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Abstract
This research consists of the theoretical and practical application of dynamic adaptive planning
to cope with decision making under deep uncertainty. Dynamic adaptive planning is applied
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from a business perspective and is projected on the implementation of an innovative mobility
alternative. The alternative in question are people-movers, driverless shuttles that transport 8 to
20 people on demand and on a programmed road.
The research first dives into what and why people-movers. People-movers have the potential to
solve traffic effects in an innovative way when widely applied. The second part of this research
explains what and why people-movers are surrounded by level 3 and 4 of uncertainties, deep
uncertainties. The implementation of people-movers into an existing mobility system in
Nijmegen111§ is surrounded by uncertainties due to the lack of experience and knowledge to
predict the future and its effects on the implementation. To cope with the uncertainties, research
show that dynamic adaptive planning (DAP) is needed.
The application of DAP is first elucidated and then applied in two ways in relation to peoplemovers in the Dutch city of Nijmegen. To explain, DAP is used to cope with deep uncertainties
by preparing an action guide for any possible changes in the future and therefore be able to
swiftly adapt. The first application: the dynamic adaptive plan is filled in based on theory and
articles, creating the literature-based DAP. The literature-based DAP shows that an
implementation in Nijmegen is feasible when a fully separate bus lane is used free from
crossings to step by step increase the complexity of the people-mover overt ime.
The second application: interviews with experts and stakeholders were conducted to test the
literature-based DAP and fill in the tailormade DAP. Semi-structured interviews were
transcribed and coded to reveal relationships. The initial plan changed from direct
implementation to a long-term incremental implementation plan. This results in a focus on
reservations for the future, step-by-step increasing complexity and a higher focus on a positive
return on investment. The results of the interviews show that mixed traffic operations are what
stakeholders want but the people-mover cannot deliver yet.
The conclusion answers the main research question: in order for Transdev to implement peoplemovers in Nijmegen, the gap between wat is possible and what is wanted needs to be covered
and the compensation per ride should be clear. A long-term step-wise approach needs to be
applied to incrementally grow the disruptive technology into the mobility system of Nijmegen.
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Preface
The research has a focus on the implementation of people-movers in the Dutch city of
Nijmegen, a mobility alternative that can drive from and to hubs fully autonomously. A peoplemover is surrounded with uncertainties and challenges due to its disruptive nature. The research
therefore aims at developing a dynamic adaptive plan to prepare to cope with the uncertainties
and challenges.
In 2021 I started with a Master in Business Administration specialising in Strategic
Management. During my studies I became more and more familiar with adaptive planning and
strategic decision making. In my eyes, the ability for a company, plan or person to prepare and
be able to adapt in unforeseen situations is a trait that can be learnt and trained. In the all
changing world it got my attention even more and my courses connected to that interest. How
to make a plan or implementation future proof? This, in combination with the changing mobility
environment, was a perfect fit for me to research. I personally think that being on the road is
most intriguing, every way of mobility has the potential to take you to places you have never
been to and has the potential to keep surprising you. Mobility is also closely connected to
complex problems and needs adaptive thinking in order to cope with them. It is therefore that
I, together with my supervisors, decided to investigate what would be the best way for
implementation of people-movers from a business perspective. Why are they not yet widely
implemented?
I would like to express my gratitude to my three supervisors, prof. dr. ir. van der Heijden, prof.
dr. ir. Marchau and Msc. Akse. Their knowledge helped me shaping my thoughts into a solid
piece of academic research. In addition, their expertise in mobility helped me to have valuable
discussions which generated new input for this research. All in all, I would like to thank them
for their time and devotion to guide me during the creation of this research.

Mo van Beveren
June 2022
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1 Introduction
1.1 Introduction
In the context of urbanisation and ongoing increase of number of cars in cities, municipalities
show a growing interest in new ways of mobility and people transportation (Soe, 2020;
McKinsey & Company, 2019). This is driven by the external effects of traffic, namely,
congestions, accidents, emissions and usage of scarce resources such as land (Marchau et al.,
2017). It is also driven by the aim to streamline the flow of people on their route to their
destination in urbanised areas (Arffman, 2018; Winston, 2022). The external effects of traffic
are most often caused by inefficient car usage and human errors (Buchanan, 2015). Modern
technology provides alternatives to cars which increase efficiency, reduce human errors and
optimise people transportation.
One of the alternatives that is on the rise to do so is the concept of autonomous driving vehicles
(Bertoncello, 2015). The sheer increase of pilots with autonomous driving buses (peoplemovers) indicate that companies and authorities spot the potential of this disruptive technology
(McKinsey & Company, 2019; Scheltes 2019). However, it is assumed that the implementation
of a disruptive technology in the existing mobility system is complex and surrounded by many
uncertainties. Marchau et al. (2017) argue that in such contexts an adaptive implementation
strategy should be deployed (Marchau et al., 2019; Marchau et al., 2017). Such a proposed
strategy should be based on a sound business model, hence involvement of a business company
that intends to offer services is crucial. The goal of this research is to develop a proposed
strategy for the implementation of people-movers which is assumed to contribute to the
improvement of the mobility system performance (appendix 9). The proposed strategy in this
article will be illustrated by the implementation of people-movers in the Dutch city of Nijmegen
from the perspective of Transdev. The geographical focus stems from the fact that the route
between Nijmegen central via Nijmegen-Heyendaal to the Radboud University and the HAN
University of Applied Science is highly used with more than 15.000 commuters per day,
Campus Heyendaal is the largest work hub location in Gelderland and current projects of
Nijmegen, ProRail and Gelderland show room for potential infrastructural and innovative
changes (Provincie Gelderland, 2022).
The main question of this research is therefore the following: What is the proposed adaptive
strategy for service provider Transdev to implement people-movers in Nijmegen?
Sub-questions:
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- What theoretical lens is needed when dealing with the implementation of people-movers in
the Netherlands?
- What does the proposed adaptive strategy for the implementation of people-movers look like
in theory?
- What does the proposed adaptive strategy for the implementation of people-movers look like
in practise?
Academic and societal relevancy
The contribution of the paper is threefold. By investigating the introduction of people-movers
by means of the development of a dynamic adaptive plan for Transdev, the following
contributions to (1) academia, (2) businesses and (3) society can be made. The understanding
of deep uncertainties surrounding technical innovations will be widened. It provides empirical
evidence on the development of DAP for people-mover implementations. In addition, the use
of a business perspective when developing a dynamic adaptive plan to deal with deep
uncertainties sheds a different light on complex mobility problems and therefore increases its
practical and theoretical relevancy. On top of that, the focus on people-movers allows for a
focus on sustainable solutions for transportation in line with the global climate agreements. The
societal relevancy of the article can be found in the connection that the article makes between
theory and practise. By using the case of Nijmegen, organisations in similar situations to
Transdev can enhance their knowledge with regards to potential deep uncertainties and dynamic
adaptive planning. It also shows relevancy for the Dutch city of Nijmegen when people-movers
could be implemented and traffic effects could be reduced and mobility efforts can be increased.
The article will use the following structure. In the next section the concept of people-movers is
explained. Section 1.3 focuses on why people-movers are investigated. In section 2 the
theoretical lens of decision making related to the implementation of people-movers is
explained. Next, section 2.2 elucidates the theory on adaptive strategy development based on
deep uncertainties. In section 3 the methodology to fill the information gaps in this research is
explained. The sections 4 and 5 describe the results of the empirical research. First in section 4
a concept version of the adaptive strategy is developed. In section 5, the concept version is
tested by means of interviews with the stakeholders and in section 5.2 and 5.3 the empirical
adaptive strategy based on the city of Nijmegen is presented. The final section will consist of
the conclusion and the discussion.
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1.2 What are people-movers?
Common grounds ought to be established as to what ‘people-movers’ are. People-movers are
named and explained in various ways. In mobility research, people-movers and shuttles are
often used intertwined for the same concept, though there are dissimilarities. People-movers
are any of various rapid-transit systems (as of moving sidewalks or automated driverless cars)
for shuttling people (D2E International VT Consultants Ltd, n.d.). Whereas shuttles are vehicles
that travel regularly between two places (Zhu, 2020). The difference is that people-movers are
one of the options to be used as shuttles. To continue defining people-movers from a research
perspective, Nordhof et al. (2018) defines people-movers as automated shuttles that are set apart
from automated trams and metros due to people-movers’ active participation in mixed traffic
without relying on a specialised infrastructure. To clarify automated in the concept of peoplemovers: this refers to level 5 of driving automation, implying that the vehicle performs all
driving tasks under all conditions, and no human supervision is required (SAE level 5)
(Synopsys, 2021). D2E applies the term Automated People Movers (APM) in their research
and delineates it as mass transit systems designed primarily to serve relatively small areas, such
as airport or theme parks (D2E International VT Consultants Ltd, n.d.). D2E (n.d.) deduces
APM further to Personal Rapid Transit (PRT), when focusing on small people-movers with a
capacity of two to six people and on demand service. To visualise, see appendix 1 for the people
mover that D2E analysed. In addition, people-movers can be seen as vehicles bigger than cars
but smaller than buses that travel from 300 meters up to a few kilometres with speeds up to
40km/h (kilometres an hour) (Scheltes, 2019). Connexxion, part of mobility company
Transdev, builds upon the aforementioned definitions by saying a people-mover is an
autonomous driving vehicle for multiple passengers (Transdev, 2019). However, they differ in
definitions that besides driving the fixes routes, people-movers also ride on customer command
and renamed it into a ‘parkshuttle’ (Transdev, 2019). McKinsey & Company (2019) takes
another route and refers to ‘robo-taxis’ and ‘robo-shuttles’ to define people-movers as
automated vehicles in traffic to reduce mobility pain-points in cities. In the paper of Gelbal et
al., (2017) people-movers are named ‘smart-shuttles’ that are low speed connected and
automated driving shuttles in a smart city. In their envisioned smart city, all vehicles should be
able to connect with each other. Paul Didrikson (2010) has a wider view in his inquiry on
automated people-movers, whereas Nordhoff and D2E mention that people-movers take part in
unautomated traffic, Paul Didrikson includes all sorts of automated transport such as, metros
and trams, in the concept people-movers (Didrikson, 2010).
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Hereafter people-mover will be the term used to indicate self-driving buses based on the
definition of Nordhoff et al. (2018), Egeter (2006) and D2E (n.d.). People-movers are fully
automated vehicles (SAE level 5) with a capacity of six to 25 people with no driver, driving on
air filled tires on a designated road or in-between traffic, following a predetermined route or
provide service on demand. Other autonomous vehicles such as, mechanically leading systems
(metro, train) and self-driving cars for personal use and car sharing, are out of the scope of this
inquiry (Table 1) (Figure 1). Now that common grounds are established as to what peoplemovers are, the next segment will focus on why people-movers are interesting.
People-mover Characteristics
(figure 1)
Autonomous driving (SAE
level 5)
Drives on demand and/or on
designated routes
Drives in between traffic or on
designated lanes
Capacity: 6 to 22 people
Air filled tires
No

mechanically

systems

leading
(Table 1: People-mover features)

(Figure 1: People-mover operating at Weeze airport, source: I-AT, 2020)
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1.3 Why people-movers?
The previous section explained what this article considers to be a people-mover, this chapter
elucidates why people-movers are the object of interest. People-movers are not new, they have
been tested in numerous pilots since 1971, are already operational on several routes around the
world and automation of vehicles has taken off since 2015 (2getthere, n.d.; Gartner, 2015).
People-movers, nowadays, are more alluring than ever as a transportation solution to face the
challenges of cities. The overarching challenge cities face is extending urbanisation and as a
result of that, a growing amount of traffic (Soe and Müür, 2020). An increasing number of
people individually traveling to their destinations cause congestions, accidents, higher
emissions and usage of scarce land (Soe and Müür, 2020). In addition, Arffman et al. (2018)
states that urbanisation and population growth will lead to an increased need for effective modes
of urban transport. “The availability of space-efficient and affordable modes of transport for
inhabitants is fundamental to ensure the full accessibility to urban areas.” (Arffman et al., 2018;
Il Bae, 2019). People-movers together with updated mobility systems could potentially reduce
individual ownership of cars and remove up to nine out of 10 cars in small cities, resulting in
social, economic and environmental advantages, such as, a decrease of accidents by human
errors, a decrease of congestions, more efficient use of scarce land and cost efficient by means
of supplying people-movers on demand (Fagnant, 2015; Janse, 2004; Marchau et al., 2017;
OECD, 2015; Rieck, 2017; Stern, 2018). Concerning environmental benefits, the increase in
efficiency will reduce the amount of emissions and use of fuels. Societal benefits include safety,
increased public transport mobility (24/7 operational), improved public transport connection,
reduced time to destination, decrease of costs of individual car ownership and improved
liveability of cities (Janse, 2004). On another note, interest by legitimate parties indicates
potential for investment. Municipalities aim at becoming CO2-neutral or slowly change into
carless cities. This is promoted by the Dutch minister of infrastructure and environment that
aims at making The Netherlands the pilot country for autonomous vehicles in public transport
in Europe (Haegen, 2016). On top of that, partnerships between people-mover suppliers
(2Getthere, Easymile), public transportation providers and universities show that not only
municipalities are invested in people-movers and future models are sketched (figure 2). This
brings us to the main disadvantage of people-movers, even though there are many positive
elements: the plans of implementation tend to turn into ‘paper-movers’. Organisations
experience implementation conditions that have to be met which cause them to hold back
instead of push forward (appendix 3). The conditions for implementation based on previous
pilots are: (1) infrastructure: the people-mover has to have its own designated roads; (2)
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legislation: people-movers should be classified as ‘grown-up’ systems; (3) speed: the peoplemover should be able to fully offer an alternative for individual car use, regular public transport
services or biking. The studied pilots are further elaborated in appendix 4. In addition, several
(deep) uncertainties and conditions cause ideas of implementing people-movers to remain on
paper (see appendix 4, appendix 5 and Janse (2004)). The type of uncertainties and the decisionmaking process with regards to implementation of people-movers are explained in the next
chapters.

(Figure 2: Bosch’s new concept for autonomous shuttles at CES 2019, Las Vegas)
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2 Theory
2.1 Theoretical lens
At the core of the traditional approach to strategy development lies the assumption that, by
using a variety of analytical tools, strategic decision-makers can predict the future of any
business precise enough to choose a clear strategy for success (Courtney et al., 1997). However,
decision-makers ought to deal with a certain level of uncertainty (Hallegatte et al., 2012). In
addition, independent of the type of actor and the type of environment, all innovation decisions
inherently involve uncertainty (Jalonen, 2012).
Generally speaking, uncertainty can be defined as limited knowledge about past, present or
future events (Walker et al., 2013). In decision-making literature, uncertainty can be defined as
the gap between available knowledge and knowledge needed to decide upon the right
alternative. Uncertainty that remains after problem specific analyses have been conducted are
categorised in four broad levels (figure 4). The four levels are on a scale from complete
determinism to total ignorance (Courtney et al., 1997):
-

Level 1: clear enough future. The uncertainty level is that low that it is neglectable and
managers can develop a single forecast that is a sufficient basis for their strategies. Tools
like market research, analyses of competitors' costs and capacity, value chain analysis
and Michael Porter's five-forces framework create predictors that estimate the
discounted cashflow and the value of the alternatives. Level 1 strategies are most often
adapter strategies.

-

Level 2: alternative futures. The possible outcomes are discrete and clear however, it is
difficult to predict which will occur. In addition, the few possible scenarios (futures) are
mapped out and weights and probabilities are attached to the possible scenarios.
Elements of the strategy would change if there was more certainty, it is contingent.
Level 2 strategies are most often shaping strategies to form the most desirable scenario.

-

Level 3: range of futures. There is already a high level of uncertainty and it cannot be
lowered by means of data gathering or assigning probabilities. No specific scenarios can
be found but a range of possible future scenarios set up. Where a level 2 the strategist
aims at a discrete outcome, in level 3 the aim is to steer the market in a certain direction
by means of an adaptive strategy.

-

Level 4: True uncertainty, deep uncertainty. A number of dimensions of uncertainty
interact to create an environment that is virtually impossible to predict. In contrast with
level 3, it is impossible to set up a range, let alone alternative scenarios in level 2. All
uncertainties in and around the system may interact unpredictably, causing a range of
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futures without insight in even their plausibility. The uncertainty permeates all or almost
all elements of the problem as mentioned in figure 3. See appendix 2 for a more detailed
classification of uncertainties.

(Figure 3: The four levels of uncertainty. Source: Courtney et al., 1997)
The problem in this research, the public transportation sector exploring the introduction of
people-movers for service providers, is at level four of uncertainty, deep uncertainty. Here is
why: first of all, the external forces affecting the mobility system as modelled in appendix 5
coming from PESTLE are highly unpredictable. The political forces decide upon the available
budget for governmental institutions to address infrastructure and safety as well as the
concessions. Which service provider gets the monopoly over which route? Political forces
therefore influence the feasibility and opportunities of service providers to integrate new
mobility opportunities such as people-movers. On top of that, the introduction of self-driving
vehicles is a disruptive technology that requires changes from multiple factors such as
infrastructure. On a social aspect, learning from the pilots on small scale or without users, we
know that the actual demand and thus the potential discounted cashflow are totally uncertain.
Further, the sense of urgency, as mentioned before, could be too low and cause stakeholders to
not switch from conventional public transport. An example would be the decrease in usage due
to too low speed of people movers in a case in France explained in appendix 3. In addition,
future economic growth will be driven by those firms that are able to develop disruptive
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technologies that address society's needs (Evans, 2017). The influence of Covid-19 and working
from home on the demand of bus rides creates a new uncertainty. Most recently, the rising oil
and gas prices might push car-users to use public transportation options and a potential increase
of people would develop a new opportunity.
Besides the external forces, the effects of the introduction of people-movers are uncertain due
to the people-movers projects turning to ‘paper-movers’. The effects on turnover and costs are
uncertain due to the wide range of potential funding mechanisms and partnerships as well as
the operational costs and turnover. On top of that, the forces and outcomes are intertwined and
cause the introduction of people-movers for services providers to move into any direction. In
appendix 2 the levels of uncertainty are shown in more detail. One could argue for conceiving
the challenge of implementing people-movers as a problem with a level three uncertainty.
However, the combination of multiple uncertainties and multiple deep uncertainties create such
an unpredictable future that could move in any direction, that a safer approach would be to
perceive it as a problem at uncertainty level 4. This avoids being too optimistic about the
abilities to solve the decision challenges by using traditional methods such as cost-benefit or
multi-criteria analysis, or by applying rather simple linear decision structuring methods. When
an organisation has to deal with problems under deep uncertainty traditional frameworks as
shown in appendix 5 can create a foundation but cannot provide the decision-maker with the
adaptive strategy it needs. The development of such adaptive strategy is elucidated in the next
segment.
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2.2 Adaptive strategy
The introduction of people-movers is, as previously mentioned, a problem with deep
uncertainties. There are a variety of tools and approaches developed for decision-makers to
cope with decision-making problems. However, most of them are only fitting for level 1, 2
(appendix 5) and 3 of uncertainty using a single future, static ‘robust’ plans or produce
outcomes in a set of plausible futures (Marchau et al., 2019). When the actual future deviates
from the analysed and hypothesised future, the plans will fail. Therefore, Dynamic Adaptive
Planning (DAP) is used to develop an adaptive strategy under conditions of deep uncertainty.
The method starts with identifying objectives and constrains from a business perspective,
followed by the development of a base plan consisting of short-term actions, and creating a
frame-work to map out future steps depending on the changing environment. DAP is developed
to cope with changing environments by adapting accordingly (Marchau et al., 2019). It
therefore enables companies to keep a strategic fit with their internal and external environment
(Wit, 2020).
DAP is built up out of five segments that form the framework (figure 6). In short,
(1) Stage setting; specifying goals and objectives.
(2) Assembling an initial plan; to meet the goals and objectives.
(3) Increasing robustness of the initial plan; by identifying the vulnerabilities of the plan
and immediate actions as well as adding signposts for remaining vulnerabilities.
(4) Setting up the monitoring system; when signposts reach critical levels, contingent
actions are taken.
(5) Preparing the trigger responses.
The DAP is flexible, adaptable and autodidactic which enables the strategy to deal with deep
uncertainty. The approach consists of two main phases, (1) the design phase and (2) the
implementation phase. Once the five above mentioned steps are conducted, the strategy is
implemented and monitoring starts.
Step 1 Stage setting
Step 1 consists of four elements interacting with each other. The objectives are defined by
stakeholders who decide upon the importance of goals and achievements. In addition, the
definition of success is defined: what does success mean to the stakeholders? Then the current
constraints of the plan are elucidated and next to that, options are analysed that could achieve
the objectives while acknowledging the constraints.
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Step 2 Assembling an initial plan
Step 2 consists of the configuration of the base plan that meets the goals and objectives from
the alternatives in step 1. This is shown by the arrow from ‘options set’ to ‘policy actions’. In
addition, the necessary conditions for success are defined. As became clear in chapter 2, based
on past experiences with the introduction of people-movers, a number of necessary base
conditions ought to be present in order to reach success. These conditions are used in later
stages to identify vulnerabilities, signposts and triggers.
Step 3 Increasing the Robustness of the Initial Plan
In step 3 the robustness of the initial plan is increased by means of mapping out a set of
anticipatory actions that should be taken in direct response to vulnerabilities and opportunities
(Marchau et al., 2019). Step 3 and 4 will be highlighted in this research due to their high
importance in creating an adaptive strategy. Vulnerabilities are threats and weaknesses that can
diminish the success of the initial plan. On the other hand, opportunities can increase the success
of the initial plan when anticipated correctly. Based on a SWOT-analysis plausible future
conditions can be mapped out in order to identify essential vulnerabilities and opportunities.
Then actions can be developed to either prevent failure or to seize the opportunity adaptively.
Here are the five actions that can be taken to do so (Marchau et al., 2019):
(1) Mitigating actions: actions that reduce adverse impacts on a plan originating from certain
vulnerabilities.
(2) Hedging actions: actions that reduce the negative impacts on a plan or reduce risks that
originate from uncertain vulnerabilities.
(3) Seizing actions: actions that take advantage of certain opportunities that may prove positive
effects to the plan.
(4) Exploiting actions: actions that take advantage of new developments that can make the
strategy more successful, or succeed sooner.
(5) Shaping actions: actions taken proactively to affect external events or conditions that could
either reduce the plan its chance of failure or increase its chance of success.
Step 4 Setting up the Monitoring System
The monitoring system is designed with signposts and triggers. Signposts are directly connected
to the developed vulnerabilities and opportunities. It shows whether the initial plan is currently
achieving its objectives and goals and whether or not the opportunities and vulnerabilities are
blocking these objectives. The triggers are signpost levels that, when the critical value is
17

reached or passed, communicate that further actions should be taken to achieve the set goals
and objectives. The monitoring system evaluates the possible actions that can be taken
contingent to new information or conditions.
Step 5 Preparing the Trigger Responses
In step 5 a series of trigger responses are elucidated before the implementation of the plan to
swiftly adapt to new circumstances. These trigger responses are put into work after the
implementation of responses in step 2 and 3. Defensive and corrective actions are permissible
when the objectives and constraints remained the same. Defensive and corrective actions are
responses that aim at increasing the efficiency of the initial plan. In case the two types of actions
are not sufficient to adapt to the new conditions, capitalisation or reassessment is needed. The
gained knowledge from the initial plan will cause the new development to increase in speed as
well as robustness.
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2.3 Conceptual model
The conceptual model is presented in this subsection to visualise the concepts and variables in
the system. After considering the theory, the variables in the system influencing the
implementation of people-movers became clear and are shown in figure 5. The conceptual
model is used to identify the interviewees and their role in the implementation of innovative
mobility alternatives. Figure 5 shows that the stakeholders are affected by the external
environment, the current state of the world, that not directly influence the implementation of
innovative mobility alternatives. The stakeholders’ decisions are based on their interests, their
goals, objectives and preferences. This influences the implementation of innovative mobility
alternatives such as people-movers. On the top side, the external environment such as
improvements in technical experience affect the capabilities of innovative mobility alternatives
which therefore influence the implementation of innovative mobility alternatives. Lastly, the
external environment creates uncertainties; these uncertainties have an effect on the
implementation of innovative mobility alternatives. The implementation of an innovative
mobility alternative is therefore contingent to many players and variables making it a wicked
problem.

(Figure 5: Conceptual model)
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3. Methodology
This research is based on qualitative research methods in order to answer the question: “What
is the proposed adaptive strategy for service provider Transdev to implement people-movers in
Nijmegen?” The research approach is deductive in order to test the initial plan to reality. This
chapter is subdivided in three segments that ultimately create a tailormade DAP for Transdev
an additional subsegment is added that concentrates on the research ethics. The first segment
focused on the creation of an initial plan, step I and II of DAP respectively. Followed by the
second segment that concentrated on the development of step III, IV and V of DAP. The third
segment focused on interviews with relevant stakeholders and the development of a tailormade
DAP to implement people-movers for service provider Transdev.
1. Specifying step I and II of DAP
The first step consisted of the creation of stage setting (step I) and assembling the initial plan
(step II) of the dynamic adaptive strategy to implement people-movers by Transdev in the city
of Nijmegen. As mentioned in the theoretical framework, the initial plan forms the basis of the
total framework. It takes into consideration the necessary conditions for success by means of
the current constraints, objectives and the definition of success. The initial plan formed the basis
for step III, IV and V of DAP. The current situation is elucidated and taken into consideration
in further steps of DAP. The knowledge gaps for step I are as follows:
-

What are the current constraints of implementation of people-movers in Nijmegen?

-

What are the objectives from a business perspective to implement people-movers in
Nijmegen?

-

What is the definition of success from a business perspective?

-

What are the current options available?

When the stage is set and the objectives, constraints, success definition and set of options were
defined, an initial plan was assembled. In other words, together with step I, the foundation of
DAP. The knowledge gaps for step II were as follows:
-

What are the necessary conditions for success?

-

What are the adhering policy actions?

The elements in step I (constraints, objectives, options set and definition of success) and II
(Necessary conditions for success and policy actions), were filled in by means of literature
research. Literature research was chosen in order to fill in the elements based on previous
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experiences and knowledge of other researchers. The scope of the literature research is limited
to the current status of the world, possible future actions are not yet considered.
The search strategy applied to find the relevant articles was as follows. The three main databases
used are GoogleScholar, Business Source Complete (BSC) and Web Of Science (WOS). In
BSC and WOS filters and keywords are used to find relevant, quality literature. GoogleScholar
was used to quickly find articles mentioned in the reference lists of articles found through BSC
or WOS (snowballing strategy) or it was used by means of autonomous mobility related
keywords. Keywords such as: Autonomous, people-mover, transportation and others in
combination with the relevant element were used.
Step I and II provided a benchmark for statements given in the interviews conducted in the final
step. It allowed for stress-testing the on literature-based step I and II by means of expert
perspectives. The reviewed articles were derived from online libraries and from organisations
active in advising on mobility policies and challenges.
2. Specifying step III, IV and V of DAP
The initial policy developed in step 1 forms the foundation for step 2. In step 2, step III, IV and
V was filled in. The specification of the vulnerabilities and opportunities of the initial policy
and connecting direct and future measures to it, increased the robustness of the initial plan. The
difference with the initial plan is that the focus of the fixed current situation shifts to the
development of contingent actions based on potential future changes. It requires a different way
of research and focus. Per step, the following knowledge gaps were filled in:
Step III
-

What are the vulnerabilities and opportunities?

-

Wat are the adhering mitigating, hedging, seizing and exploiting actions?

-

What are possible shaping actions?

Step IV
-

What are possible signposts?

-

What value per signposts cause triggers?

Step V
-

When to reassess, correct, defence or capitalise based on the triggers?

-

What are the corresponding actions?

The knowledge gaps were filled in by means of literature research. However, dissimilar to the
literature research conducted for step 1 focusing on mapping out the current situation, the scope
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was wider in order to find future potential scenarios in sectors affecting the implementation of
people-movers in Nijmegen. Included, but not limited to, in this wider scope were upcoming
trends and shifting consumer behaviour as well as changing legislation. In other words, the
effects of a changing world potentially affecting the initial plan developed in step 1. The
combination of the 5 steps of DAP forms the dynamic adaptive plan based on literature research.
Literature research was chosen to fill the elements of DAP to create an empirical basis which
was stress-tested and adjusted in chapter 5. The DAP was used as a foundation thread through
the semi-structured interviews.
3. The Dynamic Adaptive Plan for Transdev
Step 3 consists of two elements, (1) the results of the semi-structured interviews, which were
used for stress-testing the literature-based DAP, and (2) the development of the tailormade DAP
for Transdev. Element one: semi-structured interviews were conducted based on the developed
DAP in step 1 and 2. The semi-structured interviews stress-tested the original developed DAP
from multiple perspectives of stakeholders and experts. The multi-perspective stress-test
increased the DAP its validity. The new insights generated from the semi-structured interviews
were used to create a tailormade DAP for Transdev.
Semi-structured interviews were chosen as a mean to generate new knowledge and
understandings about the experienced uncertainties by stakeholders surrounding peoplemovers. A survey would not fit this objective since providing a set of answers would imply that
there is a limit on potential scenarios and solutions. Semi-structured interviews on the other
hand, do not limit the answers and provide the opportunity to understand the underlying
thinking process and dig deeper. On top of that, semi-structured interviews provided leeway for
the interviewee to touch upon new concepts and thoughts and elaborate on them. This was
crucial for understanding adaptive actions to increase the initial plan’s robustness. Besides,
deep uncertainties are volatile and unpredictable, therefore the data gathering method should
be as free and adaptive to move along with new insights gathered in the interview. The semistructured setting had the potential to gently steer the interviewee through the steps of DAP
while providing enough leeway for all answers. The interview guide was developed after and
based on the literature-based DAP. The interviewees are shown in appendix 6, consisting of
experts and stakeholders based on the conceptual model (figure 5).
After the execution of the semi-structured interviews, the recordings were transcribed. The
transcriptions were analysed by means of a thematic analysis focusing on emerging patterns in
the interview data. The literature research done for the literature-based DAP operationalised
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concepts and helped to develop the codebook which was used for the thematic analysis. The
codebook guided which and how concepts and fragments of the transcription should be labelled.
This was done in order to connect the empirical observations and the conclusions that can be
drawn based on this. The coding consisted of three phases, open, axial and selective coding. By
using this method, relationships and connections can be found within the newly generated data
and the existing data.
The second element of step 3 was the development of a tailormade DAP for Transdev. The
analysis of the interviews was used to adjust and finetune the original DAP based on the
knowledge provided by the experts and stakeholders. The combination of multiple perspectives
integrated in a final DAP for Transdev created a viable, robust and sound DAP. On top of that,
the foundation was laid in literature and topped off with new insights gathered directly from
the field.
Research ethics
As aforementioned, new insights are generated by means of interviews and literature research.
In all cases, participants were treated with respect and dignity. The researcher understands the
importance and value of the data provided by its stakeholders for this research. The data was
stored safely and was only used with consent of the participants. When or how the insights were
used was communicated and agreed upon with the participants. Sensitive data was blurred or
anonymised based on the consent of the information owner. Consent given by the participants
was the cornerstone of the ethical considerations of this research. In this way, confidentiality
and anonymity was guaranteed when needed. The results were shared with all stakeholders
when requested and when all stakeholders agreed.
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4. Literature-based DAP
4.1 Specification of step I and II
The following chapter will focus on the development of step I and II of dynamic adaptive
planning based on literature research. To clarify, all steps of the DAP will fully focus on peoplemovers as mode of transport. The first segment aims at defining the current stage of the
implementation of people-movers. The second segment focuses on assembling the initial plan
based on the findings of step I.
To start with the former, step I (stage setting), consists of four elements: objectives, constraints,
definition of success and options set (figure 4). As mentioned in chapter 2,2, the four elements
are influencing each other and ultimately produce a set of options that is needed to assemble an
initial plan (step II).
Before the four elements are filled in, the current situation will be elucidated. The Dutch
population and economy continue to grow which results in fast paced urbanisation and pushing
current mobility systems to their limits (Mobiliteitsalliantie, 2019). Rapid urbanisation creates
the current reality in which the effects of traffic are increasing and becoming a growing burden.
First of all, traffic congestions increased year on year with an increase of 20% in 2018 compared
to 2017 (Mobiliteitsalliantie, 2019). Secondly, in the Netherlands, public transportation routes
are intensively used up to their capacity during rush hour as are the bicycle lanes in cities
(Mobiliteitsalliantie, 2019). On top of that, emission of harmful substances increased
continuously. To add, the number of accidents from 2020 to 2021 increased with 8%, this is the
direct effect of decreased road safety (STAR , 2022). On top of that, studies show that around
90% of the accidents can be traced back to human errors. At the same time, people living in
rural areas become more liable to their cars due to the removal of bus routes and connections
to different types of public transportation. This all results in a negative effect on the mobility
of people and therefore the quality of life (Mobiliteitsalliantie, 2019). Quoting
Mobiliteitsalliantie: “We are with so many that we are getting in our own ways.”
(Mobiliteitsalliantie, 2019). This leads to the first element of step I, the objectives.
Step I
Objectives
The objectives of new mobility projects are often covered with highly conceptual terms and
need operationalisation before it can be turned into measurable and comparable objectives. As
mentioned in chapter 3, research done by Mobiliteitsalliantie (2019), MUConsult (2022) and
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Transdev (2021, 2022) is combined with articles to fill in the objectives. A simplified overview
of the objectives is shown in table 2.
First of all, the mobility advising organisation Mobiliteitsalliantie published the Deltaplan
2030, a research developed together with the 25 leading mobility companies in the Netherlands
(Mobiliteitsalliantie, 2019). The Deltaplan 2030 envisions the following key objectives when
implementing a new or improved way of mobility. First of all, inclusivity, everybody should be
able to reach their social, cultural and economic needs by means of public transport. Secondly,
safety, the reduction of traffic accidents as a result of better systems and reduced number of
cars creating safer situations. Thirdly, the quality of life, increased mobility contributes to a
more comfortable and enjoyable life. The operationalised objectives for new modes of transport
in the Deltaplan 2030 are as follows. For direct users, people-movers should have sufficient
speed (average speed, time A to B compared different modes of transport), safe (reduce the
number of accidents and reduced traffic), comfortable (customer satisfaction, acceleration and
braking time) and affordable (price per ride). For society the people-movers should be
sustainable (emissions), again, safe (number of accidents and reduced traffic) and have a
widespread reach (coverage) to increase the quality of life. From a business perspective, the
Deltaplan highlights the following objectives. The operational costs of running a specific route
should be reduced when replacing a standard bus and a positive return on investment should be
realised to reinvest further in a better connection with other modes of transport
(Mobiliteitsalliantie, 2019). Nevertheless, the highest reward should be made in societal value.
The overall objective of the Deltaplan for alternative modes of transport is as follows: Providing
a sound replacement for current modes of transport should increase and promote flexible
travellers which then disperse the pressure on mobility systems during rush hours.
Secondly, the report of MUConsult (2022) elucidates similar objectives but has a direct focus
on the implementation of people-movers. The research shows that one of the main objectives
for stakeholders is inclusivity. Due to high operational costs of low used routes the coverage of
public transport shrinks and people are cut off of public transportation decreasing the
inclusivity, the people-mover could play an important role in restoring these routes (Meurs,
2022). The second objective focuses on increasing road safety. It is of utmost importance to
have a safe alternative that is tested thoroughly. MUConsult (2022) mention the goal to develop
the software and sensors to mixed traffic standards by means of experience.
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The third objective concentrates on the reducing costs. The results of the conference conducted
by MUConsult (2022) shows that reducing costs by removing drivers and increasing efficiency
and flexibility is an important objective (MUConsult, 2022).
In the long-term (t >2030), when it is assumed that the system of people-movers has attained
maturity, the following objectives are stated. First of all, realising higher efficiency of the full
mobility system by using a flexible people-mover fleet based on demand and also a reduced
energy consumption. Secondly, improved first- and last-mile transportation, by increasing
coverage and more connections to hubs, allowing people to fully reach their destinations using
public transportation. Thirdly, an increase of safety by driving with state of the art technology
preventing accidents, reducing the number of cars on first- and last-mile trajectories. Finally,
decreasing the operational costs, the removal of bus chauffeurs should lower the costs per ride.
Overall, the implementation of people-movers should and could contribute to the quality of life
of the inhabitants.
Thirdly, according to Transdev (2022) the implementation of people-movers and transportation
modes come with the following objectives. First of all, they aim to grow their Transdev ATSteam (Autonomous Transport Systems) and their fleet of driving people-movers around the
world (appendix 8) (Transdev ATS, 2021). Other than that, Transdev’s objectives are
completely in line with the previous mentioned objectives by aiming at providing a safe, reliable
and innovative solution that serves the common good (Transdev ATS, 2021). On top of that,
Transdev aims at connecting and reconnecting people and communities in rural and urban areas
as well as providing tailormade solutions, in other words, increase inclusivity. Finally, adhering
to the objective of the Ministry of Economy and Climate, to realise emission free public
transportation by 2030. This is done by using people-movers to remain the leader on zeroemission transportation as well as innovative mobility solutions (Transdev, 2022).
Lastly, considering articles by Mouratidis (2021), Brovarone (2021), Janse (2004) and Salonen
(2018), the following objectives become clear. First of all, companies should aim to implement
people-movers in an urbanised region in order to fill the knowledge gaps of how people-movers
behave in a city context (Janse, 2004; Mouratidis, 2021). The objective they propose is aimed
at generating new knowledge in order to experience the benefits and step-wise expand peoplemovers into wider areas (Brovarone, 2021; Mouratidis, 2021). Secondly, the implementation
of people-movers should increase the mobility of people (Janse, 2004; Mouratidis, 2021). Janse
(2004) states that a crucial objective is to create a sense of urgency among stakeholders in order
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to let the implementation succeed. Brovarone (2021), Salonen (2018) and Mouratidis (2021)
build upon that and claim that not only mobility problems will create a sense of urgency but
also the changing climate and the positive effect of people-movers when widely applied.
However, in order to do so, the people-mover should outperform current modes of transport to
increase usage in the first place. Interestingly, the article of Salonen (2018) also points out the
objective to not only try to improve safety outside the vehicle by reducing traffic accidents but
also highlights the objective to increase social safety for late night travellers. It becomes clear
that the objective is to benchmark against current modes of transport and become the better
alternative in the eyes of developers and users.
Objective

Meaning

Inclusivity

Everybody should have access to mobility
services

Safety

Increased road safety and increased vehicle
safety

Quality of life

Increased mobility for everybody that is
comfortable, quick, safe, affordable and
emission free by 2030

Reliability

Decreased failures and increased punctuality

Cost

Reduced operational costs and empty rides.
Increased efficiency

Knowledge

Fuel current and future projects with data

Table 2: List of objectives
Constraints
The implementation of people-movers in the Netherland accompanied with limitations that
have to be considered when assembling the initial plan in step II. The constraints are found in
recent researches by the Mobiliteitsalliantie, MUConsult and others. An overview of the
constraints is given in table 4.
First of all, legislation. Due to the current legislative environment, self-driving vehicles are
restraint in their development and application (Mobiliteitsalliantie, 2019). Current legislation
does not allow people-movers to participate in traffic without a valid BOEV (Besluit
Ontheffingsverlening Exceptioneel Vervoer. Translated: a declaration that allows exceptional
vehicles on the road) (Brovarone, 2021; Mobiliteitsalliantie, 2019; Mouratidis, 2021;
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MUConsult, 2022; Salonen, 2018). MUConsult (2022) adds to that by highlighting the
hampering effect of the BOEV. A BOEV is needed when implementing and testing peoplemovers on the road. It was developed in order to increase testing but in fact, it does the contrary.
The BOEV is hampering because the process of acceptation takes 6 to 9 months and needs
revision every time a small adjustment is made. On top of that, the BOEV does not allow for
continues testing over a longer period of time, every BOEV given out needs to have a new
element of testing. Finally, every BOEV costs more than 20.000 euros drastically affecting the
financial status of the project (MUConsult, 2022).
Secondly, reduced budgets and resources provided by the government with regards to public
transportation constrain the innovation possibilities. Whereas the government claims to
promote sustainable innovation and increase mobility, Mobiliteitsalliantie (2019) finds out that
the budgets are focused on management, maintenance and replacements. Leaving no room for
investments to make the vital transition to new modes of transport to solve the increasing
mobility problems (Mobiliteitsalliantie, 2019).
Investments are needed in order to cope with the high costs and are seen as a main constraint
by many researchers (Mobiliteitsalliantie, 2019; Mouratidis, 2021; MUConsult, 2022). Costs
projected by Rebel Business Case Development (2021) are shown in table 3. The cost of
implementation is the overarching constraint containing many smaller relevant subsegments.
Contrary, the long-term benefits are the reduced cost of labour which currently account for 50%
of the operational costs (MUConsult, 2022).
Cost Factor

Costs indicators in Euro €

Infrastructural changes

> 100.000 per route

Purchase People-mover

200.000-600.000 per vehicle

Training/commission/certification

30% of CAPEX (Capital expenditure) (Total)

Control room setting

20.000-70.000 (Total)

Software and maintenance

0.5%-2.5% of CAPEX (Total)

Costs of data

10% of CAPEX per year

Energy costs

<1% of CAPEX per month

Stewards

1%-2% of CAPEX per month

Control room staff

2%-3% of CAPEX per month

Insurance

0.5%-1% of CAPEX per year

Management

5.000-20.000 per month

Table 3: Costs projected by Rebel Business Case Development (2021).
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To build upon the cost constraint, the supplier market for autonomous driving vehicle is
described as underdeveloped. This leads to higher costs and cooperation with low capital
companies (start-ups) (MUConsult, 2022).
To continue, improving safety is a crucial objective for all stakeholders and reason to implement
people-movers. However, safety is also seen as a constraint as the software is not yet seen as
‘mature’. The software and sensors need extensive testing to be safe enough for wide
application. On top of that, the perceived safety by users depends highly on demographic
features. Studies by Mouratidis (2021), Brovarone (2021) and Salonen (2018) show that the
overall view on people-movers is positive in terms of safety. However, it does need more
promotion and information to standardise this transportation alternative. This is in line with the
extra costs projected by MUConsult (2022), high marketing expenses in order to communicate
the benefits of using people-movers as transportation when fully implemented and accepted.
Next to consider is the following, researchers can only project the benefits of implementing
people-movers. The small-scaled pilots and therefore low amount of available data make it hard
to truly vouch for its monetary benefits. One could ask as to whether these benefits are realistic
as they are projected on a direct wide application of people-movers around the country. This
negatively affects the decision for municipalities and operators compared to already existing
modes of transport.
Two connected constraints are related to the projected insurance costs, since people-movers are
projected to drive on demand and through the night, vandalism cannot be excluded. Since there
is no driver to step up, the people-mover can only record the scene and not act on it. On top of
that, not only offline vandalism could occur, since the people-movers are driven by software,
hackers could be on the lure to control people-movers hence security needs are high. This
affects the safety and costs of a people-mover.
Lastly, the average speed of people-movers is a drastic constraint currently leaving the peoplemover far behind as suitable alternative for current modes of transport (appendix 3)
(MUConsult, 2022).
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Constraint

Meaning

Legislation

BOEV – Governmental requirements

Costs

See costs breakdown in table 3

Financing

Current financing methods do not leave room
for mobility stakeholders to invest in
solutions for the future

Safety

People-mover’s behaviour and perceived
safety by users

Knowledge and data

More testing and knowledge is needed to
widely use and vouch for people-movers –
mixed traffic

Vandalism

Online and offline vandalism

Speed

Low average speed compared with other
modes of transport

Table 4: list of constraints
Options set
The objectives, constraints and definitions of success allow for a limited set of options with
regards to the implementation of people-movers in the Dutch city of Nijmegen. Often potential
sets of options with regards to implementing innovative ways of transportation, are based on
the potential future states of the world. The current status of the world provides conditions that
have to be met in order to successfully implement the initial plan of people-movers. In every
scenario, the need for mobility increases every year (Mobiliteitsalliantie, 2021). There are four
options of application mapped out by mobility experts (Mobiliteitsalliantie, 2019; MUConsult,
2022). (1) disclosure of urban areas, (2) accessibility of rural areas, (3) disclosure of events or
(4), transportation of goods. By tapping into option 1, it is projected that it would provide a
sound learning foundation to reduce the highest amount of traffic effects compared to the
options 2, 3 and 4 (MUConsult, 2022). Even though most often an infrastructural change is
needed in order to operate on a designated road, the financial and societal benefits potentially
outweigh the potential costs. The learnings gained by tapping into market 1 are more easily
translated in actions to serve market 2, 3 and 4 (MUConsult, 2022).
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Definition of success
The third element of step I of DAP is defining success. The definition of success is directly
related to reaching objectives, overcoming constraints and considering the set of options. When
objectives are reached, the project can be evaluated as successful (Prabhakar, 2008). In this
case, the definition of success is any form of people-mover implementation in the Dutch city
of Nijmegen to learn from and build upon depending on the uncertain future. Increasing safety,
speed and usage are considered to be most valuable success objectives. On top of that,
overcoming current constraints and experiencing a basic use of people-movers will teach and
satisfy stakeholders by being on the front foot of the future (MUConsult, 2022). Setting the
foundation to become a better alternative mode of transport by stepwise growth is a highly
valued success (MUConsult, 2022; Transdev ATS, 2021). Focusing on the future of 2030 and
onwards, success can be defined as follows. First of all, operational cost reduction should be
realised by removal of drivers and stewards by driving autonomously. When implementing one
people-mover, personnel costs should be lowered by 2500,- to 3000,- per month (Loonwijzer,
2019). Secondly, safety should be increased and can be seen as success when it is reduced from
700 casualties per year to 250 casualties in 2030 (Rijkswaterstaat, 2022). Thirdly, people-mover
implementation is a success when it is considered a ‘matured’ system. This means higher speeds
can be realised from 25km/h to 50km/h and the people-mover can operate in mixed traffic to
widen its potential application driving from rural to urban areas. Fourthly, the people-mover
should pave the way for inclusivity by increasing coverage and connecting rural areas with
urban areas, measured by the increase of number of people and villages that are connected by
buses. Lastly, the implementation of people-movers is a success when it contributes to the
quality of life measured in reducing emissions by replacing buses and cars in city centres.
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Figure 6: Overview Constraints, Objectives, Options set and Definition of success
Step II
The initial plan
Based on the objectives, constraints, definition of success and the first set of options, the initial
plan is formed. The people-mover should operate on a simple, short and designated road
between two hubs. The initial plan therefore concentrates itself on train station Nijmegen and
train station Nijmegen Heyendaal, with mapped out possibilities to expand in an ecosystem
shaped in a quadruple helix where the market, government, research institutions and users meet
(Brovarone, 2021; Mouratidis, 2021; MUConsult, 2022). The people-mover will be driven on
demand and on a schedule depending on rush hours (Mobiliteitsalliantie, 2019; Rivium
Parkshuttle, Appendix 3). The initial plan provides the basis for a learning-by-doing approach
where newly generated knowledge will be used to promote other projects in untouched markets
and increase the strength of the implementation of people-movers in the city of Nijmegen. This
will be done by maintaining a development agenda and launch a platform where experts and
other pilots can share their findings (MUConsult, 2022). The people-mover will have a steward
onboard to intervene when the system needs assistance to adhere to current legislation. The next
chapter will build upon the initial plan and focus on step III, IV and V of DAP.
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4.2 Specification of step III, IV and V
In the previous chapter, step I and II were filled to set the stage. This chapter will focus on
developing step III, IV and V of DAP based on literature research. The chapter is subdivided
in three main segments which have their own subsegments relative to the number of elements
in the step.
Step III
The first step in step III is to map out the vulnerabilities and opportunities. In this way, different
types of actions can be developed to seize the opportunities or to protect the plan its
vulnerabilities. The attachment of anticipating features to the base plan will protect and increase
its success. There are two types of opportunities and vulnerabilities, certain and uncertain. (1)
Certain vulnerabilities and opportunities require anticipating actions that directly connect to the
initial plan. (2) Uncertain vulnerabilities and opportunities require a monitoring system to
assess their developments and potential actions need to be specified. The possible actions are
(1) mitigating (certain vulnerability), (2) hedging (uncertain vulnerability), (3) seizing (certain
opportunity), (4) exploiting (uncertain opportunity) and (5) shaping actions. The actions are
taken at t=0 meaning that the implementation has not started yet. Table 5 provides an overview
of step III.
Vulnerabilities
First is the uncertain vulnerability considering the acceptance of the initial plan by all
stakeholders including passengers (Marchau, et al. 2017). The high amount of constraints
mentioned in the previous section requires the stakeholders to hold a long breath to wide
implementation. The limited amount success stories and the novelty (appendix 3 and 8) threaten
the acceptance of the initial plan of all stakeholders. Therefore, shaping actions are required
according to Marchau et al. (2017). In order to increase the support and interest lobbying,
marketing and connecting with research institutes should be used to create more value for all
parties. On top of that, learning goals should be connected to the adhering financial resources
for every party before entering the partnership. This increases commitment and lowers risk
(MUConsult, 2022). Increasing the awareness of benefits and creating shared learning of
people-movers could positively affect the acceptance of implementing people-movers.
Secondly, a certain vulnerability is the development of legislation affecting the implementation
people-movers. The current BOEV and the ‘experimental law’ in combination with the RVV
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1990 (Rulebook traffic and signs), treaty of Genève on traffic 1949 and treaty of Vienna on
traffic 1968 creates an almost impossible environment for mobility players to implement
people-movers (MUConsult, 2022; Vellinga, 2020). It is uncertain whether or not and in what
timeframe the legislation will change to open up the road for people-movers (Vellinga, 2020).
This affects the robustness of the initial plan. Considerable steps to mitigate the vulnerability is
to make use of the proposed quadruple helix by making long-term adaptive agreements with
governmental institutions. This will prepare the plan to expand when the system is ‘matured’.
In addition, having a clear roadmap and sharing achieved objectives a stronger case for change
in legislation is created. Objectives should be in line with tests of the RDW to increase speed
of acceptance. When the urgency to solve traffic effects increases, the knowledge that peoplemovers are deployable could increase the implementation (Jansse, 2004; MUConsult, 2022).
Vellinga (2020) suggests that stakeholders should shape the legislative environment by pointing
out the current legislation considering barges, which already operate autonomously for most of
their routes. Other pilots ran in Europe made sure to maintain a steward on board that would be
seen as the driver, this would help for the direct implementation in Nijmegen (appendix 3).
The third vulnerability is uncertain and concentrates on the technological aspect of the peoplemover. As mentioned before, people-movers have the potential to be safer than current modes
of transport, however, due to a lack of proper testing, one can argue its empirical basis
(MUConsult, 2022). An accident would cause serious damage to the image and implementation
of people-movers. First, make use of insurances to cover the potential costs. Secondly, set up a
team to research the accidents in order to prevent similar situations in the future (learning-bydoing) (Marchau et al. 2017; Rommerts, 2022). ATS Transdev promotes Fleet Supervision
software and data-driven technical support to also prevent technological failures (Transdev
ATS, 2021). Thirdly, to learn from other pilots and experts, set up a knowledge platform to
allow open innovation. Research institutes can connect to push technical innovation.
In relation to the legislation issue, the question is who will be held responsible when an accident
occurs? The initial plan makes use of the quadruple helix which includes the manufacturer of
the software. Current international laws in order to determine responsibility (treaty of Genève
and Vienna) do not suffice when implementing people-movers (especially when expanding the
routes and taking part in traffic) since they are still focused on the ‘driver’ (Vellinga, 2020).
Therefore, Vellinga (2020) proposes to deal with this challenge by setting up an agreement with
the software provider in terms of responsibility since their software makes the decisions. In case
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of a hacker breaching the software, the person ‘controlling’ the vehicle is held accountable as
is in barge legislation (Vellinga, 2020).
Fourthly, in order for the initial plan to be viable, the demand for the people-mover should be
high. As explained in the initial plan, the people-mover will run on demand as a complementary
service to the regular bus service of Transdev. Lower demands for the service compared to the
regular bus service could imply challenges. It could imply that different modes of transport
outperform the people-mover (Brown, 2020; Marchau et al, 2017). The threat of new entrants
within people-mover operators is potentially low due to the high capital investments needed,
however, the threat of substitutes such as MaaS (Mobility as a Service), placement of E-scooters
or increased train rides could seriously affect the demand for people-movers (Brown, 2020;
Marchau et al., 2017; Porter, 1979). The people-mover should connect to MaaS to benefit from
other mobility alternatives. On top of that, Transdev should increase awareness and
communicate the benefits of using people-movers to consumers. In addition, the sense of
urgency needs to be communicated to let people become part of a change in mobility (Jansse,
2004). When critical values are reached, the monitoring team should intervene which will be
discussed in step IV.
To build upon the vulnerability of substituting alternatives, a fair share of OEM’s has a high
focus on energy transition and electric vehicles. It seems that the current trend is first to electrify
vehicles and then focus on autonomous driving vehicles in the far future (MUConsult, 2022).
It is uncertain what effect the electrification of the Maaslijn (train between Dutch cities
Nijmegen and Roermond) will have on the demand for people-movers. The hedging actions
should be to keep close eyes on expansion options with regards to testing results as well as
legislative changes (appendix 3). By expanding the initial plan to different hubs outside the
reach of the train should develop an integral mobility system that on the long run caters to
slightly different customers and forms an extension of the existing mobility system
(Mobiliteitsalliantie, 2019). The opportunity to move people on demand is a form of transport
that can only be reached by taxis and should therefore be promoted to reduce people’s waiting
time for trains or other ways of public transport.
The current public transportation system in the Netherlands is mapped out by concessions
provided by the government. Holten et al. (2021) speak about minor shifts and potential changes
in the system but currently there is little leeway for truly innovative alternatives (Holten et al.,
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2021; Mobiliteitsalliantie, 2019). First of all, Transdev should be in close contact with the
province and present the benefits of using people-movers on existing and new routes. Secondly,
prepare for large people-mover to cover existing concessions. Transdev should makes use of
the quadruple helix to claim the potential routes when it is within their capabilities to perform
on these concessions with people-movers or run current concessions with larger people-movers.
As projected by Mobiliteitsalliantie (2019), new ways of financing mobility are under
development and proposed to the government, Transdev should have steps ready to act upon
when the projections become reality.
The supplier market of people-movers is uncertain due to the low number of providers and the
current niche market. The bargaining power of suppliers is high. However; the current players
are mostly start-ups which have to incur the high costs of innovation to prepare for a potential
future market. Therefore, companies need more orders to increase competition and market
attractiveness. Mobiliteitsalliantie (2019) proposes a full revision of the current financing
system. There are two things Transdev needs to prepare to increase the robustness of the initial
plan. First of all, agreements about costs and potential expansion need to be made. Secondly,
an information sharing plan needs to be set up in order to spot opportunities and possibilities.
In this way they will have never too many or too little people-movers. Obviously, the
agreements within the quadruple helix will keep all players connected and up to date.
Lastly, the costs for implementation are high (table 3). The implementation of people-movers
will be a long project and requires high investments of many participants. The following actions
need to be considered to increase the robustness of the initial plan. First of all, application for
all possible grants. This could be done in combination with research institutes or governments
to increase the mobility of a city in an innovative manner. Secondly, create partnerships. The
implementation will create a huge amount of attention and leaves space for commercial
activities of other companies. Thirdly, seek for higher compensations in the concessions to
cover the innovation costs. Lastly, set up a risk-sharing agreement in order to clearly state what
happens when it might not work.
Opportunities
The initial plan is making use of all possibilities within the current legislative boundaries. It
does so by using a separated designated road with a team where the market, government,
research institutions and users meet. In the uncertain case of a large change in legislation for
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testing with people-movers or autonomous vehicles as a whole, the following actions are to be
prepared. First of all, understand the current capabilities of the people-mover. Secondly,
expansion of pilots in all the four markets, (1) disclosure of urban areas, (2) accessibility rural
areas, (3) disclosure of events and (4), product transportation (MUConsult, 2022). Thirdly,
exploitation of high value potential markets (Campbell, 2014).
Secondly, technology. The development and requirement of ADAS (Advanced Driver
Assistance Systems) in newly build cars have the potential to cause a break-through in the
maturity of people-movers. Where it is certain that the innovations in ADAS end up in
autonomous driving vehicles it is uncertain whether a technological break-through will happen
(Alonso et al., 2018; MUConsult, 2022). Exploiting actions to deal with the uncertain
opportunity are the following: first, prepare to expand into mixed traffic operations. This means
expansion by connecting outskirts with hubs, connecting the rural areas with hubs and include
tourists,

hospitals,

campuses

and

airports

with

demand

driven

people-movers

(Mobiliteitsalliantie, 2019; MUConsult, 2022). Secondly, prepare to expand without a safety
steward on board. To add, technology provides the option to open doors and pay by means of
face recognition and the development of a digital identity to ensure safety (Deloitte, 2020).
Thirdly, when the adulthood of people-movers and autonomous driving vehicles is proved,
companies need to be prepared for a change in legislation (Fagnant, 2015). In all cases, when
autonomous driving makes its break-through, it is important to keep in close touch with
governmental institutions in the quadruple helix. This will allow for Transdev to employ its
plans in area developments.
The demand and usage for people-movers is of paramount importance. It is projected that due
to the continuous growth of Dutch cities, public transport capacity struggles to keep up with
demand (Deloitte, 2020). The decreasing number of chauffeurs put an even stronger pressure
on current modes of transportation (Mobiliteitsalliantie, 2019). This shows a certain
opportunity in demand for mobility but does not directly translate to a high demand for peoplemovers. As mentioned before, the threat of substitutes is relatively high. The increase in demand
for people-movers is an uncertain but a great opportunity. The initial plan should therefore be
equipped with plans to quickly scale up when technology and legislation allow for it.
Agreements with suppliers should be prepared. Secondly, when the fleet is increased, expansion
to new markets can be analysed and conducted. Thirdly, connect to MaaS for the new expansion
in order to benefit from growth of other platforms and would help the implementation and
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acceptance of people-movers in other areas (Deloitte, 2020). Fourthly, prepare conversations
with area developers for further expansion. Lastly, prepare for widespread application.
The development of villages and small cities close to major cities provide an opportunity for
the implementation of people-movers. Holten et al. (2021) talks about the change in the
concession landscape and its blocking behaviour to the opportunity for new ways of mobility.
The experts vouch for a new system that includes decision-makers in area developments. It is
uncertain whether or not this will be realised in the future, however, it does provide the
opportunity to implement people-movers in the infrastructure and in that way grow as the city
grows. Newly developed neighbourhoods can be connected with hubs in the city by updating
the software and routes on the people-movers (Holten et al., 2021).
Next, the opportunity of attention. To build upon the previous statement by connecting to other
platforms. People-movers are a massive opportunity to directly target the consumers inside and
outside the people-mover with personalised advertisements. What would be an option is to
allow marketeers to install augmented reality screens that highlight shops that are most
interesting for the people that enter with their digital identity (Sidaoui, 2022). It would provide
extra benefits for Transdev in order to realise a positive return on investment. On top of that,
the initial plan is an opportunity for Transdev to upgrade its image and attract high end
employees. In other words, teaming up with sponsors that are interested in data and marketing
their services.
A trend that shows growth over that past years and projected to grow further is the number of
cities that do not allow cars in their city-centre (MUConsult, 2022). This projects the uncertain
opportunity to not only transport people safely into the city departing from hubs, it also provides
the opportunity to have a consistent flow of people that travel from their homes in city-centres
to carparks outside the city or within the city. The according action would be to have the correct
rights to enter cities as a safe mode of transport and not as a car.
Transport tends to be variable in time and space, whereas with the current buses, the variability
cannot be considered (Rodrique, 2020). When technology and legislation allow for a wider
implementation of people-movers, driving on demand is a great opportunity to increase
efficiency while including a greater area. The next step would be to implement door-to-door
service (OECD, 2015). Actions to allow for such service is to develop a plan and test whether
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it would have an extra positive affect on the return of investment. Door-to-door would
drastically increase the inclusivity of elderly; however, this is a projected future beyond 2030
(MUConsult, 2022; Schmargendorf, 2018).
Element

Vulnerability

(Vul.)

/ Actions at t=0

Opportunity (Opp.)
Certain (C) / Uncertain (UC)
Acceptance

Vul. – Low interest and (1) Lobbying, marketing and connection with research institutes.

Stakeholders

acceptance

(2) Increase awareness of benefits and risk sharing

UC
Legislation

Vul. – No changes, same (1) Agreements with municipality for adaptive exemptions
limitations

(2) Preparations for a steward on board

C

(3) Developing clear objectives and sharing achieved objectives

Opp. – Positive changes

(1) Check technological capabilities

UC

(2) Expansion pilots into the four markets
(3) Exploitation of high potential creation routes

Technology

Vul. – No changes

(1) Insurance for potential costs

UC

(2) Implement Fleet Supervision software and data-driven technical
support
(3) Set up information sharing platform for open innovation

Opp. – Break-through

(1) Prepare expansion that connect hubs and rural areas with hubs,

UC

include tourists, hospitals, campuses and airports – Mixed traffic.
(2) Prepare for expansion without safety steward
(3) Prepare for legislative change and implementation

Demand

Vul. – Low demand

(1) Connect to MaaS

UC

(2) Increase awareness and communicate benefits for users
(3) Increase sense of urgency to change

Opp. – High demand

(1) Prepare fleet expansion plan

UC

(2) Prepare expansion plan
(3) MaaS connection in expansion
(4) Prepare for agreements with area developers
(5) Prepare for widespread application
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Concessions

Vul. No change – Little (1) Present benefits to province
leeway for innovation

(2) Prepare for bus replacements by people-movers

UC

(3) Prepare for new ways of financing

Opp. – Change in concession (1) Prepare for new ways of financing
system

(2) Expansion plan with area developers

UC
Suppliers

Vul.

–

Low

suppliers

number

of (1) Agreements for costs delivery and potential expansion
(2) Sharing results and possibilities

UC
Marketing

-

-

-

-

Opp. High amount of attention (1) Connect with sponsors/marketeers
C

(2) Communicate actions connected to Transdev’s words (leading
sustainability/innovation)
(3) Prepare personalised ads with digital identities

Costs

Vul. High costs

(1) Apply for all possible grants

C

(2) Create investment partnerships
(3) Seek for higher compensations
(4) Set up risk sharing agreement

-

-

Table 5: Overview vulnerabilities, opportunities and actions
Step IV
The initial plan of people-mover implementation focuses on a small scaled pilot between two
train stations; Nijmegen Central and Nijmegen Heyendaal. The current buses already drive on
a designated road separated from traffic which implies that there will be limited infrastructural
adjustments needed. In this way, the initial plan could succeed in combination with high level
of communication within the quadruple helix and monitoring (Marchau et al., 2017;
MUConsult; 2022).
In order to keep a close eye on the developments, signposts need to be set up. The elements that
directly increase the robustness of the initial plan are mentioned in step III. The signposts that
need constant monitoring are elucidated here (table 6). First of all, the demand measured in
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usage for people-movers needs close monitoring, when the demand exceeds (positively and
negatively) the set trigger value, new actions need to be undertaken which will be explained in
step V. Secondly, technological developments on ADAS and autonomous vehicles need close
monitoring to spot the potential to expand the initial plan. Thirdly, legislation is a signpost for
the implementation of people-movers. Changes in the BOEV or ‘experimental law’ provide
more leeway for Transdev and other market players to enhance the employability of peoplemovers. Fourthly, the costs should be closely monitored in order to maintain a viable business
case. Trigger values should warn the decision-makers in the quadruple helix whether or not the
Nijmegen-case still provides the value for their money (MUConsult, 2022).
Element

Vulnerability (Vul.) / Actions at t=0

Monitoring (Starting at t=0)

Opportunity (Opp.)
Acceptance

Vul. – Low interest (1) Lobbying, marketing and connection with Develop a central point for all

Stakeholders

and acceptance

Legislation

research institutes.

partners

(2) Increase awareness of benefits and risk
sharing

experiences and problems.

Vul. – No changes, (1)
same limitations

Agreements

with

to

share

their

municipality for Set up the task for two people

adaptive exemptions

to follow developments in

(2) Preparations for a steward on board

legislation

concerning

(3) Developing clear objectives and sharing autonomous vehicles once per
achieved objectives
Opp.

–

month.

Positive (1) Check technological capabilities

changes

(2) Expansion pilots into the four markets
(3) Exploitation of high potential creation
routes

Technology

Vul. – No changes

Opp. – Break-through

(1) Insurance for potential costs

Implementation

(2) Implement Fleet Supervision software

supervision software and data

and data-driven technical support

driven technical support by

(3) Set up information sharing platform for

Transdev

open innovation

partners about failures and

to

of

update

all

(1) Prepare expansion that connect hubs and successes.
rural areas with hubs, include tourists, Additional

monitoring

by

means of the list of objectives.
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hospitals, campuses and airports – Mixed
traffic.
(2) Prepare for expansion without safety
steward
(3) Prepare for legislative change and
implementation
Demand

Vul. – Low demand

(1) Connect to MaaS

Count the usage and project

(2) Increase awareness and communicate the future demand. Set up a

Opp. – High demand

benefits for users

team to scan the full mobility

(3) Increase sense of urgency to change

environment to spot new

(1) Prepare fleet expansion plan

entrants

(2) Prepare expansion plan

Update of usage every week.

(3) MaaS connection in expansion

Update of new entrants every

(4) Prepare for agreements with area

month.

and

substitutes.

developers
(5) Prepare for widespread application
Concessions

Vul. No change – (1) Present benefits to province
Little

leeway

innovation

See legislation.

for (2) Prepare for bus replacements by peoplemovers
(3) Prepare for new ways of financing

Opp. – Change in (1) Prepare for new ways of financing
concession system
Suppliers

(2) Expansion plan with area developers

Vul. Low number of (1) Agreements for costs delivery and Set up team to work closely
suppliers

potential expansion

with suppliers.

(2) Sharing results and possibilities
Opp. High number of suppliers
Marketing

-

-

Set up marketing team to

Opp. High amount of (1) Connect with sponsors/marketeers

review the online and offline

attention

attention received.

(2) Communicate actions connected to
Transdev’s words (leading
sustainability/innovation)
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(3) Prepare personalised ads with digital
identities
Costs

Vul. High costs

(1) Apply for all possible grants

Set up project manager to

(2) Create investment partnerships

asses financials and project

(3) Seek for higher compensations

viability.

(4) Set up risk sharing agreement
-

-

Table 6: Overview step III and IV
Step V
The discussed signposts in step IV are connected to actions when exceeding the trigger value.
The positive and negative sides need to be prepared and can result in the following actions:
Reassessment of the initial plan, corrective actions, defensive actions and capitalising actions.
The legislative environment concerning autonomous driving vehicles and people-movers can
change or remain the same. When it does not change, the potential lays in infrastructural
changes. The initial plan including the designated road will need to be extended in order to stay
within the boundaries of the law but reach the potential of people-movers. On top of that,
lobbying is needed to promote people-movers and the diminishing affects it could have on
traffic effects.
On the other side, when the legislative environment changes positively, the expansion plan
needs to be considered. A wider area of testing will be used to introduce people-movers with
traffic beyond the designated road. All the four potential markets need new pilots and can be
connected in a wider web of pilots. As mentioned before, the quadruple helix will flourish by
the agreement on pre-developed plans which then need to be executed.
The technology signpost when the developments are slower than the low trigger value or faster
than the high trigger value. To start with the former, in this case more testing is needed and the
corresponding action is to increase the pilot’s time. The second option is to seek for investors
to boost the financial leeway in terms of testing and innovating, seek for innovation budgets.
Lastly, by setting up an information sharing platform including all actors in the autonomous
driving and mobility industry, shared learning can be achieved to promote the technological
developments.
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On the other side, in case of a technological break-through capitalising actions are required.
First of all, expansion agreements with partners will be executed when possible (legislation).
Secondly, push legislation by showing governmental institutions the benefits and successes.
Thirdly, set up new agreements with suppliers for updated people-movers. Fourthly, replace
old buses by people-movers and step-wise grow according to the expansion plan.
The demand in terms of usage of people-movers in the initial plan could be below the low
trigger value and higher than the high trigger value. In case the actual usage drops below the
trigger value corrective actions can be taken. (1) the people-mover should change its semi-fixed
schedule to only operate on demand to lower its operational costs and increase its efficiency
(Rodrigue, 2020). (2) A marketing campaign can be prepared in order to increase the awareness
and the perceived customer value (Marchau et al., 2017). Crucial to increase the demand and
change the consumer’s perception in marketing is to promote user-generated content (Sidaoui,
2022). (3) Usage of people-movers can be promoted by means of grants (Marchau et al., 2017).
This could be done by the government or employers (similar to bicycle plans). (4) to realise a
smoother connection with other mobility alternatives by means of a connection to MaaS to
reduce the friction of travellers per trip (Mobiliteitsalliantie, 2019). (5) Reassessment is needed
when the demand is far below the trigger value and the initial plan does not seem to work. In
all cases it is crucial to understand why; what is withholding you from using the people-mover
as alternative transport? The data is of paramount importance for the reassessment as well as
other pilots in the world with people-movers.
On the other side, the actual usage of the people-mover could also exceed its high trigger value
and capitalising actions are needed. (1) Increase the number of people-movers on the initial
route. (2) Explore the potential to expand the current route. (3) Conduct a study understanding
why and who is using the people-movers, the data can be used to choose the fitting expansion
plan and help other pilots. (4) Promote the success of the initial plan to enlighten other
entrepreneurs to increase the players and push technological and legislative developments.
The final signpost are the costs associated with the implementation of people-movers. As with
demand, costs can be higher or lower than the set trigger values. In case the costs are lower than
the trigger value, capitalising actions can be taken in order to increase the fleet, widen the area
of reach or increase the number of pilots. On top of that, the low cost could attract more
investors and players hence plans should be in place to make agreements or prepare for new
entrants. On the other side, costs could become higher than the trigger value. This affects the
financial stability of players and therefore agreements about risk should be made at t=0. On top
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of that, in order to bear the costs, grants should all be applied for at t=0. The high costs imply
that the robustness of the initial plan was not reach and reassessment needs to be considered.
In conclusion, all elements and signpost are contingent to each other. In other words, when
demand is below the trigger value but the legislation developed at top speed, it would still be
wise to reassess the initial plan instead of expanding the route only based on the development
of legislation.
Element

Vulnerability (Vul.) Monitoring (Starting at t=0)
/

Implementation features at t>0

Opportunity

(Opp.)
Acceptance

Vul. – Low interest Develop a central point for all (1) Communicate reached objectives with

Stakeholders

and acceptance

partners to share their experiences stakeholders
and problems.

(2) Reassess the initial plan
(3) Seek other partners

Legislation

Vul. – No changes, Set up the task for two people to (1) Consider expansion of designated road
same limitations
Opp.

Technology

–

follow developments in legislation (2) Promote diminishing effects on traffic

Positive concerning autonomous vehicles (1) Use step-wise expansion plan

changes

once per month.

Vul. – No changes

Implementation

(2) Increase pilots in all four markets
of

supervision (1) Continue testing

software and data driven technical (2) Increase pilot-time
support by Transdev to update all (3) Seek new knowledge partners
partners

about

failures

and (4) Make use of knowledge platforms -

successes. Additional monitoring Shared learning
Opp.

–

Break- by means of the list of objectives.

through

(1) Conduct expansion plan
(2) Push legislation
(3) New agreements with suppliers for
updated people-movers
(4) Start removing old buses with stepwise introduction of large people-movers

Demand

Vul. – Low demand

Count the usage and project the (1) Change schedule of people-mover
future demand. Set up a team to (2) Marketing campaign
scan the full mobility environment (3) Grants by employers and government
to

spot

new

entrants

and (4) Connection to MaaS
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substitutes. Update of usage every (5) Reassessment of initial plan
Opp. – High demand

week.

(1) Increase fleet

Update of new entrants every (2) Expansion of current route
month.

(3) Communicate success
(4) Share findings on platform to inspire
more pilots

Concessions

Vul. No change – See legislation.
Little

leeway

-

for

innovation
Opp. – Change in

-

concessionsystem
Suppliers

Vul. Low number of Set up team to work closely with See technology and legislation
suppliers

suppliers.

Opp. High number of

See technology and legislation

suppliers
Marketing

Vul. Low amount of Set up marketing division to attention

review the online and offline

Opp. High amount of attention received.

(1) Increase complexity of marketing

attention

within people-movers (augmented reality,
personalised ads based on online identity)
(2) increase benefits of marketing

Costs

Vul. High costs

Set up project manager to asses (1) Seek new grants
financials and project viability.

Opp. Low costs

(2) Reassessment of initial plan
(1) Increase pilots in similar situations
(2) Prepare for new entrants

Table 7: Overview step IV and V
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5. Tailormade DAP Transdev
5.1 Interview results
This segment provides a summary of the interview results and the development of the final
DAP with regards to the implementation of people-movers in the city of Nijmegen from the
view of Transdev in relation with other stakeholders.
Interview highlights
The interviews are semi-structured and guided by the structure of the DAP. The semi-structured
approach provided leeway to go into depth and truly unravel each perspective on the DAP. As
mentioned before, the interviews are then transcribed and coded to find underlying
relationships. The interview guide is shown in appendix 10, the interviewees are shown in
appendix 6 and keywords from each stakeholder are shown in appendix 11. This segment will
focus on the topics that were mentioned and discussed the most, the transcriptions can be found
in a separate file.
First and foremost, the leading barrier for the implementation of people-movers is its disruptive
nature and the newness. The different stakeholders hold different amounts of knowledge and
therefore hold different views and visions on the possible implementation of people-movers.
Where the producer is optimistic and barely sees any barriers, experts, operators and research
institutions feel the need for testing and believe that Heyendaal has the perfect environment for
it. While governmental institutions do not want their city to become a ‘dangerous testing
facility’ (Personal communication, all interviews, 2022). The experience and vision asymmetry
cause troubles because all stakeholders need to be part of the project in order for the
implementation to start and succeed (Personal communication, all interviews, 2022).
On top of that, the lack of experience is also the foundation for its problems with mixed traffic.
All interviewees pointed out that mixed traffic operations would make the implementation more
complex and currently unrealistic. However, mixed traffic operations need to be standard in
order to add value to the current mobility system (Personal communication, Meekes, 2022).
85% of the interviews mentioned that an incremental implementation approach would be
interesting in order to cope with the disruptive nature of people-movers (personal
communication, all interviews, 2022). This can be linked to increase institutional readiness of
the municipality and province (Van Cauwenbergh et al., 2022).
Secondly, the need of the customer. Nice to have or need to have? All interviewees mentioned
that it is of utmost importance to think from the perspective of the customer (Personal
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communication, all interviews, 2022). Due to the newness of autonomous driving vehicles and
therefore its, currently, limited capabilities, most stakeholders question the value to be made
for the customer compared to current mobility alternatives on the same route.
On the other side, what value can be created for the operator? Lieven, senior transport expert at
Transdev, explained that in their research, the costs saved by removing its driver is almost
neglectable due to the increased number of personnel monitoring the people-movers (Personal
communication, Lieven, 2022). In the beginning, most of the value comes from the experience
gained by starting with the implementation. It does have the potential to grow to a viable
business case and eventually fulfil and create the needs of the travellers. This links to the
majority of the stakeholders who vouch for a step-by-step growth model for the coming 10-20
years to make the people-mover standard mode of transport.
Thirdly, the leading objective in all conversations was safety. The safety of all road users should
be top of mind. The risks should therefore be as low as possible by creating a safe environment
(Personal communication, Hamstra, 2022). Before the implementation, people need to be wellinformed about the capabilities of the people-mover, how it stops and how it behaves. The will
learn both parties how to live with a new disruptive technology as mode of transport. Lieven
(2022) mentioned that in all cases, the implementation will start with a steward on board to
increase the control and also the safety perception for people. Interestingly, in 71% of the
conversations the Stint was mentioned as an example of a dangerous release by the RDW.
Developers and operators argued that that is one of the causes that the acceptance takes longer
and the RDW is more careful. The moment the RDW allows for implementation and an accident
happens, this will be shown in every news-paper and negatively affect the implementation of
all autonomous driving vehicles (Personal communication, Hamstra, Lieven, 2022)
Next, the interview findings will be implemented in the DAP.
5.2 Specification of step I and II
Dynamic Adaptive Plan
This segment elucidates the tailormade DAP for Transdev for the implementation of peoplemovers in the Dutch city of Nijmegen. Semi-structured interviews with experts and
stakeholders provided new knowledge that make the DAP fitting for this situation. The same
structure will be used as in the literature-based DAP.
Step I
Objectives
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The objectives set up in the literature-based DAP are confirmed in the interviews from different
perspectives. Lieven (2022), was clear about the fact that all stakeholders have to participate in
order to set up this project. The objectives of other stakeholders are therefore highly important
and need to be considered as well. They are often intertwined with the objectives of Transdev.
First of all, the project should generate a positive return on investment, in other words,
economic feasibility. Lieven (2022): “In either way, we are a business and have to make a
profit, we cannot just start projects because they are futuristic and innovative.” This objective
runs over the full length of the project with intermediate checks as will be explained in step IV.
The projection of a positive return on investment is crucial to start and continue with the
implementation and is closely related to the attitude of the province, which is explained in the
section of constraints. Contrary to the literature-based DAP, which mostly concentrated on
reducing costs by removing the driver of an already existing line.
The second objective is safety. Increasing safety around the people-mover as well as in the
people-mover to reduce the number of casualties is an important objective for all stakeholders.
As mentioned before, implementing people-movers on a large scale has the potential to
drastically increase the road safety. For 2Getthere, the producer of people-movers, safety is the
sole objective when delivering a people-mover system. Hamstra (2022): “It (a people-mover)
must be 10x safer than you and I, safety is the locus of focus for us and in autonomous transport.
(…) When something goes wrong, you will be the headline of every newspaper.”
Thirdly, improving overall mobility for travellers in Nijmegen. The people-movers should
increase the mobility Heyendaal not only by transporting people, but also by fitting into the
environment. When the people-mover can ride freely on a separate lane but causes congestions
and frustration in other parts of the city, it decreases the overall mobility of Nijmegen (Personal
communication, Lieven, 2022). This is in line with the objective of all stakeholders in
Heyendaal: Sustainable, Accessible Heyendaal. The people-mover should fit in with current
modes of transport and, as projected, provide efficient rides, reduce the number of cars on the
campus and reduce congestions. Interestingly, compared to the literature-based DAP,
inclusivity is not top of mind for Transdev in the case of implementation in Nijmegen.
The final objective of Transdev is to increase their experiences with the behaviour and effect
of the people-mover in an urban setting. While it currently has a neglectable effect on the flow
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of traffic due to its size according to Lieven (2022), it could already have the potential to
complement other current ways of mobility. Small implementations will provide Transdev with
the knowledge to build stronger business cases by showing experiences to stakeholders. This
will also strengthen their case when in discussion about the right compensation per ride
(Personal communication, Lieven, Rommerts, 2022).
Other stakeholders aim by the implementation of people-movers at reducing the number of cars
on the campus Heyendaal, increasing the internal mobility of Heyendaal and making more
efficient use of available space all in a sustainable manner (personal communication, all
interviews, 2022).
Objective

Meaning

Economic feasibility

Compensation per ride should outweigh the cost
and show a potential positive return on investment.

Safety

Increased safety for all road users by reducing
accidents and hazardous situations.

Increased mobility

Travellers can easier get from A to B.

Experiences

Increasing knowledge about the behaviour in
traffic.

Table 8: Objectives Tailormade DAP
Constraints
The implementation of people-movers comes with various constraints. The constraints overall
similar to the constraints found in literature. In total less constraints came up in the interview
but there were mentioned more often and discussed in detail.
First of all, safety concerns (personal communication, all interviews, 2022). As stated by
Hamstra (2022), “an autonomous driving vehicle should be 10x safer than you and I.” This is
one of the reasons why the focus of implementation is most often on a designated road even
though the technology is ready. A safe environment is needed to increase the mileage and build
up trust for larger projects. The experience gained is needed to make incremental steps in
expansion and application (Personal communication, Hamstra, 2022). As mentioned before,
when people-movers are widely applied, they have the potential to increase road safety and
positively influence other traffic effects. However, Meekes (2022) made clear that there is no
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room in Nijmegen for testing new technologies because of the negative effect it could have on
safety and overall mobility.
Secondly, mixed traffic. Mixed traffic is mentioned by 100% of the interviewees as an
opportunity and something that they want (personal communication, all interviewees, 2022).
However, the people-mover is not capable nor allowed to fully operate in mixed traffic. This
affects the applicability of people-movers in Nijmegen as well as the potential value creation
(personal communication, Hamstra, 2022).
Thirdly, in order to cope with the current capabilities of people-movers, space is needed. The
people-mover in its current state is not space efficient and not in line with the mentioned
objectives of the municipality of Nijmegen (personal communication, Meekes, 2022). A
designated lane is needed to create a safe environment for the people-mover and ride smoothly,
although it is unclear what other infrastructural changes need to be made (personal
communication, Rommerts, 2022). Lieven (2022) from Transdev mentioned often that the
indecisiveness of the municipality and province slowed down potential growth of transport
alternatives in the discussion of space. To elucidate, space gets scarce when the municipality
does not make a clear choice in removing cars, by providing a little bit of space for every mode
of transport space gets scarce (personal communication, Lieven, 2022).
Fourthly, costs. Besides the high acquisition costs which are known, infrastructural costs need
to be incurred as well. Rommerts (2022): “There is limited knowledge about what
infrastructural changes are exactly needed for the optimal implementation of a people-mover
in a city like Nijmegen.”
In addition, the compensation per ride provided by the province remains unclear. The economic
feasibility of the implementation of people-movers therefore depends on the unknown
compensation. As Lieven (2022) said: “The compensation depends on how much the province
values innovation. They could make it or break it.” Systems are not yet in place and show low
institutional readiness to deal with the disruptive innovation.
Fifthly, people-movers need a constant flow of people to be efficient, however, streams in
Nijmegen are often too large to cope with for small vehicles. Lieven and Meekes (2022) agree,
the efficiency of buses on corridors is unbeatable. Lieven (2022) adds to that: “(…) When we
replace 5 buses, we need 29/30 people-movers. We would get a slow line of traffic through the
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city.” They are worried that the people-mover will become an attraction at the start but people
will get back in the buses when the customers see buses are quicker and go further. Meekes
(2022) called the introduction of people-movers a paradox. They need a separate infrastructure,
but in order for that to be viable a constant stream of people is needed but for a separate
infrastructure the stream of people will be too high (personal communication, Meekes, 2022).
One of the main constraints in the literature-based DAP is legislation and the use of the BOEV.
In the interviews 2Getthere, MUConsult and Transdev point out multiple times that its
extremely time consuming and the RDW is not ready for such disruptive technology.
Organisations Transdev and 2Getthere try to push the legislation whereas MUConsult notes
that organisations wait for the European Union to decide upon a new law for autonomous
driving vehicles.
All in all, it is hard to fulfil the needs and wants of all stakeholders with the current constraints
of the people-mover. Lieven (2022): “The demands that the shuttle currently places on the
infrastructure and other traffic are that extensive that it is almost unrealistic.”
Constraint

Meaning

Experience

Many constraints are driven by the lack of experience –
Newness of the people-movers

Safety

Safety needs to be guaranteed – RDW strict

Mixed traffic

Causes too complex situations – Other traffic, crossings,
speed

Space

In fight with space efficient solutions due to designated
lanes

Economic feasibility

High investment costs - unknown compensation

Added value

The people-mover should function as an addition for the
current transportation systems

Legislation

Time-consuming

Table 9: Overview constraints tailormade DAP

Options set
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The campus Heyendaal is growing and changing, more and more people find their way to the
largest employer in Gelderland. During the interview it became clear that Transdev’s subsidiary
Breng Arnhem Nijmegen went out to map out potential options for the implementation of
people-movers. In addition to other conversations the following set of options became clear.
Compared to the identified options in the literature-based DAP, these options are far more
detailed but originate from the same four options.
The first option is to run the people-mover from train station Nijmegen central to Nijmegen
Heyendaal on the already existing separate lane, the initial plan based on literature research.
All interviewees agreed that this option would have the right facilities and conditions to directly
implement people-movers. Smart for direct implementation but after consulting the experts, it
became clear that the stream of people exceeded the realistic capacity of the currently available
people-movers. In addition, the area buses would need to stop at Heyendaal, people would have
to transfer on people-movers and cause more friction for travellers than there currently is. This
option would be feasible when the people-movers are able to hold more than 100 people per
ride and are out of their testing phase to ensure reliability.
The second option is to seek for more rural solutions. By replacing expensive lines that are now
covered by ‘call buses’ Transdev could save money by removing the driver that needs to be
stand-by. Unfortunately, the low number of users would harm the business case for this option
in combination with the long distances with mixed traffic. Lieven was very clear about rural
options by saying: “(…) Sure you can drive to an elderly home or something outside the city
but that is not interesting. Low visibility and low demand.” Even though you have the space,
the costs would not be covered and the people-mover would not be able to cope with the speed
difference.
The third option is to connect large parking lots on the edge of the city with the inner city or
stops on campus Heyendaal. All interviewees mention that the potential of the people-mover
lays in these kinds of operations. By combining parking facilities to a constant mode of
transport it gives the municipality more room to squeeze the cars out of their city. The ondemand opportunity would let the people-movers arrive when cars enter the parking lot and
directly take them to their destinations in the city. Positive sounds were diminished when the
current capabilities of the people-mover were connected to this option. Parking lots in Ressen,
station Goffert and Malden were mentioned as examples.
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The final option is to increase the inner mobility of Heyendaal by implementing the peoplemovers on the loop of Heyendaal with a step-wise approach. The development of new
buildings, new meanings for these buildings and other changes influences the flow of people
moving on the loop of Heyendaal (Gemeente Nijmegen, 2019; Personal Communication, van
der Heijden, Buise, 2022; Radboud Universiteit Nijmegen, 2022). As Lieven (2022) said in the
conducted interview: “Heyendaal is unique. (…) Small distances, large part is already a bus
lane, high demand, all institutions are located on that loop and you operate in an innovative area
where innovation is important.” The added value is to increase the mobility of Heyendaal as is
it projected that more and more people have to travel from building to building during the day.
The implementation will focus on increasing the bus lanes on the loop, as Lieven (2022)
mentioned: “To ensure the points of Sustainable Accessible Heyendaal, there is a focus on less
cars and more priority for the bus. Everything you add to the bus lanes; a shuttle can benefit
and drive its first kilometres.” The loop of Heyendaal was mentioned by all interviewees as the
best option to start the implementation for people-movers in combination with small
adjustments. It became clear that only the municipality of Nijmegen was a bit hesitant due to
the newness of the people-mover. The final option is closely related to the next segment, the
definition of success.
Definition of success
The definition of success in the literature-based DAP is very much in line with the successes
mentioned in the interviews. The interviews provided insights in order to map out the definition
of success in multiple stages but were not detailed. In the first stage success is when
stakeholders and developers around the loop of Heyendaal reserve space for the potential
implementation of people-movers. This shows that stakeholders not only see the potential but
also act upon it and crucial for further development of people-movers. This is measured by the
number of developments that reserve space for potential implementation of people-movers.
The second success is the actual change in infrastructure to benefit buses and people-movers.
People-movers will focus on improving the internal mobility of Nijmegen. This is measured in
meters of segregated bus lanes in Nijmegen.
The third phase of success is the implementation of people-movers on a short distance on a bus
lane without any crossings or mixed traffic. The people-mover will increase the mobility on
this distance but most importantly provide insights in how it will behave on larger routes in
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Nijmegen. This is measured in meters, number of users as well as customer and operator
experiences.
The next successes are related to being able to manage different levels of complexity. The first
level of complexity success of increasing complexity is by allowing crossings and low-speed
mixed traffic all going in one direction. The second level of complexity success is safely (no
accidents or dangerous situations) covering the full 2.5km long loop of Heyendaal on the
designated bus lanes. The final level of complexity success is when the people-mover can
connect P+R spots outside the Heyendaal loop (projected for 2040). These successes are all in
combination with the success definition mentioned in the literature-based DAP and the standard
success objectives Transdev has when implementing a ‘normal’ bus.
The overall definition of success for Transdev is a safe implementation of people-movers in
Nijmegen on a short route and a positive return on investment. This goes hand in hand with the
focus of creating value and being able to have a future proof transportation alternative to operate
on costly lines. On the other side, Transdev looks beyond the implementation of the peoplemover, the implementation should increase the mobility of the whole area.
The four elements of step I are taken into consideration and form the basis for the initial plan
presented in step two.
Step II
Initial plan
The initial plan drastically differs from the initial plan that was developed in the literature-based
DAP. The initial plan concentrates on the Heyendaal loop where it will create value for the
people commuting between buildings and parking lots on the edges of Heyendaal (figure 7). In
other words, increasing the internal mobility of Heyendaal.
The first and foremost step of the initial plan is to ensure that stakeholders make room in their
development plans for potential connections with people-movers. As multiple interviewees
confirmed, Heyendaal is under development and there is no better place in Nijmegen to prepare
for the future and its innovations (Personal communication, Rommerts, Lieven, Buise, 2022).
The moment it is all set in stone without the consideration of future alternative modes of
transport, it will be too hard to change (personal communication, van der Heijden, 2022).
The second step of the initial plan is to reduce the speed of all vehicles on the loop to a
maximum of 30km/h. According to Buise (2022), the speed reduction will not cause any
troubles as it will increase the safety of Heyendaal, it will decrease the speed difference between
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all road users and it ultimately creates a safer environment for the implementation of peoplemovers.
The third step is to introduce one-way traffic around the loop. Cars and trucks with their
destination in Heyendaal are still able to reach their buildings or parking lots. The steps are in
line with the goals of all stakeholders, squeezing the use of cars and making room for alternative
modes of transport. The removal of one lane of traffic provides space, the space will be used as
follows. The cars will move to the outside lane of the loop, this allows them to easily enter and
leave the loop without crossing the inside lanes. Cyclists will have more space on the outside
of the loop and pedestrians on the inside. The inside lane will be transformed to a designated
bus lane which, in a later stage, can also be used for people-movers. In this way buses can still
reach station Heyendaal as well as Nijmegen central without extra kilometres. Small
segregations need to be place on the Erasmuslaan, Philips van Leydenlaan and the Kapittelweg
to ensure a safe environment for the bus and people-mover.
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Before the implementation of people-movers, people will first have to familiarise themselves
with the new set up. When that is positive, people-movers will come into play. The peoplemovers will be implemented with steward after the aforementioned steps are conducted. After
positive results and complete understanding of the loop of Heyendaal, the stewards will be
removed. By using this solution, priority is given to alternative sustainable ways of transport,
parking lots are connected and space is used efficiently to adhere to the objectives of
Sustainable Accessible Heyendaal. On top of that, the trajectory is mildly complex since it
mixes with buses on a low speed, anticipation for other road-users on the behaviour of the
people-mover is therefore almost unnecessary. As mentioned before, the implementation
should be set up with a quadruple helix to ensure knowledge sharing, achieving collective
objectives and generate higher investments.
All in all, the initial plan for the implementation of people-movers is a step-wise plan that goes
hand in hand with the reduction of cars on the campus but increasing the mobility for users of
mobility alternatives and finally provides a positive view on the potential profit to be made for
Transdev. In order to increase the robustness of the initial plan, step III, IV and V will be
elucidated in the next segment.
5.3 Specification of step III, IV and V
Step III
Vulnerabilities
The following chapter will focus on the vulnerabilities associated with the implementation of
the initial plan. The literature-based vulnerabilities are mostly applicable to this initial plan as
well, albeit that new ones were discovered during the interviews. Important vulnerabilities are
mentioned here again.
First of all, costs. The final standpoint of the province of Gelderland decides the compensation
per ride, it is crucial for Transdev for it to be economically feasible. There are no standard
procedures or payment structures due to the disruptive nature of the driverless shuttle. As
Hamstra (2022) of 2Getthere mentioned in the interview: “Investments are high which means
that all parties need to work together and you have to have guts.” Transdev does not have a
clear picture of the potential profits that can be made and therefore the investments they can
afford due to the lacking clarity about the compensation.
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This can be solved by Transdev pro-actively proposing the needed compensation based on
expected costs in order to ensure the economic feasibility of the initial plan.
In addition, the budget needed for the implementation of people-movers by the province is
lacking (personal communication, Lieven, 2022). The example given by Lieven (2022):
“Currently, the buses can easily be bigger or ride more frequently on the loop of Heyendaal.
However, this would mean extra costs for us (Transdev) and the province (Gelderland) since
we will move the same amount of people for the same price but use more material. (…) Nobody
wants to pay that and has the budget for it.” The governmental budgets are not far reaching in
order to implement people-movers. The connection must be made with other investors in order
to cover the costs. The focus therefore lays on attracting more investors and issuing grants.
Secondly, space. In a growing city like Nijmegen space efficiency is often top of mind when
innovating and developing new areas (personal communication, Meekes, 2022). The current
capabilities of the people-mover make it space inefficient and therefore an unsuitable option
for the municipality of Nijmegen. In addition, Lieven (2022) mentioned: “the municipality and
province remain undecisive by focusing on making room for pedestrians, cyclists, public
transport, MaaS alternatives and personal vehicles (…) instead of using the room for their top
three priorities and leave cars out.” In other words, there is enough space but the municipality
needs to prioritise and think of removal of personal vehicles (Personal communication, Lieven,
2022). This can be solved by proactively promoting plans to increase bus lanes in the theme of
Sustainable, Accessible Heyendaal and eventually allow people-movers to make use of these
already existing bus lanes (Personal communication, Buise, Hamstra, van der Heijden, Lieven,
Rommerts, 2022). To connect to the literature-based vulnerability of acceptance by
stakeholders, it became clear that all stakeholders understood the complexity of the problem
and the long-term view needed except for governmental institutions.
Thirdly, technology. People-movers remain a disruptive technology and have to be extensively
tested in all situations to become the mainstream. The first action is to always start with a safety
steward on board to test the technology (Personal communication, Hamstra, Lieven, 2022). The
vulnerability in the initial plan is the mix with buses and the number of crossings. This affects
the overall safety and challenges the technology of the people-mover. The sensors are not yet
on par with the needs of the operators. As are they with the likings of the RDW. Testing will
be needed and that will take time. For now, to solve it would be to realise designated roads and
reduce the overall speed of roads in Heyendaal to 30km/h as is done in the initial plan. The
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testing done here can be used to further develop plans to increase the complexity and mixed
traffic.
Fourthly, acceptance by stakeholders. In particular, acceptance by the municipality and
governmental institutions. As Meekes (2022) mentioned in the interview: “We currently see no
use or need for self-driving shuttles to solve our mobility problems.” It became clear that the
current capabilities of the people-movers were not in line with the solutions they were
considering. The implementation relies on partnerships between stakeholders, as Lieven (2022)
said: “We need everybody on the same line to makes this work.” This needs to be done in three
steps. (1) Lobbying, marketing and connection with research institutes. (2) Increase awareness
of benefits and risk sharing. (3) Increase promotion bus lanes.
Lastly, nice to have, demand. The loop of Heyendaal currently has a fair number of buses
passing every hour raising the question whether or not it creates enough value for its existence.
Where they both focus on the internal mobility of Heyendaal, the people-mover will have stops
close to parking lots to connect these with other facilities on the campus. In addition, the peoplemover will not focus on Heyendaal station but focus on the connection between buildings
targeting a different type of traveller and creating a new need. The actions needed when demand
lowers are: first, a connection to MaaS to decrease the threshold to use the people-mover.
Secondly, the marketing division should increase the awareness of the people-mover and its
positive effects. Thirdly, a sense of urgency needs to be created in order to steer people into the
use of people-movers. Lastly, attractive pricing will increase the demand for people-movers.
Opportunities
The opportunities will be discussed in the following segment to increase the robustness of the
initial plan. Again, the literature-based DAP provided a solid basis albeit that the interviews
provided tailored insights to the initial plan for Transdev. The new opportunities presented
below are therefore adding on the opportunities presented in the literature-based DAP.
First of all, space. As mentioned before, Heyendaal is growing, moving and developing on all
sides. This allows for the opportunity to make changes in the infrastructure and building plans
to make Heyendaal futureproof. Opportunities lay in the new buildings of the Radboud
university and the potential plans to build hotels, conference rooms and other new buildings
that can be connected by people-movers. It is then of paramount importance to reserve room
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for new mobility alternatives. This can be achieved by promotions and lectures about the
possibilities and effects of people-movers. The demand for internal mobility will then be served
by an increasing number of people-movers.
Secondly, technology. Heyendaal is a highly innovative area with open-minded people and
therefore the perfect spot for the implementation of people-movers (personal communication,
Lieven, 2022). A technological break-through would make room for direct implementation in
a space efficient way. Although it is uncertain whether a technological break-through will
happen, it would be a great opportunity to expand into mixed traffic trajectories. In this way
connections can be made to large parking facilities at the edge of the city as well as
implementations between rural hubs. As Meekes (2022) said: “it is possible that we have to
limit the number of cars in the city to ensure the quality of living and let people park their cars
outside the city.” This would be a perfect opportunity for people-movers since connecting
parking lots with the inner city was mentioned by all interviewees.
Thirdly, to build upon the technology break-through, the experience gained in loop of
Heyendaal allows for the development of 18- to 25-meter self-driving buses (personal
communication, Lieven, 2022). This would mean that the people-movers would not only be
useful in small to medium travel needs but could also be used in high frequency corridors and
using the existing bus lanes.
Fourthly, when people-movers are capable enough to participate in mixed traffic, Transdev
could make agreements with employers. In order to boost the use of public transportation for
employers, people-movers can be rented out to employers to pick up their employees and
always have a free spot for them. During the day when they are not used for that employer, the
people-movers can be used in other operations. Since the people-movers make use of the bus
lanes, it will be more convenient for employees than going by car.

Element

Vulnerability

(Vul.)

/ Actions at t=0

Opportunity (Opp.)
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Certain (C) / Uncertain (UC)
Acceptance

Vul.

Stakeholders

acceptance

(2) Increase awareness of benefits and risk sharing

UC

(3) Increase promotion bus lanes

Legislation

–

Low

interest

and (1) Lobbying, marketing and connection with research institutes.

Vul. – No changes, same (1) Agreements with municipality for adaptive exemptions
limitations

(2) Preparations for a steward on board

C

(3) Developing clear objectives and sharing achieved objectives

Opp. – Positive changes

(1) Check technological capabilities

UC

(2) Expansion pilots into the four markets
(3) Exploitation of high potential creation routes

Technology

Vul. – No changes, unsafe

(1) Safety steward on board

UC

(2) Reduce overall speed of Heyendaal to 30km/h
(3) Test on separate lanes with low complexity
(4) Implement Fleet Supervision software and data-driven technical
support
(5) Set up information sharing platform for open innovation

Opp. – Break-through

(1) Prepare expansion that connect hubs and rural areas with hubs,

UC

include tourists, hospitals, campuses and airports – Mixed traffic.
(2) Prepare for expansion without safety steward
(3) Prepare for legislative change and implementation
(4) Replace old buses by autonomous driving buses

Demand

Vul. – Low demand

(1) Connect to MaaS

UC

(2) Increase awareness and communicate benefits for users
(3) Increase sense of urgency to change
(4) Attractive pricing

Opp. – High demand

(1) Prepare fleet expansion plan

UC

(2) Prepare expansion plan
(3) MaaS connection in expansion
(4) Prepare for agreements with area developers
(5) Prepare for widespread application

Concessions

Vul. No change – Little leeway (1) Present benefits to province
for innovation

(2) Prepare for bus replacements by people-movers
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C

(3) Prepare for new ways of financing

Opp. – Change in concession (1) Prepare for new ways of financing
system

(2) Expansion plan with area developers

UC
Suppliers

Marketing

Vul. – Low number of suppliers (1) Agreements for costs delivery and potential expansion
UC

(2) Sharing results and possibilities

-

-

-

-

Opp. High amount of attention

(1) Connect with sponsors/marketeers

C

(2) Communicate actions connected to Transdev’s words (leading
sustainability/innovation)
(3) Prepare personalised ads with digital identities

Costs

Vul. High costs

(1) Pro-actively propose adjusted compensation per ride

C

(2) Attract more investors by communicating benefits
(3) Issuing grants
(4) Set up risk sharing agreement

Space

Vul. Space inefficient

(1) Promote bus lanes to later use for people-movers

C

(2) Push decisiveness of governmental institutions

Opp. Space efficient

(1) Reserve room in development plans

UC
Table 10: Overview Vulnerabilities, opportunities and actions of tailormade DAP
Step IV
Monitoring
The initial plan tailored to Transdev focuses on the loop of Heyendaal connecting several
buildings and parking lots with each other. The loop is already under development and plans
are under discussion to prioritise buses in this area. Infrastructural changes are needed but can
be implemented in a stepwise approach and are in line with the objectives of the municipality
of Nijmegen. As mentioned before, the initial plan can succeed when clear communication and
sharing of knowledge is the standard in the quadruple helix.
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Monitoring will be the done by using the same elements as elucidated in the literature-based
DAP (table 6 and 11). Lieven and Transdev (2022) mentioned that there will not be any
different monitoring systems in place for people-movers than they already use while operating
buses. Lieven: “We already monitor everything, we will do the same with a shuttle, simple as
that.” Where the literature-based DAP is more extensive, in the interviews it became clear that
costs and safety (technology) are the leading signposts with trigger values for further actions.
The monitoring actions mentioned in table 6 are still in place since it is vital to be prepared for
every possible change. However, during the operation, it is most important to monitor whether
or not the compensation per ride or hour provided by the province is sufficient to continue the
initial plan. It influences the economic feasibility of the plan. Secondly, safety is a crucial
element mentioned by multiple interviewees that triggers new actions (table 11). Therefore
‘costs’ and ‘technology’ are highlighted to show their higher importance. The actions related
to the signposts and trigger values will be discussed in the next segment.
Element

Vulnerability
(Vul.)

Actions at t=0

Monitoring (Starting at t=0)

/

Opportunity
(Opp.)
Acceptance

Vul.

Stakeholders

interest

–

Low (1) Lobbying, marketing and connection with Develop
and research institutes.

acceptance

a

monthly

questionnaire for all partners

(2) Increase awareness of benefits and risk sharing

to

understand

their

(3) Increase promotion bus lanes

experiences and problems.
Measured in trust.

Legislation

Vul.

–

changes,
limitations

No (1) Agreements with municipality for adaptive Set up the task for two people
same exemptions
(2) Preparations for a steward on board

to follow developments in
legislation

concerning

(3) Developing clear objectives and sharing autonomous vehicles once per
achieved objectives

month.

Opp. – Positive (1) Check technological capabilities
changes

(2) Expansion pilots into the four markets
(3) Exploitation of high potential creation routes
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Technology

Vul.

–

changes

No (1) Safety steward on board

Implementation

and (2) Reduce overall speed of Heyendaal to 30km/h

supervision software and data

unsafe

of

(3) Test on separate lanes with low complexity

driven technical support to

(4) Implement Fleet Supervision software and

update all

data-driven technical support

failures

(5) Set up information sharing platform for open

Additional

innovation

means of the list of objectives.

partners about
and

successes.

monitoring

by

Opp. – Break- (1) Prepare expansion that connect hubs and rural
through

areas with hubs, include tourists, hospitals,
campuses and airports – Mixed traffic.
(2) Prepare for expansion without safety steward
(3)

Prepare

for

legislative

change

and

implementation
(4) Replace old buses by autonomous driving buses
Demand

Vul.

–

Low (1) Connect to MaaS

demand

Opp.

–

Count the usage and project

(2) Increase awareness and communicate benefits the future demand. Set up a
for users

team to scan the full mobility

(3) Increase sense of urgency to change

environment to spot new

(4) Attractive pricing

entrants

High (1) Prepare fleet expansion plan

demand

and

substitutes.

Update of usage every week.

(2) Prepare expansion plan

Update of new entrants every

(3) MaaS connection in expansion

month.

(4) Prepare for agreements with area developers
(5) Prepare for widespread application
Concessions

Vul. No change (1) Present benefits to province

See legislation.

– Little leeway (2) Prepare for bus replacements by people-movers
for innovation

(3) Prepare for new ways of financing

Opp. – Change (1) Prepare for new investment plans
in

(2) Expansion plan with area developers

concessionsyste
m
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Suppliers

Vul.
number

Marketing

Low (1) Agreements for costs delivery and potential Set up team to work closely
of expansion

suppliers

(2) Sharing results and possibilities

-

-

Opp.
amount

High (1) Connect with sponsors/marketeers
of (2) Communicate actions connected to Transdev’s

attention

with suppliers.

Set up marketing team to
review the online and offline
attention received.

words (leading sustainability/innovation)
(3) Prepare personalised ads with digital identities

Costs

Vul. High costs

(1) Pro-actively propose adjusted compensation per Set up project manager to
ride

asses financials and project

(2) Attract more investors by communicating viability.
benefits
(3) Issuing grants
(4) Set up risk sharing agreement
Space

Vul.

Space (1) Promote bus lanes to later use for people- -

inefficient

movers

C

(2) Push decisiveness of governmental institutions

Opp.

Space (1) Reserve room in development plans

efficient
UC
Table 11: Overview monitoring, tailormade DAP
Step V
Actions
As became clear in the previous segment, signposts and triggers are connected to actions. The
positive and negative sides need to be prepared and can result in the following actions:
Reassessment of the initial plan, corrective actions, defensive actions and capitalising actions.
The related actions will be discussed here and can be found in table 12.
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Only small adjustments have to be made from the literature-based DAP. These are related to
Technology and costs. First of all, when the provided compensation by the province is not
sufficient to cover the costs, the implementation should stop and be postponed until the initial
plan can provide a positive return on investment. As Lieven (2022) said: “We need the right
compensation to at least start with such innovation.” As the concession industry is based on
giving each other certainties, it remains difficult to deal with this uncertainty (personal
communication, Lieven, 2022).
Secondly, when the people-mover creates dangerous situations, the initial plan needs direct
reassessment. Hamstra, developer of people-movers said: “We need to be 10 times safer than
you and I. (…) Safety is our top priority.” All stakeholders value safety the most and promote
strict actions when it is in danger.
As concluded in the literature-based DAP, signposts and actions are contingent. One situational
change might trigger several actions, it is therefore of utmost importance to assess the situation
within the quadruple helix. During the implementation new options can arise to capitalise or
reassess, it is crucial to remain adaptive over time.
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Element

Vulnerability (Vul.) / Monitoring (Starting at t=0)

Implementation features at t>0

Opportunity (Opp.)
Acceptance

Vul. – Low interest Monitor in quadruple helix – What (1) Understand their experiences.

Stakeholders

and acceptance

are the first experiences of the (2) Communicate reached objectives
initial plan and implementation.

with stakeholders to increase interest
and acceptance. No effect?
(3) Reassess the initial plan, no
solution?
(4) Total review of implementation

Legislation

Vul. – No changes, Incorporating the knowledge and (1) Consider expansion of designated
same limitations

strength of governmental players road when demand is high
in the quadruple helix to follow (2) Promote diminishing effects on
legislative changes.

Opp.

–

Positive

traffic
(1) Map out new possibilities in line

changes

with legislative change. Opportunity
for mixed traffic?
(2) Consider expansion plan to P+R,
potential positive ROI?

Technology

Vul. – No changes

Implementation

of

supervision (1) Continue testing

software and data driven technical (2) Increase pilot-time
support to update quadruple helix (3) Seek new knowledge partners
about

failures

and

successes. (4) Make use of knowledge platforms

Additional monitoring by means of - Shared learning, open innovation
Opp. – Break-through

the list of objectives.

(1) Conduct expansion plan
(2) Push legislation
(3) New agreements with suppliers
for updated people-movers
(4) Start removing old buses with
step-wise

introduction

of

large

people-movers
Demand

Vul. – Low demand

Monitor the usage and project the (1) Change schedule of people-mover
future demand. Monitor the full (2) Marketing campaign
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mobility environment to spot new (3) Grants by employers and
entrants and substitutes.

government
(4) Connection to MaaS
(5) Reassessment of initial plan

Opp. – High demand

(1) Increase fleet
(2) Expansion of current route
(3) Communicate success
(4) Share findings on platform to
inspire more pilots

Concessions

Vul. No change – Incorporating the knowledge and Little

leeway

for strength of governmental players

innovation

Suppliers

in the quadruple helix to follow

Opp. – Change in legislative changes.

(1) Introduce area developers to

concessionsystem

quadruple helix

Vul. Low number of Monitor the developments within See technology and legislation
suppliers

the quadruple helix with suppliers.
Monitor the developments in the

Opp. High number of autonomous vehicle industry as See technology and legislation
suppliers
Marketing

well as of the ADAS.

Vul. Low amount of Monitor the online and offline attention

attention received.

Opp. High amount of

(1) Increase targeting of marketing

attention

within people-movers (augmented
reality, personalised ads based on
online identity)
(2) increase benefits of marketing

Costs

Vul. High costs

Monitor financials and project (1) Seek new grants
viability

Opp. Low costs

(2) Reassessment of initial plan
(1)

Increase

pilots

in

situations
(2) Prepare for new entrants
Space

Vul. Space inefficient

-

-

Opp. Space efficient
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6. Conclusion
The chapter is structured as follows. First the three sub questions are answered. Then, the main
research question, “What is the proposed adaptive strategy for service provider Transdev to
implement people-movers in Nijmegen?”, is answered.
(1) What theoretical lens is needed when dealing with the implementation of people-movers in
the Netherlands?
The theoretical lens needed when implementing people-movers in the Netherlands is level 4 of
uncertainty. Decision making under true uncertainty or deep uncertainty. Where all innovative
decisions inherently involve uncertainty independent of the type of actor or the type of
environment. The implementation of people-movers is surrounded by many different
uncertainties due to its newness, therefore lack of experience and data and disruptiveness. The
combination of uncertainties create an unpredictable future that could move in any direction.
Therefore, the implementation of people-movers is surrounded by deep uncertainties. To
develop an adaptive strategy under conditions of deep uncertainty, Dynamic Adaptive Planning
(DAP) was used.
(2) What does the proposed adaptive strategy for the implementation of people-movers look
like in theory?
Based on theory, a widespread implementation of people-movers in the Netherlands would
increase safety, inclusivity, efficiency and quality of life while reducing congestions, costs and
accidents. To elaborate on costs, replacing current lines with people-movers would reduce the
costs of labour which account for 50% of the operational costs. On the other side, the
implementation is mostly limited by legislation, costs and its newness.
This created the initial plan to implement the people-mover within its theoretical boundaries on
a separated road between Nijmegen Central and Nijmegen Heyendaal and operate as a metrosystem.
The most prominent uncertain vulnerabilities of the initial plan were:
(1) Acceptance by passengers and stakeholders. They need to be aware of the benefits and
opportunities before implementation. Lobbying and information platforms need to be created
to spread awareness and increase trust in the system by Transdev and the 2Getthere.
(2) Technology and safety, due to the limited amount of testing the people-mover is lacking the
empirical evidence that it is more reliable and safer than the current buses. Transdev, 2Getthere
and the municipality need to create a safe environment by using designated lanes.
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(3) Legislation. In theory, the current BOEV and ‘experimental law’ create the opportunity to
implement people-movers and test on the road. Studies show that it causes high costs long
waiting times resulting in limited amount of testing possibilities opposing the implementation.
The most prominent uncertain opportunities are:
(1) Technological break-through. The speed of ADAS developments have the potential to
ensure technological maturity of people-movers. The opportunity is to increase the trajectory
of the initial plan to the full loop of Heyendaal including mixed traffic and coping with the
reducing number of chauffeurs.
(2) High demand. Increase the fleet on the current route and seek for potential routes to widen
the scope of success by means of agreements with area developers.
The adaptive strategy is predominantly steered by the developments in technology, costs and
legislation.
(3) What does the proposed adaptive strategy for the implementation of people-movers look
like in practise?
In practise, the focus lays on increasing safety and improving the overall mobility of Heyendaal
but most importantly to create a viable business case for Transdev. Compared to theory, which
had a high focus on reducing costs, the focus lays on generating monetary benefits. This because
the costs reduction is neglectable due to the increase in monitoring personnel and the
compensation determines whether or not the implementation should start. The theoretical initial
plan in practise showed the following flaws:
(1) In theory, people-movers need a constant high flow of passengers which can be found on
the corridor between Nijmegen Central and Nijmegen Heyendaal. In practise, the flow of
passengers is exceeding the realistic capacity of people-movers resulting in a slow line of traffic
of at least 29 people-movers.
(2) In theory, the operational costs compared to buses would decrease by removing the driver.
However, due to the high number of passengers on the corridor, buses are the most efficient
way of transporting people.
(3) In theory, the implementation would increase the mobility of passengers between Nijmegen
Central and Nijmegen Heyendaal by an increased frequency. However, practise show that the
speed of people-movers is not high enough and if the municipality wants, they can increase the
frequency by asking Transdev since they are not driving at full capacity.
Stress-testing the initial plan showed that the proposed adaptive strategy for the implementation
of people-movers in Nijmegen should cater to a different need then buses.
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To answer the research question: “What is the proposed adaptive strategy for service provider
Transdev to implement people-movers in Nijmegen?”
The proposed adaptive strategy for service provider Transdev to implement people-movers in
Nijmegen is as follows.
The initial plan concentrates on increasing the mobility of passengers on the loop of Heyendaal
by connecting buildings and parking lots creating its own need (figure 7).
(1) Reservations have to be made in area developments with research institutes and
governmental institutes to ensure room for innovation (RU, HAN, UMC, Municipality of
Nijmegen).
(2) The maximum speed around the loop of Heyendaal needs to be lowered to 30km/h by the
municipality of Nijmegen.
(3) Changing the traffic stream to one-way traffic only opening up a lane for new plans. In line
with reducing the space for cars, the most space inefficient way of traveling.
(3) Use the free lane to create full priority bus lanes surrounding the loop of Heyendaal done
by promoting priority of public transport in Sustainable Accessible Heyendaal.
Vulnerabilities:
- If the municipality does not accept people-movers as alternative mode of transportation. Then
lobbying should be increased to spread awareness and benefits to convince the municipality.
This has an effect on the compensation per ride or hour for people-movers.
- If the compensation per ride or hour for people-movers is not ready or not sufficient, do not
implement the people-movers yet and proactively seek the right compensation from
governmental institutions.
- If technology (safety) has not yet improved, make use of the bus lane and focus on connecting
buildings and parking lots on the loop in comfortable and sustainable people-movers with safety
stewards.
- If legislation has not yet changed, make use of the bus lane around the loop with safety
stewards in combination with the BOEV.
- If the stakeholders do not vouch for implementation due to its disruptiveness and newness,
increase their knowledge by lobbying, information sharing and projecting the people-mover on
the loop.
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Opportunities:
- If demand rises beyond projection the current route needs to be exploited to its maximum
capacity. Then costs, legislation and technology need to be on par to seek potential expansion
to P+R’s.
- If technology breaks-through and the potential to directly implement people-movers in mixed
traffic operations arises. Expansion to (1) Goffert to Heyendaal, (2) Ressen to Lent or Nijmegen
city centre or (3) P+R Malden to Heyendaal need to be considered in combination with
legislation and compensation.
Here are the main uncertainties for implementation in Nijmegen.
- The leading uncertainty for Transdev originates from unclarity about compensation. This
effects the possibility for Transdev to create a business case and assess whether or not the
project is viable.
- The second uncertainty arises from its technological capabilities, it should be safer and more
reliable however, this should still be experienced in Nijmegen by means of learning by doing.
- The final uncertainty concentrates on the value that it could create, it is uncertain whether or
not and how long it will take before it is seen as a fully matured alternative mode of transport.
This affected the vision of area developers as to why it is even needed to test more with peoplemovers because other alternatives already exist.
All in all, the implementation of people-movers in Nijmegen is a wicked problem. It became
clear that the disruptive nature of people-movers got in the way of its implementation
capabilities. Where stakeholders see value in mixed traffic operations, connecting parking lots
with hubs in Heyendaal, the people-mover is not allowed (RDW) and capable of creating value
in such way. In order to overcome the gap between wat is possible and what is wanted, Transdev
needs to apply a long-term, step-wise approach with the right compensation to incrementally
grow the disruptive technology into the mobility system of Nijmegen.
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7. Discussion
This chapter concentrates on the interpretation, implications and limitations of the results
followed by recommendations for further research and ending with a reflection.
Interpretation and implications
To start with the former two, the interpretation and implication of results. Stress-testing the
literature DAP with interviews and developing a tailormade DAP for Transdev revealed
relationships and contextualised new findings. Highlighted are the most significant results.
(1) As the discussed theory in chapter 2.1 explains and the interviews confirm, the
implementation of people-movers is surrounded by many (deep) uncertainties. The main
constraint for the implementation of people-movers is uncertainty about compensation. The
interviews with Transdev repeatedly mentioned that as the core of their concerns, the economic
feasibility. This directly affects all other stakeholders since it is uncertain whether or not it is
feasible for them to invest or cooperate. This contributes to our knowledge that when the
benefits are not in the slightest clear, due to its disruptive nature, the operator cannot create a
business case project its return on investment. As long as that uncertainty is there, it will leave
all players in awe and no actions will be taken.
(2) All interviewees mentioned a form of contingency. This comes back in form in dependence
on partners as: “We have to wait for the EU” or “It depends on the attitude of the municipality”
or “We can only do it together (…)” (personal communication, all interviews, 2022).
Everything depends on each other, that makes it a wicked challenge and this shows the
importance of having all stakeholders on board for a long time to incrementally implement
people-movers in Nijmegen. As van der Heijden (2022) said: “It also has to do with having guts
and having the urge to innovate.” Buise (2022) shares the same opinion by mentioning a similar
quote in his interview. The second form of contingency comes from the actions conducted by
those partners. “If legislation is updated” or “If the municipality comes with clear compensation
per ride or hour” or “if more testing is done” (personal communication, all interviews, 2022).
It shows the importance of using the DAP to be able to map out steps and being able to
anticipate on ‘what if’. There is a split between conservative partners and innovative partners,
visions do not line up which affects the business case making the implementation unrealistic
(personal communication, Lieven, 2022). Interestingly is the effect of indecisiveness of
governmental institutions that make private companies wait and not innovate.
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(3) To relate back on the conceptual model, the influence of each stakeholder is paramount. As
Lieven said: “We need all players to even start.” In this case, the municipality clearly stated
that it does not see a future in people-movers in Nijmegen in its current state. Therefore, the
initial plan is to first create new infrastructure in line with the objectives of the municipality
and then use the new infrastructure to implement people-movers. The time that passes allows
for lobbying and creating awareness which is needed since not all stakeholders have the same
vision due to their lack of experience and knowledge about people-moves.
(4) Reducing costs is one of the leading triggers to implement people-movers based on literature
review from a business perspective. Contrary to the literature research, the calculated cost
savings done by Transdev (2022) by removing the chauffeur and replacing it with a peoplemover is almost neglectable due to the high costs of monitoring the vehicle (personal
communication, Lieven, 2022). This brings us to an interesting overall finding, the mismatch
between theory and practise concerning the value creation of people-movers. Theory finds high
value in experience, new knowledge and the ease of costs reduction whereas the interview
results show that those elements are nice to have and the business concentration’s need lays on
generating monetary value and directly solving mobility problems. There is a need for a finished
product that is ready for implementation, generates money and caters to a different need. As
Lieven (2022) said: “Not just innovating because of the innovation.”
This research implies that the implementation of people-movers is surrounded by (deep)
uncertainties. The main uncertainty for Transdev is related to the attitude of governmental
institutions. This implies that when the compensation is sufficient further steps can and will be
taken by private companies to implement people-movers. When the compensation is too low
or nothing changes, the implementation will not continue. The business case needs to be viable.
Other uncertainties will remain present when no actions are undertaken due to the lack of
experience. The increasing practical experience will step by step decrease uncertainties by
reducing the newness. Therefore, the incremental implementation is needed.
Limitations
The main limitations of this research are summed up in this segment.
(1) The research is concentrating on a disruptive technology and a new concept, people-movers.
This limits the number of articles and researches done before this study specifically on peoplemovers. Therefore, the number of articles to assess were limited.
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(2) The lack of experience with people-movers in practise pushes researchers to use projections
of potential benefits and constraints, when in practise this might differ. The research
investigates this for the city of Nijmegen but is limited since it is based on projections and
assumptions of stakeholders.
(3) The reader should bear in mind that the research is conducted with a limited number of
participants focusing on the implementation in Nijmegen. This affected the external validity by
the limited scope on the city of Nijmegen for Transdev.
(4) To critically reflect, the researcher was limited to a hard deadline and in a learning process.
The research was therefore limited in time and experience.
Recommendations for further research
(1) Further research needs to be done in the finding the right compensation for Transdev or any
other operator to implement people-movers with a positive return on investment. This can be
related to the role of concessions or governmental institutions in public transportation and new
modes of transportation.
(2) Further research should concentrate on legislative boundaries of people-movers and
autonomous driving vehicles as well as the infrastructural changes needed to implement
autonomous vehicles.
(3) Further research should be undertaken to see how the implementation of people-movers
turns out when considering level three uncertainties. Level three uncertainties would use a
different decision-making method and could result on new findings building upon this study.
(4) Further research should be done by using the business perspective when implementing
innovative ways of transportation. A pattern might be discovered as to when private companies
are willing to take risk or wait.
(5) Further research could be done on the role of Dynamic Adaptive Planning in business
strategies. Limited research could be found on business applications to guide future decisions.
Recommendations for Transdev
The conclusion is also the recommendation for Transdev when implementing people-movers in
Nijmegen. In short, it is recommended for Transdev to use DAP to cope with the (deep) uncertainties
surrounding people-movers. The implementation of people-movers and being able to manage the
increasing complexity to develop a mature transportation alternative needs to happen in the steps
disclosed in the conclusion. When conducting the steps, Heyendaal becomes more sustainable and
accessible led by public transportation in line with all stakeholders’ objectives.
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Appendix 1: People-mover D2E

Source: D2E International VT Consultants Ltd, sd
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Appendix 2: Levels of uncertainty
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Appendix 3: People-mover experiences
Rotterdam
The Rivium shuttle, also called Parkshuttle, has been operating from 1999 till June 2019
between Kralingsezoom to Rivium company hub in Capelle aan de IJsel covering 1.8
kilometers. The people-movers operate on a separate road and are not mixed with other traffic.
The project stopped in order to replace the second generation with the third generation. The
third generation would partially mix with traffic and that is putting the launch on hold (NU,
2021). The third-generation people-mover is a bus that holds up to 22 people that has all the
latest technology to function on its own lane and in traffic (2Getthere, 2020). The first and
second generation were a great success due to the dissimilar regulation when the people-mover
operates on a special road. Transdev could circumnavigate the strict legislation of autonomous
vehicles in regular traffic, up until the third generation. The previous models moved more than
2000 travellers a day, people-movers arrived every 2,5 minutes in rush-hour and every six
minutes in down times (Transdev, 2019). Relevant to address is the success factor, it goes to
show that a road only eligible for people-movers would increase the costs of changing the
infrastructure but lower the legal challenges and thus the limitations to implementation. In 2017
Verkeersonderneming invested 4,25 million euros in order to make the ParkShuttle road legal
within two years, two yeas turned into five years and according to the municipality the final
tests will be in 2022 (OVPro, 2017). The usage of closed roads came with the main benefit that
the shuttles were legally allowed to operate without a steward on board, resulting in the financial
benefit of mobility without employees (Gemeente Capelle aan de IJsel, 2022). The Rivium
shuttle demonstrates the possibilities when a service provider (Transdev), a vehicle supplier
(2Getthere), the municipality (Rotterdam The Hague) and the government (Infrastructure and
environment) come together. To conclude, the conditions under which the people-mover in
Rotterdam succeeded are: a basic start on a secluded road with an adaptive vision to expand
when technology and acceptance at disposal. This reduced the deep uncertainty of project
capabilities and risk control since they start within their possibilities and the legal boundaries.
In addition, close cooperation with the four main stakeholders developed risk control and
reduced organisational risks.
Ede-wageningen
In 2016 WEpods were launched by the Technical University of Delft in The Netherlands to
operate between train station Ede-Wageningen and Wageningen University, distance to bridge
of 6 kilometers. The aim of this pilot was to clarify learning goals for people-movers and to
learn from failures and successes (R. Boersma, B. van Arwen, 2018; Ralf-Martin Soe, 2020).
The following learnings were derived from the WEpod case in Wageningen. First of all,
Boersma et al. found that a GPS signal alone, to instruct the WEpod where it is and how to
drive, was not enough due to weakening GPS signals on some parts of the route. This caused
the WEpod to deviate from the assigned route, a problem that was experienced in multiple pilots
(R. Boersma, B. van Arwen, 2018; Scheltes, 2019). In addition, the procedure to legally let the
WEpod operate on the assigned route raised many questions from the RDW (Dienst
wegverkeer) and the SWOV (StichtingWetenschappelijk Onderzoek Verkeersveiligheid). In
the end, the WEpod was categorised as a car and had to have at least one steward on board to
be able to intervene. Besides authorities, politicians got involved as well, the WEpod not only
had to ensure the safety of all people, it also has to ensure the safety of all potential crossing
animals (Boersma R. , 2018). The project had an overall positive effect on the city by means of
attention and was widely appreciated by the inhabitants of the city. From a monetary
perspective, the costs of the project were 4.1 million euros whereas the estimated project costs
were 3.4 million euros (Boersma R. , 2018). The increase in project costs was mainly due to
soft- and hardware updates. External influences, such as cyclists or overtaking cars, disturbed
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the virtual safety bubble of the people-mover which would affect the movement of the peoplemover. In the end, the government and province concluded that the WEpod was not safe enough
to mix with regular traffic, the government stopped financing the project and the WE-pod-pilot
had to be terminated (NOS, 2019). One of the WEpod is still in use on the WUR (Wageningen
University of Research) campus in order to conduct further research. The second WEpod was
exported to a new project in Weeze. The pilot provided heaps of technical data for other pilots,
such as Weeze. The WEpod pilot was also the first pilot that openly shared information on its
costs to provide financial data for future similar projects. To conclude, the conditions that
caused the WEpod pilot in Ede-Wageningen to fail are: the extraction of governmental and
municipality funding making the costs and financial risk too high to continue, the legal
turbulence by directly aiming at WEpods mixed with regular traffic increased the uncertainty
of implementation and technical limitations that increased the uncertainty of project
capabilities.
Sion
PostBus has been testing two people-movers for five years from 2016 until 2021 in Sion, a
small city in the south of Switzerland (PostBus, 2021; Hunt, 2021). It was funded by the
municipality of Sion and Uvrier in combination with Postbus and BestMile in order to cover
the costs of innovation and reduce the risk. It transported more than 54,000 people since June
2016. The pilot was set up with people-movers that could hold up to eight passengers and on
average 75 people per day would make use of the service (Space, 2020). The customers could
summon the SmartShuttle from an app or a tablet that was placed at the 14 strategically placed
stops. These 14 stops were connected with other public transportation alternatives and hubs.
Hunt and members of BestMile emphasize that due to legislation, every SmartShuttle had to
have a person on board that could intervene, but this will change in the near future in
Switzerland (Hunt, 2021). However, this points out the concern in other papers, the shortcoming
of legislation around automated vehicles when mixed with traffic. In addition, the people-mover
only travelled at an average speed of 8 km/h in order to adhere to safety regulations. On top of
that, the organisation consisted of 12 partners in order to achieve the right funding and
implement the people-movers (City of Sion, ASTRA, Bern, PostBus, Siemens, Bestmile
Platform, Navya, EPFL Lausanne, HESSO, Canton of Valais and Swiss Post). According to
PostBus, the success in Sion encouraged them to apply for the EU Avenue (Autonomous
Vehicles to Evolve to a New Urban Experience) project which is funded by Horizon 2020.
Horizon 2020 aims to pave the way for the use of self-driving vehicles in public transport by
means of producing viable concepts of automated mini-buses in suburban environments
(PostBus, 2021). Martin Neubauer, project manager of SmartShuttle, mentions why this pilot
has been experienced as a success: ‘it is a safe, efficient and eco-friendly solution for local
transport and meets the mobility requirements of the urban population’ (Neubauer, 2021). The
five-year pilot stopped in 2021 and the project was taken over by EU Avenue which included
Sion in their portfolio (Avenue, 2020). This pilot is important since it shows the possibility of
successfully having people-movers mixed with other traffic and meeting mobility requirements.
To conclude, the conditions under which the pilot in Sion succeeded are the following. First of
all, many partners (12) were needed in order to set up the pilot by means of funding, providing
material and spreading the risk. All partners seemed to have dissimilar roles and expertise, such
as, material provider, radar adjustments, infrastructure and safety and more. The strong
partnership may have covered some deep uncertainties. Secondly, due to the small scale start
in a rural area, it provided the opportunity to scale up based on new knowledge and success.
This caused Avenue to step in and integrate Sion in their mobility programme.
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Paris
The next pilot analysed is the pilot in Paris, France. The pilot in France used people-movers
which could hold up to six people and a safety steward. The pilot is included in this paper
because it assesses the people-mover in a highly busy part of Paris with the peaks of business
people and tourists. The pilot started in 2017 and lasted two years. After six months the peoplemover already transported more than 30,000 people on a route of 600 meters (Wiesmayer,
2019). The first six months of the pilot were a great success, 97% of the users said they were
satisfied with the service and 88% would use the minibus again (Wiesmayer, 2019). After the
first six months, it broke down and it took more than six months to get it back on the road. In
the meantime, it lost its novelty and people lost interest resulting in a massive drop of users to
11,865 in the next six months (Ile-de-France Mobilités, 2021). This reduction of mass lowered
the attractiveness of the investment. Another reason was the pace of the people-mover:
theoretically, it could drive up to 40km/h, but in practice, its average pace was 7km/h. The minibuses did not reach their full potential due to the constant changing environments, such as
Christmas markets and festivals, and high number of pedestrians, cyclists and cars which
interrupted the minibus (Laurenson, 2021). The result of the pilot was unsatisfactory according
to Paris La Défense (2019) and Île-de-France Mobilités (IDFM) (2021), however, that did not
stop them from launching a new pilot with larger buses running from March 2021 to June 2022
(SmartCitiesWorld, 2021). The condition that caused the pilot to fail is the lack of a designated
road and its technical difficulties. The people mover did not get up to speed and could therefore
not create extra value for its target customers. The pilot also showed the condition of reliability
and the need for a mass to cover the return on investment.
Appelscha
The pilot in Appelscha (2017) in The Netherlands had as objective, to investigate whether it
was possible to introduce people-movers on bicycle lanes in order to connect rural villages with
little to no public transportation (Boersma R. v., 2017). The pilot ran in a small village in the
northern part of The Netherlands from September 19, 2016 till October 31, 2016. In comparison
with other pilots, this pilot has a clear customer segmentation focusing on people with an age
of 65 years or older. The pilot shows an interesting feature: due to the limited speed of the
people-mover the people-mover was allowed to drive on the bicycle lanes of a dedicated bicycle
network (Figure below). This is different from the previous discussed pilots that used the
normal road or had a private road at their disposal. The pilot in Appelscha failed because of
various reasons. First of all, the sensors of the people-mover were not set up right, causing low
hanging branches, grass and rain to affect the people-mover since it wrongly identified objects
and stopped. Secondly, the people-mover took too much space and cyclists had to move out of
the way into the grass to let the people-mover pass. It caused confusion among cyclists as to
how the people-mover would react when passing since it could not move away from its assigned
route (At-North, 2016). In order for it to succeed more infrastructure adjustments had to be
made such as, widening the bicycle lanes. The pilot was driven by a ‘learning by doing’
approach, adopting the business model canvas as the theoretical framework. The main value
created was the data gathered for new pilots in Northern Netherlands (Hamstra, 2017).
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(EZ10 People-mover Appelscha on bicycle lane. Source: Boersma, 2017)
Weeze Airport
Whereas Switzerland already tested SmartShuttles in a rural area, most countries choose to test
and implement people-movers in combination with airports, often called ‘Parkshuttles’.
Important examples of this are the test operation with WEPods at Weeze Airport in Germany,
the Rivium ParkShuttle and a slightly different case of the analysis of automated vehicles
between Rotterdam The Hague Airport and metrostation Meijersplein in the Netherlands. Here
the pilot Weeze is analysed. In the beginning of 2019, Weeze Airport started with the
interregional project, ‘Interregional Automated Transport (I-AT) (I-AT, 2020). The pilot
finished at the end of 2019. The pilot focused on shuttles between terminals and parking lots
and between terminals and the airport hotel. The test started with only driving between the
terminal and the parking spaces. The pilot was conducted with involvement of over 20 Dutch
and German organisations including municipalities and its subsidiaries, launching the first
autonomous driving shuttle in Nordrhein-Westfalen with a budget of 8.5 million euros (Figure
2). The people-mover used for this pilot is the WEpod, a people-mover used in an older pilot in
Wageningen, The Netherlands (I-AT, 2020; Reanne Boersma, 2018). The WEpod has room for
six people and a safety steward (Boersma R. , 2018). The pilot was labelled successful because
the stakeholders gained a lot of data in terms of safety, mapping and future opportunities.
However crucial points came up that caused delays and uncertainty. First of all, the authorities
and road safety organisations struggled to agree to the pilot due to similar problems as with the
WEpod in Ede-Wageningen. Therefore, similar to the pilot in Sion, at all times, the peoplemovers had to have a safety operator on board. In addition, in order to let the people-mover
drive over the two set up routes, the existing infrastructure had to be adjusted to guarantee the
safety of other road users (I-AT, 2020). Snow, leaves and rain caused the people-movers’
sensors to be jammed and affect the ride experience. From a technical perspective, the peoplemover shut down once due to a heatwave, causing the batteries to overheat (Scheltes, 2019).
Rotterdam The Hague
This pilot provides more information as to why parties would commit to a people-mover project
and under what circumstances (R. Boersma, 2018). This is why this case is of paramount
importance, it takes into consideration the business perspective in terms of opportunities, costs
and deep uncertainties. First of all, De Verkeersonderneming, an organisation consisting of the
municipality of Rotterdam, Rotterdam The Hague, the ministry of Infrastructure and Water and
the Port of Rotterdam, aimed for people-movers instead of buses between Rotterdam The
Hague Airport and metro station Meijersplein. Organisations were asked to hand-in a two-pager
in order to share their contributions to the last-mile challenge between the aforementioned
stops. This resulted in three interested partners (2Getthere, RET and APPM) that met the set
criteria. In the end, these three players did not subscribe to do the project, because of two
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paramount reasons. First of all, due to the low number of users on this route (average 610 per
day), due to which 2getthere failed to create a positive return of investment after 15 years (R.
Boersma, 2018). According to 2Getthere, the minimum mass was not reached. 2getthere does
have the technical means to start this pilot as they show their capabilities of a people-mover
between metro station Kralingsezoom to Rivium company hub in Capelle aan de IJssel,
(Transdev, 2019). Secondly, an important hurdle for the company was that 50% of private
investment was required and 100% private operation of the system. No funding available
drastically increased the risk and uncertainty for the investor. To clarify, Dutch public
transportation services are funded for 45% on average by municipalities (CROW, 2013). In
other words, the viability of the project was harmed due to the project’s requirements and set
up. This shows that funding and cooperation of the municipality is conditional in introduce
people-movers on a route. In addition, cutting edge innovation often comes with many risks. In
this situation, the selected companies struggled as to who should bear these risks when the
project fails (Kang, 2020; R. Boersma, 2018). The companies mentioned that they would start
with the project when there is funding coming from the government which would lower the
private investment and risk (R. Boersma, 2018; Scheltes 2019). In addition, research of
Boersma showed that risk clarification could have changed the minds of the potential project
partners (R. Boersma, 2018).
Concluding people-mover uncertainties
The analysis of people-mover pilots gives a first indication of at least three conditions under
which the introduction of people-movers could succeed or could fail. First of all, the
introduction of people-movers should start on a designated road, not mixed with other traffic.
Directly seeking a match with regular traffic causes interference problems, causing other road
users not to be sure how the people-mover will react when sharing the road. This might result
in more unsafe situations. Secondly, legislation causes many introductions to stop as it is
uncertain and unclear as to when a system is fully ‘grown-up’ and therefore road legal. Thirdly,
due to the applied technology, the speed of people-movers in traffic is below 10 km/h and due
to that it is not able to fully offer an alternative for individual car use, regular public transport
services or biking. The fourth condition that should be met is the cooperation of the government
and the municipality. The costs of the introduction are too high and too risky for a service
provider alone. See the table below for an overview.
Pilot
Sion
Weeze

Type

Rural/Urban Command/designated
route
6 people Rural
Both
6 people Rural
– Designated route
WEpod parking
NA
Urban
Both

Safety
steward
Yes
Yes

Costs

Reason
stopped
Unknown Still in use
8,5
mil. End of pilot
funded
NA
No start

Rotterdam
NA
The Hague
Ede6 people Urban
Designated route
Yes
4.1 mil.
wageningen WEpod
Paris
7 people Highly
Designated route
Yes
Unknown
urban
Appelscha
10
Rural
Designated route
Yes
Unknown
people
Rivium
7 people Urban
– Designated route
No
Unkown
–
22 own lane
people
Appendix 4: Deep uncertainties people-movers by J. Janse (2004)

Success
Yes
No
No

End
of No
funding
End of pilot
No
End of pilot

No

Next
generation
legislation

Yes

-
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There are several deep uncertainties described in the paper of J. Janse when introducing peoplemovers: technique and human acceptation, risk control, project capabilities, organisational risks
and sense of urgency. The deep uncertainty of technique and human acceptation bears in mind
the far technological leap forward of people-movers compared to the human acceptation and
knowledge. Customers are sensitive to large technical jumps forward and could not be ready
for such transformation. Continuing to risk control, innovation automatically comes with risk,
since financial investments need to show a valuable return in order to be a viable option for
partners to step in and stay in. It is uncertain whether the introduction of the concept will
succeed and who will bear the costs when the project fails. That listens closely to organisational
risks, due to unclarity about the costs structure and uncertainty regarding who will stay during
the project. The project capabilities relate to the uncertainty about practical implementation:
systems need a minimum mass or usage to succeed. In addition, project performance
conclusions of people-movers are based on pilots, experiments in often low-scaled
environments, which only have a limited use for implementation of people-movers in practise.
This shows the uncertainty whether or not a people-mover is able to cope with real situations.
Lastly, the sense of urgency refers to the lack of a direct need to implement a disruptive
technology when the sense of urgency is not high enough. The traffic problems need to be that
problematic that a disruptive technology, such as the introduction of people-movers, can
succeed (J. Janse, 2004).

Appendix 5: Traditional decision-making framework under level 1 or 2 uncertainty
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When facing an innovation, a decision-maker in any organisation requires a complete view of
various alternatives, their possible consequences, and the conditions (including acceptability,
legislation and institutions) for implementation (Marchau, 2019). Where alternatives are the
means to reach specific ends, which are possible and desired. The alternatives are strategies and
plans that are needed in order to reach desired business objectives. In other words, decisionmaking is the act of choosing the right alternatives in order to change system outcomes in a
desired way (figure below) (Walker W. E., 2000). Figure 5 is the traditional framework for
decision-making and works as follows. The development of plans influences the behaviour of
the system and therefore the outcomes of interest. The system is defined as its physical and
human elements and their interactions. The elements in the mobility system are: transport
subjects (people or freight), transport-mode (road, maritime, air and rail) and the infrastructure
(Rodrigue, 2020; V. Marchau, 2017). The interaction between these elements result in the
outcomes of interest. One could think about business related KPIs (Key Performance
Indicators), such as, the return on investment, customer satisfaction (Net Promoter Score) and
growth. The outcomes of interest are indicators for the assessment of the used strategy. The
goals, objectives and preferences are formed by the utilities of the decision-makers and the
stakeholders given to the outcomes of interest. The two forces that can influence the system are
the decision-maker by means of the specified strategies and the external forces. To start with
the latter, external forces influence the system outside the control of the decision-maker.
Exogenous forces that may affect the system domain of people-transportation are based on
PESTLE, Political, Economic, Social, Technical, Legal and Environmental developments
(Bismark, 2018). The strategy influences the system, hence, the behaviour of the elements
within the system in order to reach the desired outcomes, it is therefore of paramount
importance that a company selects the right strategy.

(Figure: The framework for decision-making. Source: Walker W. E., 2000)

Appendix 6: Interviewees and why
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Who?
Wim

Why?
Lieven

–

Senior - Direct information on stage setting used as the introduction of the

Vervoerskundige Arnhem- interview.
- To assess the hypothesised vulnerabilities and opportunities.

Nijmegen

- To understand their anticipatory actions
- To understand their vision on people-movers.
- To understand the value per signpost, ranking.
- To understand the critical values of signposts in innovation projects in
Transdev.
Michael Calf - Transdev - Insight knowledge in vulnerabilities and opportunities seen at the Rivium
Rivium

ParkShuttle ParkShuttle.

project-owner

- Anticipatory actions conducted by Transdev.
- Current view on vulnerabilities and opportunities.

Jasper

Meekens

Municipality of Nijmegen

- - Understanding the future view of the municipality provides insights in
what they see as opportunities and threats. This understanding helps to
envision anticipatory actions.
- Understanding the potential role of the municipality in Nijmegen.
- Understanding other running projects that could harm or help the
implementation for Transdev.
- To clarify the potential to change the infrastructure if needed.
- To assess their willingness to become a partner.

Rebecca

Rommerts- - To map out future vulnerabilities and opportunities from a mobility expert

MUConsult

point of view.
- To understand potential remedies for future threats.
- To understand contingent future potential of people-movers.
- To understand crucial signposts in the implementation of people-movers.
- To understand the monitoring process and values in other innovative
mobility introductions.

Floris Liebrandt – E-mail - - To map out future vulnerabilities and opportunities from a mobility expert
Mobiliteitsalliantie

point of view.
- To understand potential remedies for future threats.
- To understand contingent future potential of people-movers
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- To understand crucial signposts in the implementation of people-movers.
- To understand the monitoring process and values in other innovative
mobility introductions.
Rob van der Heijden, Carlo - To understand the potential role of Radboud University in the
Buise -Radboud University implementation of people-movers.
Nijmegen

- To understand potential signposts and triggers to maintain a partnership.

Karel Bieker – Province - To understand the potential role of the province of Gelderland in the
Gelderland

implementation of people-movers.
- To understand potential signposts and triggers to maintain a partnership.

Carlo

Buise

UMC Nijmegen

-Radboud - To understand the potential role of Radboud UMC Nijmegen in the
implementation of people-movers.
- To understand potential signposts and triggers to maintain a partnership.

Appendix 7: Research planning
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Objective

Start date

End date

Development of step 1

11-04-2022

17-04-2022

Development of step 2

18-04-2022

24-04-2022

Development of step 3 part 1

25-04-2022

8-05-2022

Development of step 3 part 2

8-05-2022

22-05-2022

Conclusion and finalisation

22-05-2022

12-06-2022

Appendix 8: Timeline ATS (Transdev ATS, 2021)
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Appendix 9: Extended and adjusted conceptual model based on the work of Geels and
Schot (2007)
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Appendix 10: Design semi-structured interview
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Steps
Topic introduction

Leading questions
People-mover implementation (also sent via e-mail)

Step I

- What constraints do you foresee when implementing peoplemovers? (Write down for further questioning per interesting
constraint)
-What would be your main objectives when implementing
people-movers/a new way of transport? (contingent per project,
set list of objectives, understand the importance and how/if it is
measured)
- When implementing transport alternatives, when would it be
considered a success? (builds upon the constraints and
objectives)
Optional to increase understanding
- Why do you value (answer) above other mentioned objectives?
- What is needed to achieve the aforementioned success?
- How does that influence the implementation?

Step II

- What is your perspective on the initial plan? (Bearing in mind
the constraints, objectives and success) Be sure to use the
previous answers to find actions to increase robustness.
- Why would it work for you or what not?

Step III

Which threats would you see in the future for this
implementation? Why do you see them as a threat for the initial
plan? How would you act upon them?
Which opportunities? Why do you see them as opportunities?
How would you act upon them?
(When little information is coming out ask:
Question the future of mobility and the future of autonomous
driving vehicles, what is certain and uncertain, what can we do
before we implement the shuttles.)

Step IV

How do you keep a close eye on potential threats and
opportunities? How do you monitor (the aforementioned threats
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and opportunities)? Come to a solution to solve problems when
the people-mover is already implemented.
What values would trigger a new response? (E.g. demand in/decrease?)
Step V

What steps would you undertake when trigger values are
reached? What should be in place during the operation?

Finalise

Wrap up the interview by summing up crucial elements, ask the
interviewee if they want to add something or ask for a
clarification when needed.

Appendix 11: Keywords per stakeholder interview
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Interviewee

Keywords

MUConsult & Mobiliteitsalliantie

Knowledge asymmetry stakeholders
BOEV – Costly, Time
Focus on Heyendaal instead of the initial
plan, also P+R
Safety
Step by step approach – positive yet wants to
wait until mixed traffic is possible

2Getthere

Mixed traffic hard – Need designated road
Metro idea – high frequency but low amount
of people
Likes the literature based initial plan
Safety top priority
Step by step approach
P+R
High prices of OV push people away

Municipality & Province

Space and efficiency lacking – city not safe
Duurzaam Bereikbaar Heyendaal
Nice to have – no need
Heyendaal has potential but it takes time –
P+R

Transdev

Focus on money
The savings on drivers aren’t that high due to
new monitoring personnel
Depends on the government and its payment
– compensation is crucial also for proposing
at concessions
Heyendaal perfect for innovations – Perfect
for new tests
Are testing themselves, implementing French
models
Need everybody on board and a constant
stream of people to make this happen
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Image
P+R
RU

Image – Research facilities
Possibilities by using area developments
Preparing for the future
Eager to help
Heyendaal loop
Future proof
P+R
Safety

UMC

Safety and accessibility
don’t care how as long as the people can
easily access all entrances of the hospital in a
safe way
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