance to other public transport
operators and authorities.

Given the mentioned theoretical and practical gap and overall goal of RET, the main research question is as follows:

“How can RET use traveller experience insights and_traveller information provision to improve
the bus traveller experience during disruptions?”

To answer the main research question, the following sub-questions have been defined on the three topics:

Traveller (information) needs during regular and disrupted operations:
What are the traveller needs?
What are the traveller information needs during, a regular and disrupted situation?

Traveller experience during regular and disrupted operations:
What determines the traveller experience?
What is RET's vision on traveller experience?
What is the experience of travellers in public transportation? And how does this change during disruption?

The role of RET in the disruption handling and traveller information process:
What does the disruption handling process look like? And which actors are involved?
What does the traveller information provision process look like? And which actors are involved?
What is the perceived traveller information during disruptions for public bus travellers?



1.3.1 Conditions and constraints

This thesis will focus on urban public bus transportation. Trains, metros and trams are not part of the research scope. The primary
source of data used in the research is qualitative dataset. Theoretical research will be performed to identify and describe the theoretical
background of travel information (needs), disruptions and the perceived service quality and traveller experiences based on current
literature. Internal RET documents are used to describe the context, disruption handling process and information provision process. To
check the theoretical context with the practise in nature a field research is conduct by interview with, and observation on the Traffic control,
Traveller Informant and Bus Driver as they play an important role during disruption and in the information provision. To understand the
traveller needs, field user research is required to identify the experiences during the regular and disrupted situation, and the perceived
service quality of traveller information. Service design methods apply to this, as they are holistic, customer-focused approach that uses
design principles and processes to develop better services. This incorporates the needs and motivations of the employees and customers
involved in the service. The travellers experiences and needs are gained by field user research applying context mapping methodology,
which has its origin in design research. Because of the theoretical gap of applying design (qualitative) research methods in the field
of public transport engineering research this research has an exploratory character. The research only focusses on the RET and their
travellers, other public transport operators will not be considered. Digital exclusion, and social disadvantage of travellers are not included
in this field user research.

1.4 Research approach and outline

The research is divided into several successive phases: Opening, Background, Context, Research, Insights and Closing. The approach in
each these phases is described below, Figure 3 gives an overview of the research outline.

Background

The background phase consists of literature research on previously performed research. The following literature subjects will be elaborated
on: traveller information, disruption handling and travellers perceived service quality, experience and satisfaction. This section is closed
out by a literature summary and conclusions.

Context

The purpose of this section is to explain what RET does, what their mission is and where they currently stand. This section will describe
the overall context in which this research was conducted by describing RET, disruption and the traveller information context. This will
contribute to the insight into RETs vision on traveller experience, the different roles involved in the disruption handling process, and
how the roles contribute to the traveller information provision. Information is obtained by studying RET internal documentation, working
instructions and business plans.

Research

The research phase consists of three elements; the methodology description, the field user research on the bus-traveller, and the field user
research on the other actors (Travel Informant, Traffic Controller and Bus Driver). The methodology description includes a comparison
between traditional and design research, a general introduction to design research and a description of the methods applied in both field
user research. The field user research consists out of context mapping, in-depth interviews, social media study and an in-depth case
study. All to gain understanding and insight into the experience of bus travellers in the regular and disrupted situation how they perceive
traveller information and what determines their experience. The first findings of the research are stated in this section plus a customer
journey map including the emotion curve of a regular and disrupted trip are presented here.

The field user research for the other actors consists out of observations and in-depth interviews. Travel informant, Traffic controller and
Bus driver are the subject of this field user research due to their active roles during disruption and in the information provision process.
Observation and in-depth interviews are used to gain insights into their actual working environment and roles during a disruption in the
information provision process. The first findings of this research are also presented in this section.

Insights

In this phase, the results from the previous phases are analysed, interpreted and combined by using the ‘analysing on the wall’ technique.
The key insights are divided into different themes; traveller specific insights, traveller/RET interface related insights, RET specific insight
and finally a set of overarching insights. Hereafter all of these insights are combined and mapped in a model that will describe their
relationships, which will reveal the main contributing factors to a service failure during disruptions. These insights and their relationships
will be the basis for the next phase, the closing.

Closing

This phase consists of two elements, the conclusions and further research recommendations. In the conclusion, the gained insights reveal
a phenomenon that appears during disruptions in public bus transport. Which will be explained in detail before the main conclusions
are summarised. Based on these conclusions, a set of recommendations will be provided, which will answer the main research question.
The recommendations are visualised in a roadmap including four pillars of improvement. The final part of this section will reflect on the
research and will recommend further research and practices.

Research Research

Background

Context research

Literature research

Field user research
bus traveller

| Chapter 2,3,4,5 | 1 Chapter 6 | Chapter 7, Chapter 7,9
-Ll- Findings

Field user research
other actors

|
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L

Conclusions

Chajter 11
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Chapter 12

Figure 3. Thesis outline



Background

The introduction chapter shows the need for better understanding of traveller behaviour, needs
and expectations. The objective of this research is to improve the understanding of travellers
experiences during disruptions and unravelling their information needs in public transportation.
This, to be able to take travellers-centric operational action that contributes to a better experience
and lead to an overall higher travellers’ satisfaction. To achieve this it is important to understand
what earlier research points out. This section elaborates on existing literature, on the topics
traveller information, disruption handling and travellers perceived service quality, experience and
satisfaction. Every topic is addressed in a different chapter, but as there is a strong relationship
between these topics some overlap is unavoidable. The final Chapter 5 provides a summary and
conclusion on the findings from the literature study.



Z. Traveller information in public transport

Traveller information is aimed to improve traveller satisfaction. Although an understanding of the term ‘traveller information’ seems
obvious, further investigation quickly reveals that it reflects a vast field of problems. The information relates to different modes of travel,
different choices about departure times and routes. These choices are related to countless information about time, cost convenience,
security, etcetera. Traveller information can assist in the planning and execution of a trip, it can be relevant before and/or during a trip,
it can be historic, schedule-based or real-time, it can be generic or personalised, it can be there in all different formats (text, graphics,
audio) and it can be obtained via different channels. This diversity underlines both the scope of traveller information, but it also increases
complexity (Lyons, Avineri, Farag, & Harman, 2007).

This chapter focuses on what has already been found out about the information needs of travellers in a regular situation and during
disruptions. Firstly, in sub-chapter 2.1 an explanation is provided about the types of traveller information in public transport. There at the
importance of actual traveller information also explained. Furthermore is looked at what is known about the traveller information needs
of travellers in the regular and disrupted situation. Traveller information systems and working methods of the information system will be
discussed in the Section Context with focus on the case at RET.

2.1 Types of travel information

As the introduction made clear traveller information can take many different forms. For travel time information a distinction is made in
literature between static, dynamic and current information. In literature, these terms are often used interchangeably (A. Hendriks & Egeter,
2013). The difference between static and dynamic is clear however, the difference between dynamic and actual traveller information is not,
as can be read below.

The following definitions are generally used:
Static information: is the planned timetable, a route description; retrievable and insightful information about departure times,
arrival times, routes, travel times, distances etcetera. Information about the regular situation.
Dynamic information: is the situation confirming the planning and information about planned deviations from the timetable.
The refresh rate of the information is generally not high.
Actual information: is traveller information that includes unforeseen changes and deviations, such as an accident, traffic jams,
malfunctions, etcetera. It is dynamic traveller information with the highest refreshment rate

Furthermore, a distinction can also be made between individual and

collective information. Individual traveller information is specific for an Valuation/A
individual traveller and for his / her journey. Collective information is Needs /
general, generic information that is intended for everyone (Ministerie van Usage

Verkeer en Waterstaat, 2003). The value of static information is relatively
low. If information is dynamic or actual the value of traveller information
increases, see Figure 4. This is in contrast to most consumer products which
show a diminishing marginal return when an additional unit of consumption
are added after basic needs are satisfied. The value of information starts
to become very high and actual usage of the information increase if it is
multi-modal, personalised, reliable, intelligent, up-to-date, easy to access,
etcetera. So when traveller information is close to perfect the valuation
starts to increase exponentially. As a result, every aspect of traveller Static Dynamic Multi-modal, personalised,
information should be of a very high standard before it would be trusted information information  reliable, intelligent,actual,

and is seriously considered (Chorus, Molin, & van Wee, 2006). easy to access Information

Quality aspects
of information

Figure 4. Utility function for traveller information (Chorus et al., 2006).
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However, high-quality information could be a prerequisite of a successful transport service provision (ENEA, 2004). From a passenger’s
perspective it is not unreasonable to expect from an operator to provide high-quality information, especially in response to disruption.
Idem from an operator’s perspective transport, as with any other good or service, will not sell itself. High-quality information offers the
potential to unlock latent travel demand (Papangelis, Nelson, et al., 2016).

The growing amount of technological options make it easier to consult traveller information, with the emergence of the smart-phone,
mobile internet and Wi-Fi hotspots, in particular, making a significant breakthrough. This makes it possible to consult the most up-to-date
traveller information at any time. The impact and importance of actual traveller information on travellers behaviour will be discussed next.

2.1.1 The importance of real-time travel information
For actual traveller information, different terms are used like; advanced passenger information systems (APIS), real-time information (RTI),
real-time transit information (RTTI), and real-time passenger information (RTPI) (Brakewood & Watkins, 2019). In this research now on the
term, real-time passenger information (RTPI) will be used. The applications of RTPI were introduced from the mid-1980s.

Despite the complexity of RTPI, providing it prior and during journeys is extremely valuable for travellers (see Figure 4). Actual traveller
information could influence the travel behaviour, ease the journey and improve the travel experience, by creating positive perceptions
of wait times, increased willingness to pay, higher customer satisfaction and image about public transport, and sense of security (e.qg.:
Beecroft & Pangbourne, 2015; Brakewood et al., 2014; Cats et al., 2011; Ferris, Watkins, & Borning, 2010; Papangelis et al., 2016; Zhang,
Shen, & Clifton, 2008).

Figure 5, shows the decision-making process of passenger choice impacts of RTPI. Theoretically, RTPI impacts a travellers decision on
making a trip (travel choice), mode of transportation (mode choice), the specific route (route choice), the boarding stop (boarding stop
choice), and the time of departure to arrive at that time at that final stop (departure time choice) (Brakewood & Watkins, 2019).

Satisfaction with Perception of
transport personal security

Route choice

Boarding

5 Travel time
stop choice

Travel choice Mode choice

+ Departure —} Wait time

Transit use time choice

Figure 5. The decision-making process of travellers and relationship with real-time travel information (Brakewood & Watkins, 2019).

Waiting time is an important component that contributed to the quality experience of travellers, and greatly affected the overall
satisfaction (e.g.: Beirdo & Cabral, 2007; Dell'Olio, lbeas, & Cecin, 2011; St-Louis, Manaugh, van Lierop, & EI-Geneidy, 2014). Several
research studies are dedicated to understanding the impact of information on travellers’ wait time. All these studies show comparable
results; that RTPI reduces the perceived wait time but also the actual wait time. The actual wait time is only reduced as travellers are
informed of RTPI before arriving at the bus stop. So the traveller has the opportunity to optimise their bus stop arrival time and reducing
time spent waiting at the bus stop (Caulfield & O'Mahony, 2007, 2009; Dziekan & Vermeulen, 2006; Watkins, Ferris, Borning, Rutherford,
& Layton, 2011). Interesting about these research results is that it shows the impact of RTPI on wait time is travel mode-specific. Especially
for bus passengers, the experienced wait time is significantly reduced when using RTPI. The exact reason for this is not entirely known,
but an answer may be found in the results of Mascia (2003). She found that RTPI bus stop displays would potentially reduce wait time but
only for low frequent services. Bus services are more likely to be low frequent service than other modes of transport.
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Positive psychological effects are mainly related to the perception of control, feeling of security, reduction of uncertainty and increase in
ease of use (Schweiger, 2003). In an event of a disruption, RTPI makes it easier to look at journey alternatives and in therefore provides
more flexibility in unexpected situations. It is clear that such RTPI systems can be a benefit for travellers although such systems increase
complexity for the service provider and the operator. Such information systems require a comprehensive system-wide network for
gathering data on vehicle locations. While at the same time the apps that provide the RTPI should be well maintained (Corsar et al,,
2015). The following sub-chapter elaborates on the information needs and requirements for traveller information in reqular and disrupted
situation.

2.2 Traveller information needs

Although public transport is a collective good, travellers have many individual wishes. The demand for information is therefore diverse.
Travellers require different types of information pre-journey, en-route, and post-journey (Grotenhuis et al., 2007). Pre-journey activities,
such as planning, require information about available modes of transport, routes, timetable, and cost. Closely before and during the
journey, information relating to estimated arrival time, delays, network disruptions, and schedule changes are desired (Papangelis, Velaga,
et al., 2016). Several general wishes and behaviours can be formulated (Adviesdienst Verkeer en Vervoer, 2002).

The traveller wants:
accurate information or the most reliable prognosis.
the information that is as specific as possible.
customization.
to be taken seriously and approached.
freedom of choice.
wants a total story.
it as simple as possible and thinks in terms of what they already know.

Also, different personal characteristics and circumstances influence the extent to which people need traveller information. The choice
travellers, people who would and could travel by car and public transport, are more tending to consult traveller information than people
who only travel by car or public transport (van Beynen de Hoog, 2004). The need for traveller information is also greater for non-regular
journeys, because, for less frequent journeys people are less familiar with, for example, the route or the journey. Frequent travellers
needless information before the trip and more information during the trip. Less frequent travellers, on the other hand, have a greater
need for information for the full end to end journey (Chorus et al., 2006). Older travellers mainly need personal contact when requesting
information, while young people prefer telephone and electronic information (Hendriks, 2012). Travellers with an arrival time-sensitive trip
induce a higher willingness to acquire information and if the weather conditions are bad travellers consult more often information (van
Beynen de Hoog, 2004).

These are all fairly generic findings Still, it appears that in general little is known about the actual requirement of the traveller in terms
of traveller information. A large part of the knowledge about the need for traveller information is based on ex-post evaluation research.
Innovations in the field of traveller information are usually first marketed on a limited scale. Afterwards, it is investigated whether the
traveller is satisfied with the new product and whether large-scale introduction is desirable/possible. This “supply-oriented” approach
provides much valuable information but does not provide a clear picture of what information travellers need. At the moment, a clear
vision from the demand side is missing. An essential question in the further development of traveller information services is: “where is the
real pain of the traveller and how can the services be sharpened in such a way that they respond better to perceived urgency among the
travellers” (Tertoolen, de Vries, & Otto, 2015). The next sub-chapter zooms into a situation where the pain is high for travellers.
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2.2.1 Traveller information needs during disruption
The need for traveller information is the highest in disrupted situations where the traveller benefits from fast and reliable information.
However, during these circumstances, it is most difficult to provide reliable traveller information. The paradox is that travellers indicate
that the ability to take note, comprehend, retain and process the information during disruption is low and the ‘mental costs’ to derive
the right course of action is high. However, they also indicate that the reliability of the information is at its worst. This is often caused
by previous bad experiences that distrust them the information issued or advice given. As a result that during circumstances, traveller
information is at its worst as it should be at its best (Cheung, 2010; Chorus et al., 2006).

Much research has been conducted on an individual basis on the following topics: RTPI, disruption, and travel behaviour and experience
in public transportation. However, only a few kinds of research have focussed on public transport RTPI requirements during disruptions.
Papangelis et al. (2016;2016) is one of these and has focused on the experience and information needs of rural passengers during public
transport disruption. This has been done through qualitative research with a series of interviews and structured focus groups of public
transport passengers, transport operators and government agencies. The results of this study are relevant for this study as it combines
the topics of traveller information and disruption which are also main topics of this study. Some results are shared here.

Traveller information needs are related to different phases of the journey also for disruption a distinction into different phases can be
made. A disruption consists of different phases from pre-disruption to recovery. Different information is required in each phase. Figure
6 and Table 1, gives an overview of the different phases and their information requirements following from the research of (Papangelis,
Velags, et al., 2016). Papangelis et al. also found that bus travellers employed a copping strategy to encounter disruption by having a
“time buffer”. A time buffer is extra time a traveller will assume they need to still arrive at their destination at the desired time, also in case
something goes wrong.

Unexpected disruption

/\\/\

Notification of the
pending disruption

Measures to lessen the
effects of the disruption

Period before a

disruption occures
Pre-

disruption

The actual disruption
takes place

Normality resumes or
new normality emerges

Response Recovery

-

Expected disruption
Figure 6. Travel information per disruption phases (Papangelis, Velaga, et al., 2016).

Table 1. Travel information requirements per disruption phases (Papangelis, Velaga, et al., 2016)

Phase Traveller information requirements

Timely accurate and personalised (TAP) information about the upcoming service, as well as information about upcoming or current

Pre-di .
re-disruption (planned) disruptions.

Pre-trip: TAP notification regarding planned and ongoing disruptions.

Warmin o . . . . . . . . . ..
91 In-vehicle: information about own vehicle disruption, connecting services disruptions, and how these will affect the passengers’ journey.

TAP provision of information regarding alternative modes/routes/arrangements. The information is required during pre-trip, at the

R
esponse boarding point, and in-vehicle.

Impact | TAP updates on the current situation, planning facility and prediction of how long the disruption will last.

Recovery | TAP information similar to pre-disruption phase or tailored to maintain the new travel behaviour or encourage particular options.
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Disruption is a negative situation by definition and traveller can develop highly negative feelings. Each individual experiences disruption
differently, depending among other things on personality and previous experiences. The provision of RTPI during disruptions, however,
has the potential to significantly improve the passenger comfort level, decrease anxiety levels and influences their travel behaviour
(e.g.: Brakewood & Watkins, 2019; Papangelis, Velags, et al., 2016; Politis, Papaioannou, Basbas, & Dimitriadis, 2010). Even though the
number of RTPI-systems has significantly increased its role in supporting travellers during service disruption is poorly understood. Public
transport operators provide everyone with general information (Brakewood & Watkins, 2019). That works well if there is no disruption.
However during a disruption many people have different expectations from the public transport system (Ministerie van Verkeer en
Waterstaat, 2003).Besides, the response to disruption is influenced by many factors from demographical, to social to specific personal
and psychological components, see Figure 7.

Area

Social
Personal

o The available transport options Psychological

. . . Social status
« The available information ° ' u « Socio-economic factors R
« Social norms esponse to

. Resili £ it ) . . o Traits . .
estlience of community « Passengers social network Purpose of journey . Temperament disruption
« Previous experience P .
o Personality

Cogntive biases

Figure 7. Factors that influence the traveller response to a disruptions (Papangelis, Velags, et al., 2016).

2.3 Traveller information channels

There is very little recent research in the public transport sector on the usage of traveller information channels in the Netherlands. Due to
the rapid technological developments of the last decades, the rise of the mobile phone and mobile internet, there is a change in the use
of traveller information channels among travellers (Barbeau, Borning, & Watkins, 2014). As a result, older studies are quickly becoming
outdated due to the emergence of these new channels.

In 2011, RET (RET NV., 2011) did a sample among of its 200 travellers in order to gain more insight into which channels travellers use in
a regular situation, for example to get information about the timetabling and preference in the case of a delay or cancellation/diversion.
Table 2, shows the results of this study. A gap in this RET study is that mobile applications are not included. This could explain why the
DRIS signs are mentioned in the first place because this is the only digital information channel at the stops. Moreover, station and in-
vehicle announcements are indicated as a suitable way to reach the traveller during disruption. Personal contact with a RET employee on
site is also appreciated. Interesting is to see that Twitter already takes on the 6ste place as preferred channel. Chapter 3.2.2 elaborates
more on the role of social media in public transportation nowadays.

Table 2. Overview of the prefered information channels (RET NV., 2011).

Regular timetable Delay Cancellation/diversion
1] 92920V website DRIS DRIS
2| RET website Station and in-vehicle announcements Station and in-vehicle announcements
3] DRIS RET website RET Employee
4| 92920V by telephone 92920V website RET website
5| RET service point RET Employee 92920V website
6 | RET customer centre by telephone Twitter Twitter
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3 Disruption and handling from a travellers perspective

Disruption is ‘a disturbance or problems which interrupt an event, activity, or process' (Oxford Dictionary of English, 2010). Disruption is
an important issue for passengers, public transport operators and infrastructure managers (Yap et al., 2015). For a traveller, disruptions
is a disturbance or problems which interrupt the smooth travel experience of a passenger. So there is a difference between the actual
disruption (operational disruption) and the perceived disruption by the travellers. Besides, the traveller may experience a perceived
disruption even in cases when there is no actual disruption.
Actual disruptions (Operational disruptions): Disruptions when there are bus delays, route diversions or cancellations. They can
be caused by internal and external factors. Internal factors like; technical failures, staff shortage, material shortage. External factors
like; traffic situation, weather, accidents
Perceived disruptions: Disruptions that occur when a fundamental traveller expectation is not met, like not having a seat,
uncleanness of the bus, impolite Bus Driver, and others. The perceived disruption is linked to the perceived service quality. This is
explained in the next chapter.

The occurrence of disruptions is almost inherent to public transportation service and unavoidable. In this research, the scope has been
set to include only negative critical incident, defined as disruptions that dissatisfy the traveller that is related to an actual disruption. This
chapter focuses on literature that deals with customer-oriented handling of disruptions, and the role of staff and social media

3.1  Disruption handling from a travellers perspective

Travellers have certain expectations about their travel experience. A service failure occurs when their experience does not match their
expectations (Liljander & Strandvik, 1997). Service failure is the opposite of customer satisfaction (Smith, Bolton, & Wagner, 1999). Not
giving service failures the right priority has a severe impact on the loyalty and satisfaction of travellers, where an adequate response leads
to a lot of ‘goodwill" among customers, sometimes even more than when service is delivered right away, more about this can be read in the
next Chapter 4. However, this indicates how important it is not to neglect disruption and get an understanding of the situation to be able
to respond accurately to have a good service recovery. By responding well to a disrupted situation, the perceived inconvenience will be
experienced as less inconvenient (van Hagen, Govers, & de Haan, 2012). In the research field of transportation, the view of the traveller
towards the service during disruptions is often neglected as it is usually operator and technical oriented (Barron et al,, 2013). This is
contradictory as public transport is a service product and it would, therefore, be logical that the management of consumer service would
be widely studied as in the research field of economics and marketing for all other types of consumer products and services (Mouwen,
2015). However, in the last decade the perspective is changing as few studies consider customer-oriented handling during disruption.
This is partly due to the use of smart cards such as the public transport chip card, as more and more passenger data is available and it,
therefore, becomes easier to study disruptions from the perspective of the traveller.

Durand (2017;2018) compared different strategies to tackle disruptions and their impact on travellers. The impact consists of, for example,
longer waiting times, longer travel times, extra transfers and longer experienced travel times due to crowds. To be able to compare the
strategies they have been translated into a monetary travel time valuation and added to additional generalised travel time costs. This
approach has been applied to a case study for the RET. The developed framework delivers a tool which gives insights into the performance
of different strategies, showing trade-offs between the supply side (timetable, crews, and vehicles) and passenger side during disruptions.
The research mainly shows the advantage for travellers of regularity control over punctuality control.

Durand’s and other studies consider customer-oriented handling during disruption and provide a guide for operators to adjust their
pre-planned protocols. Also, the RET acknowledges that the passenger perspective has never been formally considered in the design of
these pre-plans. These studies focus very much on the operator and what is going on there. The purpose of this research is to be at the
interface between the operator and the traveller. Traveller Information provision via website, app, twitter and staff is part of this interface.



3.1.1  The role of staff

Travellers have certain expectations about their travel experience. A service failure occurs when their experience does not match their
expectations (Liljander & Strandvik, 1997). Service failure is the opposite of customer satisfaction (Smith, Bolton, & Wagner, 1999). Not
giving service failures the right priority has a severe impact on the loyalty and satisfaction of travellers, where an adequate response leads
to a lot of ‘goodwill’ among customers, sometimes even more than when service is delivered right away, more about this can be read in the
next Chapter 4. However, this indicates how important it is not to neglect disruption and get an understanding of the situation to be able
to respond accurately to have a good service recovery. By responding well to a disrupted situation, the perceived inconvenience will be
experienced as less inconvenient (van Hagen, Govers, & de Haan, 2012). In the research field of transportation, the view of the traveller
towards the service during disruptions is often neglected as it is usually operator and technical oriented (Barron et al., 2013). This is
contradictory as public transport is a service product and it would, therefore, be logical that the management of consumer service would
be widely studied as in the research field of economics and marketing for all other types of consumer products and services (Mouwen,
2015). However, in the last decade the perspective is changing as few studies consider customer-oriented handling during disruption.
This is partly due to the use of smart cards such as the public transport chip card, as more and more passenger data is available and it,
therefore, becomes easier to study disruptions from the perspective of the traveller.

Durand (2017;2018) compared different strategies to tackle disruptions and their impact on travellers. The impact consists of, for example,
longer waiting times, longer travel times, extra transfers and longer experienced travel times due to crowds. To be able to compare the
strategies they have been translated into a monetary travel time valuation and added to additional generalised travel time costs. This
approach has been applied to a case study for the RET. The developed framework delivers a tool which gives insights into the performance
of different strategies, showing trade-offs between the supply side (timetable, crews, and vehicles) and passenger side during disruptions.
The research mainly shows the advantage for travellers of reqularity control over punctuality control.

Durand'’s and other studies consider customer-oriented handling during disruption and provide a guide for operators to adjust their
pre-planned protocols. Also, the RET acknowledges that the passenger perspective has never been formally considered in the design of
these pre-plans. These studies focus very much on the operator and what is going on there. The purpose of this research is to be at the
interface between the operator and the traveller. Traveller Information provision via website, app, twitter and staff is part of this interfa ce.

3.1.2 The role of social media

The staff are an important part of the perceived service quality. Monsuur and ldzenga (2016) analysed the results of the ‘OV-
klantenbarometer’ for bus travellers from 2007 to 2014. The results indicate that for bus travellers, the quality aspects ‘speed’, ‘frequency’
and ‘punctuality’ are the most important factors in the overall performance of bus transportation. It is followed by ‘customer friendliness
of the staff’ and 'driving style of the driver’. Research from the aviation sector showed that there is a considerable difference between
the ways passengers and staff perceive the causes and handling of a service failure Edvardsson (1992). Moreover, the staff is not aware
of the importance of clear and correct information when disruption occurs (Bejou, Edvardsson, & Rakowski, 1996). A conclusion is that
companies should train their staff in communication techniques and how they can relate to the customer when a disruption occurs. The
follow-up research of Edvardsson (1998) focused on the public transport sector and the Bus Driver was included in their research by
interviewing them about what in their view creates customers dissatisfaction and are the shortcomings in quality for passengers. Results
show that Bus Drivers do not know which important role they have during disruption and how their conduct and way of informing can
contribute to better customer experience.

Hutchinson (2011) gives an important counterweight to the many publications that have urged management to ensure that staff (Bus
Drivers, in particular) who interact with passengers do so appropriately politely, helpfully, informatively, etcetera. However, this can also
be turned to that the management should ensure that passengers do not often need to interact with Bus Drivers. As the main task of
the Bus Driver is to drive, not to provide about fares, routes, timetables and where to catch other buses as the information provision is
properly a management responsibility. As answering passenger’s query causes delays. The management strategy should be to ensure the
passenger has all the necessary information before stepping on to the bus.
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/I' Traveller perceived service quality, experience and
“F satisfaction

The final topic of this literature review is travellers perceived service quality, experience and satisfaction. The previous chapters have
shown that traveller information (about disruption) is fundamental for the traveller. Travellers satisfaction is closely related to the quality
of information provided to traveller during disruptions (2009; 2010). Insufficient information leads to dissatisfaction. On the other hand,
high-quality information (e.g. multi-modal, personalised, reliable, intelligent, actual) and a more customer-oriented disruption handling can
contribute to higher perceived service quality and therefore better experience with leads to higher travellers satisfaction.

The terms, service quality, experience, satisfaction, are used interchangeably in the literature which makes a clear understanding
confusing. The literature identifies this conflicting nature of the empirical results. However, researchers have also failed to agree on what
the conceptual nature of the service quality and satisfaction relationship should be (Taylor & Baker, 1994). In public transport research,
there is also no clear definition of these terms. As mentioned in the introduction the term experience is sometimes used ‘incorrectly’.
Therefore, the definition of the terms as interpreted in this research are stated here:
Service quality is a quality of how well the service level delivered suffices customers’ expectations. The dimensions underlying
quality judgements are rather specific and do not require experience with the service (Bitner & Hubbert, 1994).
Experience is as holistic, strictly personal, and construct of a multidimensional; cognitive, affective, emotional, social, and physical
responses to a service (Gentile, Spiller, & Noci, 2007).
Satisfaction is the fulfilment of a person’s wishes, expectations or needs, or the pleasure derived from them, associated with
affective judgments. Satisfaction can result from any dimension whether or not it is quality related and require experience with the
service (Kotler, 2000).

This chapter examines travellers perceived service quality and the role of experience in service. Part of the sub-chapter about experience
is the customer journey which illustrates the customer experience and the emotional journey. The last sub-chapter is about traveller
satisfaction.

4.1 Perceived service quality

Travellers have certain expectations about their travel experience, and service failure occurs when their experience does not match their
expectations. In public transportation, negative experiences such as delays, no seats available and lousy driving have more impact than
positive experiences. This in contrast to other services providing markets, such as restaurants and entertainment (Backhaus & Bauer,
2001). Not giving this the right priority has a severe impact on the loyalty and satisfaction of travellers. An adequate response can lead
to a lot of ‘goodwill” among customers, sometimes even more than when service is delivered right away (Hart et al., 1989).

The University of Karlstad (Sweden) is one of the only research institutes that has researched the impact of service failures (critical
incidents) on the perceived service quality, satisfaction and experience of travellers in public transportation. The Technical University
of Delft has focused more on the technical side with various research into quantifying the impact of unreliability and disruptions on
passengers (e.g.: Cats & Jenelius, 2014; Cats, Yap, & van Oort, 2016; van Oort, 2016; Yap, van Oort, van Nes, & van Arem, 2018). In this
research the focus is more on the service quality, satisfaction and experience of travellers during disruption from a holistic perspective
and therefore the research under the supervision of Edvarsson (1992; 1998) and Friman (Friman, 2004; Friman, Edvardsson, & Garling,
1998; Friman, Edvardsson, & Gérling, 2001a, 2001b; Pedersen, Kristensson, & Friman, 2011) and recently the work of Allen et al. (2018) and
van Hagen & van Oort (2019) are more relevant and are cited.

One of the first investigations that looked at service failures in the transportation sector, in terms of dissatisfaction, is the work by
Edvardsson (1992) into service breakdowns at an airline. This research showed that delays are the most frequent causes of service
failures. Dissatisfaction arose because insufficient information was given about the delay. There is a considerable difference between the
ways passengers and staff perceive the causes and handling of service failures. Moreover, the staff is not aware of the importance of clear
and correct information when a service failure occurs. For the passenger, it is essential to know why there is a problem and what the likely
outcome is as this allows the passenger to be able to influence his/her own situation.

17



In 1998, Edvardsson repeated this research but now for public transportation. In this research, 12,5% of the reported service failures
were information-related and were primarily a matter of lack of information about delays. Edvardsson (1998) also included the role of the
Bus Driver in this research by interviewing them about what in their view creates customers dissatisfaction and are the shortcomings in
terms of quality for passengers. Results show that Bus Drivers are not fully aware of the importance of their role during disruption and
how their actions and way of informing can contribute to better customer experience. Studies of service failures conducted in transit
research before have either focussed on customers’ or employees’ perceptions. However, including both is important because the driver
is the employee to whom the customer is most frequently exposed, and the majority of the complains related to employee behaviour
(Edvardsson, 1998).

The research group of Friman et al. emphasises that the impact of negative critical incidents has more impact than positive critical
incidents on the overall experience. The majority of the travellers encounter negative incidents as ‘inappropriate treatment of customers
by employees (e.g., willingness to serve, knowledge, and competence); unreliability of the service (e.g., existence and frequency of delays);
failure to provide adequate information (e.g., vagueness and inaccessibility of departure and destination information); and inadequate
design of vehicles, equipment, and stops (e.g., stops without shelter or little space in the vehicle)' in public transportation (cited (Friman
et al,, 1998)). This indicates the importance to investigate which measures can contribute to reducing the negative experience of
travellers. The article also expresses interest in new information systems, that can hopefully, reduce negative experiences or inaccessible
information. Provided that technical equipment and its management plans also need to be improved (Friman, 2004; Friman et al., 20013,
2001b; Pedersen et al., 2011).

Allen et al. (2018), have analysed written complaints and information from interviews with travellers. This research also confirmed the
importance of precise and rapid information. This emerges as an important source of customers perceived quality during a disruption.
Furthermore, it shows that in public transportation negative experiences, such as delays, no available seats and lousy driving have more
impact than positive experiences.

Van Hagen and Van Qort (2019) combined two elements, namely the actual level of service and the perceived quality to gain insight into
customer satisfaction. With looking from traffic engineering and the psychological perspective they are one of the first in the field of
public transportation. Results show that the qualities of the satisfiers (top of the pyramid of traveller needs) are far more important than
was thought before. This is partly because other research techniques (qualitative) are needed to really understand what is essential for
a traveller.

4.2 Travellers’ experience

The consumer experience gets a more prominent role in nowadays society. As our society has reached such a level of prosperity that
there is a gradual shift from consumption of commodities to goods, services and experiences (Jain, Aagja, & Bagdare, 2017). It is labelled
as the experience economy, introduced by Pine & Gilmore (1998) as the next economy after the most recent service economy. An economy
in which an experience is a key, associated with a product or service. This makes it a difference with a service economy in which a product
or a service is key (Pine & Gilmore, 1998, 1999). Generation Einstein (born after 1980), attaches great importance to information and
experience value.

Schmitt (1999) was one of the first researchers that accentuate the importance of customer experience. He took a multidimensional
view and identified five types of experiences: sensory (sense), affective (feel), cognitive (think), physical (act), and social identity (relate)
experiences. In general, researchers and practitioners agreed on this. Customer experience is defined as holistic, strictly personal, and
construct of a multidimensional (cognitive, affective, emotional, social, and physical) responses to a service (Chakravorti, 2011; Gentile et
al., 2007; Schmitt, 1999; Verhoef et al., 2009).

In this decade, the importance of holistic customers experiences also penetrated the transportation sector. Travellers are no longer seen
as a user, but also as a customer. Not seen solely as a rational being, but rather as emotional too (Gentile et al., 2007). The importance of
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comfort and experience, the top layers of the pyramid of customer needs as in Figure 2 is seen. The transition to a more customer-centric
approach starts, and is mentioned in the strategy presented by Dutch transportation operators like KLM (KLM, 2015), (NS, 2016) and RET
(RET NV., 2016a).

KLM has set its goal to become “the most customer-oriented, innovative and efficient network carrier In
Europe”. Since 2015, they invest in the ‘customer journey’ and tackle the customer experience with all
employees of all departments with focus pillars on customers solutions, process and contact.

RET strives for perfectly organised and executed public transport with the highest quality for the traveller
and is currently ‘Aardig onderweg’ (translated: nicely on the way). We go for comfortable and carefree
travel, a reasonable price and service with a smile. With the traveller central to the operation of the company.

Customer experience, in general, has received increasing attention within the academic literature although it is seen as one of its most
important research challenges in the coming years (The Marketing Science Institute, 2014). Because of the complexity and increasing
number of customer touch-points. However, customer experience research from a holistic perspective in public transportation is scarce.
Transport engineering studies mainly focus on which elements, and in what order they influence the customers’ experience based on
passenger cognitive expectations and perceptions (e.g.: Dell'Olio et al., 2011; Lai & Chen, 2011; Stuart, Mednick, & Bockman, 2000; Susilo
& Cats, 2014).

The limited research on this topic is likely since the other experience components; affective, social and physical, results from a complex
physical and individual psychological process (Merkert & Pearson, 2015; Oliver, 1977). Although, it is essential that also the affective
components related to transportation are evaluated with respect to experience and so fully understand and manage customer experience
(Ettema, Friman, Géarling, & Olsson, 2016; Jain et al., 2017; Oliver, 1996). Because it helps to increase the attractiveness of public transport,
by reducing the negative experiences and thereby increase rider ship (van Lierop & EI-Geneidy, 2016).

Van Hagen (behavioural scientist) published different studies on travel experience in public rail transport in the Netherlands. He was
one of the first European researchers that studied the subject from a behavioural perspective that heretofore was firstly mainly studied
from a technical perspective by transport engineers. His results on the (emotional) evaluation show the importance of each phase in the
total trip. A higher intensity of positive emotions leads to higher customer satisfaction, and higher satisfaction leads to higher loyalty.
Thought-provoking is that dissatisfiers are less weighted when travellers are in an excellent mood (van Hagen & Bron, 2013, 2014; van
Hagen & de Bruyn, 2012, 2015)

Verhoef et al. (2009) developed a generic experience creation model showing how different experience factors (EFs) and experience
components (ECs) form the customer experience, see Figure 8 on the next page. EFs can be defined as customer perceptions of all
aspects of a product or service that contribute to the customer experience (Patricio, Fisk, & Falcdo e Cunha, 2008). This includes the
actual service quality and perceived service quality. ECs can be defined as internal customer responses to the service provided and are
driven by customer EFs. These ECs result from a complex physical and psychological individual process (Oliver, 1996) and consist of a
cognitive, affective, emotional, social, and physical) responses to a service including the level of satisfaction.
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Carreire et al. (2013;2014) build on those concepts of EFs and ECs and defined the important EFs which influence ECs for travellers. This
was done by using in-depth qualitative approach that consisted of observations, semi-structured interviews. The important EFs following
from this research are included in Figure 8. Carreire et al. (2013) also identified that it is crucial to gain more insight into the specific
passenger emotional responses to public transportation to be able to obtain a holistic understanding of travel experiences. Also they
noticed the lack of research on the particular negative emotions of travellers. The travel experience is more complicated than traditional
transit service quality it extended in time and it concerns all interaction moment through multiple channels from the past to now.

In this research, the focus is to get a better understanding of the traveller experience during disruptions, the moments they are
having negative emotions. As more holistic conceptualisation of customer experience is still scarce and have not been adapted to the
transportation context yet. Traveller information is one of the EFs that contributes to the traveller experience and is known as an important
EF. In this research is looked at the (support) role during these negative emotions and contributes to the research gap on this subject.
Because understanding is important to better plan transportation policy, vehicle design and service management.

Experience factors (EFs)
Operational during all moments a traveller
interaction with a product/service.

Individual space

Information provision

Staff's skills

Customer experience
components (ECs):

Social environment } Cognitive, affective,

emotional, social, and
physical responses.

Vehicle maintenance

Off-board facilities

Ticket line service

Figure 8. Overview of traveller experiment factors and experience components (Carreira et al., 2013; Verhoef et al., 2009).
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4.2.1 Customer Journey Mapping
Customer journey mapping (CJM) is anincreasingly popular strategic management tool that is praised by both academics and practitioners.
Because of its usefulness in understanding a customer experience with a service (Rosenbaum, Otalora, & Ramirez, 2017). A Customer
Journey is a schematic representation of the services of a company from a customer perspective consisting of various episodes, including
associated contact moments (touch-points). When this is mapped out, it is relevant to find out what the experience of the service is
during the various episodes of the Customer Journey (van Hagen & Bron, 2014). The emotions of customers for each episode in the
Customer Journey are mapped and then the perceived value of the in the form of an emotion curve can be plotted. When having a look at
the emotions of public transport travellers, positive emotions of happiness, excitement and relaxation, and negative emotions of stress,
fear, sadness, anger, annoyance, frustration, boredom are experienced (Carreira et al., 2013; van Hagen & Bron, 2013). Public transport
traveller experience more negative emotions and fewer positive emotions than other travellers (Gatersleben & Uzzell, 2007). The emotion
curve provides insight into the peak and off-peak moments in current service provision and provides insight into where there is potential
for improvement based on the needs of the customer. It is not necessary that all experiences during the customer journey show a peak,
a positive experience. The trick is to prevent the valleys (negative emotions, such as stress) and to achieve a number of peaks from the
more neutral moments, with a positive experience at the end, the so-called "peak end rule" which is further explained in sub-chapter 4.3.

The CJM of KLM, NS and RET will here be explained in succession. These CJM's are relevant as later in this study a CJM will be made
about the bus passenger and their experience with the service of the RET (during disruption).

KLM

The KLM has made a CJM in alignment with their new Customer Intimacy direction, together with Born0O5 (design studio) however this
document is not publicly available. However, Kasti's research on ‘improving passenger experience with disruption handling through
proactive information design’ for KLM contains a CJM based on the research results related to ten frequent flyers members of the
SkyTeam (Kasti, 2017). Kasti published in her research different CJM for different types of disruption. The CJM in case of a smooth
journey and the one with a delay at the gate is shown here (Figure 9). These CJM are relevant in a later stage of this research to compare
with the CJM of the research on the experience of bus travellers (during disruption). In the research of Kasti a delay gives the most
negative experience. A cancellation is seen as a manageable situation. It is a solid fact and the next steps taken are clear for a passenger.
Whereas, delays are causing more frustration, stress and anger because it is an unstable situation where the passenger is not in control
(Kasti, 2017). Delays are also often encountered by Public transport traveller which makes comparing the results of Kasti's research with
this research at a later stage possible.

Key insights from this CJM are:

- The information passengers need is the following: The fact of disruption, the reason of the problem, the steps that KLM is making
towards the solution, the steps the passengers should take, options, alternatives and any available services at the airport while
they are waiting.

Passengers do not trust the announcements because they think the airline is not honest or is giving false information on purpose.
Transparency, accuracy and honest information is a very important value.

Disruption is a negative experience which triggers the basic instincts of the people. Cultural and gender differences will become
visible when dealing with the disruption.

Passengers are more patient with technical errors than with human errors.

21



c
8 =
®E =
o @
e 2 2 °
Ec =] ]
<5 b 9%
8 T SO >0
© K Q ~ gz
H o ) ~
€ 3 =1
3 2 £ o -
g N .
2 °
5 I
= o B
o -
ju
& @
g 2
¢ @ -
2 o
I~
¥
g g @
2 3
g 3D
= 2 - T
g a 090k
E a8
Z c voy
kel Vel w
= s cToc
0 O ow e
SCEQ
: Ts"
“ o
g . © o T
o 7T Y
IR
a>g
w o B C
v
5 S5c2c
> Hh oL
E e -
g <
B
8 o
8 o
© T2
5 ]
> &
g:f 0w 2
8 Ss e S 9w
] o 3o c2c
1) Sowa 2 £ <L
s 8 ‘DNE‘
3= ZaiZ
§% 8 o o3
8 azs a
© v Ty T
S ££3 T 9
e =5 =]
I ) ; . st
& 25223 5 £8 8
£5529 2 SEsg
8583 5 cee
@ 22858
E §228: go @
£ 23££3 5
: @
2 9]
= wE © c
E I ER T & 4
££o 23 -]
T2858 o= T Q
S25°5% = ]
9 Ztezde S ]
S T 8B R2TEE ] o+
2% 233£5%8 ]
2 @ £ g
29 5 2
3 8 <&
c
3
2
£
=1 o
N < i
v
. . 38
5{ z c §t>~
=25 2 ch g
sEE g c2c
Exo <uE®
@ |
g8 238 ]
2
g3 2 2
Es N g 3 T
H ]
2 o 0%
® E 5e BE
23 ] o2 ?clw
38 - ERE] H &L
ig BEEQ@
< gF
2 S A
) a
%5 )
3
2
o °
@ jo}
g ¢ =
&0 = 8 1 2
3 ] Q o
£ @ < 5 /) z
¥ > | :
o E g4 2
gé%ﬁ 5
€835 e}
o 29 E o0 =
£ SE5&S
: @ ®) 8@ @
3 9 e ® ) D) D) 150}
Y 2 (> 2 % % &

Figure 9. Customer Journey Map KM, journey without any disruption, and during a delay at the gate (Kasti, 2017).
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NS

NS used CJM to seek on the customers’ deeper desires and motivations to be able to focus on those elements that enhance customer
satisfaction. The CJM shown in Figure 10, was developed using qualitative research based on in-depth interviews to explore the
(unconscious) needs, wishes, associations and motives of travellers. A total of 27 participants were in-depth interviewed. Besides that,
the input is used from 65 customers (lust and must passengers) which observe their own journey through photos and quotes during an
intensive five-week period (van Hagen & Bron, 2014).

This study distinguishes between lust and must passengers. Lust travellers are those who have a social or recreational motive. They
travel 1-3 days a month (or less) by train and often at the weekend or in off-peak hours during the week. Must travellers are those who
commute to school or work. They travel almost daily (on weekdays) during peak hours (van Hagen & Bron, 2014). The CJM show that the
emotional curves of lust and must travellers are mostly in sync. However, the curve of the must traveller is in its entirety shallower. This can
be explained by the fact that this journey is a routine, he/she knows what to expect and will react less emotionally to certain (unknown)
situations. The only peak in the CJM is sitting on the train. As having a seat means that the time spent on the train can also be considered
as valuable time (= personal time). Ensuring that travellers have a seat is essential for the perceived value of the train service.

Another touch point is when travellers arrive at the station, the curve shown that they do not feel welcome. The station environment and
its amenities are insufficient appealing to the travellers’ desire to feel welcome. Improving this by personal attention from employees can
play an important role here and would result in a more significant emotional bond between the traveller and NS (van Hagen & Bron, 2014).

relaxation)
freedom

enthusiastic Freedom [
ndependence
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independence

enthusiastic

control/
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acquiescence

ot wekome
— Lust customer
m— Must custormer
===z Bus, tamor
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cold/bare/
uncamfartable

annoyance

Figure 10. Customer journey map train travel (van Hagen & Bron, 2014)

RET

RET asked Altuiton to carry out a study to Gain in-depth insight into the emotional travel experience, incentives and motives for the
choice traveller (RET NV., 2016b). The choice traveller is the largest target group of the RET however little is known about this group.
In total 15 travellers participate in an experience in-depth interview. Based on the in-depth insights of the choice travellers RET wants
to segment effectively and offer a tailor-made service to choice travellers. In this research a distinction is made between three groups
of choice travellers; the experienced choice traveller, the average experienced choice traveller and the inexperienced choice traveller.
Each group is about the same size. The experienced choice traveller is familiar with the various travel options and likes to use public
transport. The average experienced choice traveller is familiar with the travel options of certain routes. The inexperienced choice traveller
is unfamiliar with the travel options.

The journey is divided into seven episodes and the emotion curve for the three groups is shown in Figure 11. The emotional curves for the
three groups of choice travellers are almost parallel. Where experienced choice traveller experience much more positive emotions than
the inexperienced choice traveller. The episodes are really high level the whole journey from making the decision to travel until arriving at
the destination is mapped in seven episode. It is therefore hard to define what is behind the peak and off-peak moments. The findings are
therefore also high level and it is hard to translate them to goals.
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Figure 1. Customer Journey Map RET, for choice traveller with different experience levels (RET NV., 2016b).

Findings from this study are:

- A choice traveller takes more margin while travelling, which means that on average they wait more, which in turn has a negative
impact on travel perception.
They are experiencing stress due to the unknown of travelling by public transport and are having difficulty accepting dependence
on public transport.
They are more likely to opt for public transport by bad weather, which in turn often results in negative experiences due to the
crowds.
Conclusion is that the combination of the above points, lower knowledge and experience are added up and there is a danger that
the choice traveller will ‘get stuck’ in a vicious circle.

4.3 Travellers satisfaction

Travellers satisfaction has become a more important factor in evaluating the performance of a public transport system. The goal of
a public transport operator is satisfied travellers and in the concession agreements are made about a threshold. Therefore, among
other things, the results of the ‘OV-klantenbarometer’ are used. Fines or bonuses are given to the operator when the overall customer
satisfaction falls below or rises above the set threshold (MRDH, 2018). In the Netherlands, the ‘OV-klantenbarometer’ is a research set up
by Goudappel Coffeng and conducted under the supervision of CROW. The set-up of the ‘OV-klantenbarometer’ has changed over the
years, which is not strange when looking at the perception of customer satisfaction over the years in research. This is due to change due
to more research in the composition of the EFs as mentioned in the last sub-chapter 4.2. And the changes in the hierarchy of the EFs to
the overall traveller experience as Van Hagen and Van Oort (van Hagen & van Oort, 2019) showed that the qualities of the satisfiers (top
of the pyramid of traveller needs) are far more important than was thought before.

Throughout the years, the view on how the overall traveller satisfaction is determined has changed. Some examples are, (Koopmans, 1960)
suggesting that the satisfaction with each touch point simply adds up to the total utility of an experience. Supposing the independence
of the touch point. Bolton and Drew (Bolton & Drew, 1992) advocates a conflicting view and suggesting that the first service encounter
has the greatest impact on customer evaluations of service performance.

Kahneman et al. (1993) defines the peak-end rule which is a psychological phenomenon. The rule says that the evaluation of the experience
(level of satisfaction) during a period of time is predominantly by two memories: during the peak and at the end.

The peak is the moment people experience the strongest emotions, which may be positive or negative.

The end is experience/emotion at the end is important for the overall assessment of the experience in its.
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Friman et al. (2001a) proposed a model that explains how negative critical incidents affect customers satisfaction. The model stated that
the source of cumulative attribute specific satisfactions it the frequencies of remembered negative critical incidents. Both have direct
effects on cumulative overall satisfaction. In a follow-up study by Friman et al. (2001b) is confirmed that attribute satisfaction is a function
of the frequency of negative critical incidents, and the overall satisfaction is a function of attribute satisfaction. However, there is a
variance in consequence of the frequencies of different types of negative critical incidents on overall satisfaction varied (Friman, 20043).
This emphasises the impact of negative critical incidents (e.g. delays) on experience or travel as they have more impact than positive
critical incidents. Thus, it is of importance to investigate which measures can contribute to reducing the negative experience of travellers.
These negative incidents can be indicated as a service failure what is defined as service performance that fails to meet a customer's
expectations. Service failure is the opposite of customer satisfaction (Smith et al., 1999). As mentioned earlier an adequate response by a
service leads to a lot of ‘goodwill" among customers, sometimes even more than when service is delivered right away. This is known as the
service recovery paradox. McCollough and Bharadwaj (1992) stated that the satisfaction of the service is more highly after the company
has corrected a problem with their service, compared to how they would regard the company if non-faulty service had been provided
(Figure 12). The reason behind the service recovery paradox is that a successful recovery increases the assurance and confidence from
the customer.

Awareness of these principles contribute to a better understanding of customer satisfaction. The studies do emphasise the need for the
public transportation sector to carefully understand, design and manage the travel experience from a holistic perspective. This requires
an integrated product-service approach. Recent work by van Hagen and Van Oort (2019) confirms the above-addressed results of the
studies. In their research, the current insights into customer satisfaction from two perspectives, namely the traffic engineering and the
psychological perspective are combined. A lack of consciousness for the perceived service quality and missing quality management
system are impacting customer satisfaction, passenger demand, investment decisions and revenue (Anderson, Condry, Findlay, Brage-
Ardao, & Li, 2013).
y N
Satisfaction

Customer with service failure and
successful recovery

Customer without service failure

Service recovery

Service failure

v

Time

Figure 12. Service failure paradox (McCollough and Bharadwaj, 1992).
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=) Literature summary and conclusion

The literature research on traveller information, disruption and traveller experience in public transportation has led to lessons learned and
the identification of a few opportunities to improve the existing practise.

Travellers information:

There are some basic traveller information needs which apply like; accurate, timely, up-to-date, honest, and transparent information.
The value of information starts to become very high and actual usage of the information increases if it is multi-modal, personalised,
reliable, intelligent, up-to-date, easy to access, etcetera. However, this requires a lot of work from the system. Besides, different personal
characteristics and circumstances influence the extent to which people need traveller information. This requires a kind of customisation
from the system. The non-availability of information that meets the needs of the traveller can have an impact on satisfaction of the public
transport system as a whole and affects various factors from the pyramid or traveller needs such as comfort, security and reliability.

Big steps already have been made in the provision of real-time traveller information, but due to the exponential curve in the value versus
quality aspects of information, the final steps to success cost a great deal of effort. With a view to the further steps that should be taken
to get a clear picture of the real travellers information needs and pain-point. Because only then the services can be shaped in such a way
that they respond better to perceived urgency among the travellers. This means that for further research a demand-oriented approach
is desired instead of the supply-oriented approach that is practiced now.

Disruption:

The occurrence of disruption is almost inherent to services and a disrupted situation is an important issue for travellers, public transport
operators and infrastructure managers. Disruption is a negative situation by definition and traveller can develop highly negative feelings
(anxiety, stress, frustration, anger). Each individual experiences disruption differently, depending on personality and previous experiences
and expectations. Traveller information during disruption has the potential to significantly improve the passenger comfort level, decrease
anxiety levels and influences their travel behaviour (Brakewood & Watkins, 2019). However, there is a paradox. The ability to take note,
comprehend, retain and process the information during disruption is low and the ‘mental costs’ for the traveller to derive the right course
of action is high. But they also indicate that the reliability of the information is at its worst. Besides that Public transport operators
provide everyone with general information. That works well if there is no disruption but during a disruption many travellers have different
expectations and needs. Resulting in the fact that during disruption traveller information is at its worst as it should be at its best. This is
also reflected in the low score of traveller information during disruptions in the public transport customer barometer.

Important is the notice of the service recovery paradox, which actually shows that there are opportunities for the operator to turn the
negative situation into a positive situation. However, this is where the gap is, in both practise and research. In addition to the great
scarcity in research and knowledge of the holistic experience in the regular situation, the scarcity is even more in the field of the disrupted
situation in public transport. This is partly because the holistic approach requires different research techniques than those previously
used in public transport engineering. An interdisciplinary approach is needed with other fields where there is more knowledge about
service failures, recovery and customer needs and behaviour.

Traveller experience

Our society has shifted from consumption of commodities to goods, services and experiences. Experience takes place on different levels:
sensory (sense), affective (feel), cognitive (think), physical (act), and social identity (relate) and it is holistic and strictly personal. An
experience is a cognitive, affective, emotional, social, and physical responses to a service and product, which makes it a complex subject
to investigate as a whole (Gentile et al., 2007). Figure 13, is a combined and simplistic created rendering of the traveller experience and
satisfaction process combining previous models and researches (Friman, 2004b; Friman et al., 2001b; Gentile et al., 2007; Smith et al.,
1999; Verhoef et al., 2009). The model show the relationships between needs, service quality, experience and satisfaction and indicating
what is part of the experience factors (EFs) and experience components (ECs).
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Experience factors

Actual service quality Behaviour
Technical aspects that influence > Behaviour intentions and actual
the travel experience evaluations behaviour.
A
X X X Experience
} Perceived SeI“VIce qual'tx Cognitive, affective, emotional,
Travellers pfercept!on of the service —’ social, and physical responses to
sttributes provided. a service that together from the
) 4 traveller experience.
Expected service quality Level of] Satisfaction
Service quality that the traveller The level of fulfilment of a traveller
expected. wishes, expectations and/or needs.
V'S

Travellers characteristics
Socio-demographic, situational and
behavioural characteristics.

Travellers needs
Basic needs (Pyramid of Traveller ‘
Needs) and personal needs set the
expectations.

—

Past experiences

I Copyright A.M.Bottema.

Figure 13. Traveller satisfaction process and experience model - copyright A.M.Bottema.

In the field of public transportation the focus was mostly on technical aspects of the service (actual service quality). However, recently a
shift is seen to more emotional and social aspects of the service experience (perceived service quality). Although, this is still in its infancy
certainly compared to others service fields. There is a lack of research into mapping the entire process of the journey and the associated
touch-points. This process can be mapped by creating a customer journey map (CJM). The RET and the NS have taken their first steps
but these CIM are still very high-level. The passenger experience extends to the moments before, during and after the journey. The travel
experience is driven by factors, some of which are not in control by the operator. Further research is needed for a full understanding of
the travel experience from a holistic perspective, both in terms of travel EFs and ECs from the whole chain of before, during and after the
journey in both the regular as a disrupted situation. This ensures that the public transportation becomes really customer-centric and that
all systems contribute to supporting the traveller and the experience.
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Context

This section will describe the overall context in which this research was conducted by describing
RET, disruption and traveller information context. The purpose of this section is to explain what
RET does, what their mission is and where they currently stand. This is done based on their
business plan, internal documentation and working instructions. The first part of this chapter will
present the RET mission and strategy and how they plan to increase their travellers experience
and satisfaction. This is followed by the disruption context which will look at the different types of
disruptions and at which frequency they occur. Additionally, the other main actors are introduced,
which will focus on their role in the disruption handling process. The following part will elaborate
on the traveller information process within RET and will describe the related traveller information
systems. The final section of this chapter put things in broader perspective by looking at the
traveller information provision of other operators
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(') RET, disruptions and traveller information
6.1 RET NV. : Rotterdamse Elektrische Tram NV.

The history of the RET goes back to 1878 and started with the transportation of travellers by horse trams. Nowadays they transport around
600,000 travellers each day with more than 3,500 employees, 270 buses, 110 trams, 160 subways and 1 Fast Ferry.

RET has been providing bus transport in Rotterdam since 1928. First as a municipal service of Rotterdam but since 2007 as an independent
NV, with the municipality of Rotterdam and the Rotterdam The Hague Metropolitan Region (MRDH) as the sole shareholders. MRDH is a
collaboration between 23 municipalities in the Rotterdam- The Hague area. In 2012 they acquired the bus concession lasting until 2019. In
May 2017 the client, the MRDH, announced that for the period 2020 - 2034 the Rotterdam Bus concession would also be assigned to RET.
The concession includes bus transport in the municipalities of; Albrandswaard, Capelle aan den lJssel, Rotterdam, Schiedam, Vlaardingen,
Barendrecht, Krimpen aan den lssel, Lansingerland, Maassluis and Ridderkerk.

In January 2012, RET Bus BV. established. This company is a subsidiary of RET NV. and was established to participate in the tender
competition for the concession 2012-2019. RET Bus BV. carries out the concession for its own account and risk. It is a company in which
the operation and maintenance of the buses is carried out. RET Bus BV. functions as a recognizable unit within RET NV.. The Bus manager
is responsible for staff and equipment’ and this staff is employed by RET Bus BV. In addition, RET Bus makes use of the knowledge and
experience of the different parts of RET NV. For this market conditions and rates are applied. This knowledge and experience, and also
continuous renewal and adjustment of working methods, are anchored within RET NV..

See Appendix 1, for the organogram of the RET NV., the Bus BV..

6.1.1 RET’s mission, vision and strategy on traveller experience

Referring back to the pyramid of travellers need (section 1.2) the lower sections like punctuality, frequency, cleanliness, safety etc. have
been improved in recent years. This is appreciated by the travellers as the customer satisfaction level has increased from around 73%
to 77% in the past 10 years for the bus. To be able to reach their goal of an 80% score, further improvement of the experience and
attractive requirements need to be added otherwise the customer satisfaction level will stabilise around 75% when only the hard quality
characteristics are optimised (CROW-KpVV, 2017a). To achieve this, the RET has formulated a mission, vision and strategy.

RET'S mission statement is: ‘De perfecte reis’ (translated: The prefect journey): perfectly organised and executed public transport with
the highest quality for the traveller of today and the future. RET communicates its mission and vision on its website, in the annual report
and internal documents.

RET'S vision statement stated in the annual report of 2018:

Our goal is to travel from door to door in the Randstad within one hour in collaboration with our partners. RET accomplishes this as
mobility manager for the Rotterdam The Hague Metropolitan Area and covers its entire concession area. As a mobility manager, RET
connects all mobilities that are part of the door-to-door journey. RET strives for perfectly organised and executed public transport with
the highest quality for the traveller and is currently ‘Aardig onderweq’ (translated: nicely on the way). We go for comfortable and carefree
travel, a reasonable price and service with a smile. With the traveller central to the operation of the company.

RET wants to achieve growth in the number of passenger-kilometres and to increase its market share in the total mobility requirement. It
is driven to innovate and invest in excellent infrastructure, modern equipment, more and better facilities and knowledgeable and service-
oriented staff and implementing innovations continuously.

RET wants to distinguish itself as a sustainable social enterprise, which contributes to the social functioning of the Rotterdam region

through improving mobility in the Randstad in particular. RET is a social connector of the city of Rotterdam. This is reflected in active
collaboration on many areas between the RET, the City Region, the municipality of Rotterdam (RET NV., 2018b).
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RET's strategy has a comprehensive strategy to accomplish the set goals. The strategy is determined by a combination of MRDH imposed
regulations and its own organisational goals. They are presented in their business plan 2019-2021 (RET NV., 2019). Their 5 strateqgic pillars
for 2021 are:

- Customer satisfaction: the ambition to achieve a score of 80% by 2021 in “OV-klantenbarometer in 2021.

- Employee satisfaction and employability: RET strives for satisfied employees and customers. That is why the ambition is to achieve
a score of 80% on employee satisfaction in 2021 as well. Due to the shortage in the labour market and the increasing demand for
(technical) personnel, the RET wants to present itself as an attractive employer with modern working conditions and excellent
career opportunities.

+ Return: to remain competitive in the current and future market conditions, they want to achieve minimum returns of 5 million Euros
per annum.

- Sustainability: reduce the amount of CO2 emissions per passenger kilometre by 75% compared to 2017. This was 154 CO2 / gr
passenger km for the bus, 91 CO2 / gr passenger km for the tram and 68 CO2 / gr passenger km for the metro in 2017. Furthermore,
using sustainably generated energy, work sustainable and take corporate social responsibility (RET NV., 2018b).

- Safety: grow a more pro-active culture where safety leadership and values are the driving force behind continuous improvements.

They achieve this by implementing four, partly coherent, strategic )
priorities and associated initiatives: promises to the traveller, promises Promise to the traveller
to the employee, promises to the region and a healthy organisation. , o :
Thi h tributes to th il ¢ tisfacti di You are our first priority and we promise you to go from good to even

IS research contributes 1o the pillar customer satistaction and 1s better. Your convenience and (social) safety are central. You will experience
related to the strategic priority promise to the traveller. See the text- a pleasant journey through our service-oriented and customer-friendly

box for the translation of this promise. They are achieving higher approach. As you know, you can count on us for a safe and comfortable
Jjourney in which we strive for you to travel door-to-door within an hour

CUStomer satisfaction by \r'ﬁprovlmg the rel!ablllty of tbe timetable. By in the Randstad. In the unlikely event that something goes wrong, we will
reducing the number of disruptions, the timetable will become more provide you with good information and transfer options. We listen to your
accurate and trustworthy. Another way RET wants to achieve higher wishes and needs in the future. You can count on us to continue to look

for innovative solutions in the field of mobility, payment methods and
information provision. We promise to make an active contribution to a better
society and make an effort to jointly look at widely supported solutions for

customer satisfaction is to improve the customer experience. This is
done by anticipating the emotional aspects reducing stress moments

and increasing happiness moments. One of the projects that relates social mobility problems. That is why you like to travel with us: RET as an
to the top of the customer pyramid is the deployment of experience urban transport operator with the highest customer satisfaction.”
elements at the stations. This is done through scent, light, music

. . . o Translated and cited from “Bedfrijfsplan 2019-2012" (RET NV., 2019)
and decoration of the stations. For the coming years, it is planned to \_ )

implement this at as many stations as possible.

Relevant for this research are their projects related to traveller information which is also part of the top of the customer pyramid. Known
is that (unexpected) disruption ensures that travellers experience more stress during their journey. RET stated that internal processes are
in order, the subject has priority, technical processes are optimised, they have employed full-time Traveller Informants, and travellers give
us already a 5.9 out of 10. To improve that rating to 7 out of ten, RET sets themselves the goal of keeping travellers informed as actual
as possible in the event of disruptions. A traveller needs to know what his alternative is as quickly as possible. Beside by continuous
monitoring of the DRIMS, pilots with E-ink displays and develop new initiatives such as an RET alert, that provides the traveller in the RET
Real Time app with alternative travel advice by disruptions can all contribute to better informing the traveller. In addition, there is also a
focus on the human aspect by training drivers and drivers to inform travellers even more specifically if they are faced with detours and
delays.

Also, the results of the research can be useful for the RET, due to the qualitative aspect of the research that can give them better insight
into the experience of the traveller and their own internal processes. Currently RET is mostly depending on the quantitative response
of the ‘OV-klantenbarometer’ or by calling in external parties for conducting qualitative traveller research, which is costly. As the RET
currently does not have a customer panel to gain qualitative feedback. Beside RET state that their internal processes are in order and
technical processes are optimised, whether this is indeed the case will be objectively examined in this study.
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6.2 The disruption context

This research focuses on the unplanned disruptions, as information provision due to the unpredictability of the event is generally more
difficult to manages. First some definitions of types of disruptions are presented before giving an idea of the amount of disruptions that
taking place in the bus-service of RET by analysing IRMS-data (IRMS = Incident Registration Management System). The actors involved
in the disruption handling context and their responsibilities are described. Then the traveller information provision context is elaborate on
describing the process, actors and channels.

6.2.1 Types of disruption

Disruptions occurring in the exploitation of planned bus services can be classified in different ways, the below stated classification are
used by the RET:

Disruptions occurring in the exploitation of planned bus services can be classified in different ways:

Planned vs. Unplanned disruptions:
Planned disruptions: This concerns scheduled and announced changes to the timetable, when the cause is known in advance and
so the consequences are determined in advance. The transporter provides alternative transport or indicates how to travel around the
planned disruption. The measures to be implemented by the operator are described in scenarios.
Unplanned disruptions: These are incidents that occur unexpectedly (and not planned) and lead to bus failures or ad-hoc changes to
the bus service. The cause is determined at the start of the disruption, the consequences are then determined and the measures to be
implemented are described in scenarios or are taken at that time.

Primary vs. secondary disruptions:
Primary disruption: Deviations in departure times with respect to the timetable (no trip outage).
Secondary disruption: Limited availability of equipment or infrastructure (resulting in a trip failure and/or detour).

Technical vs. Operational
Technical: Systems failures or Technical Issues. Within the RET BUS BV. the following subdivision is used (RET NV., n.d.-a)
Class A: Safety at risk, or cannot drive in a technically responsible manner. Fault results in operating loss (DRU
Class B: Passengers and / or driver are seriously burdened or hindered.
Class F: Passengers and / or driver are clearly burdened or hindered.
Class C: Minor technical damage or complaint, which does not cause immediate danger or major nuisance.

Operational: Internal or External issues. Internal issues could be equipment and / or staff shortages. Examples of external operational
issues are roadblocks, collision with third party, traffic and extreme weather conditions.

6.2.2 Bus disruption stats
Since April 2016, RET works with a self-developed Incident Registration Management System (IRMS). Every operational incident in the
RET transport system is entered into the IRMS by Traffic Controller. The IRMS then supports the handling of the incident by determining
the incident nature and class, alerting and informing the organisation, advising on the handling strategy and registering the measures
taken. The introduction of the IRMS makes the handling of incidents more efficient and more structured and more data becomes available
for analysis of the incident and process afterwards.

Within IRMS following different types of operational disruptions for the bus are recognised: Accident, Disruption delay, Aggression,
Equipment & infrastructure malfunction, Notification, Hazardous and / or environmentally harmful substance, Fire / smoke /
explosion. Per category there is a classification division from small to extra-large that are used to classify an incident. In Appendix 2, an
overview of the IRMS categories and classification.

Classification

Small Duration of Disruption < 1 hour, no media attention

Medium Duration of Disruption 1-2 hour, possible media attention

Large Duration of Disruption 2-4 hour, local/national media attention

Extra Large Duration of Disruption >4 hour, national/international media attention

The following part will provide some more detailed insight into the overall disruption handling challenge at the RET's bus department. This
will be done by analysing all entries in the RET Incident Registration Management System (IRMS) over the past two years (July 2017 - June
2019). Two statements in advance regarding IRMS are, that RET in the disruption reports mainly focuses on the duration and frequency
of occurrence. However, this gives no insights in the number of traveller affected and the total travellers delay. Also the extent to which
travels are inconvenienced is indeed not fully expressed by duration and frequency (Barron, Melo, Cohen, & Anderson, 2013). Barron et al.
(2013) argued that managing a public transport system on the basis of the number of travellers affected and total traveller delays, instead
of focus on incident frequency, leads to better insight of the impact of certain disruption and eventually leads PTOs to direct resources
and investments in a way that benefits the traveller.

Firstly, the data confirms a general assumption that most incidents occur during the morning and afternoon rush hour period (07:00-
10:00h and 16:00-19:00h), as can be seen in the graph in Figure 14, as 42% of all incidents are reported within these two 3-hour time
widows. The overall size of the disruption challenge becomes imminent with an average amount of disruption of more than 4 per days,

varying from 1 to 37. The duration of the delays incurred corresponding with these incidents is on average, around 60 minutes, although
this number is slightly skewed upwards as only the relatively larger incidents are logged in the IRMS-system.
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Figure 14. Overview of the average number of incidents per hour of the day for the period June 2017 - June 2019.

Another interesting observation is that the incident duration is not necessarily always shorter than disruption duration, which one might
expect. There are quite some cases in which the incident duration is longer than the disruption, for example, in case of equipment failure
on a bus, where travellers are then picked up by an additional deployed bus. Another interesting aspect to take into consideration here is
that RET for some bus lines uses a principal called interlining. Which means that individual buses, on the same day, are used for multiple
different lines. For example, the specific bus operating a certain line might at the end station of that line change to a different line to
another destination on its next journey. This then automatically means that in case of interlining, an incident with a specific bus can have
an impact on multiple and/or different lines. Which are not necessarily all captured as separate events in the IRMS System.



For tracking the data around all these different incidents, the IRMS-system uses seven different categories to distinguish the nature of
the incident. These different categories are listed below and vary from hardware to interpersonal related incidents. As can be seen in
the Figure 15 a pie chart, more than half of the incidents are a result of two different types of incidents; an accident or collision (32.4%)
or equipment and/or infrastructure problems (31.5%). An additional interesting observation is that the ‘other’ category is used quite
frequently, namely 255 of the times, while two other categories ‘Dangerous Goods' and ‘Fire’ are hardly ever used. When diving a bit
deeper in the dataset underpinning this graph, it can be concluded that the quality of the data entries in terms of classification could be
more accurately registered. Additionally, it might be worthwhile for RET to reconsider the review the subset of categories based on historic
frequency of occurrence.

Accident or collison 32.4%
@8 nfracstructure related incident 31.6%
@8 Other delays or disruptions 25%

Agression related incidents 5.9%
@0 Incidents with no effect on operations  4.6%
@8 Dangerous goods related incidents 0.3%
@BFire related incidents 0.2%

Figure 15. Distribution of different incident cause categories.

6.2.3 Disruption handling context

Within the RET different stakeholder are involved or could be involved by a disruption of the bus. The disruption handling is guided from
the Central Traffic Control Centre (CVL). The CVL controls the transport processes of the metro, bus and tram. Timetables are carefully
monitored and in the event of disruptions in the transport process, a Traffic Controller manages everything in the right direction. In
addition, at the CVL the (social) safety of passengers and staff both at stations and on platforms are monitored with the help of cameras
and assistance from station staff, ticket inspectors (COVs) and the investigation officers with special legal authority (BOA's OV). The two
main actors involved in around the exploitation of the bus and related traveller information are the Traffic Controller BUS (VL) and the
Traveller Informant (RD. Their orimarv responsibilities are described next. Fiaure 16 is a drawina of the floorolan of the CVL.
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Figure 16. Drawing of current floor plan of the CVL.

Traffic Controller Bus (VL)
For the bus, there are two Traffic Controllers (Verkeersleiders - VL) between 6:00/21:30h responsible for their own area, buses and
drivers. During peak hours 7:00h/9:00h and 16:00/18:30h there are around 230 buses in operations.

« Bus Table North: All bus lines departing from the garages Kleiweg and Krimpen, most operation at the north side of the Maas.

« Bus Table South: All bus lines departing from the garages Sluisdijk and Ridderker, most operation at the south side of the Maas.

After 21:30h and in the weekends one Traffic Controller is present and manages everything from Table South, this are around 65 buses
after 21:30h and around 150 Buses in the weekend including 13 BOB-Buses operation between 0:20/7:40h on Friday and Saturday nights.

Together with the driver, the VL ensures that the timetable is maintained. In the event of deviations and irregularities, the VL adjusts to
make the process run smoothly. This is often done in consultation with the driver. This is done by active monitoring, guiding and correcting
the RET exploitation process & Bus Drivers and in the event of disruptions and calamities, take targeted action to prevent further
escalation of the disruption. The exploitation is monitored in the Exploitation Management System (Exploitatie Beheer Systeem, EBS).
The traffic control takes the necessary measures in EBS; takes bus partially out of service, cancels ride, changes vehicles, adds additional
trips and assigns, de-registers and changes bus services. The Traffic Controller as the first focal point for Bus Drivers in case they have
certain queries. Besides that, the Traffic Controller is also in direct contact with other authorities such as the municipality and emergency
services. Also under his responsibility falls to inform the Traveller Informant by delays, unplanned deviations and cancelled bus trips. A
provide the Rl information about the impacted bus-line(s), direction(s), and expected duration.

Traveller Informant (RI)

There is one Traveller Informant (Reizigers informant-RI) at the CVL, present from 5:30h in the morning until 1:00h in the night. The
Traveller Informant is responsible that the traveller information from the metro, tram, bus and ferry are quickly and clearly, according
to the ‘OPGA-principle’ are broadcast for travellers and RET employees. For the Metro, the travel informant is also responsible for
broadcasting audio messages at the stations.

The ‘'OPGA-principle’ means that the traveller information message is composed of the Cause (O), a Prognosis (P), the Consequence (G)
and when available an Advice (A). The advice is most of the times not given for unplanned disruptions. As an example:

“Due to a defective bus (O) a trip has been cancelled in both directions on line 97 (G). Take into account an extra travel time of
up to 15 minutes (A).”

The Traveller Informant makes use of RIVER, ReisInformatie VERbeterd , translated ‘Travel Information Improved’, in this application, both
unplanned and planned disruptions are recorded and distributed to various information channels. The working process and responsibilities
for the Traveller Informant are:

1. Reports about unplanned disruptions arrive at the passenger informant, via the Traffic Controller or directly from the IRMS in which
a Traffic Controller reports disruptions. Planned disruptions are sent in various forms and by various channels to the Traveller
Informant.

2. The Traveller Informant draws up a text about the disruption according to the OPGA principle, in a choice menu, standardised text
messages can be selected, see Appendix 3 for the text options.

3. The Traveller Informant may, if necessary, add additional travel information.

4. The Traveller Informant chooses the publication channels, for which agreements apply for which channel is used in which situation
(See Table 3.)

5. The passenger informant can scale up the handling of the situation (= more channels) and reduce it (= fewer channels).

6. The Traffic Controller indicates when the situation is ‘regular” again. The passenger informant ends the disruption as the last step of
the dismantling, and this is automatically processed correctly in all systems.

7. At the end of the day around midnight the Traveller Informant, checks whether no outdated messages have been published, and
closes any outdated messages.



It is for the Traveller Informant not possible to place directly from RIVER free-text messages on the DRIS signs outside at the stops. Here
for the program Geo-GUI (Geographic User Interface) is used. Geo-GUI using a base map of the work area where the displays are located.
Stops to which displays are linked can be grouped and selected, after which texts (traveller information) on DRIS can be published and
maintained.

Table 3. RET travel informant protocol for channel use (RET NV., n.d.-b).
In-vehicle

RET Real Time DRIS and station EBS-bus
Intranet App Website Twitter (Geo-GUI) screens (CoPilot)

<30 min delay
Frequency bus line 3 X X X
or more per hour

> 30 min delay
Frequency bus line 2 X X X X X X
or less per hour

Cancelltatlon' or X X X X X X
diversion

Major disruptions or X X X X X X X
delay >1h

Receiver Employees

RET Travellers Travellers Travellers Travellers Travellers Bus Driver

6.3 Traveller information channels

This chapter helps to understand the context of the traveller information. Firstly addressing the traveller information process in case of
an unplanned disruption including and which type of information, actors and systems are involved. In 6.3.2 presents an overview of the
different types of information that RET provides to travellers through what channels.

6.3.1 The traveller information process

As mentioned in the literature review as well (Chapter 2), there is a difference between static, dynamic and actual travel information. In
the public transportation sector the following classifications are used for the different types of information, see Table 4. Consisting of
static information (KV1,KV9), dynamic information (KV4, KV7/turbo, KV15) and actual information (KV6, KV8/turbo, KV17, KV19). KV3,
KV4 and KV9 are related to conditional prioritization at traffic sign and platform allocation, which are not relevant in this research. By
further interested in the KV information process, Appendix 4 presents an overview of this system as a whole.

On the next page, a schematic simplified overview is presented of the traveller information process in case of an unplanned disruption.
The different steps are explained and also some of the information streams from Table 4 are included. Below a short explanation of terms
that are mentioned in the figure is given:

EBS: Operation Management System, concerns the total of system components that are used to support the daily exploitation of

the Buses.

CoPilot: EBS on-board computer on the bus. The CoPilot provides all functions of EBS in the vehicle.

IRMS: Incident Registratie Management Systeem, logging system for incidents of the RET transport system.

RIVER: Travel Information system of the traveler informant, in this application, both unplanned and planned disruptions are recorded

and distributed to various information channels.

Geo-GUI: The interface to place free-text messages at the DRIS signs at stop.

36

NDOV: Nationale Databank Openbaar Vervoer, translated “National Public Transport Database”. The task of NDOV is to provide
a level playing field for the delivery of planned and current travel information, fares, public transport zones and stop accessibility.
DRIS: Dynamic Travel Information at bus stops; collecting and publishing current bus departure times and traveller information
messages from Geo-Gui.

HASTUS: HASTUS supports the RET in the development, generation and optimization of timetables. The application generates
transport solutions in the form of vehicle schedules, crew schedules and line timetables.

Table 4. Classification of different types of information used by the public transport sector (Kennisplatform Verkeer en Vervoer, 2010).

Class  Description
KV1 | Scheduled timetable and information about routes and stops for a specific period
KV3 Provides priority request to VRI (Traffic Control Installation) using KAR (Short Distance Radio). This makes the ‘conditional prioritisation’ for
public transport vehicles at traffic lights possible.
KV Used for dynamic platform allocation. Combines information with planned and current travel information (kv7 8), and information from KAR, or
VETAG/VECOM systems at a station.
KV6 Messages in which each vehicle reports at least every minute where it is located and his punctuality. The punctuality is defined in relation to the
planned timetable, as communicated through KVI. Kv6 is highly route-oriented.
KV7 | Scheduled timetable per stop post for a few days
KV8 | Current departure times per stop based on vehicle position
KV7/8 | A variant of KV 7/8 that efficiently sends the required information for internet and mobile applications for all stops. Consists of scheduled and
turbo | current travel Information at stop level.
KVo Data information from registration and de registration positions (for priority requests using KAR for VRIs). The road manager is responsible for
supplying information about the traffic lights' entry and exit points.
Free texts or traffic control for screens at stops by diversion routes, disruptions and calamities in the service execution. Messages should be
KVi5 ) o
constructed follow the ‘OPGA-Principle’.
KVi7 Mutations by Traffic Control (trip cancellation, shortening of trips, adjusted planned departure and arrival times or postponing departure at a
stop).
The predicted departure times based on the actual service execution, defined with respect to the planned timetable, as communicated through
KV19 KV1. Provide information about the expected arrival and departure times at all relevant stops. Almost the same information as KV6 however more
stop-oriented. Kv19 can therefore also be used to communicate - to a limited extent - that one or more stops have been skipped, for example
through a diversion.

37



—_

KV6 from bus

KV7 /KV8

ceeossoscecoecececeseeosKVIfromHASTUS

A 4

Bus Driver

Event occur with
an impact on the — 2 '} Traffic Controller Bus
exploitation

Traveller Informant

Oiojol=

e ecceeecsccesesscccccs e
o)}

= Internal Systems

) NDOV Loket

92920V App

= Communication trough Internal systems

= Actors

= Communication between actors

= External System

= Communication from Intern to External system

= Traveller information channels for the traveller

Figure 17. Traveller information provision process during unplanned disruptions.

Steps in traveller information process during an unplanned disruption:

1.
2.

Event occurs with an impact on the exploitation
Traffic Controller actively monitored EBS messages that indicate if a bus is too early, too late (>+3) or deviating from the route and
/ or is informed by the Bus Driver via the transceiver.
Traffic Controller assesses the situation and determine the intervention and inform the Bus Driver about the intervention measure.
Traffic Controller implements the measure in EBS. EBS is connected to:

4.a. The CoPilot system in the bus, so the measure is visible for the driver.

4.b. Viaaconverter to NDOV, who shares the open-source information with 92920V, RET Real-time App, RET Website and other

parties that requested for the information.

4.c.  Viaa converter to DRIS, so by (partly) cancellation of the trip, the bus is no longer visible on the DRIS sign outside.
Traffic Controller creates a disruption report in IRMS. IRMS is linked to RIVER-system used by the Traveller Informant.
Traffic Controller informs the Traveller Informant by telephone about the event, the impacted bus-line(s), direction(s), and expected
duration.
Traveller Informant also has access to EBS and can see the current status of the buses and any measures that the Traffic Controller.
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8. Traveller Informant creates an event in RIVER. There are standard texts that can be selected to create a message that fits the
situation. The texts are prepared according to the ‘OPGA-principle’ (Cause, Effect, Prognosis, Advice - principle). From RIVER it is
possible to send the travel information message to different channels, see table... for the protocol on channel uses.

8.a.  With a delay < 30 minutes the message is sent to Geo-GUI, Real-Time App

8.b.  With a delay > 30 minutes the message is sent to Geo-GUI, Real-Time App, RET website, Twitter

8.c.  Trip cancellation or diversions, the message is sent to Geo-GUI, Real-Time App, RET website, Twitter

8.d.  Major disruptions or delays > 1 hour, the message is also sent the screens in the Metro and Tram and at the stations.
9. Traveller Informant can see the message from RIVER in Geo-GUI and assign the travel information text to the correct displays
10.  Traveller Informant can create manually messages in Geo-GUI and assign them to the displays wanted.

When the exploitation is no longer impacted the Traveller Informant send a cancellation message via Twitter and unsubscribe all used
channels in RIVER.
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6.3.2 Traveller information channels
There are various different traveller information channels or touch-points that travellers interact with or could throughout their journey.
These include information of departure states at stops and stations and maps of the line network. Digital information via websites, smart
phone apps, DRIS signs, information screens at stations, in buses, trams and metro. Interpersonal via Bus Drivers, station service crew or
other RET employees. Via the various channels and touch-point a wide variety of traveller information could be obtained.

Below an overview of the traveller information channels directly related to the RET, including the information that is relevant for bus
travellers and the classification of the information (static, dynamic, actual) is provided.

Channels Information Type
RET Real Time App - Multi-modal trip planner linked to 92920V Actual
Trip information as Duration, Price and CO2 Static

Detours per modality and elevator disruptions Dynamic

Disruptions and diversions per line per modality Dynamic
Departure time per line per modality (bus, tram, metro and ferry) per stop Actual
Real time location of the bus Actual

Extra services: When making an account it is possible to make use of the notification
setting in case of diversions and disruptions on favourite lines.

RET Website - Multi-modal trip planner linked to 92920V Actual

Trip information as Duration, Price and CO2 Static
Detours information per modality and elevator disruptions Dynamic
Disruption information Dynamic
Departure time per line per modality (bus, tram, metro and ferry) per stop Static

Extra services: Facilities per stop and add trip to calendar.

RET Twitter - Disruptions per line per modality Dynamic
Extra service: Possibility to response to disruption message and ask questions to the web
care-team.
DRIS sign at stops - Departure time per line per modality Actual or Static *

(Disruptions and diversions) * not every DRIS sign is equipped with extra line space for free texts. | Dynamic

Screens in Bus, - Arrival time of the 5 next stops, next junction stop and final destination Actual or Static *
trams and metro - Disruption information Dynamic
Interchange information for the metros, trams, buses, trains and fast ferry Dynamic

Extra services: ret news and updates and sometimes information about (upcoming)
planned disruption.

Screens at Stations | .  Disruption information Dynamic

Extra services: ret news and updates and sometimes information about (upcoming)
planned disruption.
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Remarks to the traveller information channels are that it is for the traveller not always clear if the information provides is static, dynamic or
actual. Also the channel broadcast protocol the Traffic Controller use is not communicated to the traveller, and is therefore unknown. There
is a main of focus on digital mobile information provision. Digital mobile information has major benefits as is could be a fast an direct line of
communication between the traveller and RET, and the mobile deviance are always with the traveller. However, there is also a settle back
of mobile information, as battery constraints, it requires an internet connection, and not always everyone has access to mobile devices.
The last point also related to the risk of digital exclusion meaning; the uneven distribution in the access to, use of, or impact of information
and communication technologies (Durand, Zijlstra, & van Oort, 2019). Furthermore at the moment only the RET website provides digital
information in English, although only about static information. The planned or unplanned disruption information is not available in English.
The impact of digital exclusion and language exclusion is out of the scope of this research. Broadcast message in vehicle or at station also
scores high as preferred channel in the event of disruptions (see chapter 2.3.). However, these installations are only located at train and
metro stations. The Bus Driver has the option to broadcast a messages himself in the bus.

* Important notice is that the DRIS not always showing actual travel information,
when they do not have connection with the bus or the bus in not yet in the
connection range of the DRIS displays static information.

* Important notice is that the screens not always showing actual travel information, due to
connection problems with EBS.
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6.3.3 External analysis
Although the main focus is the RET context it is always wise to look to the competitors in the field and see how they operate. For this desk
research, is looked and how the operators in Amsterdam (GVB) and Den Haag (HTM), the Dutch Railways (NS) score on the topic traveller
information by disruption, their traveller support system and their traveller information channels. Furthermore, the traveller information
channel 92920V, which is a travel information group that provides OV Data on behalf of and on commissioned by the public transport
companies.

Looking after the results of the public transport customers barometer of the past five years for bus transport, in the big cities; Rotterdam
(RET), Amsterdam (GVB) and Den Haag (HTM). The results are very close to each other, for the overall grade around 77% and around
76% for traveller information at stops/stations. Some diversity is visible in the result for traveller information during disruption whereas
the RET scores the best with a 60% on average and followed up HTM 57% and GVB 51% on average in the last five year (CROW-KpVV,
n.d.). In the “OV-klantenbarometer” 2018 one topic fell out, namely traveller information during disruptions. The national average dropped
from 59% to 55%, at the RET-Bus, the result dropped from a 63% to a 53% (CROW-KpVV, 2018). The reason given for this is that the
expectations of travellers have increased: travel information in “regular” situations has become better and better (DOVA, 2019). The NS,
on the other hand, which use their own customer satisfaction survey had a score of 82,5% on information of disruptions in the train and
at the station (NS, 2018).

Interesting is that the RET, GVB and HTM have the precisely same outlining for the traveller information apps, only differences are the
company branding and content. However, the NS app offers also a multi-modal trip planners which means that it can also be used by
non-train travellers . Besides the standard info as; trip duration, price disruption information they have implemented a lot of “nice to have”
features. Examples are; accurate maps with the location of stops and platform names, the possibility to state preferred first-mile modality
for multi-model trips (Walking, Bike, Car or PT), train crowdedness information, weather information and information about stations and
other services can be found in the app. Furthermore, within the NS app, it is possible to directly purchase tickets, where for the RET,
GVB and HTM a separated app and registration is needed. Since 2018 the NS launched the app NS-Lab in which they test various new
functionalities that can make the travellers journey better and more enjoyable. It is a smart way to include your traveller directly in your
information provision innovations by getting feedback & value insights from them.

92920V is a commonly used app, its features are described below. Whereas 92920V has a cooperation with various operators, they do
not have with RET. This means that 92920V currently does not provide ‘OPGA-information” about planned disruptions of RET services.
In the event of unplanned disruptions, 92920V is dependent on the open-source data provided by the NVOD.

Multi-modal trip planner Actual
Trip information as Duration and Price. Static
Planned and Unplanned disruptions and deviations information for NS, GVB, HTM, Arriva, ~ Dynamic
Connexxion, EBS, Qbuzz, Keolis, Hermes.

Departure time per stop for all mobilities Actual

Looking at the other traveller information channels used by other operators, every operator also has its website, app and twitter channel.
RET stand-out due to the limited opening hours of customer service, only operation on working days between 9-17h. Compared to the
GVB who are accessible between 9-19h Monday till Saturday. HTM with opening hours on working days from 7-22u, Saturday from 8-22u
and Sunday 9-22u. The limited openings hours are noticed by RET, and it is being discussed to expand this (RET NV, 2019).

There are also various innovations in the field of DRIS sign. Where the RET currently uses the old-fashioned mono led signs there are
also new graphical (tft) screens, see Figure 18. These new graphical screens are also used by the NS on their station. The screens have
the possible to give more traveller information in @ much better organized and readable way. Because DRIS Sigs are directly linked to the
EBS-systems of the operator, making useful, fast and reliable traveller information to possible. The downside of DRIS signs is the high
investment cost and maintenance cost of the system for both the operator as road authority.
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Figure 18. Currently used mono DRIS signs RET, and new graphical (tft) screens.
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After having introduced the context in which the research was conducted, the following section

will focus on the user field research that was conducted. The emphasis will be on the bus travellers,

" however, to also provide a broader perspective, the insights of other stakeholders involved in

= § ‘ o 4 the disruption handling process are included as well. These include the bus driver, the traveller
— e ‘ _ informant and the bus traffic controller.

I
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focus on the research that has been conducted, including the steps taken in both the field user
researches; the bus travellers and other actors. The final part of chapter 7 will list the limitations
that were identified for this research.

The following chapter 8 will present the results from the bus travellers research, divided in general
findings, their experience during regular and disrupted trips. The results and findings of the other
field user study are then presented in Chapter 9 where each other actor will be elaborated on
separately to gain a better understanding of their main challenges during regular and disrupted
operations.



/- Methodology

This section will start with a general overview of the difference between traditional public transport engineering research set-ups and
design research set-ups. After which a more general introduction will be provided into the selected research methodology. The section
thereafter will provide a more detailed view on how this methodology will be applied to this specific research and what other considerations
were included.

7.1 Design research versus traditional research

Traditional public transport research is mainly characterized by quantitative research methods. Quantitative research is a research
approach aiming at testing theories, determining facts, demonstrating relationships between variables, and predicting outcomes (van
der Merwe, 1996) Quantitative research uses methods from the natural sciences that are designed to ensure objectivity, generalizability
and reliability (Yilmaz, 2013).Traditional public transport research is analytic, more data-driven, and based on empirical or measurable
evidence and principles of reasoning. It focuses on the understanding of objective and quantitative data.

Design research on the other hand is mainly characterised by qualitative research methods. Qualitative research is a research approach
aiming at the development of theories and understanding involving an interpretative, naturalistic approach to its subject matter (Denzin
& Lincoln, 2005). Qualitative research finds its origin in anthropology and sociology sciences. Design research is constructive, human-
driven, and based on an exploratory process. Various design methods offer a way to collect and understand subjective and qualitative
data. One of the key aspects of service design is that it should be user-centred co-design. The services should be experienced through
the eyes of the customer. The persons who will eventually be served through the design process, is given the position of the expert of their

experience and they play a large role in the knowledge development, idea generation and concept development (Sanders & Stappers,
2008).

In this study, a clear choice was made to apply service design research methods and related qualitative research techniques. Qualitative
research techniques because they study things in their natural settings and help to collect empirical materials about personal experiences
(Denzin & Lincoln, 2008). Qualitative methods can be used to obtain the tangled details about feelings, thought processes, and emotions
that are difficult to extract or learn about through quantitative methods (Carreira et al., 2013) Moreover, it helps to develop specific
insights and can turns individual experiences into usable data. That can be useful for practical application. The traveller is placed at the
centre of this research and service design research methodologies are suitable as they are used to gain a deeper understanding of users’
needs and desires by a user-centric set-up (Sanders & Stappers, 2014). Using service design research methods is a new playing field for
the public transport engineer, which makes this research exploratory and unique. Figure 19, shows the double diamond principle that
is commonly used as a framework in design research. It helps to understand the customers and their problems, and it helps to explore
creative and in innovative ways to solve their problems and delight them in a structure manner. The models consist of 4 phases: Discover,
Define, Develop and Deliver. It is a process from diverging and converging. In short, the four phases can be described as:

Discover: Research— insight into the problem (diverging): Define research scope, methods and conduct primary (field) and

secondary (desk) research.

Define: Synthesis — the area to focus upon (converging): Understand and make sense of the research, lay out all research findings

and cluster them in themes, find the insights and deduce opportunities and potential fields of action. State the ‘How might we ...

question.

Develop: |deation— potential solutions (diverging): Generate as many potential solutions and ideas, evaluate these first ideas, set

the design vision.

Deliver: Implementation— solutions that work (converging): Prototyping, test and analyse, iterate and repeat, before build and

release.

During the stages discover and define qualitative research techniques such as context mapping, user observations, semi- or un-structured
interviews , and open-ended questionnaires are used. Only after the first diamond the specific research question the 'how might
we..(HMW)-question is formulated. These question makes a concrete statement of what is to be done or solved. In qualitative research it
may be more appropriated to describe a research problem rather than pose a research aim or question. Opposite to quantitative research
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Figure 19. Double diamond (van Boeijen, Daalhuizen, & van der Schoor, 2014)

that defines the specific problem and question at the very beginning of the research. Hypothesises are often formulated an existing
theoretical framework is chosen and subsequently collected data shows how the theory does or does not apply to the phenomenon
under study (Allan, 2003). The researchers are mostly more converging in the process. Where often only in the end the results are put in a
broader perspective, what can be seen as diverging. In the double diamond principle, the development of questions is part of an iterative
process. Supported by the grounded theory that recommend to wait with fully develop research questions until on is in the field and
collecting data (Agee, 2009). Design research is therefore more flexible and an iterative process. The design of the study can be adjusted
or changed as it progresses. This iterative approach may conflict with proposal and dissertation requirement of research fields that are
traditional focused whereas specific research questions and research set-up are more fixed from the beginning on.

In design research, the researcher is an integral part of the data, without the active participation of the researcher, no data exists
(Grafanaki, 1996). Data is commonly collected in naturalistic environments, which makes the exhibited behaviours more credible because
they occur in areal, typical scenario, a so called field study. However, there is also a danger of this to collecting and interpreting qualitative
data exist qualitative research is strongly dependent upon the researchers’ executive skills or orientation. The researcher decides upon
the type of data gathered and the methods used to analyse those data. Herein lies the power and weakness of qualitative research
(Biklen, 1992). Quantitative data and research assessment involves validation, reliability and generalization. However for qualitative data
and research, due to the subjective nature of the and its origin in single contexts makes it difficult to apply conservative standards of
reliability and validity as applied in quantitative research (Malterud, 2001). A suggestion is made in qualitative research to assess the
trustworthiness of the method, coherence of results, and transferability and application of results (Hill, Thompson, & Williams, 1997).
Trustworthiness of the method means that a clear and precise description is given of all methodological steps used, including the research
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question, participant samples, themes under study, data collection and analysis (Morrow, 2005). The method, coherence of results are
related to the trustworthiness of its interpretations and conclusions. When they are internally consistent, effective and reproducible
they are considered to be reliable and coherent. Triangulation can help here, which mean data collection from multiple perspective and
in different ways (Hill et al., 1997).The last assessment is on transferability and application of results, meaning how those interpretations
may contribute to a furthering or even change in the current knowledge about the subject of study, providing an new understanding,
perspective on the phenomenon. Application of the results is the extent to which the results and conclusions of a research can orient
other occurrences and situations (Hill et al., 1997).

In design research, analysing is a process of synthesis. With the goal to identify patterns and themes from across the research. The overall
goal in qualitative design research is to bridge the gap between research and design, and between present and the possible future. The
bridge can take place on different layers related to the Data, Information, Knowledge, Wisdom (DIKW) scheme based on the Clevelands’
DIKW pyramid (Cleveland, 1982). Where each layer adds certain attributes over and above the previous one. Figure 20, shown the DIKW
scheme and below the different aspect are described (Rowley, 2007; Sanders & Stappers, 2014).

Phenomenon is that which happens in the world, the object of the research

Data are samples from the real world, which can be catch and keep. Data itself has no meaning.

Information is the interpretation of a data item. Information contained the descriptions, answers to questions that begin with such

words as who, what, when and how many.

Knowledge is generalised, abstracted from of the individual data and information, and can be explicit or tacit knowledge. At

knowledge level a theory is developed.

Wisdom can be defined as theoretical wisdom and practical wisdom. The first emphasises on how to explore, explain, and understand

the knowledge, the later on how to use the knowledge into practice.

Create New Theory
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Figure 20. Data, Information, Knowledge, Wisdom scheme based on the Cleveland’s DIKW pyramid (Cleveland, 1982)(Sanders & Stappers, 2014).

Synthesis helps to finds the value from the data and translated process and can be a simultaneous phases of data collection and analysis
(based on the ground formal theory). It is an inductive approach to analysis, allowing the theory to emerge from the data (Cohen, Glaser,
& Strauss, 1969). The key-component during synthesis is to establish specific themes and link the quotes and observation to them. This
can be done by so called ‘Analysing on the wall” which is working best with small sample sizes up to 6 participants. From the raw data the
interesting quotes, notes are selected and parked under the related theme. During the process more themes can be added when need. It
is a flexible and tangible method. For larger samples sizes or when there is a lot of data to be analysed the more heavy ‘analysing with a
database’ could be preferred. However, this approach is much more time consuming because of the coding that needs to be done for every
item. Disadvantage is also that the data become hidden inside the computer, however some advantages are the possibility to share the
data base, easily scale it up, and easily apply sorting and filtering (Sanders & Stappers, 2014).
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7.1.1  Collaborative strengths
Public transportation is a complex socio-technical system and a service product par excellence. Public transportation have a technology
subsystem and components that are fundamental to performance of the function of the system. However, at the same time having a
social, political and economic relevance as well. It extensive a complex interaction between humans, machines and the environmental
aspects of the work system. Although the notion of the human involvement lies at the heart of a social-technical system in research there
has been a disappointing uptake of user-centred methods in this field. Furthermore, even when these methods were used, user involvement
was only used to assist in the development of a techno-centric system. Users were not seen as participants in the integrated systems
development process (Baxter & Sommerville, 2011). However, social-technical systems are better served when user centric (qualitative)
and techno-centric (quantitative) research methods are combined. Therefore public transport engineer should become more aware of the
usefulness of the social sciences and qualitative user centric research methodologies. This research will be a small contribution to this
process. In order to set up more collaboration between design and scientific research in the future a clear understanding of each other’s
working method is required. Design- and scientific research combined are an incredibly strong couple, as they complement each other’s
weaknesses. Together they are able to answer complex issues in the social-technical field. | therefore expect that in the future a new
scientific language will emerge. This language can connect fields that are far apart from each other at first sight, but make interdisciplinary
co-research possible. It requires interdisciplinary thinking that encompasses engineering domains as well as human factors and business
acumen, creative thinking, cross-cultural communication and collaboration, and a global mind-set (Kamp, 2016). This does not alter the
fact that separate research in specific fields will become unnecessary. But there is a new field to discover for researchers who are capable
of facilitating interdisciplinary research to make engineering research future-proof and tackle the social-technical question of the future.

7.2 Introduction to design research

In the 1980s design research developed as a recognisable field of study, in the 1980s it became of age, and from there on it has continued
to expand further (Cross, 1993). Nowadays terms as design research, design thinking and service design are commonly used. The main
strength of design research is that it is an interdisciplinary approach that combines methods and tools from various disciplines. It is an
iterative process in a holistic way to gain a comprehensive, empathic understanding of customer needs. Resulting in the design of systems
and processes that aim to improve factors like; ease of use, satisfaction, loyalty and efficiency and providing a holistic service to the
user (Stickdorn & Schneider, 2013). The strength of design research is the potential to contribute to improving public transport from the
travellers perspective. Because the traveller who will eventually be served, is given the position of the expert of their experience and they
play a large role in the knowledge development, idea generation and concept development (Sanders & Stappers, 2008). Resulting in a
service that better finds the traveller needs.

User-centred co-design is one of the key aspects of service design. The services should be experienced through the eyes of the customer.
In a good co-design process users and stakeholders are given appropriate tools for expressing themselves, which help them to participate
actively in the design process and ensure a good fit between the design and the use of future products or service (Wilkinson & De Angeli,
2014). Figure 21, show the role of the researcher, designer and user in the co-design process, including the description of these roles for
this research.

User

Public bus travellers and other
stakeholders from the RET that
are involved in the disruption
experience.

Researcher/Designer
Combined role for me as the
only researcher conducting
this research.

Figure 21. The role of the researcher, designer and user in the co-design process
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There are different design processes (as the double diamond as mentioned above) and technique that have either been published by
practitioners or described in the literature in the last couple of decades. For this research, various design techniques are used to help to
reach deeper levels of knowledge. Knowledge in this context is defined as; “thoughts and ideas that have already been experienced and
have been stored in memory” cited from Sanders & Stappers (2014). Four levels of knowledge can be distinguished:

Explicit: knowledge that can be stated in words

Observable: knowledge that refers to thoughts and ideas that can be obtained by watching how things happen or how people

behave

Tacit: knowledge that refers to things we know, but we are not able to verbally communicate with others.

Latent: knowledge that refers to thoughts and ideas that we have not experienced yet, but on which we can form an opinion based

on past experiences.

Figure 22, shown these levels. A distinction is made between knowledge that is at the surface and that what is at the deeper levels. In
this research is looked at how can the experiences of, and the provision of information to, bus travellers during disruptions be used to
improve service quality during disruptions from the operator. Different techniques are applied in this research to reach the different levels
of knowledge and help to have in depth and extensive understanding of the reality. This include interviews, observations and context
mapping. The methods are elaborated here.

Surface What People: Methods: Knowledge:
T
Interviews Explicit
Do "
Observations Observable
Use
Context Tacit
Know mapping
Feel
Dream

Deep Latent

Figure 22. Overview of different knowledge levels with corresponding behaviours and analysis methods (Sanders & Stappers, 2014).

Interviews

Interviewing is one of the most common methods for collecting data in qualitative research. Interviews provide insights and helping in
understand a specific context, problem, extreme and extraordinary situations. There are different interview set-ups, structured, semi-
structured and unstructured. Qualitative researches focusing on experience mostly use semi-structured and unstructured interviews
sets-up or sometimes referred as (in)-depth interviews. These type of interview are making mostly use of open-ended question and due to
the not fixed structure provided the opportunity on the part of the interviewer to probe and expand the interviewee's responses (Rubin &
Rubin, 2012). In-depth interviews guided by a semi-structured interview guide are used in this research in two ways. One for the travellers
as part of the context mapping process as explained later on. With the Traffic Controller, Traveller Informant and Bus Drivers interviews are
done to gain more insight about their working environment, role is during a disruption, contribution to the traveller information provision
and future vision.

A 'layering approach’ is most of the times incorporate as it is one of the most useful techniques that help participant first to create
a complete story, then evaluate it and find the underlying reasons for their evaluation (Sanders & Stappers, 2014). With this layering
approach, the underlying values can be discovered. Furthermore ‘the path of expression’ is useful to guide the understanding of the
experience of travellers, see Figure 23 for an explanation. As the experience is both connected to past and future experiences (Sanders
& Stappers, 2014).

Start with observing, documenting and talking about
their current activities around the topic of the study.
Then recall memories from earlier experiences.
Reflect on those memories.

Then go to the possibilities for the future.

Ao

Figure 23. ‘The path of expression’; a useful tool to understand traveller experiences (Sanders & Stappers, 2014).

Observations

Observation gives the researcher the opportunity to look at what is taking place rather than get the information indirectly. It helps to get
insight in what people do and use and so reaching out the deeper level of knowledge. It enables a better understanding of the context by
seeing things that might otherwise be unconsciously missed and it helps to move beyond perception-based data and to access personal
knowledge (Welch & Patton, 1992). Observation makes it possible to collecting data simultaneously with the occurrence of the event,
without interfering with the occurrence of the event (Kawulich, 2005). Within this research various observations session are done to
get insight in the working environment and processes (behaviour) of various actors during an event of a disruption. There is a standard
typology of four observatory roles that are typically referred by researches (Gold, 1957), see Figure 24.

The observer as a participant, who undertakes
intermittent observation alongside interviewing, where the
participant(s) do now the research goals of the observer.

The complete observer, who maintains some distance,
does not interact and where the participant(s) do not know
that they are being observed.

The participant as an observer, who undertakes prolonged
observation, is involved in all the activities of the
organisation and is fully engaged with the participants.

The complete participant, who interacts within the social
situation, but again where the participant(s) do not know
that they are being observed . A spy.

Figure 24. The standard typology of four different observatory roles.

Context mapping

Generative research techniques are used to gain a deeper understanding of user needs and desires and reach out the deepest level of
knowledge (Sanders & Stappers, 2014). One of the methods that are used in co-design and is a generative designs technique is Context
mapping. Context mapping is initially developed at the Delft University of Technology, however, has nowadays been adapted in design
practice worldwide as it helps to understand efficiently needs, wishes and the motivation of users. The fundamental perspective of
context mapping is that every user is an expert in his/her own experiences (Sleeswijk Visser, 2009). It is an ‘intensive research activity’
that enables users to ‘express deeper levels of knowledge about their experiences’ (Sleeswijk Visser, Stappers, van der Lugt, & Sanders,
2005). The number of participants is relatively small, 6 - 20 people, in order to establish close personal contact. Research has shown that
15 suitable respondents can already make up 75% of the collective gained insights (Zaltman, 2003).However, as the unit of analysis is
experience and not the individuals, it is more important the chose the participant accordance specific criteria so they contributions to the
structure and character of the experience under investigation. The data gathering procedures and the variety of evidence that these can
produce are more importance than the number of participants (Polkinghorne, 2005)



The reason for using the context mapping methodology in this research is that it helps to understand needs, wishes and the motivation of
the bus traveller. It is qualitative research, analysis and conceptualisation method to explore, reflect on, and express users experiences.
Different phases of the context mapping process contribute to reaching these more deeper levels of knowledge (Sleeswijk Visser et al.,
2005). Figure 25, gives an overview of the process of a context mapping study.

wib

Collecting

Figure 25. Different phases in the context mapping process

1. Preperation 2. Sensitisation

6. Conceptualisation

This process originates from the Doctoral dissertation publication of Sleeswijk Visser (Sleeswijk Visser, 2009), which describes the
following different stages in the process of context mapping:

1. The preparation stage: this stage determines/sets a well-developed goal and it describes how the results will be useful for the
conceptualisation stage. | as well describes organisational aspects of the study, such as people and time planning.

2. The sensitisation stage: During this stage, the users receive a packages {booklet} to record some of their daily routines. This helps
them become more aware of their habits and what parts of these routines mean to them. When they arrive at the session stage,
they will have more explicit knowledge at hand.

3. The session(s) stage: The session can take place with a group of users or individually. The session is used to ‘make’ things, such
as collages, story lines, 3D models, in which participants express their experiences and present their creations to the group and/
or the researchers.

4. The analysis stage: In this stage, the researchers analyse the data, forms categories and models. These will, in turn, be used as the
basis for the next stage.

5. The sharing stage: The documents generated in the analysis stage are shared and presented to the design team. After which a
discussion will take place on any interesting observations.

6. The conceptualisation stage: In the last stage the results are used as input for creating new concepts, which are based on a deep
understanding of the users.

In this research, the above describes the steps that are worked out but then in a slightly different manner. This as this research does not
have a design character but a more exploratory character for the transportation engineering field. The following chapter explains the steps
in the field user-research involving bus travellers and the other actors (Traffic Controller, Traveller Informant and Bus Driver) contributing
to the disruption experience and traveller information provision of the travellers.

7.3 Steps field user research the bus-traveller

This research describes the concerns, appraisals and emotions that the target group experiences during their journey and during any
disruptions. This understanding is captured during a procedure based on context mapping as explained in the previous sub-chapter.
Data is collected through sensitising and interviewing travellers, revealing what travellers do, how they behave and what they ‘know, feel
and dream of " (cited in (Sleeswijk Visser et al., 2005)). By analysing this dataset, behavioural patterns and underlying values among bus
travellers were discovered. In addition, a brief social media data mining has been done. Because, as cited in the literature study, social
media plays an increasingly important role in present-day life, and there is noticed that passengers desire more frequent communication
from social media to the operator (Accenture, 2013). Adequately use of social media data offers operators valuable insights into the
passengers’ experience perspectives (Nikolaidou & Papaioannou, 2018). In the next Chapter 9, the findings are presented.
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1. Preparation stage

This research aims to get insight into bus travellers’ journeys; what is their experience in a regular situation and during disruptions, and
how do they seek traveller information. Furthermore, the goal is to introduce a design thinking research methodology in the field of public
transport engineering and show the value of combining different areas of expertise with an active link between science and practice.

A sensitising booklet based on the research statement and underlying questions has been developed and printed to hand out. In the
following stage this booklet is presented and its setup is explained. During the flyering sessions at the bus station RET promotion clothing
was provided to ensure proper recognisability. Flyering was done by myself during the morning (8:00/10:00h) and afternoon rush hours
(16:00/19:00) on several weekdays at different bus stations (Rotterdam Centraal, Kralingse Zoom, Rotterdam Zuidplein). Travellers were
introduced to the research and asked to participate. A gift was offered in return for filling out and submitting the booklet. To recruit as
many participants as reasonably possible, various social media posts (Facebook, LinkedIn) and personal relations were leveraged.

2. Sensitising stage

Sensitising is the process where ‘participants are triggered, encouraged and motivated to think, reflect, wonder and explore aspects of
their personal context in their own time and environment’ (Sleeswijk Visser et al., 2005). Therefore a booklet was developed. The booklet
can be found in Apppendix 5. This is a personal diary and consisting of various exercises that address the topic of public bus transport
in Rotterdam. Focus topics are on the bus travellers experiences, during the journey and traveller information during disruptions. The
participants were advised to do one exercise each day, which enabled them to finish the booklet within one week (when travelling daily).

The target group were frequent public transport travellers and frequent to occasionally bus travellers in the age group of 25 to 55 years.
In order to reduce the interference to a minimum the criteria for the target group including the following, Dutch speaking, digital capable,
frequent public transport user and higher educated employed people. Frequent public transport travellers was one of the criteria to
ensure the travellers have enough past experiences as examples to refer to, again with the help of sensitising. The higher educated
criteria was important because of the ability to express themselves. The criteria of participants currently being employed and using
public transport for their (daily) commute was used. This because of the expectation that these people would have a higher perceived
value of time compared to leisure travellers and therefore would be more aware of the impact of disruptions and the effect on their overall
experience. Furthermore this group aligned with previous research done by RET on tram and metro travellers (RET NV., 2016b).

Below the some of the main characteristics of the participants of the user research are stated. It is a homogeneous group off five
higher educated people who do not have a car and therefore rely on public transport for both commuting and leisure travel. Their travel
frequency on the bus varies from daily to once a month. The teacher, developer and student use the bus for the same journey. However,
the journalist and the service designer vary more often as they take different trips for work.

Teacher, 29y. Developer, 48y. Service designer, 28y Journalist, 27y. Student, 26y.
Weekly PT-traveller for work Daily bus-traveller for work Daily PT-traveller for work Daily PT-traveller for work —~ Weekly bus-traveller for education

Monthly bus-traveller for leisure Monthly PT-traveller for leisure  Monthly bus-traveller for work  Monthly bus-traveller for work  Monthly PT-traveller for leisure

Monthly PT-traveller for leisure  Weekly PT-traveller for leisure



3. Session stage

A semi-structured interview is used to see what is going on the tact and latent levels of what people say. One participant participates in
a 1,5-hour follow-up semi-structured in-depth interview session. The executed exercises in the sensitising booklet were the starting point,
and the semi-structured interview guide can be found in Appendix 6. The main topics of the interview were: General travel behaviour,
Travel behaviour, experiences and need during disruptions and ideas and solution for the future. The interview structure followed the
path of expression and the layering approach to discover the values behind.

3.1 Social Media data mining

In addition the twitter channels employed by RET to inform and connect with travellers is analysed. A selection has been made from
Twitter messages from the past 9 months that are related to (negative) statements from travellers about the bus service of information
service of the RET. Use has been made of the search function on Twitter and the search terms #RET Rotterdam, Bus, Information. The
comments were scanned and categorised on the basis of the travellers issue . A selection of the tweets are shared in the rapport.

3.2 In-depth case study

As part of an in-depth analysis on an unplanned disruption, a case has been worked out for a disruption that actually took place. The
disruption has been followed from different perspectives (Passenger, Bus Driver, CVL) and different traveller information channels (RET
Real-Time app, RET website, RET Twitter, 92920V, Google Maps) have been followed in parallel

4. Analysing stage

The analysing stage is the stage where the raw data is converted into valuable information. The qualitative dataset consists of the
filled out booklets, the interview transcript and social media data. The interview and booklet are studied to mark interesting quotes, by
‘analysing on the wall’ the quotes are linked to the main themes travellers experience and traveller information in the regular and disrupted
situation. The experiences of the five participants are mapped in a so called customer journey format for a regular. From the participant
that participate in the interview the disrupted journey experience is also mapped in a customer journey.

7.4 Steps field user research the other actors

To give a boarder perspective and to understand the context of disruption handling and the information provision process with the RET.
Other actors, the Traffic Controller, Traveller Informant and the Bus Driver are also included in a field users research. The staff are an
important part of the perceived service quality of the traveller as addressed in sub-chapter 3.2.1. This can be direct as the Bus Driver
that is in direct contact with the travellers. Or the Traffic Controller and travel informant who from the CVL contribute to the journey
(experience) of travellers.

In the previous section context an image is already drawn about their working environment their responsibilities and how they are
involved. However, this is based on the theoretical process. This field user research is conducted to capture the real working environment,
responsibilities and working processes. Therefore the actors are visited and raw data is captured during observations and semi-structured
and unstructured interviews. Resulting in observation notes, conversation notes and interview transcript. By analysing this dataset
underlying themes and insights can be found. The steps taken are explained below. The findings resulting from the research can be found
in Chapter 9.

1. Observing

Observations are used as well as enable to collect data simultaneously with the occurrence of a disruption in the bus-service. Within
this research various observations session are done to get insight in the working environment and processes (behaviour) of the Traffic
Controller, Traveller Informant and bus-driver.

In this research, the role as the complete observer and observer as a participant has been taken. The participants (Bus Drivers, bus Traffic
Controller and traveller information informant) were aware of the observation and knew the research goals. They were observed because
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they are most closely related to disruption handling and information provision. As a complete observer | got the opportunity to take a step
back and see and hear what happens while not disturbing the regular working process. In the role as observer as participant, | actively
asked questions in order to clarify what at the participants were actually doing and why.

In order to get an impression of the CVL Traffic Controller and Traveller Informant roles, | observed two bus Traffic Controller and one
traveller information informant at the beginning of my research. This helped to get a general understanding of their working environment,
activities and behaviours. In a later stage of this research, | observed them again in a more focused manner. Specific attention was paid
to their actions during an unplanned disruption and interactions. The Bus Drivers was observed as a complete observer may times during
my personal bus journeys. By taking place on the front row seats, | was able to observe the drivers behaviour and conversations. The Bus
Drivers did not know my role as researcher and that they were being observed. One formal focused observation was taken at a later stage
of the research when | joined for a few trips on the bus. | observed the systems on the bus, their use and the interaction between the
passenger and driver. Afterwards we talked about his work, the systems and his experiences with disruptions, travellers and the contact
with the Traffic Controller.

2. Interviewing

Firstly unstructured interviews have taken place with many different RET employees who are involved in their way with bus, disruptions
or passenger information. An unstructured interview is an informal conversational interview which is based on an unplanned set of
questions that are generated instantaneously during the interview. The unstructured interviews helped to get a better understanding of
the context which the research is studying. Later on, semi-structured interviews were held to see what is going on the tacit and latent
levels of what people say. A Bus Drivers, bus Traffic Controller and traveller information informant, participated in semi-structured in-
depth interview sessions. The semi-structured interview guide can be found in Appendix 7. The key themes in the interview were their;
working activities, experience with disruption, relation towards the traveller, future vision. The interview structure followed the path of
expression and the layering approach as explained in sub-chapter 7.2.

3. Analysing stage

The analysing stage is the stage where the raw data is processed to valuable information. The qualitative data-set consists of observation
notes, interview transcripts and conversation notes. The raw data set was studied to mark interesting notes and quotes, by “analysing on
the wall” the quotes are linked to the main themes of the three actors: Traffic Controller, Traveller Informant and Bus Drives. This helps the
identify patterns and interesting insights.



i; = Findings of the field user research: the bus-traveller

This chapter presents the findings from the field user research for the bus traveller. Although ‘the bus traveller’ does not exist because
different travellers show different behaviours and have different needs (Susilo & Cats, 2014). So, what defines this group? This is what
will be addressed in the first sub-chapter 8.1. General findings following from the booklets are presented first before sub-chapter 8.3
focus on the bus traveller experience for a regular trip, including the customer journey and traveller information needs. Then the focus
is on a disrupted journey where it is first discussed how disruptions affect the traveller, then the customer journey is presented and the
information needs are addressed. In order to expose the pain points of the traveller and in the traveller information system, different real
cases are shared within section 8.5. The last sub-chapter gives a summary of the key insights and findings from the field user research
of the bus-travellers.

Different emotions are mentioned in this chapter, so not to cause any confusion, the definitions are stated below. Negative emotions are
cited from Delft Institute of Positive Design (2019) and the positive emotions are cited from Desmet (2018).

« Anger: The feeling when someone did something bad that harmed or offended you. You want to go against this person to stop them
or prevent them from doing it again.

- Annoyance: The feeling when something is happening that bothers you. You have the urge to say or do something to change it or
make it stop.

«  Frustration: The feeling when you want to achieve something, but find your action blocked. Nevertheless, you keep trying.

- Dissatisfaction: The feeling of being unfulfilled when something happens that is different from what you expected. You feel that it
should be changed to meet your expectation.

. Anxiety: The feeling when you think about bad things that could happen to you. You are on guard, because you do not know what
the threat is.

« Distrust: The feeling when you think that someone is not truthful and does not have good intentions. You feel the need to be very
careful what you do or say to this person.

« Worry: The feeling when something happened that could mean something bad will happen to you or someone else. You cannot stop
thinking about this.

. Confusion: The feeling when you get information that does not make sense to you, leaving you uncertain what to do with it.

. Happy: The representation of a positive emotional state.

«  Relief: The feeling of enjoying a recent removal of stress or discomfort and the ability to take our mind off the source.

«  Relaxed: The feeling of enjoying a state of mental or physical calmness, slowing down and savouring the present moment.

. Satisfied: The feeling of enjoying the recent fulfilment of a need, expectation, or desire.

8.1 The bus-traveller, who are they?

Putting the (bus) traveller first is the key message in public transportation nowadays. In order to do so, you need to know who your
travellers are. However, precise and clear data on this is currently lacking as in research and databases (CBS, ODIN) the bus is often
merged with tram and metro information. RET also was not able to provide precise data on their bus travellers. Although RET is working
to improve this in 2021 by realising a database of over 100,000 travellers, of which half should have a 360 ° customer profile. This 360
° customer profile helps to get to know the customer and better response to their needs (RET NV., 2019). Also, The Dutch Ministry of
Infrastructure and Environment identified this lack of information and therefore commissioned the Knowledge Institute for Mobility
Policy (KiM) to examine the profile of bus users. Their findings are published in ‘Busgebruikers door dik en dun’ (Kennisinstituut voor
Mobiliteitsbeleid, 2018), making it one of the few available (open) sources of information. The outcomes will be elaborated on below.

The Netherlands has 4 to 4.5 million bus users (people who say they have used the bus in the last six months). So in total seven out of ten
people do (almost) never use the bus. Daily, there are around 2.4 million bus passengers, with 1 million unique travellers (CROW-KpVV,
2017b). Only a small group of less than 3% of the Dutch population travels four days or more per week by bus. The RET bus network
handles around 115,000 passengers per day in Rotterdam. Which is approximately 12% of the total number of bus passengers per day is in
the Netherlands and around 15% of the total amount of traveller using the RET per day. The average travel distance in highly urban areas
is less than 7 km (Gemeente Rotterdam & MRDH, 2017).

With less than 3% of the population of The Netherlanders travelling four or more days per week, it are the occasional travellers that
dominate the group of bus users. Most of the occasional bus users can be classified as ‘choice travellers’. In specific situations they choose
the bus, for example to avoid parking costs, traffic jams or cycling in bad weather. The bus can be considered as their fall-back option.

The frequent bus user is predominantly female and has an average age of 45 years. Interestingly enough, the image of the frequent bus
traveller may differ significantly from the perception that would arise if you were to observe random passengers on the bus. This as the
group would be dominated by daily travellers: mainly school pupils, students and commuters who travel mostly during peak hours. This
group, as well as people with reduced mobility and people with a relatively low income, are less likely to have alternatives available and are
more dependent on the bus. However, this study shows that they are not the largest group of frequent travellers.

Approximately 75% of bus users possess driving licenses. Bus users state that bicycles are their most important mode of transport in
terms of frequency of use: nearly half of all bus users said they travelled by bicycle at least four times per week. The bus is used in a
multi-modal way. In urban areas it is often combined with the metro or tram. Approximately one in ten bus users stated that they have a
temporary or permanent disability that limits their mobility, and affects their ability to travel independently. Bus users in the capillaries
are also more dependent on bus transport than average. Because there are often no other public transport modes available in these
outlying areas.

8.2 General findings bus travellers research

Five bus travellers where the subject of the research their answers in their booklets give some general insights about the bus traveller
preferences, behaviour and experience.

None of the participants has a car. The bus is the only way to get to their destination by public transport. One of the
participants specifically stated that he has made a conscious choice for traveling by public transport because it is a
sustainable mode choice.

They like that the bus because it is above the ground as compare to the metro it gives you the possibilities to enjoy
the view. Also, because you also do not have to pay attention to the traffic. The bus is affordable way of travelling.
Furthermore, the buses of the RET offer a good connection to their trams and metro’s.

=K
A drawback of the bus is that is has no priority line, which makes you are sometimes still stuck in the traffic jams or in
other traffic situations that cause delays. Furthermore, a bus leaving too early is a major source of irritation and makes the
bus less reliable. The climate control of the bus is poor and standing in the bus is uncomfortable. Also, the buses are not
connecting well to intercity trains.

Most used is 92920V or Google Maps to plan PT trips. These apps gives them the information in a structures manner for
all mobilities. Drawback in Rotterdam is, that the Google Maps does not show the actual location of the bus, other cities
have this.

Only one of the participants use the RET App. He likes that it gives a overview of stops and bus-line nearby plus the actual
departure times. You know exactly how long you need to wait, really pleasant.

The majority does not fully trust the departure information provide on the DRIS. As they have had bad experiences with
inaccurate with inaccurate information (deviating departure times or buses that did not appear). Also, the information on
the DRIS is not always the same as the information in their app (92920V. Google Maps).

The signs getting confusing when many bus-line are shown and it is not clear if their is a delay as it only show minutes until
departure. One participant really like to use the DRIS signs and would like to see that every bus-stop has a one.



No participant gave the same answer about what they see as disruption. Answers were: As a travel option falls away
and | did not have or get a good alternative. | have a delay of more than 5 minutes. Any change of my travel schedule as
planned due to delay or cancellation. When | no longer able to get my (original) connection.

- Travellers are most of the time unaware of the cause of the disruption. The information they get about the expected
‘. delay(time) are inaccurate. They get no information about possible alternative, Also, they experience a poor communication
' about planned disruptions.

8.3 Regular trip experience of travellers

Before unravelling the bus-traveller experience during a disruption first, an understanding should be there about the experience of the
regular trip as this helps to understand where what and when the division of the experience occurs. This sub-chapter provides in the
outcomes of the research was conducted with five different participants. The results from the booklets and interview are used to make
customer journey for a regular bus trip and to describe the travellers' information needs.

8.3.1 The Customer journey - regular trip

Building on the customer journey approach as introduced in chapter 4.2.1, the emotions of travellers for each episode of the Customer
Journey are mapped including quotes of the participants. This provides insight into the highs and lows as well as potential improvement
areas based on the needs of the traveller. Besides it is focused on the traveller information needs of travellers during different stages of
their trip.

The customer journey in Figure 26, presents the emotion curves from the five participants. The emotion curves show that even without
disruptions, the travellers experience some negative emotions. This occurs especially in the early stages of their journey when they are
travelling to the bus stops. They feel rushed and a bit stressed as they are concerned if they will be on time. This is also triggered by past
experiences of buses leaving earlier than planned (van Oort, 2016). In addition, the buses often run low-frequency, so missing a bus has a
significant negative impact on their journey. As a result, they often plan to arrive at the bus stop early and have to wait a little bit longer
for the bus to arrive.

The journeys then show a small relief when the bus arrives. After that, the actual ride experience depends on the person and specific
circumstances. Not being able to sit and an uncomfortable climate are considered as the main disturbing factors. However, on the other
hand, listening to music, reading, dozing off and looking out the window are experienced as pleasant experiences. Just before arriving
at the stop, a moment of uncertainty arise; “Is this already my stop?”, “Will the bus actually stop”, “Will | be able to catch my transfer”?
Getting off the bus, especially if the bus is on time gives a sense of relief; “yes | made it, on time!”. It also is & moment being back in
control of the situation, which reinforces this sense of relief. Especially when they are travelling for work this is a crucial moment as they
indicated that it is important for them to be on time. “I always feel a bit uncomfortable when | have to apologise for being late due to
public transport delays.”. As a coping strategy, they take sufficient buffer time to be able to miss one bus and still be on time if they catch
the next. This copping strategy was also found to be a key insight by Papangelis et al. (2016).

The feeling of being in control over their trip is an urgent need. Travellers are searching for things that give them that feeling that they
are in control. Examples of this are that they have searched out all different options to reach to their destination, taking an OV-Bike for
the last miles instead of going by bus, checking their traveller information apps also during the journey.

It is interesting to see the similarities in these five customer journeys by five different bus travellers. Besides there is also similarity
with the customer journey presented by van Hagen for a train trip, see Figure 10, that identifies some peaks by sitting on the bus/train
or when arriving at the destination. When the travellers can sit on the bus/train means that the time spent is considered as valuable
time (= personal time). However, this peak can negatively be influenced by other factors such as the cleanness and climate in the
vehicle, behaviour of other passengers etcetera. The off peaks are when heading towards the stop/station, waiting, leaving the bus/train).
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Unfortunately, it is difficult to compare these customer journeys with those of RET. RET has chosen different episodes on their customer
journey from the consideration for the journey up to arrival at the destination. Because this customer journey that is much more zoomed
out and shows more than just the journey. And the explanation is limited it does not really reveal what happens at the different stages of
the journey itself.

8.3.2 Traveller information
Traveller information is @ main subject in this research therefore a look is taken at which traveller information the five participants consult.
All participants indicated they check their travel information more than once before departure, and then a few times at the stop and

on the bus. However, they consult different channels and have different information needs which is also found in previous studies, e.qg.
(Grotenhuis et al.,, 2007).

Travellers seem to check their travel route options and departure times before leaving for the bus. It is interesting to note this

reverse planning phenomenon, as they start with the desired arrival time and plan their journey backwards from there. One

participant specifically mentioned using the weather app because taking the bus for her is also weather depended. In preparation
I for their journey, they mainly want an app that gives them a total picture of a proper multi-modal travel plan. Theretofore 92920V

and Google Maps are most preferred. Although the RET app also offers this possibility it is unknown, or not used by 4 out of 5
I participants. It is noted that it is sometimes difficult to know which stop you should have for travelling a certain direction with the
| same line number. At the large bus-stops, it is sometimes unclear on which platform you should wait for which bus.

The participants mainly looked at their current location and updates for their journey at the stop.; Such as departure times,
disruption, better alternative options, and expected travel times. They also often perform a double-check of the actual departure
time as information on the DRIS boards is not always fully trusted. Some have had bad experiences with inaccurate information
(deviating departure times or buses that did not appear). Also, the information on the DRIS boards is not always similar to the
information in the app (92920V, Google Maps). The signs can be experienced as being confusing when multiple bus-lines are
displayed at the same time. This sometimes conflicting information causes agitation and brings uncertainty about which channel
(DRIS or app) should be trusted. The RET app offers the possibility to see where the bus is in real-time on a map. However, the app
is mostly unknown among travellers, or they have certain reasons not to use it. It is important to consider that this unreliability in
general traveller information, can create scepticism about the provision of information in relation to disruptions.

“ I know that RET has a certain app on which you can see where the bus is. But in my opinion it is a very confusing app

that's why | don't actually use it.”

“On the RET travel app you can see all the buses at a bus stop in de neighbourhood. Time is indicated so you know how
long you have to wait, very convenient!”

| During the participants’ trip, the expected arrival time was carefully monitored and their transfer if they have one. If the route is

unknown, the exit stop was also rechecked. Bus stop names are sometimes considered to be confusing. The current location is also

sometimes monitored via Google Maps in parallel to ensure that the bus stop is not missed. The information screens on the bus

I are not considered to be convenient or pleasant because the screen changes all the time, sometimes even with advertisements in

I between. As a result, you do not immediately receive the information that you are looking for. In addition, the screens in the bus
often do not work properly.

I

Important core values of the travel information for the traveller is: that the information is accurate, it offers a total overview, provides a
certain choice, has a degree of customisation and is easily accessible. The information needs are determined by the level of control or
trust that the traveller experiences in that situation. This is influenced by where they are going, the reason for the trip, whether the trip is
familiar or not. Besides, it is also related to personal character, where one person prefers to feel more in control than others.
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The Customer journey for a regular trip

Bus arrives, Arriving at bus stop,

Home Arriving at the bus stop Waiting getting on the bus At the bus Approaching bus stop leaving the bus Arrive at destination
: : : Happy, that | arrived!
: ! Happy, and}satisfied
H It’s nice when .
: you see the bus ; Religved
. i N H
coming and it’s

Just a moment for myself, | like to look
out the window and listen to music.
/

| am always a bit of stressing and
in a rush. But in the end, | often
suddenly arrive too early at the stop.

on time!

|

©

Double-check 92920V
whether the departure
time is correct.

Is this the right stop? ...
Will the bus stop?

©

itistressed

bit confused and worried

A little bit stressed

©

=

Annoyed A bitistressed
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Frustration, a bit angr | hope | can sit at the bus?
N—

Will i be able to get my
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The climate in the bus is not
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~——

| always feel a bit rushed, because
the bus sometimes leaves too early.
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©

®

Figure 26. Customer Journey Map of the five bus travellers for a reqular trip based on the user research.
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8.4 Disrupted trip experience of travellers

Disruption is a negative situation by definition and traveller can develop highly negative feelings. Each individual experiences disruption
differently, depending among other things on personality and previous experiences. The results from the booklet, interview and social
media data mining are used for unravelling their experiences. Firstly, a number of ways in which bus delays and disruption affect travellers
negatively are highlighted, before the customer journey is explained. Finally, the information needs during disruption will be addressed.

“What to my mind still happens a lot is that the bus is always a couple of minutes late, and only because it has to use the same
road in the city of course, so yes it can't be helped.”

Travellers recognise the fact that disruptions are unavoidable. As buses share public road space with other vehicles which means that
some delays and disruption are sometimes unavoidable and are an inherent part of this mode of travel. However, the frequent traveller
notes that some factors can be better anticipated, such as planned roadwork, and normal rush hour traffic congestions. Diversions are
often poorly communicated and there are bus lines that are delayed by default during rush hour. Disruptions has consequences for both
the waiting time and the in-vehicle time. The effect on the waiting time depends on the arrival pattern of traveller and the irregularity
or punctuality of the buses. The possible transfer time is also influenced by disruption in the service, such as a late arrival, as a result
of which a planned transfer will be missed. Due to the variation in driving times and thus in the departure times and follow-up times at
the stop, the average waiting time at the stop increases and so the total travel time (van Oort, 2015). As such, they build a degree of
contingency into their journey time to allow for potential delays and disruption. However, this does not take away the hinder they are
experiencing. There are a number of ways in which bus delays and disruption affect travellers negatively who are elaborated below.

On the next pages the selected twitter tweets related to traveller complainant about the bus service are shown, which are given valuable
additional insights into the travellers experience .

Financially

A delay represents poor service and therefore, poor value for money. RET offers compensation from delays which last longer than 30
minutes. Or if more than two delays occur within one week (both lasting longer than 20 minutes). The compensation can be requested
via the contact form on their website.

“Money refunded in case of delay at RET, | wouldn't even know how to do that. Most probably it is not worth the time and effort
for those few euro...”

Lateness

A delayed bus results in travellers arriving later than planned at their destination. For one person, a delay or disruption is a mild interruption
of their day when they might go for a cup of coffee or simply just arrive late. However, depending on where they are going and the reason
for travelling, it may be experienced as far more severe. The spectrum of experienced inconvenience ranges from none to very stressful. It
is not only the delay of buses that causes travellers lateness. Buses leaving too early also result for the traveller missing their bus and also
causing lateness. This to the great annoyance of the traveller and also influences the reliability of the service (van Oort, 2015). Another
phenomenon causing annoyance are buses that drive past bus stops that they are supposed to stop at. This might occur when an earlier
bus is cancelled or when there are delays elsewhere in the network, which results in a too high number of travellers versus the available
capacity in a bus.

Missing connections

A delay can cause a domino-effect throughout a journey as sequential connection might be missed. This might occur more often than with
other modes of transport as the bus is more often used in a multi-modal journey than other modalities. This is especially annoying with
two sequential low-frequency connections, for example between the bus and train. Travellers can miss their connection due to a relatively
short delay on the first part of their trip, which might, in the end, result in a delayed of 30 minutes or more.
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Anxiety and discomfort at the bus stop

Waiting is experienced as unpleasant, especially when it is unclear when the next bus will be arriving, which causes anxiety. Frustration
occurs if the passenger could have taken an alternative option but has no information to help decide whether this would be a better
option instead of waiting for their original planned bus.

“And what's important for me is look; | travel so often with public transport with whatever type of transport. | have the feeling
that | will get the train. But | always want to know at that moment, do | get there this way? So, is this bus line going to take me
where | have to be and is the next one coming then or should | do something very different because otherwise | will be just
waiting and waiting. | cannot leave so to speak. That leads to stress”

Discomfort during the bus ride
Due to an earlier cancelled bus or disruption elsewhere in the network or by other modalities crowding on later buses could occur. Besides
that, this in itself can cause delays, as a larger number of people attempts to board a single bus simultaneously, causing major discomfort.

Avoidance of travel

Disruptions and delays can also lead travellers to decide not to make the journey at all or to postpone their travel. However, the sooner
the traveller is aware that their desired journey will not be possible, the faster the traveller is empowered to make a decision which
puts them back in control. This might even lead to behaviour in which the traveller consciously decides to avoid the bus modality as an
option. Altogether, this includes switching to shared mobilities like the OV-bike, Mobike, Felyx , or their own bike or car when this option
is available. Experiences with disruptions and delays and not being able to reach the destination as planned can lead to avoidance bus
usage in the future.

“I took the train recently and consequently | had the possibility to take the bus or walk a short stretch or grab an OV bike at
the train station. Naturally | take that bike because then | simply know that on a bike | will get there unless my legs won't do it
anymore. And if you take the bus you'll always have the uncertainty that you arrive just a couple of minutes later. The OV bike

gives me certainty one way and return”

In many cases, delays have a negative impact on passengers, their journey and on the rest of their day. As alternatives are rarely readily
available when bus services are disrupted. Bus-travellers travelling for work tend to be less accepting due to the impact the delay has on
their work, and because they, in general, more frequently experience delays. Also not having an alternative could result in that they are
less likely than others to be in the frame of mind to accept the situation. The choice traveller could be so dissatisfied by experiences and
impact of a disruption, that this can result in avoiding the bus all together (in some situations). Travellers feel that more can be done to
avoid delays and disruption on buses and to better manage and recognise the impact on them as a traveller.
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8.4.1 The Customer journey - disrupted trip
No previous research has been found that specifically looks at the emotional experience of bus travellers during disruptions. The customer
journey in Figure 27, shows the results from two participants, that was asked to map out their bus journey, including a disruption. During
the in-depth interview, there is elaborated more on this experience of one of the participants.

Unplanned disruptions are common in public transport and although most of the time they come as a surprise to the traveller, which
leads to a sudden increase in stress and anxiety because the traveller ends up in an uncertain situation. The traveller is very alert just
before the scheduled departure time. The uncertainty is triggered from the moment the bus should actually have been there but is not.
The margins in this vary from person to person, for one person this is already within one minute, while for others it is from 5 minutes. The
uncertainty triggered emotions of anxiety, frustration and something even anger. That gets worse as the duration of the uncertainty or
the wait increase. Traveller information can ensure that the uncertainty decreases a bit again. However, due to the negative emotions the
travellers are less good in take note, comprehend, retain and process traveller information.

Due to previous experiences with incorrect information during the disruption, travellers become more suspicious. A kind of sceptical
arises whether the bus is still going to come while the DRIS may indicate that it arrives in a couple minutes. There is a slight relief when
the bus arrives. After that, an estimation is quickly made of the expected arrival time and therefore what the impact is of the delay for
the traveller. Frustration remains. When leaving the bus the feeling of dissatisfaction arises. It is noticeable that the stress and frustration
of the journey are taken into the day, the size of which depends on the impact of the delay and how the person deals with setbacks.
Especially the travellers who travel for business as he feels that it is not professional to be late due to public transport disruption. They
also have the feeling it is less accepted than being late by car.

Scheduled
departure time

Home Arriving at the bus stop Waiting After 5 min.

Each individual experiences disruption differently, depending among other things on personality and previous experience. This is why
they will also not react in the same way when they experience a disruption.
Some travellers appear to become oblivious to the whole situation, and sort of freeze in the moment.
Some might start looking at other people standing at the bus stop, and they blindly follow what these other travellers do or say.
Some might immediately feel the anger for the Operator and begins to express their anger against fellow travellers and/or staff.
Etcetera.

This may be just one emotion curve of the participant following from the in-depth interview, but that one line represents many bus-
traveller that experience similar experiences every day. The emotions can also be found in the tweets, as can be seen on the previous
pages, that people post. However, there is only a small group of travellers who ultimately really make themselves heard. As a result, the
seriousness of the experience is unknown to the operator. Besides that, the operator is also not always taking the experience of the
traveller serious as can be seen in the responses of the tweets, which are sometimes really customer unfriendly.

There also appears to be something in the accuracy and availability of ‘real-time” traveller information. Where every traveller does have
an example of a situation that he/she has experienced in which the information was incorrect or contradictory or was not there at all.
Therefore the next sub-chapter elaborates more on the experience of travellers with traveller information. In sub-chapter 8.5 a case will
be highlighted that shows where the pain points are in ‘real-time’ traveller information for the traveller.

Arriving at bus stop,
leaving the bus

After 10 min Bus arrives,
getting on the bus

At the Bus Arrive at destination

Double-check 92920V

whether the departure time
is correct.

There is always that

the bus i
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Relieved
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Figure 27. Customer Journey Map of one bus travellers for a disrupted trip based on the user research.
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8.4.2 Traveller information needs - disrupted trip
Traveller information provision is an essential part of the disruption experienced as the information can potentially determine the overall
impact of the disruptions, for example when alternative options are available. Different kinds of information are desirable in different
situations. In this section a distinction will be made between planned and unplanned disruptions, as they trigger for both situations is
significantly different from each other. Although this research focuses primarily on unplanned disruptions. However, during this study
traveller information provision around planned disruptions came up on multiple occasions and is therefore included in this report.

Planned disruption

Although the focus of this research is on unplanned disruptions, both in the booklet and during the in-depth interview expressions of
dissatisfaction with planned disruptions were made. The messages around planned diversion are experienced as incomprehensible, which
is demonstrated through an example of actual events below. See Figure 28, for an example of such traveller message coming from the
RET Real-Time app.

Bus lijn 32 - Afsluiting

Vierambachtsstraat -
Mathenesserplein
Van Noortwijckstraat
(3
@ 23 Sep 2019 09:15 S 22 Nov 2019 18:00 il
Laatste update: 30 Oct 2019 09:39 ® Ruggeweg
® Abtsweg

|.v.m. een afsluiting Vierambachtsstraat -

Mathenassarplein tot 22 novembar is op buslijn 32 een b Abraham van Stolkweg

omieiding ingesteld.

Richting Overschie, tot Mathenesseriaan, $ Roel Langersiow
Gro , Aeltor , Baukelsdijk, Abraham ERp—
van ka eigen raute. ) ® Allard Pigrscnstraat
Richting Station Zuid, dezelfde route in omgekeerde

volgorde. § Mathenesserplein

Vervallen haltes bus 32 beide richtingen: $ Hooidrift
- Mathenesserplein
AN E IR TR 9 Heemrasdsplein

Vervangende haltes bus 32 beide richtingen:
= Aelbrechtskade
- Groshansstraat

% Claes de Vrieselaan/Matheness

® Nisuwe Binnenweg

u-;_.]“u:jplut - C“

Figure 28. Examples of planned disruptions messages in the RET Real-Time app

As can be seen in this example, one has to be very familiar with the route to know which stops on the route are out of service. The
temporary bus stops are mentioned, but they are not indicated in the timetable or map. In addition, this information is only visible on the
RET app and website. When you plan this trip in other apps like 9292 or Google Maps, this is not the case, while these apps are used most
frequently among the participants. So in those cases the diversion cancelled and temporary stops are not known. This can, therefore, lead
to the fact that some traveller mentioned that they were not aware of the (planned) diversion until they have arrived at the stop. In the
RET message information currently lacks the distance from the original stop and a map of the detour and temporary bus stops. It is also
not clear if the detour affects the overall bus trip's time schedule.

So in general, several general aspects that might be considered to improve overall communication around planned disruptions:
Brief details about any changes to the route, which roads, stops or lines are out of use.
Alternative stops or line numbers.
Visualisation of the division, an updated line map is highly preferred.
Anticipated duration of the disruption.
The approximate impact on the journey time.
The reason for the disruption
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Unplanned disruption

Back to the main focus of this research information provision during unplanned disruption. Results from the booklet, the interview, the
twitter analyses and the case study show that there is also room for improvement here. As statement are made by travellers that the
underlying cause is often unknown, the information about the delay(time) is incorrect, no information on alternatives provided and ‘the
system’ is not even aware of the disruption travellers are experiencing. So travellers may feel that there is no information available at all
and that there was no way of finding additional information. This does not directly mean that the cause is not known at the RET, but it
makes clear that the information does not always find its way to the traveller.

“The bus is standing on de DRIS, minutes run down but by the end the bus is not coming after all? That is downright
frustrating!”

The cause of a disruption influences the travellers’ choices but also their opinions. For example, is the bus delayed due to the traffic jams.
They understand that this is out of the control of RET and are more forgiving towards RET. If they had taken the car, they would probably
have had the same delay. Another annoyance is the information about the delay(time) being incorrect. The wrong prognosis might be
provided which are then also not updated correctly after the event. Even in the situation where causes, prognoses or alternatives are not
known yet, travellers appreciate some kind of interaction and communication because interaction reassures travellers that they are not
simply abandoned in case of disruptions.

“I came home 1,5 hours later than usual . While it was indicated that the delay was 20 minutes. That felt extremely unpleasant”
“In the end | heard via a fellow traveller that it was about a car that turned over on the Brienenoord bridge. That was force
majeure. But it did not really feel right. One is very dependent on public transport in such cases.”

If the reason behind the disruption is shared with the traveller, they are more open to understand and empathise with the operator.
Additionally, the scale of the problem is important. For example; does the cause only have an impact on this specific bus, or have all buses
on the line been affected? Or in case of bad weather conditions, are other modalities affected as well?

“| think that often the type of information is what you in fact want to know hey if the bus is not going. Is the bus not going
because there is a little bit of a traffic jam in the city. Or has the previous bus crashed somebody and are the buses not coming
as a consequence or is your road closed off by this bus or isn't it coming your way anyway. Those sort of things | would like to
know”

Because digital information is not always correct, people also start to distrust it more. People find personal travel information and a
little personal attention important. People tend to trust another person a little more than something on a phone in an app. With digital
information, it is especially important to know when it is posted and updated.

“It was indicated that it should be leaving in ten minutes or so, but in fact it should be in two minutes. And funny enough two
similar buses of which T should come in ten minutes and 1 in eleven minutes. That creates a little bit of confusion of course but
there were a few people still waiting. So | think that that always creates some trust. If you are the only person waiting in the
middle of nowhere for a bus which is too late then you get a feeling of uncertainty. But if there is a group of people clearly
waiting there for the one that has not come or has something happened”

The DRIS signs are considered as impractical during disruptions. This is because it only indicates the time until departure in minutes. With
a delay, the time increases or freezes, and therefore does not clearly indicate how much the bus is delayed versus the planned departure
time. Diversions are also not immediately seeing, only if they are sometimes communicated on the bottom of the board.

“On the DRIS enormous texts pass. And often you just miss the first part and then you are waiting again until it competed
entirely.”
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When a traveller is aware of what is happing, they are empowered to make practical decisions and can deliberately choose to wait and
travel as per plan or to go for an alternative trip. Not having this information, affects them not only by being delayed but also emotionally.

The dependency on public transport can lead to frustrations, anxiety and sometimes even fear or anger, which results in dissatisfaction
with the overall service.

Following from all above, the statement can be made that important aspects for the traveller to know during unplanned disruptions are:
The cause; Transparency is a very important value.
An estimated impact on journey time; Honest information is demanded.
An idea of the scale and duration of the problem.
The alternative options.

Moreover, the timeliness of communication is important. Hearing about disruption is never a good thing, but the sooner the traveller is
aware of the situation, the better they can decide what their next step should be. In addition, consistency of the message on all channels
is also of great importance. It must also be accessible by different channels since not all travellers use or have access to information via
all channels. That traveller information is not always consistent, timely and accurate will become clear from the case example discussed

The Bus Driver of Bus 173, direction
Rodenrijs Metro departed at 14:13
from Station Centrum West and
noticed a flat tire close after the
stop Werner Von Siemenstraat, and

The Bus Driver asked traffic control if he could drive one stop further
(850m). Permission is granted to drive towards Lansingerland-
Zoetermeer railway station. The Bus Driver explain the situation, shows
the picture of the tire to some passenger that are still asking if the bus
really could not drive further. The Bus Driver makes apologises and
messaged the Traffic Controller via explains the alternatives to traveller further by train, by bus 174 or wait
the radio. for the next bus 173

\. J \. ' J

A 4

The passengers in the bus
become impatience and ask the
Bus Driver if it is really not possible

Some passengers, are able to traveller further by train or bus
174, others have to wait for the next bus 173, who comes every
half hour. Because they were already delayed by 10 minutes,

to drive further.

the waiting time is still 20 minutes.

in the following sub-chapter.

8.5 Disrupted trip experience of travellers - case study

As part of an in-depth analysis on an unplanned disruption, a case
has been worked out for a disruption that actually took place. It
concerns a disruption on line 173 from bus stop Station Centrum
West Zoetermeer travelling to bus stop Rodenrijs via Bleiswijk on
Thursday 31 Oct 2019. The worked-out case helps to gain a better
insight into the timeline of a disruption and the impact on traveller
information. The disruption has been followed from different
perspectives (Passenger, Bus Driver, CVL) and different traveller
information channels (RET Real-Time app, RET website, RET Twitter,
92920V, Google Maps) have been followed in parallel. The case
can be found on the next three pages and the analyse from the
travellers perspective can be found afterwards. In this research
only one case has been fully worked out in detail, however, many
similar situations have been observed. The case helps to expose the
specific pain points for the traveller and at a later stage supports
recommendations for improving the traveller information provision
to the traveller.

Figure 29, shows the routes of line 173 (blue) and line 170 (light blue),
the red dot is stop Werner Von Siemenstraat and the orange dot is
stop Lansingerland-Zoetermeer railway station.
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Figure 29. Overview of the routes of line 173 (blue) and line 170 (light

blue).
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RET Real-Time App, Now the disruption on line 173 is visible on
the front interface of the App. By clicking on the line the map plus
notification about the disruption is readable. This also states the cause
of the trip cancellation.
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E'] = Findings of the field user research: the other actors

This chapter will focus on the three main other actors that are involved in handling operational disruption with buses and support ion
the information exchange to travellers. These three other actors are the Traffic Controller for the buses, the Traveller Informant and
finally the Bus Driver. Following the research approach as described in Chapter 7, this chapter will describe some of the key finding from
the research that was conducted. For the sake of clarity, the findings have been grouped in specific theme's, but do keep in mind that
these themes and underpinning findings are very much related to each other. One overall findings that emerged throughout RET is the
unwritten but outspoken modality hierarchy of first the metro, then the tram, and then the bus. The next chapter will use the findings
described here into the key insights that were deducted from this research.

9.1 Traffic Controller Bus

The main themes identified for the Traffic Controller are; Complexity, operational limitations, peak workload and working principles. These
key themes will be further explained based on learning deducted from several interviews and observations that were performed.

Operational limitations
There are multiple factors that are limiting the flexibility of the Traffic Controller, specifically during operational disruptions. The main
three operational limiting factors will be described below.

Within the RET there is a strong culture of a silo thinking, which limits them in benefiting from cross team collaboration, such as quick
decision making, knowledge sharing, workload peak shaving etc. This behaviour was observed in multiple different department within the
RET, so also applies to the other actors described below. This is partially driven by the fact that the different RET departments charge
each other internally for their services. This effect is even more he case for the Bus BV. as they are listed as a fully separate legal entity
as well. The main disadvantage related to this observation is the limitation of workload and knowledge sharing between the different
modalities; the metro, tram & bus departments.

A second observation is related to the concession agreements between RET and the MRDH. One of the influences this has is that is causes
a negative reinforcement culture in within the Traffic Controller community. In the concession agreement fines for under performance
of the transport company, for example on punctuality and cancellations of bus lines are included. Although there are also agreements
on bonuses based on the customer barometer results. Above all, the fines predominates in the perception of the Traffic Controller. The
several interviews and observations show that the Traffic Controllers themselves experience this agreement as a limiting factor, as they
feel it limits them in the creativity they can apply to resolve certain disruptions. Some of the remarks below underpin the experience they
have around this.

“The traveller is not important! It is all about money: Fines Fines Fines”

“As presently, a bus has fallen out; one would like to put the last carriage in front and have the front carriage driven slower in
order to spread the impact more proportionate on the network. This is not possible however, because then you get 3x fines on 3
buses instead of Ix fine on just the fallen out bus”

“If something happens at the tram you would be prepared to put in a bus there which is in the neighbourhood. In order to
pick up stranded travellers. Or in case of delay at the metro that a connected bus waits just a little longer to offer travellers
the connection. However, that will cost the Bus BV. a lot of fines and exploitation money. That money must be cashed at all

concerned departments and that appears to be a difficult route. That is why it's (bus, tram and metro) each for himself!”

Thirdly, the Traffic Controllers flexibility is reduced due to the limited spare capacity both in terms of backup drivers as well as backup
buses. This in itself can also work the other way around, where the limited amount of spare capacity might actually cause disruptions, for
example in case of Bus Driver illness or technical bus failures. This is underpinned by the number of IRMS incidents listed as technical
failures as were presented in chapter 2.2.2.
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Complexity
The following sections will describe the second main theme, and will elaborate on three aspects that determine the level of complexity
the bus network.

The second aspect that is of importance to note for the Traffic Controller is the overall size and complexity of the network that they
are scheduling. The RET bus network is managed by 2 Traffic Controllers who cover 51 different lines with over 230 individual buses.
Their task has a bigger level of complexity compared to tram and metro schedulers. As the tram network is also scheduled by 2 Traffic
Controllers which oversee 11 different lines with 100 individual trams, whereas the metro network is scheduled by 5 Traffic Controllers who
manage 5 different lines with 60 individual metros.

The bus network also has an additional layer of complexity due to the fact that it makes uses of a planning strategy called Interlining.
Interlining means that a single bus (+ driver) cover an order of different trips (bus-lines) at the same day. Interlining occurs between buses
(lines) linked to the same Garage (Sluisjesdijk,Kleiweg, Krimpen en Ridderkerk). An example of this is a 6 hour Bus Driver shift which
covers the following lines respectively; 38-54-38-40-38-53-51-38-40-40. The risk of this scheduling principal is that a disruption on a
line, can have a knock-on effect on a different, seemingly unrelated line. One can imagine that this might cause additional complexity for
the Traffic Controller especially in case of multiple, simultaneous disruptions. The interviews with different Traffic Controllers revealed that
the Interlining principal | considered as one of their main challenges.

A third and final layer of additional complexity in bus scheduling compared to tram and metro scheduling is related to the environment
in which buses operate. Namely in the middle of other traffic therefore being more exposed to external factor that might trigger certain
incidents or disruptions. This requires the bus Traffic Controller to be creative, as they have a more dynamic set of options to resolve
disruptions. Which can also be a risk as the bus is in some occasions less flexible than your average car, for example taking a detour
through narrow street, or streets with low overhanging trees.

Peak workload
The third main theme is related to peaks in workload for the Traffic Controllers, which will be explained in more detail below.

In addition to the complexity, the interview and observations show that the Traffic Controllers are confronted with large fluctuations in
their workload, which sometimes means that they have time to socialize with each other. But that this can change in a split second if calls
from drivers come in via the radio. In particular, a large peak on workload occurs when several incidents or disruptions occur at the same
time. At the moment of an incident there are many actions that must be taken by the Traffic Controller in a very brief time period. As the
Figure 17, also shows, this means entails; keeping in touch with drivers, operating the EBS system, collecting information, taking mitigation
measures, informing the Travel Informant and creating an IRMS report.

In the event of multiple incidents, observations show that prioritisation of tasks is key for the Traffic Controller in order not to drop any
balls. This often means that the controller's attention is first and foremost focused on properly supporting the Bus Driver and taking the
correct mitigation measures and implementing these in EBS. Tasks such as calling the Traveller Informant and creating IRMS notifications
can therefore sometimes be forgotten. This often means that incidents that have passed are not always reported to the Traveller Informant
because other incidents might have occurred that got priority over properly closing out the previous incident.

The observations also show that the communication method becomes shorter during peak moments. Also some irritation might arise
between the driver and the Traffic Controller, due to the late response on calls via the two-way radio and the limited information provided
by the Traffic Controller to the driver. The Bus Driver often shows little patience in properly explaining the situation and possible mitigations
to the Traveller Controller. There also seems to be a knowledge gap with the Traveller Controller on how these situations can develop in
the real world, and what consequences their decisions might have.
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“They know everything about the metro, but they don’t know anything about us, we have to tell them everything from scratch
... Even if | have made an IRMS notification with everything in detail which they can look into as well they still call for an
explanation... | don’t have the time for that if it is very busy!”
Working principles
The fourth and final main theme relates to the working principles used by the Traveller Controller which can be split into three underlying
observations.

The work of the Traffic Controllers is characterized by a reactive attitude, as they only seem to act when a problem occurs. The observations
showed that this attitude is very strongly related to individual characteristics. For example, the EBS system automatic sends gives a
message when a vehicle is more than 3 minutes too early, too late and again if the vehicle is more than 5 minutes too late. Some Traffic
Controllers choose to actively monitor the messages in order to keep to the timetable as much as they can. Other Traffic Controllers
choose to take a more reactive approach and await messages from the driver regarding delays.

In addition, there are no fixed scenarios for common bus disruptions, which do exist for common disruptions of trams and metros. Such
scenarios can offer a standard approach for the Traffic Controller where certain processes are automatically triggered when a scenario
is activated. For example, sending EBS messages to the drivers with predetermined travel information. For the bus, however, everything
takes place in the head of the Traffic Controllers. This also means that the transfer of knowledge mostly takes places verbally only, thus
leading to a very fragile knowledge retention process. Hardly any standard protocols for bus disruptions, and possible solutions for the
Traffic Controller are documented.

Thirdly, there is no real feedback loop in place in the work process. The Traffic Controllers are ultimately there to ensure that the bus
timetables are met. However, the feedback regarding the impact of their choices hardly ever finds its way back to them. The only feedback
they receive is in the form of monetary claims from the MRDH in case punctuality targets are not met. It turns out the that Traffic
Controllers with previous experience as a Bus Driver have a way better understanding of the magnitude of the impact on travellers. Traffic
Controller that do not have this experience are therefore much more dependent on the information they receive from the Bus Driver.

9.2 The Bus Drivers

For Bus Drivers, the main themes are; interface with the traveller, communication with RET internally and equipment reliability. These
themes are explained by combining the findings from the two interviews and the observations in the field.

Driver - Traveller interface

For the Bus Driver, interaction with the traveller is considered to be a big part of their job. Namely, unlike the tram or metro driver, they
are in direct contact with the travellers. Which means that in addition to driving the bus, they also have peripheral tasks such as ticket
sales and assisting travellers. The Bus Driver therefore has to deal with complex and varied social situations. An example of this was
observed during one of the bus rides, where a middle-aged woman walked from the back to the front and started talking to the driver
while driving. She thought she was on the wrong bus, but did not speak Dutch very well, nor did she know exactly which stop she was
going to. A difficult situation arose where the driver did his best to try to help the woman while safely operating the bus. An interesting
observation here was to see how much effort the driver was putting into helping this traveller in need, and the high expectations the
driver set for himself.

“Our RET station employees have the possibility in some situations to offer a 2-hours free travel card and at NS they have
coffee coupons. Often we can just offer nothing else but apologies.... Although sometimes when | am very much delayed | allow
all travellers to check out. | don't know if that is allowed... but | feel that is the only thing | can do in such cases of the traveller to

soften the inconvenience.”
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It also emerged from the interviews that the Bus Driver often does not have the information requested by the traveller, which mostly
concerns intra modality information. The most often heard question is regarding travellers requesting information on making their transfer
in time. There is a function for this on their EBS computer CoPilot, but no information is displayed there. In addition, there are no line maps
in the buses, as there are in the metro and tram.

“Sometimes it would be nice to have a lines card per garage (region) to make it easy to indicate quickly or circle something and
make it clear to the traveller. Now | use my phone and Google Maps, but that is not ideal. Because often that does not make it
clear to the traveller. A card can be useful in this.”

As the literature study shows, traveller find broadcasting a pleasant way to be notified of disruptions. The interviewed Bus Driver
understood this finding and tried to explain why he nevertheless often does not use the broadcasting system in the bus:

“I need more information from the Traffic Controller so that | know what to broadcast. Because if | call | must be able to tell
what is happening exactly and what it means for the traveller and if there is an alternative... sometimes | decide not to call for
instance if the only alternative is that people have to walk a long track or have to wait for a long time... a tram driver is in a
booth, but as a Bus Driver you get a lot of upset people and that can be unpleasant.. | don't always feel safe .”

The feeling of insecurity was more often expressed in the interview. This subject is not included in the scope of this research, but it is an
important point for the RET to be aware of. Certainly, as it in some occasions may hinders the provision of information to the traveller.
Another point that was mentioned in the interview was the annoyance of the response from MVS (Marketing, sales and service). MVS
responses are sometimes internally forwarded among drivers, as wrong facts or assumptions might be communicated to travellers. An
example of this is shown below:

“They say “report it to the driver and then the bus will be exchanged immediately at a defect airco.... That simply is not true
because we don't have materials... we have to explain that consequently to the traveller who comes reporting to us..... this leads
to an annoying situation for us again.”

Integral communication

For Bus Drivers, communication with the Traffic Controller is an important life line to the organisation. After all, a Bus Driver operates
relatively stand-alone. Whereas there are always several RET employees on a tram or metro, the Bus Driver is on his/her own and there is
very little supervision on the bus. However, communication with the Traffic Controller is not always experienced as optimal. The following
conversations show that a Bus Driver is often not aware of what is happening on the line they are currently operating. The Bus Drivers
indicated that they assume that this information is known by the Traffic Controller, but that it is not pro actively communicated to them.

“Sometimes | arrive at a bus stop and there are many more people than normally, | often conclude if or what is happening on my
line or elsewhere in the network. Sometimes Traffic Control says that this line of that time has fallen out and expected is that it
will operate again at a certain time, that is convenient!”

“What | find troublesome is that | cannot see which bus is going in front or behind me on the same line. Traffic Control can
see this on the line chart. But | can’t. So sometimes | just look outside on the DRIMS to see where the other buses are if | am
delayed. Because if | am very close to my last carriage the chance is big that a part of the travellers from that bus has entered
my bus already, this results in my bus being full and the past carriage driving almost empty behind me.”

Bus lines that offer a connection to the metro and vice versa can benefit by being informed pro-actively in case of events or disruptions.
Especially in early morning hours and late evening hours or during weekends when bus lines often run less frequently. Because if a
traveller miss their connection during these time periods, it causes a more substantial impact on their waiting time. After all, it is not
possible for the Bus Driver to contact the metro, so this must be done by the Traffic Controller.
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It is also found that the Bus Drivers have varying experiences based on which particular Traffic Controller is working at that time. One
Traffic Controller can be a lot more user-friendly, more detailed in their communication and more understanding of the Bus Driver's
situation.

Another annoyance for Bus Drivers can be that they do not feel understood well enough by the Traffic Controller. The Bus Drivers
understand a lot of what is going on in the overall network as they usually operate different lines. They have quite a good understanding
of where the bottlenecks are and where opportunities for improvement are. However, they feel that they are not being taken seriously
in their recommendations. Sometimes this results in them trying to actively encourage travellers to complain about certain topic towards
RET.

“The only thing that really works to get things changed is if the traveller starts complaining to RET directly. Because we as bus
drivers can provide feedback 100 times over, but no one ever seems to listen.”

Equipment availability and reliability

The state of the RET bus fleet is currently a major problem for the driver but often also for the traveller. Drivers are often dispatched with
buses that have known malfunctions, but due to the scarcity of equipment they do not really have an alternative. Even in case a bus fails,
this often means that the Bus Driver needs to wait for at least an hour for repairs to be completed. This time the Bus Driver is sitting in
their bus, often with limited information from the Traffic Controller and without any accessibility to any facilities (water, toilet, etcetera.).
In addition, some systems on the bus are outdated. An example of this is the communication system for the traffic lights that give the bus
priority over other traffic. Due to the outdated systems in the buses and new systems in place at some of the traffic lights, the bus is not
recognised by the traffic light system and therefore does not get priority. On some routes this systematically results in delays due to the
longer waiting times at traffic lights, as at especially larger intersections waiting times can take up to 5 minutes.

9.3 The Traveller Informant

For the final actor, three main themes have been chosen: peak working load, working process and systems design. These themes are
explained with findings from an interview and various observation moments.

Peak workload

The Traveller Informant experiences several peak moments. This is because one individual Traveller Informant is responsible for the
passenger information for all three modalities (bus, tram and metro) at the same time. These moments are typically during rush hour and
during bad weather, as this causes a peak in disruptions for all three mobilities. At such moments the workload can become too much
causing the quality of the service to drop drastically. This means that they will have to prioritise tasks accordingly. The observations and
interview confirmed that the priority often is given to the metro instead of the tram and bus. This was found to be mainly driven by the
bus being perceived as difficult and complex due to the large amount of lines, inter-lines and the differences in line frequencies.

Working processes

Because of the Traveller Informant’s position in the communication chain, their work is very reactive. They wait until they get a message
from the Traffic Controller and only then take action. The observations clearly showed a difference in communication with the Traffic
Controller for the metro versus the communication with the Traffic Controller for the tram and bus. The communication between the
Traffic Controller metro and the Travel Informant is all face to face, as the Travel Informant sits directly behind the Traffic Controller
metro (See Figure 16, for floor plan CVL). Where the Traveller Informant can also overhear the conversations between the different Traffic
Controllers and metro drivers.

For the tram there occasionally is some face-to-face communication, whereas the bus communication takes place mainly via phone. This
as the bus scheduling teams sits too far away from the Traveller Informant. The Traveller Informant has access to the EBS system for the
bus and tram, but it is however not possible to listen in on communication between the different Traffic Controllers and the drivers. Face to
face communication is perceived to be more spontaneous and faster than communication over the telephone. This is especially reflected

78

in the interim monitoring of the status of a disruption and the rate of closure of a disruption. The face to face communication ensures
more communication between the Traffic Controller and Traveller Informant and ensures that the Informant is better informed on change
to the situation around a disruption. As a result, the Informant is informed at an earlier stage when a disturbance is over, and therefore
can close out the incident more promptly. This means the disturbance message is closed in the RIVER system more quickly resulting in the
message no longer being visible to passenger via the various information channels. The MVS department has set out certain guidelines
on when to use which Traveller communication channels in case of disruptions, which can be found below.

With a delay <15 minutes the message is sent to Geo-GUI, Real-Time App

With a delay > 30 minutes the message is sent to Geo-GUI, Real-Time App, RET website, Twitter

Trip cancellation or diversions, the message is sent to Geo-GUI, Real-Time App, RET website, Twitter

With a delay of > 30 or major disruptions in the network, the message is also sent on the Bus, Tram, Metro and at the stations

screens.

Additionally the Traveller Informants work in their reporting tools according to the ‘OPGA-principle’, where they for example use a very
large list of predetermined causes (see Appendix 3). This large predetermined list is not always experienced as useful and sometimes even
creates confusion. For example, you can choose ‘the bus runs a detour’ or you can choose ‘the bus runs differently’.

“In case of a 20 minutes schedule for the bus | will choose to put it on Twitter. Because a lot of people use Twitter any way. For
the traveller the impact of a fallen out ride in this case means a delay of 40 minutes.”

Furthermore, MVS has decided to stop the collaboration with the 9292 platform, which means that all travel information is no longer
forwarded directly to the 9292 and that they only have access to the open source data (as mentioned in context). The Traveller Informant
does indicate that this could result in deviations between the information shared via 9292 and the RET real-time app.

System design

The Traveller Informant indicated in the interview that she sees the passenger information system as being quite comprehensive. She
has more than 20 years of experience in this job and therefore has seen it develop over time. However, a tricky point is that all systems
must cooperate seamlessly. For example the Geo-GUI program which operates the DRIS signs often has to do with failure. Causing many
DRIS signs to not work properly. Geo-GUI is currently being run on outdated software, which means that linking it into new systems is not
possible and many manual intervention is require to make this system deliver the results it needs to.

“I think this is ridiculous. We have a new PC but we cannot use it as the Geo-GUI software is not supported any longer.
Therefore it is impossible to connect it to our traveller information system RIVER
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3

__ Insights

In this section the key insights from this research will be deducted from all previous described
literature, the context chapter and the user research. Firstly, the insights are divided into specific
parts of the process, namely; the traveller specific insights, the traveller/RET interface related
insights, RET specific insight and finally a set over overarching insights. In the final step all of these
insights are combined and mapped in a model that will describe their relationships, which will reveal
the main contributing factors to a service failure during disruptions. The strength of this chapter
lies in combining the observation of all the different stakeholders, which enable this research to
clearly identify the main improvement opportunities for RET, especially during disruptions.
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Phenomenon

1 () = Insights

As mentioned earlier, qualitative data requires a different analytical approach than a quantitative research dataset, which has empirical
or measurable evidence and principles of reasoning. The dataset of this research consists of; literature research, sensitising booklet,
interview transcripts, observations notes and RET internal documents. The general findings based on this dataset have been described
in the previous section, which can also be described as the ‘data’ and ‘information’ layers. Now the point has come were this data and
information will be used to create a level of 'knowledge’ in the form of key insights. These insights will answer the research sub-questions
and thereafter they will be used to answer the main research question. The main research question will be answered by defining a set of
improvement opportunities for RET, which will be presented in the form of a roadmap. The setup of these different stages of this research
is represented in Figure 30, In this DIKW scheme, each ‘layer’ adds a certain set of attributes to the previous one. In this section the focus
is on the information layer, where synthesis helps to finds the value from the data layer and translates this into a process. The ‘Analysing
on the wall" technique is used as it is a suitable process for small sample sizes. During this process three overarching themes were
determined namely, the traveller, the interface between the traveller and RET, and RET. Then the following iteration of ‘Analysing on the
wall" took place to establish a next layer; the overarching theme. Each of the following sub-chapters will mention which specific research
sub-questions will be answered in that section, after which the main research question will be answered in chapter 11.
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Data

Past

Figure 30 Overview of the research sections linked to the Data, Information, Knowledge, Wisdom scheme.

10.1 The traveller

Disruptions (delays, diversions and cancellations) are part of public transport, and can never be prevented entirely. Disruption result in
quantifiable impacts both financially and in delays, which can be expressed in terms of money and time lost per traveller, and can also
be scaled over an entire network. However, there are also more intangible consequences, which are harder to quantify and are linked
to the traveller personally. This research focused on the more intangible consequences of disruption for the traveller, related to the
traveller experience. By making use of qualitative research techniques of context mapping, in-depth interview combined with the gained
knowledge from the literature studies these intangible consequences became more clearly appeared.
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The research questions that are answered in this sub-chapter are:
What determines the traveller experience?
What is the experience of travellers in public transportation? And how does this change during disruption?
What are the traveller information needs during, a regular and disrupted situation?

Traveller experience

The traveller experience is strictly personal and holistic, including the cognitive, affective, emotional, social, and physical responses to
a public transport service (Gentile, Spiller, & Noci, 2007). The traveller experience is influenced by different components as; perceived
service quality, past experiences and traveller characteristics, the latter of which is out of the scope of this research. The perceived quality
is the difference between the actual service quality delivered by the operator and the expected service quality. Which is determined
by the traveller's needs which consist of two aspects; basic traveller needs (Peek & van Hagen, 2002) and personal needs related to
the traveller characteristics. The experience ultimately determines the level of satisfaction. Figure 13, that was first presented in the
background section gives a schematic representation of this traveller satisfaction model.

Traveller experience in regular and disrupted situation

In general the experience of public bus travellers is positive, this could be seen in the overall results of the ‘OV-klantenbarometer’ with
a score above 75% since 2011. Also the five booklets of the participants gave an insight into their experience in a regular situation and
as the customer journey in Figure 26, show most parts of the journey are experienced positively. However, even without disruptions, the
travellers experience some negative emotions. This occurs especially in the early stages of their journey when they are travelling to the
bus stops. They feel rushed and a bit stressed as they are concerned if they will be on time. The experience of the bus ride itself is really
depending on the person and the specific circumstances, this can be influences by the crowdedness, cleanness, climate, driving style and
so one. The feeling of being in control over their trip is an urgent need. This translates to searched out all different travel options, keep
an eye on the traveller information apps during the journey or taking an OV-bike instead of the bus for the last miles. It is interesting to
see that the experience of the five participants between themselves are quite similar, but also show similarities with the customer journey
presented by van Hagen for a train trip (chapter 4.2.1.).

When looking at the disrupted trip, as both the literature study and user-research show, a disruption increases the gap between the
expected service and the actual service resulting in a negative experience. Because experience is linked to traveller characteristics
and past experiences, each individual will experience a disruption differently. Disruptions most of the time come as a surprise to the
traveller, which leads to a sudden increase in stress and anxiety because the traveller ends up in an uncertain situation. A disruption
can also trigger other emotions like frustration and sometimes even anger as travellers are no longer in control over the situation. These
negative emotions often remain present for a while, due to the impact that the disruption has had on travellers” activities after the
journey, as was stated by the participants. The extent of which depends on the impact of the disruption, related to the travel motive and
traveller's personality. The negative experiences (past experiences) influence the expectations and perceived reliability of the bus service.
A negative experience(s) can result in developing a coping mechanism; a traveller mostly builds a degree of contingency into their journey.
Which is ‘extra time' to allow for potential delays and disruption. This coping mechanism was found in previous research (Papangelis,
Velags, et al.,, 2016) but also the participants mentioned in specific situations (like work related travels or during exams) they take one bus
earlier to have some contingency time. In addition, these negative experiences can also contribute to avoiding travelling by bus. They opt
for other modes the bus competes with shared mobilities like the OV-bike, Mobike, Felyx, or their bike or car when this option is available.
Literature show that in public transportation, negative experiences have more impact than positive experiences (Backhaus & Bauer,
2001). Which indicates that it is for operators importance to investigate how they can reduce the negative experiences of travellers and
invest adequate resources.

As literature and the bus traveller interview show, traveller information plays an important role in the experience of travellers during
disruption. Because if a traveller is aware of what is happing, they are empowered to make practical decisions and can deliberately choose
to wait and travel as per plan or to go for an alternative trip. Not having this information, affects them not only by being delayed but also
emotionally. As mentioned above an uncertainty triggers negative emotions like anxiety, frustrations, and sometimes even anger. Which
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eventually result in dissatisfaction with the overall service. The provision of real-time traveller information during disruptions, however,
has the potential to significantly improve the passenger comfort level, decrease anxiety levels and diminish the negative experience and
the level of dissatisfaction.

Traveller information needs during disruption

From the literature is known that the need for traveller information is the highest in the disrupted situation. Public transport operators
provide everyone with general information. That works well if there is no disruption. However, during a disruption, many people have
different expectations from the public transport system resulting in different information needs (Ministerie van Verkeer en Waterstaat,
2003). The information expected for the operator are determined by traveller characteristic, past experience(s) and the level of control
or trust that the traveller experiences in that situation. During disruptions due to the uncertainty, the traveller evokes negative emotions,
this state of mind reduces the ability to take note, comprehend, retain and process information. Besides, previous bad experiences with
inaccurate, not on time or the complete lack of traveller information influences the perceived reliability of the information. The causes
distrust them the information issued or advice given. Resulting in the paradox that traveller information is at its worst as it should be at
its best (Cheung, 2010; Chorus et al., 2006).

This research shows that essential information for the traveller by unplanned disruption are; the cause, an estimated impact on journey
time, an idea of the scale and duration of the cause, and any alternative options. Besides, timely, transparency and honesty are important
here. Meet the traveller information needs during disruption can lead to a lot of ‘goodwill” among travellers, sometimes even more than
when there was no disruption at all, which related to the service recovery paradox (McCollough & Bharadwaj, 1992). The reason behind the
service recovery paradox is that a successful recovery, which timely, relevant, accurate and transparent traveller information contributes
to, increases the perceived reliability and confidence from the traveller with the bus-service.

10.2 The traveller and RET

The transfer of traveller information takes place on the interface between the traveler and RET, via various channels including the Bus
Drivers. The result of 3 5.3/10 for RET in the ‘OV-klantenbarometer’ on the subject of travel information during disruption was the starting
point for this research (CROW-KpVYV, 2018). However, this score only indicates nothing more than that travellers are dissatisfied with
traveller information during disruptions and satisfied with traveler information during the normal situation. By making use of qualitative
research techniques such as interviews and observations, it was possible to gain a more detailed insight into what is going on during
disruptions in the field of travel information. The qualitative research methods help to uncover the more ‘soft’ data as underlying feelings
and problems and reach to the deeper layers of knowledge (explained in chapter 7.2). This helped to identify what is really going on,
because when at the into the traveller information provision process and systems on paper, based on RET internal documents, it seems
a smooth and well working process. The RET also confirms this by their public statement that their internal processes relating traveller
information are in order and technical processes are optimised.

However this research looked at both side the situation ‘on paper’ and the ‘real-life’ situation. The resulted in some valuable insights on
this topic. The research question that are answered in this sub-chapter are:

What does the traveller information provision look like?

What is the perceive traveller information during disruptions for public bus travellers ?

The traveller information provision process

The traveller information landscape consists of automatically and manually generated traveller information content. There automatically
generated information related to the vehicle location (KV6, KV8, KV19) and the timetable (KV1, KV7) that provides actual information on
departure and arrival times. In addition, there is information that is automatic sent when the Traffic Controller makes adjustments in EBS
to the bus service planning (KV17). But there are also the manually created traveller information messages in the event of planned and
unplanned disruptions (KV15 and own text content by the operator). The information that is of the highest value for the traveller during
disruptions contains ‘'OPGA’ information which is currently only generated manually. Because this is a manually created entry, it takes
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longer to reach the traveller than automatically generated information. Both the automatic and manual information generation processes
can be found in figure 17.

From the RET side the Traffic Controller and Traveller Informant are responsible that the ‘OPGA- information’ reaches the traveller.
However, observations at the CVL have shown that due to the lack of communication between the Traffic Controller and Traveller
Informant about disruptions, it occasionally happens that this information is missed completely. Causing this high value information not
to reach the traveller at all. The reasons behind that are elaborate on in the next sub-chapter on the key-insight at RET. Furthermore, there
is a difference in the information that RET shares via its channels, (RET-website, Real-Time App and Twitter) and the information that is
shared via external parties (DRIS and various travel apps). For the RET's channels they work with specific protocols about when which
channels should be used, as described in the Context section, see Table 3. These information protocols are not openly communicated with
travellers. What this means for the traveller is discussed below.

Perceived traveler information during disruption
The research shown that one of the key-themes in inconsistency. The inconsistency results from various aspects at different levels at the
RET side, which are summarized below.

The difference between the content and timing and availability of automatically and manually generated traveller information.

The difference between external traveller information channels and internal RET own traveller information channels.

The RET protocols for using different channels.

These differences cause for the traveller an inconsistency or lack of traveller information during disruption. The in-depth case study
discussed in chapter 8.5 give insights in what this means for the traveller. This inconsistency was also mentioned by 4 out of the 5
participants in the booklet when they were asked about the perceived consistency and reliability of DRIS versus traveller information
apps. Negative experiences with traveller information result in a decreased perceived reliability of, and trust in the public transport
service. Decreased perceived reliability and distrust could in some circumstances even leads to avoidance of travelling by bus altogether.

The RET protocols for using different channels, could increase digital exclusion, although this is outside the scope of this research. Digital
exclusion means that uneven distribution in the access to, use of, or impact of information and communication technologies (A. Durand
et al., 2019). The travellers who do not have access or uses mobile apps are currently excluded from accurate traveller information about
disruptions via the RETs channels.

DRIS sign is a good alternative channel besides digital media to reach out to travellers. In the regular situation they satisfy the traveller
needs as a RET study shows (RET NV., 2011). However, still one-third of all RET bus-stops are not equipped with DRIS-sign (RET N.V.,
20184;2018¢). In the disrupted situation the DRIS signs does not fulfil in the traveller information needs of; cause, estimated impact on
journey time, an idea of the scale and duration of the cause, and any alternative options. As this information must be manually entered by
the Traveller Informant, it reaches the traveller later, plus not every DRIS is suitable for free text. In addition, the user research show that
the information is not pleasant to read due to the ‘circulating text’.

Another important interface is the one between the Bus Driver and the traveller. Besides that the Bus Driver has to deal with complex and
varied social situations, he is also an important preferred information channel for the traveller (RET NV., 2011). For the bus-traveller the
Bus Driver is most of the time the only interpersonal contact they have with RET. During disruption the driver has the potential to play an
important role in the information provision and support travellers in an interpersonal way. However, currently the Bus Driver indicates he
is insufhiciently kept up to date by the Traffic Controller and systems. Information is lacking about disruption on the line he is operating
but also further in the network. Another information lack is intra-modality information of connection modes with the bus. The role of the
Bus Driver should not be underestimated as he can play an important role in the service recovery during disruption for his passengers.
Enabling the Bus Driver with the information that he needs to support his passengers can have a positive effect on the perceived service
quality. From an operator perspective, personal attention from employees with a traveller has an important role in the bonding with the
company (van Hagen & Bron, 2014).
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The last part on the interface between traveller and the RET is the framing of the traveller information. The various choice of text options
for the 'OPGA-message’ and lack of clear guidelines, result in inconsistency in the traveller information messages in corresponding
disruption situations. Furthermore, transparency and honesty are important aspects in the message framing not only in the traveller
information but in all interaction between traveller and RET. So, also via their social media channel. Social media, provides opportunities
to gain direct feedback on the service delivered and gaps in the system. However, as the desk research on twitter messages show the
traveller is not always taking serious and the RET response is not always honest and transparent. This is not only noticed by travellers
themselves but as found out during the interviews of this research, the Bus Driver and Traveller Informant are also not always satisfied
with the social media replies from RET. In their view the answers are not aligned with the responsible departments to which the answer
relates. This eventually results in inconsistent information reaching the traveller, which can trigger negative experiences.

10.3 RET

This part related to the RET, by ‘analysing on the wall’ of the observations notes, interview transcripts concerning the Traffic Controller
and Traveller Informant, and internal documents. In the process of analysing one of the overarching themes that was found was; high
workload and communication interfaces and systems. The workload in the context of this research is based on Meckiff et al. (1998)who
state that the workload (for an air Traffic Controller) is a function of three elements:

The geometrical nature of the (air) traffic.

The operational procedures and practices used to handle the traffic.

The competences and behaviour of individual controllers (experience, orderliness etc.).

Below is explained why this is quite applicable to the situation of the bus Traffic Controller as well. The research question that with this
are answered are:

What does the traveller information provision look like? And which actors are involved?

What does the disruption handling process look like? And which actors are involved?

Workload of the Traffic Controller in the disruption handling process

The workload description of Meckiff et al. (1998) states that the workload is a function of three elements, when looking at the three

elements related to the Traffic Controller the following insights are found from the data analysis, see also Figure 31.
The geometrical nature of the bus service operations is complex due to the size of the network, its many interfaces, the interlining
principle, and the dynamic environment buses operate in (free traffic).
The operational procedures and practices used to handle the bus service have certain limitations, such as silo thinking, the
negative reinforcement culture and limited spare capacity of resources. Furthermore, there is an absence of disruption protocols
which puts a certain strain on the amount of experience and knowledge the individual Traffic Controller has. Although the EBS
system might be of help in term of increased efficiency, it will not support in taking away some of the cognitive workload of the
Traffic Controller.
The experience and specific knowledge of an individual Traffic Controller has, another factor that contributes to the efficiency and
effectiveness of a traffic control is his/her ability to multi task, work in an orderly fashion and stay resilient under (time) pressure.
Another point that adds to the performance of the Traffic Controller is their ability to translate solutions into clear actions that work
in the real world, mostly determined based on past experience working as a Bus Driver.

Workload of Traveller Informant in the traveller information provision process
For the Traveller Informant the story is slightly different than for the Traffic Controller. Peak workload is also one of the main challenges for
the Traveller Informant, but this is driven by a few different factors. The main factors determining the workload of the Traveller Informant
are:

The responsibility from and input from three different mobilities (Metro, Tram and Bus).

The competences and behaviour of individual informants.

The (traveller) communication interface, including communication systems (RIVER, Geo-GUI).
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Due to these factors the Traveller Informant experiences several addition workload peaks as compared to the Traffic Controller, as there is
only one individual informant that is responsible for all three modalities at the same time. This forces the informant to prioritize their work,
where observations and interviews have shown that the metro usually gets the highest priority, followed by the tram, and only thereafter
the bus requests are handled during workload peaks. Giving other modalities priority over the bus seems to be caused by mainly one
overarching challenge for the informant, namely the complexity of the bus system. This complexity is, as described before, caused by
several aspects such as the (unwritten) modality hierarchy within the RET, the size and dynamics of the bus network and the different
communication interface. Additionally, the lack of knowledge and experience of Traveller Informants with the bus network, is also one of
the main drivers to prioritize other modalities over the bus. Ironically enough this leads to a vicious circle, where the bus is given lowest
priority due to the lack of understanding, which keeps this understanding in place.

Communication interfaces and systems

The third point listed above relates to added workload caused by some inefficiencies in the communication interfaces and systems.
As already mentioned above, the communication interface between the Traveller Informant and Traffic Controller for the buses differs
from the one for the metro and tram. Due to the physical layout of the work floor, the informant is able to speak to the metro and tram
controllers face-to-face, whereas communication with the bus controller needs to happen via phone. This does not only create a hurdle
to share information but also doesn't allow for overhearing certain problems or updates for the bus network. Causing a far less efficient
communication process, in terms of closing out incidents and establishing a short feedback loop between the bus Traffic Controller and
the Traveller Informant. A secondary communication related driver that adds to the peak workload are the limitations of some of the
communications systems used. The DRIS system, for example, is outdated and therefore requires manual entries to do what it is designed
to do. Costing precious time of the informant, adding to the peak in workload. Another example of this is high amount of OPGA input
options in the RIVER system, which are experienced as quite cumbersome by the informants.
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Figure 31. Workload elements related to Traffic Controller
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10.4 Overarching insights

In order to clearly summarise the key insights gained from the research, a visualisation of these insights and interrelationship has been
created relating to the traveller information during disruption, this can be found on the next pages.

As mentioned earlier, public transport is a socio-technical systems and a service product. Looking from a high-level at the situation of
traveller information provision during disruption, this can be linked to the product service model presented by Tomiyama (2001). The
model consists of five elements: the provider, receiver, service, product and system. The provider shares a service via a product with the
receiver, supported by a system. When this is applied to the context of this research the different elements include the following:

Provider: The RET

Receiver: The bus-traveller

Service: Traveller information

Product: RET Real Time App, RET website, RET twitter, DRIS signs and occasionally the Bus Driver

System: Traffic Controller and Traveller Informant plus supporting software (EBS, RIVER and Geo-GUI)

The products & service received by the traveller result in an experience, which is a cognitive, affective, emotional, social, and physical
response to a product & service (Gentile et al., 2007). This experience defines the valuation of the products & service. When the valuation
is not in line with the expectations of the traveller, a perceived service gap occurs. Also known as a service failure. Figure 32, shows the
product service model of this research.
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Figure 32. Overview of the RET product service model.
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This research has, through interviews, observations and a case study, uncovered that there are attributes in the system, products and
service that contribute to the experience of the traveller which eventually lead to a certain valuation of products & service (and not the
system). This research specifically focused on the role of traveller information during disruption on the experience of the traveller. Based
on literature, the sensitising booklet and the interviews, it appears that the current traveller information provision during a disruptions
triggers negative emotions for the traveller. The negative experience related to these negative emotions occur due to the service gap,
as the actual service level is not matching the expected service level of the traveller. These negative experiences eventually result in a
more diverse landscape of information needs among the travellers. This as all travellers have their individual characteristics, personalities
and travel motives which show more during a disruption. Some travellers might for example be more in need of personalised information,
whereas others just want simple information fast. As stated by all five participants negative experience during disruption in the context
of traveller information lead to a valuation where travellers are dissatisfied with the service and classify it as unreliable, and they distrust
it. This dissatisfaction with the service is also shown in the score of the ‘OV-klantenbarometer’ as the traveller information score during
regular operations results by the 75% overall traveller feedback score in the ‘OV-klantenbarometer’ since 2011 (CROW-KpVV, n.d.).
However during disrupted operations, the valuation of this service significantly drops to a 53% (CROW-KpVV, 2018).

The system is studied by observations at the CVL and in the bus, interviews with the Traffic Controller, Traveller Informant and Bus Driver
and by studying internal documents Which have uncovered that there are flaws in the system setup combined with the way the system
is currently being operated eventually leads through the products and services to the travellers currently experience during disruptions.

On the next page, a summary scheme is provided with the key-insights on the traveller information provision during disruption, including
the impact on the system, service and traveller. The products are not specifically included in the overview, because they were not part of
the main scope of this research. On the system side the Traveller Informant, Traffic Controller and the supporting software (EBS, RIVER and
Geo-GUI) are included. On the system side the key inconsistency and inefficient can be classified as operational or technical. Operational
aspects are; workload, working protocols and the overall communication interface. Technical aspects are; the set-up of support software
RIVER and Geo-GUI. A third element is the underlying culture that influences the way to system is operated, which can in itself also cause
certain inconsistencies and/or inefficiencies. The research also found some cultural aspects (as the silo thinking and hierarchical culture
of RET) that are underlying on the processes in the system, these culture aspects are not included in this figure. However, they do have
some influence on the set-up and functioning of the system. The yellow arrows show how the elements on the system side relate to the
main service failures experienced by the traveller during disruption. The blue boxes and lines represent the service: consisting of static,
dynamic and actual traveller information. As the bus traveller user research and literature study showed, ‘OPGA-information’ has the
highest value for travellers during disruptions. However as the scheme shows, the current system setup results in the most service failure
related to "OPGA-information”. The traveller interview and literature study shows the traveller experience in orange, which are triggered
by the service failure (Papangelis, Nelson, et al., 2016; Papangelis, Velaga, et al.,, 2016). As seen previously in the product service model, an
experience with a service & product results in a valuation. The current situation of Traveller Informant results in a dissatisfaction caused
by unreliability of information and distrust in the service.

A summary of a key-insights related to operational, technical and culture are stated on page 92, 93. The next chapter will be focusing

on how RET specifically can improver this experience through adjustment in their system, hereby the main research question will be
answered.
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Operational Technical

Traffic Controller: Traveller Informant:
The lack of disruption protocols for the Traffic Controller. - RIVER: To large selection list for “OPGA” message composition combined with the lack of clear guidelines,
The peak working load of the Traffic Controller (geometrical nature, operational procedures and practices, experience & specific - Geo-GUI: Run on outdated software, which means that linking it into new systems is not possible, require extra manual handling by
knowledge) the Traveller Informant.
Traveller Informant: Traveller information:
The current protocol on which channels to use by the Traveller Informant. - Manual versus Automatic generated traveller information: difference in timing, up-to-datedness and availability
The peak working load of the Traveller Informant ( 3 mobilities, competence & knowledge, software : RIVER, Geo-GUI). - One-third of all RET bus-stops are not equipped with DRIS-signs.
. The current RET bus-stops are still equipped with the “old-fashioned” mono led DRIS-signs.
Bus Driver:
The encounter of complex and varied social situation with travellers.
The lack of accessibility to traveller information to serve the traveller. Cultural
The scarcity and reliability of the equipment (the bus and systems). - Hierarchical culture: due to the traditional hierarchical company structure and the (unwritten) modality hierarchy of first the Metro,

then tram then bus.

Silo-thinking: results in operational limitations for the Traffic Controller

Negative reinforcement culture: caused by the financial fines from the concession agreement with the MRDH, results in operational
limitations for the Traffic Controller.

Lack of empathy with the traveller: results in taking them not seriously and not acknowledge their (inconvenienced) experiences
(a.0. Twitter messaging) .

Interaction Traffic Controller // Traffic Informant
The communication interface by phone between Traffic Controller // traffic informant.
The lack of up-to-datedness and closing of traveller information messages about disruptions.

Interaction Traffic Controller // Bus Driver
- Non-proactive sharing of disruption information on the line or further in the network.
- The lack of uniformity in the handling and communication of the Traffic Controller with the Bus Driver.
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Closing

In this closing section of the research the conclusions and recommendations will be provided based
on the insights gained in the previous section. Firstly, the overall conclusion will be resented which
will elaborate on the high-level relationships between the different contributing factors causing a
service failure during disruptions. Thereafter, based on these conclusions, a set of improvement
opportunities will be provided with RET can use to close the gap in terms of their information
provision score during disruptions. These RET specific recommendations will be presented in the
form of a roadmap, which will highlight the reason and contribution of each recommendations to
improving the information provision during disruptions.



11 = Conclusion

After having discussed all main insights in detail in the previous chapter, and the related sub-questions. It is now time to go back to the
overall goal of this research and summarise the main conclusions. Based on these conclusions a set of recommendations will be provided
which will directly contribute to answering the main question of this research, namely:

“How can RET use traveller experience insights and_traveller information provision to improve
the bus traveller experience during disruptions?”

Firstly, the process of this research describes shortly before answering the main research question. After that, the recommendations are
presented in form of a road map including the main pillars of improvement; standardisation, travellers intimacy, improved efficiency and
embracing digitisation.

11.1  Process

This research investigated what can be learned from traveller experience insights and the current traveller information provision, to
improve the bus traveller experience during a disruption by the operator. The research is conduct in co-operation with the public transport
operator RET, that is responsible for the exploitation of buses, trams, metro's and a ferry in the metropole region Rotterdam - The
Netherlands.

The research consists of three main aspects to collect data; background research, context research and user research. The background
research was a literature study on the topics: Traveller information needs during a regular and disrupted situation, the disruption
handling from a traveller perspective, and what determined the travellers perceived service quality, experience and satisfaction. The
context research was desk research in RET internal documentation, working instructions and business plan. Focused on the RET's vision
on traveller experience, the different roles involved in the disruption handling process, and how the roles contribute to the traveller
information provision. The user research was qualitative field-research focussing on the bus travellers and RET staff that are directly
related to the disruption handling and traveller information provision namely, the Traffic Controller, Traveller Informant and Bus Driver.
Qualitative design research methodologies as context mapping, in-depth interviewing and an in-depth case study are used to gain insight
into the experience of bus travellers in the regular and disrupted situation how they perceive traveller information and what determines
their experience. To gain insights in the actual working environment, procedures and system design for disruption handling and traveller
information provision, observation and in-depth interviews are executed at the Traffic Control Centre (CVL) of the RET were the Traffic
Controllers and Traveller Informant are executing their work. For the bus driver observations are done in the bus during operations.

The evaluation process was done after each of the three aspects of the research, resulted in findings. For the background research this
resulted in the defined literature gap and the construction of traveller satisfaction model. In the context research a traveller information
provision model is constructed, including actors, software systems and different types of information and there links. The user research
for the bus traveller revealed the customer journey map for a regular and disrupted bus trip of the participants and a in-depth case study
that expose the perceived traveller information from a traveller perspective and shows how this related to the system. The user research
with the Traffic Controller, Traveller Informant and Bus Driver gained insights in their actual working environment, and role is during a
disruption and contribution to the traveller information provision. All the findings are interpreted and combined by ‘analysing on the wall'.
The key insights are related to themes that are housed under the main themes the Traveller, the Traveller and RET, and RET. As a summary
of the key-insights related to the main service failures experience by travellers is presented in Figure in chapter 10.

This research had an exploratory character by being one of the first in exploring the human aspects of holistic experience by design
methodologies in the field of public transport engineering research that is typically characterised by quantitative research set-ups. The
strong part of this research is that it not only focused on the traveller side, including the products and services but there is also look at the
RET side which includes the system, that supports the products and services. This combined with executing qualitative design research
has enabled this research to gain precious insight with regard to traveller experience during disruptions and the traveller information
provision process of the operator.
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11.2 Main conclusion

The research is used to investigated what can be learned from traveller experience insights and the current traveller information provision,
to improve the bus traveller experience during a disruption by the operator. This research has shown that by applying qualitative design
methodologies as context mapping, in-depth interviews, observations and case study valuable findings could be gained on the traveller,
the RET and the traveller information provision. By combining the findings and revealing their interrelationships, interesting insights
are gained. These insights highlighted the opportunities for the RET to improve their traveller information provision during disruptions.
Before stating these opportunities and recommendation for the RET in a roadmap, first, a high-level overview is sketched on what
happens during traveller experience during disruption. This overview includes the main actors the RET and the Traveller, and the variation
of the perceived service gap (yellow line) influenced by disruption and traveller information perceived from a traveller perspective. The
three phases are explained below, whereas the grey dots indicate the gap distance in the previous phase(s).
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Situation 1: The regular situation

The perceived service gap between RET and the Traveller during regular operations is not that wide, underpinned by the 75% overall
traveller feedback score in the ‘OV-klantenbarometer’ (CROW-KpVV, 2018). Even without disruptions, the travellers experience some
negative emotions, but they are in general quite positive about their journey. This resulted from the field user-research, presented in a
customer journey map, shows the emotion curve of five traveller during various phases of a regular bus trip (Figure 26).
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Situation 2: The disrupted situation.

During a disruption the perceived service gap between RET and the traveller instantly increases. Because the expected service of the
traveller is diverging further from the actual service delivered by RET. The gap size is determined by handling of the disruption at the
RET side (red arrow). At the traveller side, the needs of travellers change caused by the uncertainty the situations brings. Which also
trigger emotions of stress and anxiety or emotions like frustration, and something even anger as travellers are no longer in control of the
situation. This resulted from literure study and the field user-research, presented in a customer journey map, shows the emotion curve of

one traveller during various phases of a disrupted bus trip (Figure 27).The impact and size of the service gap is dependent on factors like
personality and travel motives. Which might strengthen the negative impact even further (orange arrow).
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Situation 3: The disrupted situation and the role of traveller information provision

This study has revealed by literature and the user research that there is a third aspect which can increase or decrease the perceived service
gap during disruption, and that is the provision of traveller information. Because when a traveller is notified on what is happing, they are
empowered to make practical decisions and reduce the level of uncertainty. For a traveller perspective the gap can be increased by the
need for more individual traveller information, caused by different travel motives, personalities and characteristics of the traveller (orange
arrow). At the RET side currently discrepancies and inefficiencies in the traveller information system, combined with peak workload for
the traffic controller and traveller informant, increases the gap between the desired traveller information provision and the actual service

delivered. These inefficiencies include manual system input, system complexity, outdated software and inefficient internal communication.
(red arrow).
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However, the provision of travel information can at the same time be the key to reduce the perceived service level gap if appropriately
deployed. The travellers indicated in the research that traveller information should, in general, include the following information; the cause,
an estimated impact on the journey time, an idea of the scale and duration of the cause, and any alternative options. This information
should at the same time be shared timely, transparently and honestly. This traveller information needs show overlap to previous researches
(e.g. (Kasti, 2017; Ministerie van Verkeer en Waterstaat, 2003; Zhang et al., 2008). Overarchingly this information should be consistent
and accessible for travellers across the various information channels. How this can be achieved is presented in the next sub-chapter
revealing the recommendation for if RET.

This principle of the increasing service gap during disruption related to traveller information can be linked to the key-service failures
regarding traveller information. How bigger the gap how lower the valuation of the service & product is at that moment. What this research
has shown is that experience research is a powerful tool to gain insight into how traveller perceived services & products by enabling
the reach to the deeper layers of knowledge and understand traveller's needs, behaviour, emotions and use cases in the naturalistic
environment. Because the receiver is often not in direct contact with the system, but the system is again closely linked to the product and
the service. This means that the experience of the traveller and the valuation can be used as feedback on your system. By exposing the
service failures from the traveller and looking objectively at the system by observing it in the naturalistic operations, valuable insights
can be found and with that opportunities. The value of these opportunities created from the insights that origin at the experience of the
traveller is that improvement often leads to value-creating for the traveller. This really puts the traveller at the centre of the system, and
if the experience of travellers in different target groups on different topics continues be investigated, it is possible to invest purposefully
with resource and financial means and thereby improve the experience of travellers. Which ultimately results in a satisfied traveller.

11.2.1 Roadmap for RET

After having identified and explained the service gap principle and the related service failures from a travellers’ perspective and stated
the key-insights on the system side divided into operational, technical and cultural, now it is time to answer the main question of this
research;

“How can RET use traveller experience insights and_traveller information provision to improve
the bus traveller experience during disruptions?”

The question is answered through a set of recommendations and the representation of a roadmap. A roadmap is a graphical, high-level
plan defining an overarching strategic objective and capturing the major steps planned for achieving that objective. As knows it is RETs’
objective to score a 70% on the topic traveller information during disruption on the ‘OV-klantenbarometer’ in 2021 (RET NV., 2019).
The scores of 2019 will be announced in April 2020, but moving away from the 2018 score of 53% requires focussed improvements
nevertheless.

This is quantitative aim of RET could also be translated to a more qualitative aim related to the findings of this research. Whereas the
traveller information provision is currently validated by the travellers as unreliable and distrusted. Which is not in line with the valuation
RET would like to have for their traveller information service. It is the RET aim to deliver a service quality which is valued as reliable and
trustful. However, RET should be aware that it will take time before traveller is reaching that state. Because, as the satisfaction model
presented in chapter 5 shows, past experience influences new experiences. So a series of better experiences will have to come before this
valuation significantly changes and traveller trust the system.

The research insights clusters in operational, technical and cultural are translated into opportunities for RET whereas they are divided

in the main pillars of: standardisation, travellers intimacy, improved efficiency and embracing digitisation. First the opportunities and
therefore the recommendation for RET is explained, on-page 102-103, the visual representation can be found.
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Standardisation: this pillar helps to improve clarity and guarantees quality with the goal to provide more consistency towards the
traveller. This pillar is focused on the service level. The recommendations are:
Clear strategy on the use of external communication channels. RET could benefit from a more clearly formulated strategy around
the use of its external traveller information channels. Either they should make sure all channels (app, website & Twitter) contain the
same information, or that they make travellers more aware of the content differences for each of the channels. This will create more
transparency and consistency in the information provision and will eventually hopefully lead to a lower level of uncertainty around
disruptions.
Reduction of the drop-down disruption options in the RIVER system. The RIVER system currently contains a too extensive set
of disruption causes and effects, which may be interpreted differently by different individual Traveller Informants. This set of pre-
determined causes and effects should be distilled into a less extensive list with more clearly defined guidelines on when to use
which options. This would lead to more standardisation in the tracking of incidents and will result in higher consistency in external
communication.

Traveller intimacy: this pillar helps to improve the awareness of, and the alignment with the travellers' needs. This will contribute to
become more traveller centric and improve travellers’ empathy. This pillar does not directly contribute to service failures however and
is more focused on the underlying cultural level. However, RET will ultimately reach the traveller through the products and services and
those are therefore no less important. The recommendations are:
Establish a customer panel. Currently, a proper feedback loop from the traveller towards the RETs' products and services is lacking.
Therefore RET would benefit from establishing a customer panel which will enable them to receive qualitative feedback and more
continuing feedback on their performance. Whereas they are now (fully) depending on the results of the ‘OV-klantenbarometer’
ones a year, or by purchasing research from external parties. Additionally, this will help them test new ideas and build a closer
relationship with a core group of their travellers. See as an example the NS labs app, in which they test various new functionalities
that can make the travellers' journey better and more enjoyable. But also short internet survey with open and closed questions can
already help to get a better idea of the needs and experiences of the travellers. It is a smart way and relatively easy way to include
and align innovation better with your travellers, by making them part of the process and getting feedback & value insights from
them
Improved communication standard for Twitter messaging. The social media desk research showed that RET responses not always
show empathy towards the traveller, as answers are not honest, transparent nor alight within the different internal departments.
Social media becomes more important as a channel, RET could benefit from a higher quality standard in term of messaging, and
could additionally benefit form a more humble approach. The messaging should be more aligned with the responsible departments
within RET, to prevent false promises or statements. This honesty should also result in the messaging being more and transparent
which will increase the perceived service level of this particular information channel. Additionally, any messaging received via
Twitter should be considered as constructive feedback instead of answering a question. This will enable RET to create an active and
easily accessible feedback loop with some of their travellers.
Use the Bus Driver more actively as a channel. Currently, the Bus Driver is frequently not provided with the right amount of
information to effectively support travellers during disruptions. This is really a missed opportunity, as travellers indicated to prefer
the ‘personal touch’ of information shared by the Bus Driver during disruptions. If the Traffic Controller would be able to share more
detailed information in a more standardised way, it would enable to Bus Driver to have a better, more decisive role in the information
provision during disruptions. This would eventually lead to a higher perceived service level and demonstrate message consistency
with other communication channels. Furthermore, the Bus Driver is in touch with the traveller on a daily basis, and through that
valuable insight could be gained here to increase insight into traveller needs, behaviours and struggles. By listening more carefully
to the Bus Diver and value the feedback he/she is providing steps are making to breaking down the hierarchical company culture.
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Improved efficiency: this pillar is focused on reducing the peak workload and speed up the traveller information provision, through
improved alignment between different actors in the system and reduce the room for errors. This pillar is linked to the operational, technical
and cultural layer as alignment on all levels is important to strive for improved overall efficiency.

Embrace digitalisation: this pillar is focused on the optimisation and digitalisation of internal processes and external products. This pillar
is linked to the products and related background technology. The recommendations are:
RETs' app improvement. The RET app is currently marketed as the main source of up to date travel information, however in

Improved communication interface between Traffic Controller and Traveller Informant. The current floor plan of the CVL only
allows for telephone contact between the Traffic Controller and the Traveller Informant. An ideal situation would be to create the
same situation for the bus (and tram) as currently being used for the metro, namely that the Traveller Informant is positioned
directly is behind the Traffic Controller. Such a set-up facilitates face to face communication and provides the Traveller Informant
with the possibility to watch at and listen to the work of the Traffic Controllers. This results in a significantly faster response time
during disruptions, assisted by the verbal communication that makes it possible for the Traffic Controller to transfer the situation
to the Traveller Informant simultaneous with other activities. The face to face communication also enables a higher frequency in
communication and better phrasing of the message. Because by keeping a close eye on the disruption, scaling up or down the
intensity can be done directly when required.

Furthermore, the more frequently face-to-face communication and by watching and listening in on the Traffic Controller will increase
the knowledge level of the Traveller Informant about the bus network, disruption types and impact, which is desirable due to the
complexity of the nature of the bus service. For the bus-traveller this will result is less situations where there is a complete lack of
information and will enable the sharing of more high value (OPGA) information more accurately and timely. This will contribute to a
more reliably perceived traveller information provision.

Establishment of disruptions protocols for the bus. Currently, there are no disruption protocols for common disruptions for the
bus as there are for the metro and tram. These disruption protocols help to speed up the disruption handling of the Traffic Controller
and support the information provision by the Traveller Informant. Although capturing all the different disruptions scenarios for
the bus might seem impossible, it would be beneficial for the Traffic Controller and traffic informant if some of the high-frequency
disruptions are captured in a disruption protocol. This does not only encourage (formal) knowledge retention, but it also helps to
reduce some of the peak workload. These protocols may, for example, include frequently used detours, standard traveller information,
expected disruption duration, etc. This will contribute to the timing and accuracy of the traveller information for the travellers.
Updating the geo-GUI system. The Geo-GUI system is currently quite outdated, which does not allow it to establish an automatic
link with the RIVER system, resulting in the fact that currently all messages having to be entered manually. Automating this part of
the systems will not only reduce the workload of the Traveller Informant (during peak hours) but will also enable faster messaging
to the traveller.

Additional resources and restructuring of the traveller information role. One of the main identified internal constraints is the
peak workload for the Traffic Controller and Traveller Informant. This workload problem might be reduced through simply adding
additional FTEs for especially the Traveller Informant role. This will enable to make one Traveller Informant responsible for the metro
and one for the tram and bus, which does not only reduce the peak workload but also contributes to reducing the current unwritten
hierarchical culture of metro, tram and then the bus. Furthermore, this will positively contribute to the knowledge development of
the Traveller Informant — all of this will result for the traveller in faster, more accurate, up-to-date traveller information.

Beside by reducing the workload on the Traveller Informant by adding addition FTEs, it might helping to restructure the role of the
Traveller Informant into a more proactive role (instead of the current reactive nature). The extra FTEs can then also be employed to
increase the quality of the planned disruption traveller information, as shortly highlighted in this thesis, there also seems room for
improvement there.

Breaking down the walls. Currently, RET has a hierarchical organisation structure with a strong silo-thinking culture. Which is
for the bus section reinforced by the splitting off the BUS BV in 2012. A culture of ‘chain thinking’, opposite to silo thinking,
distinguishes itself by having a more holistic perspective. It strives for collaboration between the links in the chain to improve the
integrated processes along the entire chain. This will contribute to better coordination in the system but also contributes to the
products and services delivery and also contribute to ‘traveller intimacy’.
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practice this does not always seems to be the case. “Do it right or don't do it at all.” - Quoted of Ray Charles (1998). Which is
highly applicable to this situation as the current app is really lacking in terms of providing optimum support and service to travellers
before, during and after their journey. Resulting in feelings of distrust and unreliability by the traveller, which does not only affect
the valuation of the app but also has an impacted on their overall valuation of RET. Some areas that benefit the overall service
delivery of the app might be; automatics app refresh, a clear indication on the time of the last update, more frequent clean-ups of
outdated disruption messages and correctly displaying time/date of the start of the disruption as well as the date/time of the last
update of the message. Ret could also consider adding more ‘nice to haves', like for example the NS app. Furthermore, the service
level of the app could be improved by combing the RET barcode app (for digital tickets) and RET real time app into one app.
Upgrading of existing DRIS signs and adding signs to stops that currently do not have them. DRIS signs at stops are an
important traveller information channel. However, still not all stops are equipped with a DRIS; currently, 1 out of the 3 RET bus-stop
is not equipped, whereas every metro or tram stop is (RET NV., 2018). The current mono-led DRIS do not make optimal use of the
true potential of this channel in terms of delivering high-value information in a structured manner. Therefore, it is recommended to
implement new graphical led screens when replacing or placing signs at new stops. For the traveller this will contribute to better
accessibility of information and improved readability.

Revive cooperation with 92920V. RET currently do not have a partnership with 92920V, with means ‘OPGA-information” about
planned and unplanned disruption are not include in the 92920V spp. Which can be seen as a missed opportunity despite RET
wanting every traveller to use their App, which in practise this is not the case. By being more transparent in sharing information
with the traveller, it reduces the inconsistency between the various channels and eventually results in a better traveller experience
. Furthermore, it is confusing that the RET does use 92920V as the main source of information for their own app, but they do not
share high valuable information about disruptions with 92920V.

The four pillars and related recommendations are summarized in Figure 34, on the next pages. In the figure the order of the four pillars
is not leading.
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2018:

A score of 53% on the topic traveller information
during disruption on the ‘OV-klantenbarometer

Traveller valuation of unreliable and distrustful, due to
service failures

Standardisation:
This pillar helps to improve clarity and
guarantees quality with the goal to provide
more consistency towards the traveller.

Clear strategy on the use of external
communication channels.

Reduction of the drop-down disruption
options in the RIVER system.

Traveller intimacy:
This pillar helps to improve the awareness of, and
the alignment with the travellers' needs. This will
contribute to become more traveller centric and
improve travellers” empathy.

Establish a customer panel.

Improved communication standard for
Twitter messaging.

Use the Bus Driver more actively as a
channel.

Figure 33. Summary scheme with key insights on the traveller information provision during disruption.
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Improved efficiency:
This pillar is focused on reducing the
peak workload and speed up the traveller
information  provision, through improved
alignment between different actors in the
system and reduce the room for errors.

Improved communication interface
between Traffic Controller and Traveller

Informant.

Establishment of disruptions protocols for
the bus

Updating the geo-GUI system.

Additional resources and restructuring of
the traveller information role.

Breaking down the walls.

2021:

A score of 70% on the topic traveller information
during disruption on the ‘OV-klantenbarometer

Traveller valuation of more reliable and trust full, by
reducing service failures.

Embrace digitalisation:
This pillar is focused on the optimisation
and digitalisation of internal processes and
external products.

RETs' app improvement.

Upgrading of existing DRIS signs and
adding signs to stops that currently do
not have them. Revive cooperation with
92920V.
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12- Discussion and Recommendations

After presenting the main conclusions of the study next is to bring this research back to a broader perspective by elaborated on the
scientific and practical contributions of this research. Reflect on the research methodology applied followed by the reflection on the
limitations of this research, which consequently lead to a set of suggestions for future research.

12.1 Main contribution

With the use of qualitative research methodologies and study both the traveller as the RET perspective on the topic traveller information
during disruption, the resulting findings, insights and conclusions delivered valuable contribution for the RET as elaborated on in the
previous chapter. However, this research also contributed to scientific and practical field and is discussed in the following sub-chapters.

12.1.1 Contribution to science
From the scientific perspective, this research is a pioneering piece in exploring the human aspects by design methodologies in the field
of public transport engineering research that is typically characterised by quantitative research set-ups. Public transport is a complex
socio-technical system and would be better served when user-centric (qualitative) and techno-centric (quantitative) research methods are
combined. This research contributes to getting the public transport engineering field acquainted with qualitative design methodologies
as context mapping, qualitative observation and in-depth interviewing which are helpful methods to gain insights in a specific context,
problem by in-depth and extensive understanding of the reality and helps to understand needs, wishes and the motivation of travellers.

Design research and methodologies have a different set-up than traditional research. This research gives an example of how the design
methods and set-up could be applied in another context than purely design research. In socio-technical systems the combination of
applying both qualitative and quantitative research methods would make a strong research because they complement each other's
weaknesses and are able to cover the complexity of the system better. This research hopefully encourages more interdisciplinary research
to make public transport engineering research future-proof and tackle the social-technical question of the future.

The results of the research are contribution to the research gaps of creating more insight into the holistic experience in the regular and
disrupted situation of public bus travellers. The traveller satisfaction model that is composed by combining previous studies provides
a good summary and simplistic rendering of the traveller experience and satisfaction process which was not noticed in other research
before. Furthermore the results show insights in the perceived service quality of travellers regarding traveller information, and contribute
to more research on the ‘soft’ quality aspects as the public transport research field is currently dominated by research on ‘hard’ technical
aspects of the service (actual service quality). Moreover this research focussed only on bus passengers, and therefore gains specific
knowledge about this group, which is valuable because most research and databases are combining data of the bus (travellers) with trams
and metro data. However, the nature of bus transport is inherently different from tram and metro. The research contributes to a small part
of the population of bus travellers and what we know about them. Because the majority of the public transport research is focused on the
metro, then tram it is valuable to not neglect the bus, and ensure that besides this work more studies will be executed, to counter that
the results/insights become out-dated.

12.1.2 Contribution to practise
Although this qualitative research is specifically executed for the case at the RET, insights of the research could also be interesting for
other public transport operators. As mentioned in the DIKW scheme in Figure 30, going from the knowledge layer to the wisdom layer
can be achieved by looking from a higher level and see which insights could be generally applicable. In the Netherlands, as the ‘OV-
klantenbarometer’ shows the average score on the topic traveller information during disruption is a 5.8/10 (CROW-KpVV, 2018). This
research can hopefully inspire them to improve the current situation.

One of the lessons to learn for the public transport operators are the phenomena described in the conclusion of the difference between
the perceived service gap in the regular situation and the disrupted situation. In the disrupted situation traveller information is one of the
main contributed to reducing the perceived service gap during a disruption. However, it is of importance that the traveller information
provided meets the travellers' needs of knowing: the cause, an estimated impact on journey time, an idea of the scale and duration of the
cause, and any alternative options. Besides, timely, transparency and honesty are important here.
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Another import lesson that can be taken from this research is the importance of consistency of the traveller information via various
channels. Because inconsistency in information trigger emotions of confusion and anxiety at the travellers side, and could contribute to
the distrust of further traveller information and makes the public transport service as a whole more unreliable. Furthermore they should
be aware of the fact the most valuable traveller information during disruption the ‘OPGA-information’ is currently manually generated
information. Which makes it important to reduce flaws and inefficiency in the system behind this information provision, to ensure that this
information reaches the traveller as soon as possible via various channels. Important here is to do a cross-check, as the system may work
well on paper. But as this research has shown it does not have to be in practice. By first looking at the traveller (target group) side to see
what experiences there are, and this can, of course, be done on other subjects than traveller information during disruptions, as well. These
experiences and the associated valuation of product & service give the operator direct feedback from the target group on the product
& service but thereby also on the underlying system. When these elements are then objectively studied, where observation in natural
setting and conversation with the directed related employees are preferred when possible because then value insights can be obtained.
Because it helps to gain in-depth and extensive understanding of the reality, by researching to the different layers of knowledge and
insights could be gained which are not accessible at first hand. These insights can lead to opportunities and improvements that directly
contribute to the value creation for the target group. Helping the operators to do affected resources and financial investments and really
put the traveller in the first place.

Whereas currently high value is attached to the scores of ‘OV-klantenbarometer’. To which bonuses and fines are linked for the operators.
This study hopefully makes it clear that in addition to this quantitative questionnaire that are helpful for to gain generalised information
and make a comparison between operators, it is also important in addition to conducting qualitative studies among travellers. In order to
gain more specific insight into what really drives the traveller. The recommendation towards the RET of establish a customer panel could
also beneficially for other operators to gain more insights and knowledge about the drivers of their travellers.

12.2 Reflection and limitations on methodology

The methodology adopted in this research study provided two things. At first, they support to answer the research question by helping
to understand traveller needs and to explore, reflect on, and express the experience of travellers. Furthermore, they revealed flaws and
inefficiencies in the system behind the information provision that are not visible when looking at the system on paper. This made it possible
to derive specific recommendations for RET to improve the bus traveller experience during disruption by their traveller information
provision.

The other aspect is the exploratory character by applying these methods in the field of public transport engineering. Specifically was
chosen for design methodology due to the focus on the traveller experience from a holistic perspective. Furthermore, this research also
includes the RET system giving it a co-design character with matches with the philosophy of design methodology. However, by only
applying qualitative research methodologies, a qualitative data set was obtained. Resulting in insights based on evidence and not based
on fact as can be gained from a quantitative data set. They also make it much harder to stated generalised conclusion because of the data
obtained is strongly related to a specific case, situations and persons.

When looking at the double diamond design set-up, it is noticeable that this research has just passed the first diamond by presenting
the roadmap. However, this also indicates that this is not the end of this study; further design study could be taken up. Which is very
contradictory in the set-up of traditional versus design, is the flexibility of the research. In contrast, in traditional research the research
questions and approach are much more fixed and established in the very beginning for the research is design research a much more
organic process. This is also encountered during this research because of the qualitative set-up enable people to freely talk, and by
observing the real situation, things are found that may never think of in first hand. They are resulting from these findings and influence
the process on the way. Whereas the traditional public transport engineer is mostly focusing on ex-post studies or situations whereas
the further is controlled in simulated environments to test certain assumptions. With the aim to explain how things are. Design research
is much more future-oriented by review the here and now opportunities and future opportunities are defined. By design products and
services, this pursued future can be obtained. Which aims more on how things should be.
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However, social-technical systems consist of more than just products and service but are also surrounded by a complex system which
have a social, political and economic relevance as well. Design research at their side is currently less developed to tackle these complex
system on their own. As complex system consist of large number of products, processes, and technologies which have dynamic data
interfaces, physical connections. Additionally, they are dependent on the operations which interact with an environment and provide a
function that meets or exceeds users' needs. Whereas engineering research is more focused on the processes, technological aspects and
deals with data interfaces. Design research on the other hand can contribute to the product, physical connection and users ‘needs. This is
why a combination of both qualitative and quantitative techniques is desired. Traditional research is much more familiarised with tackling
complex systems, however, it lacks the ability to include the service and product aspects from a user perspective.

Furthermore, the context mapping methodology in this research was valuable to understand needs and to explore, reflect on, and express
the experience of the bus-traveller. However, this methodology needs a lot of knowledge in the design field. This is not only applicable
to context mapping as the limitations of interviews. Because the quality of the results depends on the interview skills of the interviewer
and the formulation of the questions. Interview and transcription are high time consuming and not suitable to collect results from a large
group of participants. Limitations of observations are that it is very time consuming, requires prior preparation and the quality of the
observation depends upon the skill of the researcher to observe, document, and interpret what has been observed. The research should
be aware of the researcher bias, by being aware of potential biases that stem from the research background of experience, which includes
considering how gender, culture, and ideologies provide a filter for understanding of the situation under study (Kawulich, 2005). For the
context mapping, not the full process as described in sub-chapter is applied, as no co-creasing session has taken place. However, in the
in-depth interviews with the bus-traveller, traveller informant, traffic controller and bus driver. By the use of the layering approach and
the path of expression it was possible to gain a bit more insight into how they see their ideal situation. These mentioned possible biases
are also reduced by various triangulation procedures in this research. Which mean that data is collected from multiple perspective and
in different ways (Hill et al., 1997). By including both the traveller perspective and RET perspective and using various methods like
sensitising, observations, interviews and case study combined with literature and internal document studies.

This kind of knowledge is currently not being taught in transport engineering education, which meant additional self-education was
needed. Also, recruiting a random bus-travellers turned out to be a lot more difficult than expected. This is due to the qualitative nature
of the research, which also demands more from a participant than a (short) close question survey. Due to the sample size of 5 participants
in the sensitising stage and 1 participant for the in-depth interview session it. To have a bit more of boarder perspective, there are other
sources used to supplement such as the literature study, social media data mining on twitter compliance regarding RET bus service and
traveller information, and an in-depth case study to map out a disruption from different perspective. Which also contribute to have a more
triangularly research.

The participants were a homogenise group of highly educated people that had no car and depends on public transportation for their
transportation. The group consists of 3 participants that travel for work and one for studies and one for leisure with the bus. Only
one participant makes the same work trip others are making different trip. Because they do not own a car, the group can be seen as
experienced public bus travellers. Which is valuable because they have encountered a lot of experiences, also because of the education
level, they were able to express themselves well. However, the group of inexperienced travellers is not covered by this research. As
literature study reveals different needs and support in terms of traveller information could be expected here. However, as stated above
only one participant makes the same trip every day, the other has a lot of varieties in their travel behaviour which makes them overall
experienced, but they are sometimes even inexperienced at certain trips as non-frequent travellers.

The participants were selected, so they do not deal with digital exclusion; this has been chosen to reduce the variable regarding the product
side. However, different needs and experience could be expected under the group of travellers that have more social disadvantages, less
access to digital media and digital competences. Current research of Anne Durand on the impacts of the increasing digitalisation in
transport services could be seen as a relevant contribution to this topic (A. Durand et al., 2019).
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12.3 Recommendations for further research

For further research three main topics can be pointed out, namely on the data gathering, the methodology and research extension. They
will be described in further detail below.

This research consists of a raw dataset of mainly qualitative data. As mentioned earlier in the validation of qualitative research, triangulation
can help here, which means data collection from multiple perspectives and in different ways (Hill et al., 1997). In this research, this is
done by using the traveller perspective, context mapping, in-depth interviews, in-depth (observation) case study supported by literature
studies. For the system perspective (RET) this is done by use of internal documentation, in-depth interviews and observations. However,
through triangulation this could be extended to also include quantitative research methodologies. For example, quantitative research
methodologies can be used to gain more insights into the channel (product) use of travellers and their preferences whereas recent
research is lacking. This can also helping in contributing to become more demand-oriented instead of the supply-oriented approach,
such that it responds better to the product needs of the traveller. Combined research would be valuable to gain more insights into the
relationship of service failures, recovery, travellers needs and their behaviour on a more high-level, generalised level. This can also help to
extend the customer journey of this research further, which could be seen as the basis for this research. Further research could expand
the journey by adding more touch points for both the regular situation and disrupted situation. Further quantitative and qualitative data
research would then also be required to gain insights into these touch points, interrelationships and traveller perceptions . Applying both
qualitative and quantitative methods would also support the philosophy that social-technical systems such as public transportation would
be better served when both are combined. This due to the strong interrelationship between technical and humans aspects in the system.

The research has explored applying design methodologies such as context mapping in the field of public transport engineering.
Contextmapping is a valuable tool to understand the needs, wishes and motivations of a target group. The methods also contribute to
a co-design setting where users and stakeholders are given appropriate tools for expressing themselves, which help them to participate
actively participate in the design process which ensures a good fit between the design and the use of future products or service (Wilkinson
& De Angeli, 2014). These insights and co-design setting are not only desirable in service and product design but also for engineering
fields that are strongly related to users and/or influenced by various actors. Further research into how design methodologies could be
made more fitting with engineering design would be interesting. Because currently context mapping and other design methodologies
apply a separation between engineering and designing. Going forward, it would be desirable to create a more interdisciplinary approach
from the beginning on. Further research could contribute to the development of new, and adjustment of current methodologies to make
them applicable in similar settings.

Research extension could go in two ways, first by the using different samples and target groups to provide a better understanding of the
traveller experience from a broad perspective. As literature research reveals, different needs could be expected to result from this. Think
of different samples such as; different modalities, cities & operators, and different target groups such as; variety in social-economical
factors, level of digital inclusion and purpose of travel. These extension will enable the transferability of the results to other settings. This
transferability will also contribute to the validation of this research.

The second part is to progress further through the double diamond principle, whereas this research stops at the ideation phase with the
presentation of the recommendation in the form of a roadmap. This is however not the end, and further steps can be taken to ‘design
things right’. The focus of this research was not primarily on the product and service design side . This could be included if one would
progress through the 'HMW'- question: “How might we improve traveller experience during disruption on the product & service side?”.
This will result in the generation of many potential solutions and ideas, the ideation. Working through the final step of the double diamond
could then focus on the design and implementation of the product and service.
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Appendix 1: Organization chart RET NV. and Bus BV. (in Dutch)
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Appendix 2 : IRMS Classifications of incidents and Class (in Dutch) Appendix 3 : RIVER and text options “OPGA-principle” (in Dutch)
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Appendix 4 : KV information process (in Dutch)
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Appendix 5 : Sensitising booklet (in Dutch)
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