
1 INTRODUCTION 
 
A robust and reliable railway system is necessary for 
a well-functioning society. Railway has always been 
important throughout modern civilisation as key to 
financial prosperity, where the railway system con-
stitute enormous societal value. The ongoing global-
isation, increased mobility, and the environmental 
challenges are demanding a shift from road transport 
to rail transport. An improvement of the railway de-
pendability, the effectiveness and efficiency of the 
operation and maintenance processes are essential.  

In Sweden, railway is deregulated. This includes 
operation and maintenance. In this work, it has been 
noticed that today’s maintenance contracts seldom 
consider aspects of implementation and innovation. 
Furthermore, it has also been shown, that planning 
and decision-making processes in maintenance are 
organised in completely different ways by different 
infrastructure maintenance managers, with little in-
tegration. To support maintenance planning effec-
tively and efficiently, Information & Communica-
tion Technology (ICT) and Operating Technologies 
(OT) need to be converged. Normally, these tech-
nologies and tools are not properly integrated into an 

overall asset management workflow, which cause 
insufficient synchronisation with service demand. 
This hampers a full utilisation of the enormous po-
tential of digitalisation. Organisations maintaining 
railway infrastructure require routine monitoring and 
inspection of track condition (Kumar, et al. 2008). 
Existing sensor technology can replace manual 
measurements in many cases. The sensor data can be 
used for e.g detection, localisation and cause identi-
fication of anomalies. Coupled with advanced ana-
lytical capability based on Artificial Intelligence 
(AI), deep learning, machine learning, sensor sys-
tems can provide maintenance stakeholders with 
valuable insights into the health of the railway sys-
tem, including infrastructure and the rolling stock. 

Implementation of AI in railway processes, e.g. 
operation and maintenance of signalling system, re-
quires appropriate information logistics, which can 
be designed based on a service-oriented approach 
(Karim, 2008; Candell et al. 2009; Morant et al. 
2013) 

In the railway industry, large amounts of condi-
tion monitoring data is being stored, but most of the 
information never finds its way to the maintenance 
decision process (Asplund et al. 2016). Useful in-
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formation for prognostics is often never used and 
hence the development of the predictive capability 
has been on a more moderate level (Galar, et al. 
2012). This allows for the increased possibilities of 
analysing big data sets and develop diagnostic and 
prognostic approach for the railway industry 
(Bergquist & Söderholm, 2015, 2016a, 2016b, 
2017). Anomaly detection and process mining meth-
ods are still being developed to serve the needs of 
the stakeholders (Zhang, 2016). Existing railway re-
lated degradation models, data mining strategies and 
IT solutions are still under development to improve 
the diagnostic and prognostic capabilities. 

The technology transformation affects not only 
the technical systems, but also regulations, organisa-
tions, processes, and individuals. Today, the digitali-
sation of railway is characterised by provisioning of 
digital services. According to Jansson (2017), digi-
talisation consists of three stages of change: technol-
ogy, products and services, and behaviour. Two ad-
ditional dimensions of digitalisation also need to be 
in place: 1) a well-developed ecosystem where both 
smooth integration of hardware; and software is nec-
essary and 2) a good cooperation between actors in 
the value network.  

A digitalised railway faces a range of challenges, 
e.g. data acquisition, transformation, modelling, pro-
cessing, visualisation, safety, security, quality, and 
information assurance. To deal with these challeng-
es, the railway industry ought to define strategies, 
which enable a smooth transformation of the exist-
ing configuration to a digitalised system. The digi-
talised railway affects not only the technical items of 
the system, i.e. hardware and software, but also 
liveware (i.e. humans). 

Digital railway requires a holistic approach based 
on a system-of-systems thinking and a set of appro-
priate technologies, and methodologies. The railway 
digitalisation strategy should be based on systematic 
risk management. Managing risk should consider 
aspects of needs finding, requirement identification, 
and changes for individual, teams and organisation. 
In addition, the risk management approach has to 
address issues of information security, traffic safety 
and project management. In literature, it is common-
ly accepted, that a key success factor in technology 
transformation is the capability of having a holistic 
change management strategy. Therefore, this paper 
aims to propose a framework for enhanced railway 
digitalisation. The proposed framework for imple-
menting innovations and driving change in a digital-
ised railway is based on a holistic change manage-
ment approach. 

 
 

2 THEORY 

2.1 Change management in digital transformation 
Change management takes care of the people side of 
change. It does little good to create a new organisa-
tion, design new work processes or implement new 
technologies if you leave the people behind. But get-
ting people on board and participating in the change 
will make the difference. Individuals will have to do 
their jobs differently, and it is the degree to which 
they change behaviours and processes that will make 
the change. The soft side of change is many times 
actually the harder side of change. Ultimately, 
change management focuses on how to help em-
ployees embrace, adopt and utilise a change in their 
day-to-day work. 

The motivations for change are as varied as 
change itself. Change ultimately results from people 
adopting new skills and demonstrating new capabili-
ties. Change has only truly occurred when individu-
als in the organisation begin working in new ways. 
Change management is an enabling framework for 
managing the people side of change. It provides an 
organisational framework that enables individuals to 
adopt new values, skills and behaviours so that busi-
ness results are achieved (Hiatt et al. 2012). Unlike 
project management, which is focused on the reali-
sation of a technical solution, change management is 
focused on the achievement of the desired results or 
outcomes of the change by managing people through 
their own transitions. The bridge between a quality 
solution and benefit realization is individuals em-
bracing and adopting the change. Benchmarking 
studies shows that projects effectively applying 
change management were six times more likely to 
meet their project objectives (Prosci, 2012). 

The main principles behind change (Hiatt et al. 
2012) are:  1) We change for a reason; 2) Organisa-
tional change requires individual change where the 
proficiency, the skills or competency demonstrated 
by employees directly correlates to the degree the 
benefits can be achieved; 3) Organisational out-
comes are the collective result of change; 4) Change 
management is an enabling framework for managing 
the people side of change; and 5) We apply change 
management to realise the benefits and desired out-
comes of change. 

There are pitfalls to avoid in digital transfor-
mation (Jansson, 2018). If there are no consensus 
regarding digitalisation and digital transformation, 
no change will happen. The decision to transform 
needs to affect all aspects of the company with a 
mutual understanding of the terminology as a pre-
requisite for everybody to be on the same page. No 
indecisiveness but a sense of urgency is needed, oth-
erwise no transformation. A sense of direction needs 
to be communicated repeatedly to avoid a sense of 
lack of vision. If there is too much focus on opera-
tions, innovation can drown in administration. It 
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may be necessary, to organisationally separate the 
operational and innovative parts. Focus on what ra-
ther than how. Which culture and skills does the 
company need and how should the expertise be co-
ordinated. Employ digital specialists before digital 
generalists, since the generalist understands which 
effects of digitalisation affects the company, how the 
company should respond. The generalist should be a 
link between technology, people and business. 
Company environments can limit digitalisation if in-
frastructure, policies, processes and culture get in the 
way and does not let new colleagues utilise their 
knowledge. Departments in silos can prevent the 
transformation due necessary companywide collabo-
ration. To become data-driven requires reducing the 
influence of politics and hierarchies on decision-
making in favour of facts. The management need to 
support and apply the digital transformation to 
achieve change. 

2.2 Systematic risk management 
Performing risk analysis is an essential step in the 
change management process, which provides a use-
ful communication tool for sharing concerns and 
communicating vision. Understanding risks related 
to change first requires an analysis of the potential 
risks and then agreement on the actions that will 
manage the risks effectively. As defined by ISO 
31000 (Risk management – Principles and guide-
lines), risk is the effect of uncertainty on objectives. 
This uncertainty can be related to both threats and 
opportunities, i.e. events or circumstances that have 
negative or positive consequences respectively. 
Hence, it is important to manage both threats and 
opportunities in a systematic way in order to succeed 
with change. Often the risk is calculated as the prod-
uct of the probability (or frequency) of a potential 
event and the consequences of that event. The risk 
management process includes activities like identify, 
assess, plan, implement and communicate. One way 
to use risk analysis within change management is to 
identify the possible barriers to successful organisa-
tional change and then assess the likelihood that they 
will materialise (Smith et al. 2014).  

Within railway, the regulation (EU) 2015/1136 
(Common safety method for risk evaluation and as-
sessment, CSM-RA) also puts some requirements on 
how to perform the change management process, see 
EU (2015). The regulation states that any change, 
including organisational changes, with safety impact 
on maintenance and operation is required to follow 
the CSM-RA risk assessment requirements. Hence, 
the first step is to evaluate if the change may impact 
traffic safety or not. If traffic safety might be affect-
ed, the next step is to evaluate if the change is signif-
icant or not. This evaluation is based on six criteria, 
where the change might be significant if any of the 
criteria is not fulfilled, i.e.: low failure consequence, 
low novelty, low complexity, easy monitoring, high 

reversibility, or low effect in additionally. If the 
change is both safety-related and significant, the risk 
assessment process of CSM-RA should be applied. 
Finally, the CSM-RA requires that a risk acceptabil-
ity of the changes under assessment shall be evaluat-
ed by using one or more of the following risk ac-
ceptance principles (EU, 2015): the application of 
codes of practice; a comparison with similar sys-
tems; or an explicit risk estimation. However, be-
sides requirements on e.g. principles and the overall 
process, the regulation does not give any advice on 
which specific methodologies to apply. In addition, 
for changes in the maintenance programme an ex-
plicit risk estimation is required (with exception for 
changes of maintenance intervals, where a compari-
son with similar systems may be relevant).  

For changes in the technical system, the standard 
EN 50126 / IEC 62278 (Reliability, Availability, 
Maintainability & Safety) provides methodological 
support. For changes in the maintenance pro-
gramme, a combination of RCM (Reliability-
Centered Maintenance) according to IEC 60300-3-
11 (Application guide RCM) and barrier modelling 
is applicable (Nyberg et al. 2012; Nilsen & Syv-
ertsen, 2015; Söderholm & Nilsen, 2017). The barri-
er modelling is based on the principles of bow-tie 
analysis, with the aims of reducing the probability of 
hazardous events and the severity of their conse-
quences (see e.g. De Dianous & Fiévez, 2006; Kha-
kzad et al. 2012; Nilsen & Syvertsen, 2015). This 
approach is an adaptation and extension of the barri-
er analysis as described by Bird & Loftus (1976), 
Heinrich et al. (1980), Bird & Germaine (1996), 
Reason & Hobbs (2003), and Hollnagel (2016). 
RCM is a proven dependability approach to system-
atically manage a living maintenance programme 
(see e.g. Nowlan and Heap, 1978; Moubray, 1997; 
IEC 60300-3-11; Ahmadi et al. 2007; Ahmadi et al. 
2010).  

In addition to traffic safety, information security 
is very important when managing change in railway 
based on opportunities with digitalisation. Hence, 
standards like ISO 27000 (Information security) 
provides valuable support. In relation to this there 
are also common regulations within EU that have to 
be considered, e.g. the NIS Directive (The Directive 
on security of network and information systems) and 
GDPR (General Data Protection Regulation). The 
NIS Directive is the first piece of EU-wide legisla-
tion on cybersecurity. It provides legal measures to 
boost the overall level of cybersecurity in the EU. 
GDPR is the most important change in data privacy 
regulation in 20 years. The regulation will funda-
mentally reshape the way in which data is handled 
across every sector, from healthcare to banking and 
beyond. In Sweden, there are also increasing re-
quirements related to national security and total de-
fence (combination of military and civil defence) 
that have to be considered. To manage aspects of 
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dependability, the IEC 60300-series (International 
Electrotechnical Commission) is an extensive collec-
tion of standards that provide detailed and useful 
guidance from a life cycle perspective, as well as 
application guidelines to specific issues such as reli-
ability analysis (see, e.g., the earlier mentioned IEC-
standards in this section). 

In addition, to enhance the change management 
process, continuous risk management is essential. 
The international standard IEC 62198 (Managing 
risk in projects – Application guidelines) provides 
principles and generic guidelines on managing risk 
and uncertainty in projects. In particular it describes 
a systematic approach to managing risk in projects 
bases on ISO 31000. The standard gives guidance 
provided on the principles for managing project 
risks, the framework and organisational require-
ments for implementing risk management and the 
process for conducting effective risk management. 
Preferable, the project risk management should be 
integrated with a systematic project model (e.g. 
XLPM, Excellent Project Management) to support 
the management of risk. In addition, actions that 
steams from risk management activities related to 
specific risk areas, e.g. traffic safety and information 
security, should be integrated in the project’s plan 
and risk register. 

2.3 Change management models and strategies 
A way to gain advantages in digital transformation is 
to create a business where continuous innovation is 
central and natural. To succeed, an agile organisa-
tion with the ability to work with continuous innova-
tion and act on it accordingly is needed. This capa-
bility exists in the form of skills, culture, structure, 
and processes that support the effort (Jansson, 2018). 
There are a number of different change management 
models that can be used to create a strategy for 
change. Five of these models will be highlighted 
with a short analysis providing examples of which 
essential factors to include in a framework for 
change management in digitalised railway. 

Lewins’s change management model describes 
three stages of change management (Smith et al. 
2014). First, you have to unfreeze your process and 
perceptions by determining what needs to be 
changed, ensure strong support from management, 
create the need for change, manage and understand 
the doubts and concerns. Second, you deploy your 
changes and communicate often, dispel rumours, 
empower action and involve people in the process. 
Last, you refreeze the new status quo by anchor the 
changes into the culture, provide support and train-
ing, and celebrate success.  

The ADKAR change management model is a bot-
tom-up method focusing on the individual behind 
the change with a set of goals to reach (Hiatt et al. 
2012). Change can be planned on an individual and 
organisational level by focusing on five goals: 

awareness of the need to change, desire to partici-
pate and support the change, knowledge on how to 
change, ability to implement required skills and be-
haviours and reinforcement to sustain the change.  

Kotter (2012) describes a strategy for the change 
process in eight stages: 1) Establish a sense of ur-
gency to provide the initial traction you need to get 
your team on board together with a stock of compel-
ling arguments; 2) Create the guiding coalition con-
sisting of a good span of experience and skills; 3) 
Develop a vision and strategy, achievement of val-
ues and predicted outcome; 4) Communicate the 
change vision to convince the rest of the organisa-
tion and be open to feedback 5) Remove barriers and 
reduce friction to empower broad-based action; 6) 
Make sure there are short-term wins associated with 
the changes to give a sense of accomplishment; 7) 
Sustain acceleration by consolidating gains and pro-
ducing more change; 8) Anchor new approaches in 
the culture, processes and documentation.  

The McKinsey 7-S model describes how to high-
light the changes you need to make by analysing 
seven aspects of your company: strategy, structure, 
systems, shared values, style, staff and skills (Smith 
et al. 2014). Then the 7-S’need to be cross-examined 
to find what incremental changes you need to im-
plement, which will not disrupt regular operations 
too much or alienate the employees.  

The Nudge theory (Thaler et al. 2008) is a mind 
set and tactic which can be used to frame your 
changes in a more attractive manner, since it is 
based on the idea that it is better to offer to choose 
the change than enforce change. The challenge is 
knowing how to present the nudges and the method 
to follow is to clearly define changes, take your em-
ployees’ point of view and use evidence as proof. 
Then present the change as a choice, listen to feed-
back, limit obstacles and keep the momentum up 
with short-term wins. 

 
 

3 CASE STUDY 
 
To identify stakeholders’ needs and requirements 
from a digitalisation perspective, a major case study 
within the operation and maintenance processes has 
been conducted. The case study has been based on a 
through literature study, interviews, and observa-
tions. The case study activities have been performed 
within a collaborative platform for railway stake-
holders, called ePilot. A detailed description of the 
ePilot is provided in the next section. 

3.1 ePilot 
The ePilot is a development and implementation 
project aimed at improving railway maintenance. 
The objective of the project is to improve punctuali-
ty and minimize interference in rail traffic as well as 
improve accessibility and quality. The strategy is to 
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provide more efficient maintenance through 
eMaintenance and design of decision support to ena-
ble context- and condition-based maintenance. The 
project is based on industry collaboration between 
infrastructure managers, railroad companies, con-
tractors, maintenance workshops, suppliers, innova-
tors and Luleå Railway Research Center (JVTC) at 
Luleå University of Technology. ePilot provides a 
collaboration platform for testing innovations and 
development of new solutions for maintenance deci-
sion support. The solutions are based on needs and 
requirements from various stakeholders in order to 
enable and transform the maintenance of the Swe-
dish fragmented rail industry to an integrated digital-
ised system. Additional project objectives are to: 
create an industry-wide process-oriented approach, 
create an industry-wide service-oriented IT infra-
structure that provides decision support based on 
condition data, disseminate results, provide educa-
tional materials and provide training opportunities 
for the railway industry in Sweden. 

Various types of data is needed in order to enable 
context- and condition-based maintenance. The 
stakeholders have different requirements for collect-
ing data for maintenance decision support. The in-
frastructure manager needs information about how 
the section is operated in terms of amount of trains 
and axles, train speed and actual axle load, vehicle 
characteristics, but also data about asset condition 
and the degradation rate. The traffic operator needs 
condition monitoring information, e.g. trend data for 
wheel degradation. The maintenance contractor need 
data on asset condition, amount of traffic, type of 
vehicles, amount of  train kilometres and the suppli-
er wants to know where the asset/component is in-
stalled, how it is used and what kind of failures that 
has occurred. 

In the ePilot, a platform for decision making in 
maintenance has been developed. It provides a cloud 
based, one-stop-shop for data analysis, which aids 
research projects and maintenance practices. The 
eMaintenance Railway Cloud includes: 
− A process for gathering information about re-

maining useful life, dynamic maintenance pro-
gram, performance measurements, maintenance 
support and planning 

− Services, such as, wheel query, force data analy-
sis, context adaption and data fusion 

− Data collected from Luleå Railway research sta-
tion, Trafikverket’s wheel profile detector, mobile 
sensors and way-side detectors 

− Measurement data of track quality, failure statis-
tics and inspection data. 

 
During the course of the ePilot, some examples of 

different factors influencing implementation of in-
novations in the railway system, which have been 
identified are: 
− A complex process for changing regulations 

− Unclearness and ambiguity regarding data owner-
ship and access rights 

− Low organisational readiness and maturity 
− Uncertainty of condition data quality  
− Unidentified requirements for the end users  
− Unclear benefits from implementing the results 

for the end users 
− Unclear responsibilities between the parties 
− Insufficient business models  
− A lack of incentives in the maintenance contracts 

for stimulating innovation, implementation, col-
laboration and information sharing 

− A lack of an implementation strategy e.g. a plan 
for how the new technology would be utilised and 
evaluated  

 
A first attempt of developing a supportive frame-

work describing factors affecting implementation of 
innovations in a digital railway context defines five 
different domains to consider: I) Innovation charac-
teristics, II) Characteristics of the individuals in-
volved, III) Inner settings, IV) Outer setting, and V) 
Process of implementation (Jägare. V. et al. 2015). 
The different domains in the framework addresses 
factors affecting change from a technological, indi-
vidual and organisational point of view, see Table 1.  

  

Table 1 A framework describing factors affecting implementa-
tion of innovations in a digital railway context. 

 
This framework aids to describe the factors affecting 
implementation of innovations and can be used as a 
checklist to reduce the risk of failure in a project. 
There is also a need for a conceptual framework, 
which consider and describes how to deal with do-
mains and factors connected to change affecting in-
dividuals and organisations. 
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4 RESULTS 

4.1 A framework for implementing innovations and 
driving change in digitalised railway 

A methodology has been developed and validated 
within a project platform for railway, i.e. ePilot. Us-
ing this methodology in ePilot has proven to be an 
efficient way to test innovations in a multi-
organisational collaboration, contributing to the digi-
talisation of railway maintenance. After the innova-
tion has been tested and benefits have been identi-
fied, an organisation can make a decision to 
implement the innovation leading to the start of an 
implementation project. In this work, a conceptual 
framework to support implementation of innovations 
and driving change in digitalised railway is pro-
posed. In order to implement new technology, a sys-
tematic project model e.g. XLPM, should be inte-
grated with project risk management that comply 
with regulations, e.g CSM-RA regarding traffic safe-
ty in railway, to evaluate and assess the change. The 
project management should also consider a checklist 
describing possible factors affecting implementation. 
Parallel to the project management, a holistic change 
management strategy based on a change manage-
ment model adapted to railway should be consid-
ered, in order to ensure the success of implementing 
an innovation considering the organisation and indi-
viduals. In an implementation project, the project 
management model ensures an efficient way of get-
ting the work done by doing the right things to 
achieve the goals. The change management model 
ensures an effective way of doing things the right 
way and making it stick to make sure the goals are 
reached. A framework can provide support when 
implementing innovations in order to digitalise 
maintenance, see Figure 1. 

4.2 Change management in digitalised railway 
The application of a holistic change management 
strategy provides the following general benefits: 
− Provides a conceptual scaffolding for people, the 

process and the organisation implementing 
change 

− Ensures the change process to be started and 
managed by the right people at the right time 

− Includes specific tasks and events that are appro-
priate for each stage in the change process 

− Creates understanding in the whole value-chain to 
support the change 

 
Benefits for the organisation: 
− Helps to align existing resources within the or-

ganisation 
− Allows the organisation to assess the overall im-

pact of a change 
− Avoid negative effects on the day to day running 

of operations 

− Reduces the time needed to implement change 
and decreases the possibility of unsuccessful 
change  

− Provides a way to anticipate challenges and re-
spond to these efficiently 

− Decreases the risk associated with change 
− Increases return on investment 
 
Benefits for the individual: 
− A safe transfer from the old to the new while 

maintaining morale, productivity, and even com-
pany image is supported 

− Provides support for concerns regarding changes 
− Helps to plan efficient communication strategies 
− Manages change to minimise resistance 
− Improves cooperation, collaboration and commu-

nication 
− Reduces stress and anxiety to encourage people to 

stay loyal to the organisation 
− Acknowledges and address personal loss/gain for 

individuals 
− Reduces disruptive aspects of change 
− Emphasises positive opportunities in the change 

process 

 
Figure 1. A framework for implementing innovations and driv-
ing change in digitalised railway. 
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4.3 Controlling the risks 
The application of systematic risk management in 
the change management process as described earlier 
provides the following benefits:  
− Compliance with existing regulations (require-

ments) and best practice (standards). 
− Systematises maintenance tasks in a traceable 

way through a system hierarchy.  
− Facilitates an understanding of the maintenance 

objects and the relationships between these. 
− Improved overview of failures, effects and the 

contribution of maintenance to efficient opera-
tion.  

− Analytical approach and criteria for identification 
of safety-related maintenance tasks. 

− Provides clear criteria for decision-making. 
− Gives a sound foundation for effective Key Per-

formance Indicators (KPI) that are relevant for ra-
tional follow up of operation and maintenance, 
e.g. failure codes, consequence types, barrier lev-
els, detection sources, and maintenance economy. 

− Documents best practices within maintenance. 
− Provides the foundation for a living maintenance 

programme and dynamic maintenance regula-
tions. 

 
 
5 DISCUSSION 
 
Operation and maintenance of the the railway sys-
tem is complex and requires the right skills and 
competence. In Sweden, operation and maintenance 
are performed by several commercial and non-
commercial organisations, such as regulatory author-
ities, infrastructure managers, operators, suppliers, 
maintenance providers, and consultants. The organi-
sations govern collaboration and cooperation 
through agreements and contracts that need to be 
based on performance management, incentives and 
collaboration requirements. However, it is believed 
that increased knowledge and improved description 
of the requirements and needs will facilitate change 
management and smoothen the implementation of 
innovations in a digitalised railway, which leads to 
the increased dependability and sustainability of the 
whole railway, during its whole lifecycle. Hence, 
traditional railway competence is necessary, but not 
sufficient to manage the paradigm shift to a digital-
ised railway. Complementary competence related 
digitisation and digitalisation has to be adapted, 
adopted and integrated. 

The proposed framework for implementing inno-
vations and driving change can give the necessary 
support and visualisation of the complex puzzle that 
needs to be completed, in order to accomplish a 
more digitalised maintenance process within rail-
way. It is important to include a holistic change 
management strategy fit to drive implementation of 

digitalisation of railway maintenance in a cross-
organisational environment heavily governed by 
regulations causing change to inherently be slow. 
However, by using digitalisation of the management 
of the regulation itself, digitalisation of the techno-
logical, organisational and individual parts of the 
railway system will be boosted. The railway itself 
has built-in safety systems (i.e. technical, organisa-
tional and methodological barriers) in order to re-
duce the risk of accidents to an acceptable level. 
This in itself means that the railway as a technical 
system will be slow to change compared to the speed 
with which digitalisation takes place. Therefore, the 
railway will have to work according to a method that 
gradually checks that what is being introduced, does 
not affect safety. The challenge will be to find the 
changes that do not affect safety negatively and 
drive them forward in a more rapid pace, and at the 
same time, work with the CSM-RA, ISO 27000, ISO 
31000, and IEC 60300-series principles to ensure 
smooth digital change in a system life cycle perspec-
tive, while maintaining control of safety, infor-
mation security and dependability. 

 
 

6 CONCLUSIONS 
 
Digital railway requires a holistic approach based on 
a system-of-systems thinking and a set of appropri-
ate technologies and methodologies. This case study 
investigates factors affecting implementation of in-
novations, aimed at digitalising railway mainte-
nance. In addition, how change management can 
highlight the human perspective of change i.e. digi-
talising maintenance decisions within the railway 
system (e.g. by adapting a Human, Technology, Or-
ganisation, HTO, approach).  

Based on the conducted case study, a framework 
has been proposed in order to provide support when 
implementing innovations in order to digitalise 
maintenance. The framework describes test of inno-
vations and implementation of innovations in rail-
way organisations. The implementation project need 
to consider a project management model, integrated 
with project risk management in line with CSM-RA 
(and preferable also ISO 27000, ISO 31000 and the 
IEC 60300-series) together with a checklist describ-
ing possible factors affecting implementation. Paral-
lel to the project management, a holistic change 
management strategy based on a change manage-
ment model adapted to railway, will consider the or-
ganisational and individual perspective. 

It can be concluded that a framework for imple-
menting innovations and driving change can give the 
necessary support and visualisation of the complex 
puzzle that needs to be solved, in order to accom-
plish a more digitalised maintenance process leading 
to a more effective and efficient planning of railway 
maintenance. 

International Heavy Haul STS Conference 2019

910



 
7 RECOMMENDATIONS 
 
As for the next step in this research, the framework 
for factors affecting implementation will be further 
developed and verified. There is a further need to 
compare and categorise the different change man-
agement models and strategies in order to fit the 
models to the conditions in the Swedish railway in-
dustry. In addition, a holistic change management 
strategy based on a change management model 
adapted to railway will be developed and tested.   
Finally, the framework for implementing innova-
tions and driving change in digitalised railway, will 
be tested and packaged into easy to use guidelines.   
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