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I. Introduction

A) Change and Change Management

The balance between maintaining existing customs and embarking on change is an omni-present managerial headache, a decision now aided by numerous change concepts and practical approaches [1], a complex process that revolves extensively around social science as much as fundamental business processes [2]. Its abstract nature is further highlighted by Stickland [3] who suggests the term change can be applied to various development initiatives including, but not limited to, “evolution, regeneration, innovation, revolution and transition” [3].
﻿
Hammer and Champy [4] back in 1993 described organisation change as both “pervasive and persistent” stating change as “normality”, a matter of even greater significance in the highly changeable business environment today [5]–[7]. Many firms are consequently aiming to find model that accommodates both the appropriate level of agility and a typically sturdy structure, a process that is suggested to be causing considerable confusion and much debate amongst academics [5]. ﻿Burnes and Jackson [6] suggest the variable nature of change provides copious responses to organisational evolution, reducing the efficacy of core theoretical models, the complexity and diversity of which is appreciated by ﻿Dunphy and Stace [8].
﻿“... managers and consultants need a model of change that is essentially a ‘situational’ or ‘contingency’ model, one that indicates how to vary change strategies to achieve ‘optimum fit’ with the changing environment” [6],[8]
The widely documented issues commonly instigate employee uncertainty, invoking employee opposition in various forms [2], yet despite such risks the importance of change is undisputed [9]–[11]. Norman and Brightman [12] provide the following definition of change… 
“the process of continually renewing an organisation’s direction, structure and capabilities to serve the ever-changing needs of external and internal customers” [9],[12]
B) Organizational Context and Change Program
Network Rail, the central subject of this paper, is a government owned firm funded by the Department for Transport (DfT) that maintains the underlying railway infrastructure across England, Wales and Scotland – over 20,000 miles of track [13]. The vast network they maintain, develop and seek to improve is then leased to operating firms, all of which comply with Network Rail regulations to operate their trains; seeing more than 4.7 million passenger journeys made every day [13]. Network Rail’s aim is to “provide a 21st century railway” [14] and are constantly undertaking upgrade projects through their Railway Upgrade Plan, seeing around “£130m spent each week” on such work [13]. However, alongside the challenges of routine network maintenance sits the long term “Digital Railway” vision [13],[15].  
Digital Railway is a rail industry wide change program delivering and implementing state-of-the-art control technologies that will increase operational capacity across the UK rail network. ﻿A vision possible thanks to technological development, this long-term change program involves the testing, deployment and integration of “systems, technology, business and people change” [16] designed to evaluate sections of the network to provide a national system whereby technological change installed presents suitable financial value or operational significance [16]. The new technology and operational structure Digital Railway provides is designed to address several key issues currently experienced across the rail network [15]–[17]:
· The new signalling is designed to reduce current capacity issues and congestion, helping provide reduced journey times and a greater percentage of timely services [15]. Across 2017-18 there were around approximately 30 complaints submitted, covering all franchised and open-access train operators (processed within 20 days), per 100,000 journeys [18]. Of this figure, over a quarter were related to the punctuality and/or reliability of the given service [18] whilst capacity too was high on the list--approximately 7.3% of all complaints were associated with the over-crowding of trains [18].
· Lower impact of maintenance or upgrade work provides better performance figures--for both passenger and freight firms and helps increase safety for staff and passengers [16].
· Longer asset life thanks to digital condition monitoring and intelligent infrastructure [16],[15]. The use of plain line pattern recognition (PLPR) technology in rail condition monitoring is estimated to “save £7m a year from 2018/19” [15] by reducing physical inspection [15].
· Software standardisation provides greater company (and country) interoperability [19]
The widespread installation of such systems is designed to more efficiency align train and track operations and the supporting control, signalling and business applications upon which an efficient, safe and durable service can be provided. Digital Railway will revolve around several key new technologies, Traffic Management (TM), Connected Driver Advisory System (C-DAS), Supervised Automatic Train Operation (ATO) and Smart Infrastructure [16], this article will concentrate on the processes and concepts of the new European Train Control System (ETCS) [16],[19].
Currently, signalling systems are not standardized and vary, in some cases regionally [20]. This means there are  several concurrent systems in use and considerable unnecessary outlay, in both finances and resources as a result [17] Fig. 1., below, shows the typical existing solution that works with conventional block signalling and rigid signal-controlled blocks of (in reality) variable length. This poor use of capacity, especially on highly congested sections of line, limits operational capacity [21].
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Figure 1: Traditional signalling systems contain inflexible sections of track [21]
ETCS management system refers precisely to the control elements of the broader European Rail Traffic Management System (ERTMS) [17], an architecture that offers sizeable capacity improvement [22]. Fig. 2. shows that in-cab signalling breaks down the inflexible signal blocks with the installation of real-time lineside equipment [20], providing live signalling and proceed instructions based on the schedule and the operational restrictions imposed by the given trains operational classification. By reducing the safety margin, a block under the control of a signal at danger, there is greater scope for trains to proceed and throughput can increase.
To help provide smooth installation and uptake transition, the system has been split up into two main configurations that fundamentally changes the line-side architecture [17]. Level 1 ETCS is handled by a Computer-Based Interlocking system (CBI) that involves lineside units known as Balises beacons which contain information based on the status of given railway signal [23]. An Onboard Unit (OBU) mounted on the train captures the maximum speed and route (block) length information, known as a Movement Authority Extension (MEA) [23]. When the driver passes such balises, the Driver Machine Interface (DMI) subsequently informs the driver on the proceed conditions afforded by the MEA [24]. If no extension is granted, typically the result of a full track section, a breaking calculation is performed to ensure a safe and efficient stopping point is set [23],[24].
Level 2 ETCS [23] involves removing much of this lineside hardware with signals, balises and other related lineside electronic units replaced by a Radio Block Centre (RBC). Positioning data is pushed through the Global System for Mobile Communication – Railway (GSM-R) radio, part of a trains on-board computer system [25]. The OBU computer now manages two-way communication, by means of this radio, between the train and the RBC (as well as between trains when necessary) [24]. MEAs are granted in much the same way as level 1 operation, but existing OBUs must be updated to ensure radio compatibility [23]. The scale of this retro-fitting program is somewhat reduced thanks to the numerous new trains on order, in construction or currently on delivery, allowing for fitment as standard for “70 percent” [24] of over 7000 new vehicles due between 2014 and 2021 [26].
ECTS has undergone extensive testing on the short Hertford Loop route between Hertford North and Stevenage, a suitable location thanks to its existing signalling characteristics. During late 2013, with the additional lineside equipment installed the trails were deemed a success [27],[28]. The next phase, scheduled to run between across 2017/18, is to extend the infrastructure across the Southern reaches of the East Coast route and out towards Heathrow in the West [24],[27],[29]. The new systems will directly affect signallers, drivers, onboard maintenance staff, trackside maintenance staff, operational managers as well as incident investigators and is represents deep routed change beyond Network Rail [17]. It also influences the operation of trains into and out of the UK thanks to a Europe-wide standardisation program [19].
C) Change Drivers
The following PESTLE analysis has been carried out for Network Rail, as seen below in Fig. 2, to identify how various stakeholders apply pressure to the firm. Britain’s railways in 2018 play a crucial role in supporting economic development by helping facilitate the timely, efficient and safe transportation of passengers and multi-modal freight “between major economic centres, their catchments and international gateways” [16],[30]. 

Political volatility, as shown below, has had a sizeable effect on the UK railways in the past, and the future uncertainty will continue to place considerable strain on a network that, with the exception of notable engineering projects, runs primarily on underlying Victorian infrastructure [16]. Digital Railway provides a radical new system configuration [15]. The aim of integrating track, trains, operations, real-time and business IT systems to develop a system that increases operational efficiency will have deep-routed impacts throughout the organisation [17], [13],[16], a belief shared by Conner [31] who suggests organizations must realize change drivers are all connected; influencing one another in that any change instigates a reaction that impacts the entire organization--comparable to that of a stone thrown into still water [32], the economic, social and technological and green factors experienced by Network Rail rely heavily on the political atmosphere whereby the railways are a significant economic driver, public entity and cutting-edge technological firm [13],[16].
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D) Case Study Force Field Analysis
A highly structured, coordinated process is required in as complex an environment as rail infrastructure and management. To successfully increase cost efficiency, clearly define project guidelines [16] and deliver the defined strategy a force field analysis is fundamental [33]. This survey framework, typically applied by academics, identifies predominant “enablers” [1] and “constraints” [1] influencing a firm at a given instance to establish and weight the issues central to an organisations transition from one stable operational state to another [1],[33]–[36]. Despite its clarity, Swanson and Creed [1] suggest reliance on the model has oversimplified its original complex structure, reducing its usefulness and overlooking the underlying field based theories developed by Lewin.  

The most forceful factor pushing for a change is that applied by the public who experience overcrowding at various locations across the network [37]--one such instance seeing the official loading capacity of a train exceeded by more than 750 passengers [38]. The significance of public perception is pressure in turn applied by Network Rail’s largest backer, the Department for Transport (DfT). Where financial backing is invested noticeable project progress is expected in a safe and timely manner that most closely aligns to government aims.
Lewin highlights the inverse principle whereby the constraining factors need not be considered obstacles obstructing change programs, but more motivators to successfully overcome change [1],[39]. As with any identification process however, there are discrepancies. It is suggested the field of expertise held by practitioners can somewhat influence the assessment of factors of which they are less accustomed [33], e.g. “behavioural and motivational dynamics” [33] could be overlooked by “technically oriented” [33] groups. To avoid such ‘dimension’ bias, and maintain a useful tool, Randolph [33] suggests referring to Peters and Waterman’s [40] revised ‘7S’ framework, originally devised by Pascale and Athos [41], shown below in Fig. 4., to ensure a comprehensive evaluation is undertaken. 
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Figure 4: The '7S' framework [43],[44]
E) Change Management
Dent and Goldberg [32] believe that people do not resist change as such, but more the impact change represents on an individual’s significance, reputation or financial securit, or job security itself [32],[2],[42]. Furthermore, recognising the evolution of the term “resistance to change” [32], the phrase “not wholeheartedly embracing” [32], is offered to more accurately reflect the impact change can have on the often highly delicate needs and feelings of an individual. Given an individual’s vulnerability to stress, the angst shown in response to change can cause uncertainty and hesitation, particularly in a group setting, when change is proposed [42]. Holmes and Rahe [42] offered the “social readjustment rating scale” (seen in Fig. 5.) to both view and rate the stresses associated with various changes in a person’s life [42],[43]. Any changes, regardless of spontaneity or perception, will cause tension, stress or discomfort for individual(s) or team(s) in a structured workplace environment [42]. Evaluating a score is challenging, though a value of 150 represents a relatively stress-free year. Such a metric is key in understanding how work related change sits alongside personal change, influencing the health of an individual [43],[44].
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Figure 5: The most significant personal events and work-related events. (Adapted from [42]–[44])

i. Change Management Theories

Lewin offers a traditional model that broadly define the stages of organisational change, the versatility of which leant him to suggest that his model was the only one needed for any organisation [1],[34],[45], a perspective now considered outdated [46]. The freeze-phase model consists of three key stages with the first involving the difficult process of stepping back from current equilibrium in order to prepare for change [47],[36]. Kritsonis [47] suggests encouraging the driving forces that support change and diminishing the actions associated with current practise, possibly, albeit indirectly, inferring the use of a force field analysis--as seen in Fig. 5.. The key benefits of the new processes, architecture or systems should then be reinforced to clearly communicate the benefit of a new organisational position [47],[48] in an attempt to entice employees forward into change through the “the logic of attraction” [49]. It is noted however that this process is eased with group discussions aimed at highlighting issues of the new system associated with both practical technological implementation and personal concerns or uncertainty held by individuals [47],[50]. Network Rail would need to slowly retract existing operational practice to allow the development and installation of new systems in place of techniques that were previously commonplace--conventional signalling installation for example will be phased out by the end of control period (CP) 6 [15]. The configuration of a small test-bed site in Hertfordshire for ETCS signalling has benefits at the “unfreezing” [47],[50] stage as well as the practical change itself. Such trials demonstrate to employees that new techniques are manageable and can be applied on similar scales across the national network, demonstrating its potential and reducing doubt surrounding potential failings. 
The second stage involves going ahead with the elected change strategy. Beckhard and Harris [51] suggest there are three key elements for successful transition; activity planning whereby a proposed change path is developed, commitment planning that aids key stakeholder identification (for which appropriate support is fundamental) and change management structures that formulate precise management processes for the proposed phase of structural uncertainty. Having made the desired alterations the company should be “refrozen” to embed the changes “by weaving them [new practises] into the fabric of the organisation” [49],[11]. This process demonstrates a shared realisation of the new stable status, enabling the formulation of new internal relationships. Rewarding staff for their efforts during this transition period reinforces both the new structure and belief in employees that the change has been positively fulfilled [52]. 
Work by Kubler-Ross has suggested that there is a clear response pattern to change events, beyond that of the professional scope, in response to highly variable human experiences [34],[42]. Despite its conception in the psychology field, she believes the model has equal relevance for life events that also represent significant changes to the status quo, a perspective supported by Perlman and Takacs [53]. Suggesting that there are five main stages of grief (shock, denial, anger, depression, acceptance which are sometimes themselves grouped into three main phases [54]), the model has seen later amendments by Longaker [55] and Fink [56] with work by Longaker comparable to Lewin’s freeze-phase approach--shown in Fig. 6..
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Figure 6: Kubler-Ross’(comparable to subsequent work) showing emotional responses placed against Lewin’s phases of change [34],[54]
ii. Change Management Strategies
Kotters 8 stage Change Management Strategy [57],[58]. Formed of 8 main stages that, if followed, can bring about lasting change. The steps clearly reflect the deep-routed nature of a typical status quo and the long term desire to evolve [57] whilst considering the importance of timely transitions between stages of change [59].
The first set of four relate to the unfreezing of an organisations existing orientation [60]. Creating urgency [57],[61] is underlined by Kotter as one of the most important stages [62]. Ignoring the need to change triggers complacency where staff “think the present status quo is tolerable” [60]. Change in such an environment is unlikely to gather significant momentum at all if staff or stakeholders are reluctant [62]. Forming powerful coalitions [57],[58] places a strong, reliable team at the head of change that offers credible personnel base for change to manifest. Creating a vision for change, and successfully communicating it [57] helps motivation levels, encouraging staff to get on board with the movement [63]. 
Points five to seven document activities that should occur during the change period [60]. Empowering action [57] helps to promote behaviours associated with change designed to “encourage risk taking, innovation or action” [63]. The next step, creating quick wins [57],[61] was central to ETCS. The test site is a significant milestone but should teach Network Rail and its infrastructure partners lessons regarding system intricaties and installation techniques. Such process however should see recognition and be rewarded as a step along the change process [62]. Building on such change [57] by “reinvigorating the process” [62] increases its pace up until the point whereby change criteria have been satisfied. Having met the change objective the final element should see the change cemented in organisation culture [60]. Making it stick is key as it clearly links the achievement of organisational goals with the successes found in the firms new stance [57]. 
The eight stages pose actionable steps for the three main conceptual levels of change management and can be placed within the confines of Lewin’s freeze-phase model and alongside the Kubler-Ross model to demonstrate how successful implementation of these tools can reduce the feels, presented by Kubler-Ross, associated with change events. Furthermore, Kotter’s eight steps can also be likened to the cyclical wheel of change model presented by Doppelt [64],[65] who considers the success of change initiatives their relative ability to provide environmental cohesiveness [57]. Doppelt, in contrast to Kotter’s rigid paradigm, considers change a highly variable non-linear process but, like Kotter, successful use of the model sees all stages “satisfactorily completed” [65],[57]. Fig. 7., below, shows the wheel whereby entrance in is open to user interpretation [65]. 
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Figure 7: Doppelt’s 7S framework [57],[64] 

At the core of organisation change sits the transition framework, and with it an environment for meaningful change [65]. This fundamental process disturbs a stagnant ideology that helps establish a convincing argument as to why change in an organisation is necessary, an appreciation of timing however in outlining change is considered equally vital [57],[65]. 

By reshuffling the existing employee structure an eclectic mix of personnel have suitable input at the critical planning stage and, along with the inclusion of key stakeholders, deep-routed relationships can be shaken up. Breaking this norm helps make way for a new structure, or culture, to fill the void that that now exists [57],[66]. This perspective of  “defining problems in individual or interpersonal terms” [67] can be compared to Bolman and Deal’s [64],[65] human resources leadership technique as they both aim to include staff in the decision making process in an attempt to “adjust the organisation to fit people” [67] (though Bolman and Deal [64],[65] also appreciate the potential need to acclimatise people to a new system when appropriate [67]).
By redefining organisational goals, a clearer, forward-looking vision can be created that aids the practical decision making process [57]. It is noted however the importance in clearly communicating the strategy, processes and structures precisely once clarified to ensure all parties are in touch with the state of the change program throughout [57]. Such communication is eased by appropriate feedback mechanisms, channels integral in highlighting lessons that can be learnt from the change program, its components, or practise associated with the new structure [57]. Finally, system constraints should be applied to ensure the operational scope of the system aligns properly to the actions carried out [66], going forward this helps new practise stick and be considered the new ‘norm’ [57],[65].
Other works concentrate on technological uncertainty, such as the improvisational model [46]. This concept understands that technological change is seldom stationary, instead an evolutionary process that involves a settling period in which spontaneous events (that cannot be linked to precise time boundaries) typically take place [46]. This model suggests that anticipated change will involve an undefined amount of emergent and opportunity-based change as a direct result of its implementation, as shown below in Fig. 8, the rate, sequence or extent of subsequent change is considered highly erratic [46].
For a firm such as Network Rail anticipated change rarely represents the final practical model, numerous instances have seen adjustments to technology and working arrangements after the implementation of new technology - once such instance being the incompatibility, and subsequent delays, caused by “30-year old signalling systems” [70] and new Intercity Express Passenger (IEP) trains on particular routes across the North of England [70], demanding adjustments to lineside equipment.
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Figure 8: The improvisational model showing adjustment-type change following planned change [46]
F) Leadership and Management
i. Leadership Styles
Leadership involves defining the long-term business-orientation, strategy and business path by in which the firm can progress towards its goals. The internal and external perspective of leaders sees the consultation of various stakeholders, performance indicators and market competitors to create the long-term corporate vision [71]. A contemporary definition of leadership could be;
“The art of empowering and mobilizing others to want to accomplish a mutually agreed-upon goal while advancing the groups integrity and goal” [72].
The use of transformational leadership on a team level to overcome problems at an engineering or technical level could be used by Network Rail. The role is considered “multidimensional” [71] thanks to the accountability, authority, processes and interactions that occur--creating “an influencing relationship” with staff [71],[73]. Others see leadership a position of example and influence that encourages staff to replicate example behaviour [71],[74].
Bolman and Deal [69],[68] suggest the organisational orientation influences a leader’s perspective and practical tools [67], shown in Fig. 10. The proposed framework shows the various stances taken in an organisation the size of Network Rail where the “frame”, or leadership perspective, is broad. Structural management involves a clear emphasis on goals, roles and communication channels as well as performance indicators [67]. This highly structured, autocratic approach to leadership concentrates on process regulation. Whilst the management of human resources is noted, it is the political leadership, particular one in a turbulent sector, that causes most discussion [67]. The political debate surrounding financial investment has been widely documented and directly influences the allocated of resources, the successful investment of which has been considered mixed thanks to several key public safety failings and operator misconduct [75]–[77].
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Figure 9: The “frames of leadership” suitable for Network Rail. Developed from [67]–[69]
Network Rail express inspirational leadership towards existing and new professionals by communication how they play a key part in network development [78]. New engineers and technicians “is a top priority” [78] who are helping to a safer, timely railway fit for the 21st century [14]. Deploying transformational leadership draws employees away from self-interest, challenging staff by asking what they offer [79], often at an individual level [79]. Encouragement develops a collectivist mindset that markets their work as a benefit for all, placing responsibility on that helps staff develop both in their role and as a person [79]. Whitehead, Weiss and Tappen [80] have suggested that everyone has the capacity to grow and fulfil a leadership role, one such example being the “NHS Leadership Academy” [31] practised in a completely different sector. Here a clear pathway into a leadership position is possible thanks to a wide skillset range that offers space to develop [81].
ii. Management Techniques
Unlike leadership, the management perspective is internal and is typically practised lower down the organizational pyramid. Managers carry out numerous tasks associated with supporting a team’s progress to towards short-term objectives, as well as guiding staff to help them fulfil their potential [71]. The allocation of resources is significant in providing employees with the suitable tools to perform their role, all of which is designed to help maintain a harmonious and ethical environment that sees progression towards the universal goal(s) [71].  
It could be suggested that Network Rail are operating on a ‘Theory Y’ basis rather than a ‘Theory X’ as employees are likely to be intrinsically motivated by their work, opposed to displaying signs of inherent displeasure [82]. This staff mindset could imply a participative management style is most appropriate at the lowest levels of the firm, except at points of safety critical work whereby a forceful, autocratic approach is expected. Practising Theory X management both undermines staff qualities and offers little scope for employees to develop and demonstrate management or leadership level qualities, in turn looking to model “influential behavioural models to others” [83], [82] and “control the levers of power that inhibit or enable employee motivation and performance” [83]. These traits, supported by statistics, appear to be reducing project timescales [83]. This human-centric approach clearly demonstrates “the use of feeling to motivate, plan and achieve in one’s life” [84] associated with emotional intelligence and illustrates the influence a democratic management style has on decision making and situational awareness [85].
II. Case Study Recommendations
Dunphry and Stace’s [86] emergent change model [45] would be of suitable reference to Network Rail, believing that the relationship between organisational resources and environmental factors is unstable and will change over time, impacting therefore on “cultural and political processes” [87],[65]. From this supposition, the use of Doppelt’s model for Network Rail, designed to overcome its linearity, is recommended. Fig. 10. Below shows how the ‘real world’ improvisational model, common for Network Rail, maps nicely against such a change management framework where the model can be broken down to cover planned, emergent and opportunity-based changes. Given the fast-paced rate of technological change outlined within the ETCS installation program (and beyond purely signalling systems the entire Digital Railway itself program itself) [46].
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Figure 10: The Doppelt framework could cover improvisational change. Developed from the authors work with reference to [46],[57],[64]. 
It is suggested that the relative success of a change program is the outcome of three main business elements; ﻿value alignment, employee commitment and goal achievement [6],[88]. Sosik et al. [89] suggest that the nature of organisation goals alone will directly influence various behaviour responses made by an organisations staff towards proposed change, therefor making it critical that Network Rail create clear values that reflect the environmental and social needs of its staff, key contractors, stakeholders and customers--all of which promote technological change as part of a key period in rail development and growth [14].  
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