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Environmental concerns show that transport is responsible for almost a quarter of all greenhouse gas emissions, and it is also the fastest growing sector. Modal shift towards public transport could help slow down, or even reverse, this trend. There appear to be a number of constraints that are preventing this from happening. This paper explores the constraints to modal shift to rail transport from the perspective of Cognitive Work Analysis, specifically the Abstraction Hierarchy, the Contextual Activity Template and Social Organisational and Cooperation Analyses. Whilst these analyses may not present any new barriers, they do show how the constraints are interlinked in an explicit manner. These interrelations are important for two reasons.  First, in consideration of constraint removal, one must anticipate the likely effects on the remainder of the system. Second, by linking functions and situations, new concepts of travel may be identified and explored.
Practitioner Summary: The purpose of this study was to use a semi-structured approach to identifying constraints to modal shift from a variety of perspectives. It is argued that Cognitive Work Analysis offers a new way of thinking about the modal shift problem and helps to generate new insights into potential solutions.
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1. Introduction

Despite a relatively small number of dissenters, the vast majority within the scientific community and beyond agree that climate change is upon us, and that it is a significant and widely impacting challenge that must be tackled. Many of the world’s governments have proposed a wide variety of policies and strategies designed specifically to deal with issues of climate change, and, in particular, CO2 emissions. However, high costs and differing levels of priority given to these measures have inevitably meant that the potential benefits are not always realised. The transport sector is one of the key areas in which change must occur; according to the IPCC (2007), as of 2004 transport was not only responsible for 23% of the world’s energy related greenhouse gas emissions, but had the fastest growing CO2 emissions rate of any energy sector. Of transport’s share of carbon emissions, 90% can be attributed to road transport and in the UK in 2008 private vehicle use was responsible for 44% of total greenhouse gas emissions across all modes of transport (including air, maritime, rail, road freight, buses, coaches, trams, tubes and taxis; DfT, 2009). It is unsurprising, given these statistics, that there is a current push to reduce individuals’ reliance on the car and increase their use of alternative means of transport. This reflects the IPCC’s recommendation for modal shift from personal car use to public transport as a key climate change mitigation strategy (IPCC, 2007). Unfortunately however, there are a number of constraints preventing wide scale modal shift. 

Constraints to modal shift can be defined as the temporal, financial, physical, mental (cognitive) and/or emotional (affective) effort required to use a particular mode of transport for a journey which are greater than the effort required to use an alternative mode (Accent, 2009a; Blainey et al, 2009) or undertake an alternative activity which achieves equivalent results.  For travel behaviour to change, an individual will need both the motivation to change (desire) and the means to facilitate such change (ability) by overcoming the constraints that exist (DfT, 2006). Human factors addresses the role of the human within a system and therefore offers an important perspective on constraints to modal shift, particularly regarding passengers’ perceptions of the disadvantages of certain modes. This paper focuses particularly on rail and the constraints to modal shift to train travel. In recent years, there has been a growth in rail human factors research (Wilson et al., 2009), prompted in part by a number of high profile accidents and resulting focus on human error (Stanton and Baber, 2008, Wilson and Norris, 2005a) and also the need to transfer passenger miles away from road towards rail (Wilson et al., 2001). Human factors is particularly important for the modern sociotechnical railway system (Wilson et al., 2007) as it is dependent upon ‘the synergy between human beings and engineering assets’ (Shepherd and Marshall, 2005, p.719) to ensure that user and organisational needs are successfully met (Wilson and Norris, 2005b, Pledger et al., 2005, Farrington-Darby et al., 2006). By taking a human factors view of the constraints to rail travel, this analysis will provide important insights into how to potentially overcome some of these issues in terms of human factors solutions. A human factors view is likely to offer some solutions to improving the perception of rail travel among passengers, which can be implemented at significantly lower cost and with less disruption than many of the engineering solutions that have been suggested (e.g. the re-opening of lines and the purchase of new, high capacity rolling stock (Cox et al., 2006)). 
The first aim of this paper is to present the constraints to modal shift towards rail, highlighting human behavioural factors which could limit the use of rail public transport over the use of the private car, and provide suggestions for particular measures which could help promote such modal shift. The second aim of the paper is to identify, through the use of Cognitive Work Analysis (CWA; Jenkins et al. 2009; Rasmussen et al. 1994; Vicente, 1999), which of the constraints are most constraining to modal shift, and to which group(s) of actors each constraint is most applicable. This will enable policy makers to target specific actor groups with strategies tailored to their characteristics, thus enhancing the likelihood of modal shift. 

2. Key Constraints Identified

The constraints to modal shift identified in this paper are derived from two main sources. The first, “Integrated Transport – perception and reality” (ATOC and Passenger Focus, 2010), described the perceptions of and constraints to using rail by non-users and infrequent users of rail, with particular emphasis on the station access, egress and interchange, compared with other modes. The second, “Passengers’ priorities for improvements in rail services” (MVA Consultancy, 2010), gives the results of a recent survey of passenger priorities carried out by Passenger Focus, to identify which attributes of rail services passengers would most like to see improved.
2.1 Cost / Value for money

On a trip by trip basis, rail travel can be more expensive than car travel (Derek Halden Consultancy, 2003, Eriksson et al., 2008), and it is suggested that cost is the most important factor deterring rail non-users from modal shift (Accent, 2009). For car travel, expenditure tends to be viewed as a necessity (University of Oxford Transport Studies Unit (UOTSO), 1995) , while expenditure on rail travel for many trips is seen as a luxury. Existing rail passengers perceive value for money to be poor (MVA Consultancy, 2010), and the current fare structure is viewed as being complex and confusing (Passenger Focus, 2009). 

Although cost is not strictly a human factors issue, the perception of cost by passengers can be influenced by the accessibility of cheap rail fares to both current and non-users. For example, constraint, it may be possible to stimulate some modal shift by increasing publicity of cheap rail fares amongst non-users and increasing the ease with which these can be purchased. This is because infrequent rail users are often unsure how to obtain the best value rail fares, and if a decision is made to shift mode they may in some cases find that rail travel is cheaper than expected (Accent, 2009). 
2.2 Punctuality and Reliability

Reliability describes how closely actual journey times relate to advertised or expected schedules, and is one of the most important factors affecting individual travel decisions (Derek Halden Consultancy, 2003). A distinction is also sometimes made between punctuality (whether or not a service arrives on time) and reliability (whether or not a service runs at all), but the two terms are not entirely mutually exclusive (Bates et al., 2001), since if a train is delayed so that it runs later than the following service on the same route then as far as passengers are concerned it might as well have been cancelled. Car travel tends to be associated with ‘control’ and flexibility over arrival times (Bates et al., 2001), whereas rail is often viewed as being unpredictable or unreliable. Punctuality is highly valued by travellers (Bates et al., 2001, MVA Consultancy, 2010), with an excess of delays and cancellations identified as an important constraint by 42% of respondents (ATOC and Passenger Focus, 2010). From a human factors perspective, unpredictability in journey times also contributes to higher levels of stress for commuters (Cox et al., 2006).   
One hundred per cent reliability will never be achieved, as the knock-on effects of increased journey times and reduced network capacity outweigh reliability benefits; therefore, complementary measures may be needed to promote modal shift. For example, the MobiHarz project in Germany concluded that there was a need to restructure the public transport offered to suit the requirements of visitors and occasional users, with backup options (such as taxis) provided so that passengers were confident they would not be stranded short of their destination (Hoenniger, 2003). This is evidence of a human factors approach, in which the restructuring of the system was based around the needs of users, with passenger choice an important element in the proposed solution.  
2.3 Frequency of trains

If the frequency of trains over a particular route is low, or the timetabled departure and arrival times do not correspond with the needs of potential users, this can act as a constraint to rail use (Eriksson et al., 2008). Poor service frequencies increase wait times, which are a major disadvantage of using public transport and tend to incur a much greater disbenefit per minute than travel time, particularly for shorter trips, where the wait time can form a major component of the total travel time.

Inconvenient timetabling of services, particularly the operating hours of rail services, has been shown to be a constraint to rail use: examples include services failing to run sufficiently late for Glasgow revellers (Derek Halden Consultancy, 2003), the need for more evening and Sunday services in the West Midlands (Passenger Focus, 2006), demand for more late evening services in the South Central area, particularly at weekends (Passenger Focus, 2008). To alleviate these types of issues, rail operators should be encouraged to engage in passenger feedback exercises in order to establish when users and non-users actually want trains to be provided. 
2.4 Comfort / cleanliness

There is a continuing tendency for improvements in the comfort and facilities offered by private cars to occur at a faster rate than those offered by trains, and the perception of rail travel as comparatively uncomfortable (Kogi, 1979) may act as a constraint to mode shift. It has been suggested that the provision of comfortable trains with sufficient seats is the improvement second most likely (after fare reduction) to encourage rail use amongst infrequent and non-rail users (ATOC and Passenger Focus, 2010). There is likely to be a relationship between comfort and crowding levels; while trains may be viewed as being comfortable when sufficient seats are available, things are likely to change when they are operating at crush capacity. It is therefore likely that any increase in discomfort caused by overcrowding will deter passengers away from rail, toward the car (Howarth et al., 2011). Thomas et al. (2005) found that although the actual risk to passenger safety (i.e. injury or fatality) caused by high passenger density on the train or platform was only 0.1 per cent, the perceived risk was much higher, at over five per cent. This suggests that whilst interventions to reduce overcrowding would have a positive impact, it is also passengers’ perceptions of this issue that need to be addressed before constraints to rail travel can be overcome (Cox et al., 2006). Perception of comfort is linked to ‘social forces’, which ‘reflect interpersonal psychological relations that attract or repel the pedestrian from their surroundings’ (Howarth et al., 2011) and it is these forces that need to be fully understood in order to reduce some of the constraints to rail travel. 
2.5 Travel time

The difference in the time taken to travel from an origin to a destination by different modes will obviously play a major role in mode choice decisions (Lyons et al., 2007). Long door-to-door journey times have been cited as being a significant constraint to rail use (ATOC and Passenger Focus, 2010, Hine and Scott, 2000), particularly in comparison to car journeys. A reduction in train journey times is not easily achievable and there is also the compounding effect of travel to and from the station which further increases overall journey time. On the other hand, it seems unlikely that road or air journey times will reduce significantly in the future, therefore increasing the comparative appeal of rail. Alternative, user-centred solutions have also been suggested, including highlighting the ‘positive utility’ of travel time (Lyons et al., 2007). Advertising the positive ways in which passengers could spend their travel time could reduce the extent to which this is seen as a constraint to rail travel and increase the appeal relative to other modes, such as road transport, in which it is more difficult (or impossible for the driver) to use a laptop or read a book during a journey. Human factors can contribute to facilitating the use of these technologies in order to increase the positive value derived from journeys. 
2.6 Interchange / station facilities

The need to interchange between rail services when making some journeys can be a constraint to modal shift. There are a number of disbenefits associated with the interchange: these include variable disbenefits, related to the amount of wait and transfer time required; and fixed disbenefits, related to the inconvenience and risks involved (Wardman and Hine, 2000). The quality of the interchange environment and the availability (or lack) of suitable waiting facilities may also be an issue (Wardman and Hine, 2000), as may concerns about unnecessary walking and worries about personal safety (Wardman et al., 2001). If it is necessary to transfer between platforms in the course of an interchange then this may act as a constraint to mobility-impaired passengers (Hine and Scott, 2000). The need to interchange may also lead some travellers to start their journeys early to reduce the risk of missing a connection (ATOC and Passenger Focus, 2010), therefore incurring an increased journey time penalty.

While the most obvious solution to the constraint posed by interchange is to run more direct services, this may lead to increased delays as a result of problems in one area being transmitted further through the network, and in any case may not be a feasible option. In terms of human factors, there is potential to reduce this constraint by improving the interchange environment in order to support passengers to make quick and comfortable transfers, although it is not clear whether this would have a significant effect on mode shift. 
2.7 Safety and security / staffing

Concerns over personal security may deter some potential passengers from using rail (Mackett and Babalik Sutcliffe, 2003), particularly during the hours of darkness and at smaller stations. In focus groups of existing rail users, 75% claimed to have fears of safety when waiting on station platforms after dark, with almost as many experiencing safety fears when approaching the station after dark (Cozens et al., 2003). Over half also had concerns about the safety of travelling by train at night. Some studies have identified a lack of CCTV provision as forming a constraint to modal shift (Cozens et al., 2003, Derek Halden Consultancy, 2003), but even CCTV may not make people feel safe at smaller stations where feelings of isolation make security a particularly important issue (MVA Consultancy, 2010).
The presence of staff at the railway station has been identified as an important issue with regard to safety, and could be particularly effective when combined with other measures: for example, staff-monitored CCTV was found to be the most popular initiative among passengers for improving safety at the station entrance according to a survey conducted by Thomas et al. (2005). Staff presence also needs to be made obvious to passengers, so the security system needs to be designed with high levels of transparency. However, the cost of staff provision can be substantial, and substantial levels of mode shift would be necessary to justify this expenditure at smaller stations. Furthermore, staff provision will not be able to address the problem of personal security when travelling to stations, and this is an area where rail travel compares unfavourably to car travel given the door-to-door security offered by the latter mode.  It is not clear how significant a constraint such concerns are to mode shift, but if it is significant then it may prove to be a comparatively difficult issue to address.  Wider trends in and perceptions of crime rates and the risk of crime will influence the importance of this constraint in the future.
2.8 Station access

The functioning of collective modes of transport, such as rail, is highly dependent on the level of connectivity with the other modes which offer transport to and from the railway stations, as well as the levels of passenger accessibility to the individual modes (Napper et al., 2007). Where rail is on average faster for centre-to-centre journeys, it tends to lose out when travellers’ origins and destinations are some distance from stations. Rail users tend to allow too much time for station access in the early stages of a modal shift (Accent, 2009), and this may give access time exaggerated importance as a constraint to infrequent and non-rail users.  Station egress can be even more of a problem than access, because travellers will tend to be less familiar with their destination than their origin. 

The constraints associated with station access are somewhat dependent on the mode of access. For example, the use of the car as a means of accessing rail is dependent upon parking facilities, road signage around the station, and the availability of pick-up/drop-off points. The use of public transport (e.g. the bus) to get to a railway station is influenced by many of the same issues as discussed here for rail travel, including cost, frequency and reliability. For those relatively few rail users who cycle to the station, the constraints tend to be related to lack of good cycle routes to the station, and insufficient or non-secure cycle storage facilities at the station, as well as uncertainty associated with on-train cycle carriage facilities. Walking to access rail is affected by the provision of suitable routes and also by the distance to the station. 

2.9 Journey planning and information provision

Non-regular travellers tend to require much more effort to plan a trip by public transport (perceived as complex) than by car (perceived as simple) (Kenyon and Lyons, 2003), which may act as a constraint to rail use, particularly for car drivers (Hine and Scott, 2000). Even when public transport is faster and cheaper, people may see it as being easier just to get into their car than to check the timetable, find money to pay the fare and walk to the bus stop or railway station (Derek Halden Consultancy, 2003).  
Problems relating to rail journey planning are often based on poor past experiences and inaccurate perceptions. Indeed, non rail-users are often surprised by the ease with which good quality information can be obtained at various stages of rail journeys (ATOC and Passenger Focus, 2010). Inadequate information on the available public transport alternatives and inadequate knowledge of how to use them also means that people are ‘locked’ into high levels of car use (SUSTRANS, 2002, Derek Halden Consultancy, 2003). Personalised journey planning techniques may be able to overcome such constraints to modal shift; they can be relatively straightforward to implement, since there is no requirement to alter the current transport provision. Information provision during the journey is equally important, as is information about multimodal transport options and ‘softer’ aspects such as comfort and convenience (Kenyon and Lyons, 2003). Provision of good quality, reliable, up to date information can be one of the cheapest ways to change users’ perceptions of transport and therefore achieve modal shift (SUSTRANS, 2002), particularly by targeting those groups whose circumstances yield a higher use of public transport. Publicity does however need be considered carefully, since typical public transport marketing tends to be more successful in encouraging existing customers to make more journeys than in attracting new customers out of their cars (Blainey et al, 2009). 
2.10 Ticketing

Studies have shown that some people view the rail ticketing system as being too complex for occasional travellers to understand (Derek Halden Consultancy, 2003). While the rail industry recently attempted to simplify the ticketing structure (with the introduction of ‘anytime’, ‘offpeak’ and ‘advance’ tickets), in practice there still seems to be a great deal of confusion over differences in ticket validity. This issue, together with inaccurate perceptions of the cost of rail travel, may form a significant constraint to modal shift.

Greater provision of intermodal zonal ticketing and of carnets for frequent but irregular travellers could lead to modal shift from car to public transport (Derek Halden Consultancy, 2003). Comprehensive intermodal ticketing might encourage public transport use, as shown by the continuing success of the London Travelcard scheme, although it should be emphasised that integrated ticketing on its own is unlikely to achieve modal shift – integrated and good quality services and information are also required. The importance of ticketing as a constraint to mode shift is unlikely to change in the future, although if booking offices are replaced by ticket machines and internet ticket sales then the lack of a human guide to the vagaries of the ticketing system may make simplicity more important. As self-service ticketing becomes more common, the potential for human factors to aid in the design process will increase.
2.11 Constraints Analysis 
The previous sections described ten constraints to modal shift towards rail travel and presented the human factors issues which are relevant to each constraint. The following section describes a Cognitive Work Analysis (CWA) which was applied in order to examine these constraints in a systematic way by highlighting the links between the purposes, functions, processes and objects within the rail system from a human factors perspective. CWA is suited to the analysis of large, sociotechnical systems, of which the rail transport system is an example. It was anticipated that the constraints that could be linked to the relationships between purposes, functions, situations, journey types and actor groups in the analysis.  So rather than just identifying constraints per se, this analysis offers a contextual interpretation of those constraints.
3. Cognitive Work Analysis
Cognitive Work Analysis (CWA; Rasmussen et al. 1994; Vicente, 1999) is a burgeoning technique in the Human Factors and Ergonomics domain that is ideally suited to the analysis of large, complex, socio-technical systems. It has been shown to be useful in a wide range of applications including evaluating a mission planning system (Jenkins et al., 2008), designing cognitive artefacts (Jenkins et al, 2010a), understanding accidents (Jenkins et al, 2010b), designing large scale military systems (Bisantz et al., 2003), evaluating design concepts (Naikar and Sanderson, 2001) and understanding the constraints imposed on train drivers (Jansson et al., 2006).  The CWA framework comprises five distinct phases, each of which considers the system under analysis from different perspectives. All five phases need not, however be completed; each phase may be used in isolation, or a number of phases may be used in conjunction, depending on the requirements of the analysis. It is a formative analysis, focussing on the boundaries of a system such that rather than modelling how the system should perform (normative modelling) or does perform (descriptive modelling) it focuses on how the system could perform given its constraints.  This paper describes work in the first, second and fourth stages of CWA.  Work in the third and fifth phases of CWA (Strategies Analysis and Worker Competencies Analysis; see Rasmussen et al., 1990, 1994, Jenkins et al., 2009) were not used; hence they are not described here.  The rationale for focusing on these phases was to capture the constraints of systems functions, situations and journey types (as these were likely to reveal the biggest constraints to modal shift).  
The first phase, Work Domain Analysis, considers the functions, purposes, and physical objects of which the system, and the environment in which that system is situated, consists (Rasmussen, 1985, Vicente, 1999).  The abstraction hierarchy describes the system based on five different levels of abstraction, ranging from its physical objects at the bottom (the physical components of the system) of the hierarchy, up to the overriding functional purpose at the top (the system’s reason for existence). The hierarchy is characterised by the means-ends links describing the relationships within the system (Rasmussen et al., 1990); these linkages are made through the use of a ‘how-what-why’ triad. Take any node in the hierarchy to answer the question ‘what’. All connected nodes on the level immediately below that node can be taken to answer the question of ‘how’ that function is to be achieved or fulfilled. Considering the connected nodes on the level immediately above will answer the question of ‘why’ that particular function is required (see Figure 1).  It is worth noting that there are one-to-many and many-to-one mappings within these triads, as can be seen in figures 4, 5 and 6.
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Figure 1 Abstraction Hierarchy structure, with means-ends links overlaid (from McIlroy & Stanton, 2012)
The second stage of CWA, Control Task Analysis, addresses system activities in terms of the situation in which they are to be performed. These situations can be defined temporally, spatially or a combination of the two. This phase can be modelled using the Contextual Activity Template (CAT), initially proposed by Naikar et al. (2006).  CAT has the advantage of modelling functions by situations to distinguish between hard constraints (e.g., those that require structural changes in the environment or technology to remove) and soft constraints (e.g., those that require changes in attitudes and behaviour to remove) in systems. The horizontal axis is typically populated using nodes taken from either the object-related processes or the purpose-related functions level of the Abstraction Hierarchy. The matrix is then populated according to the situations in which each function can be carried out, and in which it is typically carried out (see Figure 2). Again, this output describes the constraints placed on activity in terms of where each function can and cannot be undertaken. At this stage the analysis is entirely independent of the actor or group to which each function is attributable. 
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Figure 2 Explanatory figure of the Contextual Activity Template (from Stanton & McIlroy, 2012)
The fourth phase of CWA is Social Organisation and Cooperation Analysis (SOCA). In this stage of the analysis attention is paid to the actors in the system; it looks at the constraints imposed by social and organisational structures and specific actor roles or definitions. The SOCA phase builds on the previously completed analyses, using differential shading of the diagrams to indicate where each actor or group can perform given tasks and activities. The shading can be applied to any of the diagrams constructed thus far; hence there are a number of different SOCA views. An important point to make here is that the shading is used to represent where actors are able to carry out functions, rather than where they typically do or should. As with the other stages of CWA, it is a constraints-based analysis; its aim is to identify possibilities given system boundaries, rather than current practices or standard procedures. 

3.1 CWA Results

3.1.1 Abstraction Hierarchy

The constraints identified above were used to inform the construction of an Abstraction Hierarchy (AH), which consists of five levels of abstraction:

· Functional purposes: describe the purposes of a system and any external constraints which affect its operation. 

· Values and priority measures: are the criteria which determine how the system progresses towards its functional purposes. 

· Purpose-related functions: describe the general functions necessary for a system to achieve its functional purposes. 

· Object-related processes: refer to the functional capabilities and limitations of objects within a system which affect the functional purposes. 

· Physical objects: are the objects within a system, to which the object-related processes refer. 

This analysis focuses predominately on the values and priorities measures,  which are the metrics by which system performance is judged (Rasmussen, 1994). As aforementioned, constraints to modal shift describe some of the reasons why an individual chooses to use road transport over rail; this implies that measures taken to reduce or remove those constraints would increase the likelihood of an individual opting for the train. They are, in effect, the methods by which passengers judge the performance of the system. Reducing the constraints, or to put it another way, improving the service on that particular aspect of the system, will increase the system’s performance, at least from the perspective of the passenger. As this report focuses on the rail system from the perspective of the passenger, only minimal adaptation of the constraints was required to populate the values and priority measures. The translation from the constraints to rail travel into values and priority measures in the Abstraction Hierarchy is illustrated in Figure 3. 
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Figure 3 Translation from constraints into Value and Priority Measures.
Cost / value for money (section 2.1 above) needed no change to become a value and priority measure. The punctuality / reliability of services constraint (2.2) was split into two nodes, namely Timeliness / Punctuality and Reliability, to reflect the differences between these concepts. The Reliability node also encompasses Train Frequency (2.3), as reliability issues and train frequency are inter-related: for example, if a trains runs every 2 minutes (as in the London Underground), reliability of one train will provide less of a constraint than if that train only comes once an hour because with a more frequent service the waiting time for the next train will be acceptably low. The Speed / Journey Time node in the AH primarily reflects travel time (2.5), though train frequency (2.3) also has a part to play, as the frequency with which trains run will often affect the length of the journey through waiting times for journeys which have not been planned in advance (‘turn up and wait’ journeys).  Comfort / cleanliness (2.4) is mainly accounted for in the Comfort value and priority measure, though it is also partly covered by Security, as this encompasses crime deterrence, which includes the deterrence of vandalism and littering. The Security node in the AH accounts entirely for the safety and security / staffing constraint (2.7). Interchange / station facilities (2.6) and Station access (2.8) are covered in the Comfort and Convenience nodes. Convenience also covers part of the issues surrounding the Ticketing complexities constraint (2.10), as incomprehensible ticketing systems will necessarily be an inconvenience. Finally, the constraint relating to journey planning and information provision (2.9) is reflected in the Public awareness of services node in the AH. The value and priority measure was edited as such to reflect the importance of passengers’ knowledge of available information; it is not enough to have that information available, the public must be aware of that information to make use of it. The node therefore takes into account issues such as advertising.
 A review of rail documentation along with a number of consultations with experienced researchers in the rail domain provided the information required to complete the remainder of the Abstraction Hierarchy. As the purpose of this paper is to identify constraints to passengers moving to rail, the analysis boundaries (for one must decide what lies within the scope of the analysis) were set in terms of the system as experienced by the passenger. As such, system components such as signals, gantries, engines and power lines were not included as physical objects. The functional purpose of the system also reflects this passenger perspective; it is to provide safe, efficient, and comfortable transport of passengers and their belongings (Cheng and Tsai, 2011). 
The purpose of this analysis was to examine the constraints to rail travel from a Human Factors perspective. The Abstraction Hierarchy was created using the constraints to rail travel, along with the functional purpose of rail travel, as a starting point to identify purpose-related functions, object-related processes and physical objects. Three of the purpose-related functions were identified as most strongly related to Human Factors: information availability, passenger protection and cater for task needs. These functions have potential to be affected by Human Factors interventions and were therefore explored in more detail, as shown in the excerpts from the Abstraction Hierarchy in Figures 4 (information availability), 5 (passenger protection) and 6 (cater for task needs). 
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Figure 4 Excerpt from the Abstraction Hierarchy showing links to and from the information availability function
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Figure 5 Excerpt from Abstraction Hierarchy showing links to and from the passenger protection function
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Figure 6 Excerpt from the Abstraction Hierarchy showing links to and from the cater for task needs function
Taking Figure 4 as an example, the Abstraction Hierarchy shows that information availability links to processes of journey planning, obtaining general rail information, and obtaining train time information. This shows that these processes are required for the function of information availability. The processes are also linked to a number of physical objects in the lowest level of the Hierarchy: advertising, rail websites, ticket machines, manned ticket information office, platform departure screens, station departure screens and information at the station bus stops. It is via these physical objects that information is made available to passengers. This analysis shows that there is potential for Human Factors interventions to be targeted at particular processes and objects in order to improve information availability. This in turn could contribute to a reduction of the constraints to which information availability is linked, namely cost (value), public awareness of services, speed / journey time, timeliness / punctuality, and reliability. When linked to the value and priority measures in the Abstraction Hierarchy, the three Human Factors-related functions (information availability, passenger protection and cater for task needs) cover all of the constraints to rail travel identified in this study. This shows that Human Factors can have some impact on all constraints, and therefore on improving the safe, efficient, and comfortable transport of passengers and their belongings. 
The object-related processes level of the AH is explored further using Control Task Analysis. In this study, the three Human Factors-related functions identified by the AH are linked to a number of object-related processes:
· Journey planning
· General rail information
· Train time information
· Personal safety
· Shelter from unsavoury persons
· Shelter from the elements
· Seating provision
· Baggage stowage provision
· Support for artefacts
· Entertainment
· Communication
· Business
In the following sections these processes are investigated further in terms of the needs of different passenger types and journey types at various stages of the journey.  
3.1.2 Control Task Analysis
As described above, this stage of the analysis involves the construction of Contextual Activity Templates (Naikar et al. 2006). Six temporally and spatially separated situations, representing the various stages of a passenger’s journey, were identified and are displayed on the horizontal axis of Figure 7.  The vertical axis contains the functions defined in the Abstraction Hierarchy. For this analysis, functions were taken from the object-related processes level.
The situations identified are; origin / destination; en-route to transport; at station; on train; rail interchange; and en-route to destination. Origin and destination are included under one heading as the destination for one journey will often be the origin for the next; their roles are interchangeable, thus functions should apply equally to both. En-route to transport and en-route to destination cover the journey to and from the train station (both access and egress). These have been separated as different variables will apply; for example, an individual driving to the station and parking will not have his or her car available to them for the station to final destination journey. Rail interchange is defined as the stations at which a passenger must get off one train and board another, without leaving said station. It is distinct from ‘at station’ in that it is neither the start nor end of the journey; rather it is a mid-journey stopover.
It can be seen from the diagram that ‘origin / destination’ supports all functions, other than ‘check tickets’, ‘inter-platform movement’, and ‘inter-station transport’. The function of checking tickets refers to the act of having tickets checked either by a machine or by a member of staff, before, after, or during the journey. This function can therefore only happen when in rail-owned situations such as stations and trains (as opposed to en-route or at the home / workplace). Moving between platforms can necessarily only happen at stations (be they the start or end point, or the interchange); moving between stations also has these constraints (for this analysis, moving between stations was taken as an act of travelling by train rather than by other mode).

In the situation ‘En-route to transport’ there are a number of functions that could occur but typically do not (dashed box only). In a number of instances this reflects the possibilities brought about by advances in technology; for example, general rail information, journey planning, savings discounts and business (defined as any business other than telephone communication) would be possible through the use of the internet, a widely available resource on mobile telephones. This type of use does not, however, represent the norm; these activities are most often carried out on a computer when at home (or work) or, with the exception of business, arranged at the station.
Whilst the majority of activities can take place at the station, ‘baggage stowage provision’ cannot; this function refers to the provision of specific areas in which bags may be stored temporarily. Since the vast majority of UK train stations no longer have lockers, this is no longer possible. ‘Support for artefacts’ and ‘business’ can happen at stations, but typically do not. Generally stations do not provide tables on which to places artefacts (for example laptops, books, writing pads etc.); this in turn hinders the performance of ‘business’ (again, it is important to note that the ‘business’ function excludes that carried out by telephone). Importantly, however, ‘business’ can be, and typically is conducted whilst onboard the train.
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Figure 7 Contextual Activity Template for the rail system

3.1.3 Social Organisation and Cooperation Analysis 

For this phase of the analysis two CATs were shaded with respect to different actor groups. In one of the diagrams differential shading is used to distinguish between different types of passenger, with the other representing different journey types. The choice of which journey types to use was based on the Passenger Demand Forecasting Handbook (ATOC, 2009) and were defined as; commuters – work, commuters – education, business, leisure – shopping, leisure – visit friends / family, and leisure – holidays. The coded CAT is presented in Figure 8.

  The choice of passenger type was based on discussions with rail industry experts and were defined as; Old Age Pensioner (OAP), family, youth / student, disabled, and able-bodied adult. The separation of passenger groups intended to identify groups of individuals with distinct needs and requirements, though it is noted that some overlap is likely to be present (for example, OAPs and disabled passengers are likely to have some similar requirements in terms of mobility). The coded CAT is presented in Figure 9.

As figures 8 and 9 show, there are some hard constraints (i.e., where the function is not currently possible in a situation, as indicated by the empty cells) and some soft constraints (i.e., where the function is possible but not currently supported, as indicated by the dotted lines without the ball-and-whiskers).  For example, advanced purchase of tickets whilst on the train (the cell function ‘advance purchase’ by the situation ‘on train’ in figures 8 and 9) shows that it is currently not possible to purchase advanced travel tickets whilst on the train, even though this would offer greater convenience for the passenger and revenue for the train operating company. 
By interrogating each of the hard and soft constraints in turn, each can be addressed as a potential constraint to modal shift in a systematic manner.  Addressing each of the potential constraints in terms of journey type and passenger type enables a more comprehensive analysis than addressing either alone.  An example is provided in table 1, which shows how each of the function x situational constraints can be examined in turn (consideration of journey type and passenger type reveals which group the strategy would most likely help).  As table 1 shows, on the face of it, seven strategies remove most of the potential constraints, possibly making train travel more like air travel in terms of convenience and comfort.  Removal of these constraints might indeed promote some modal shift, provided that they were physically, socially, technically and economically viable.  Whilst many of these strategies have been identified in general terms in the literature review, analysing the system in human terms (i.e., journey types and passenger groups) puts an ergonomics focus on the problem to develop specific human-centred solutions.
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Figure 8 CAT coded by Journey Type
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Figure 9 CAT coded by Passenger Type
Table 1.  Analysis of hard and soft constraints from SOCA-CAT
	Functions
	Situational constraints
	Type
	Possible constraint removal strategy

	Journey planning
	En-route
	Soft
	Dynamic adaptable journey planner that enables travellers to make and change travel plans from smart-phone

	
	On train
	Soft
	Dynamic adaptable journey planner that enables travellers to make and change travel plans from on-board conductor

	General rail information
	En-route
	Soft
	Up-to-the-minute information on train arrivals, departures, delays, cancellations and replacement services from smart-phone

	
	On train
	Soft
	Up-to-the-minute information on train arrivals, departures, delays, cancellations and replacement services from in-carriage information screen

	Train time information
	En-route
	Soft
	Up-to-the-minute information on train arrivals, departures, delays, cancellations and replacement services from in-carriage information screen

	Personal safety
	En-route
	Soft
	Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies

	Shelter from unsavoury persons
	En-route
	Soft
	Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies

	Shelter from elements
	En-route
	Soft
	Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies

	Seating Provision
	En-route
	Soft
	Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies

	Baggage stowage provision
	En-route
	Soft
	Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies

	
	At station
	Hard
	Provision of  security-screened baggage storage

	
	At interchange
	Hard
	Provision of  security-screened baggage storage

	Support for artefacts
	En-route
	Hard
	Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies

	
	At station
	Soft
	Airport-style passenger facilities with information screens, seating, electrical sockets, tables and internet facilities

	
	At interchange
	Soft
	Airport-style passenger facilities with information screens, seating, electrical sockets, tables and internet facilities

	Entertainment
	N/A
	N/A
	N/A

	Communication
	N/A
	N/A
	N/A

	Business
	En-route
	Soft
	Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies

	
	At interchange
	Soft
	Airport-style passenger facilities with information screens, seating, electrical sockets, tables and internet facilities


3.  Conclusions

Comparing the constraints raised in the literature review to those raised by CWA reveals some interesting findings. Whilst the literature review is a useful list of topics and issues, CWA offers a much more structured analysis of the problems and, in this case, has enabled particular focus on the ergonomics aspects of constraints to rail travel. The Abstraction Hierarchy shows explicitly how the issues are interrelated. For example, ‘Information availability’, which was identified as an ergonomics issue, is linked back to the value and priority measures of ‘Cost (value)’, ‘Public awareness of services’, ‘Speed / journey time’, ‘Timeliness and punctuality’, and ‘Reliability’. ‘Information availability’ is also linked to a number of object-related processes at a lower level in the Abstraction Hierarchy, including ‘Journey planning’, General rail information’, and ‘Train time information’.  Change in any one of these functions is likely to have an effect on the others, in a systemic manner.  So the Abstraction Hierarchy is useful in identifying the functional structure of the system under analysis, which all of the subsequent phases are based on. It can also pinpoint where specific investigations and interventions can be targeted: in this case the focus was on ergonomics, but this could target any area from economics to engineering. It is worth the effort to ensure that this is as complete as necessary to fulfil the needs of the study.
The CAT enables ‘holes’ in the system to be explored, i.e., where the lack of relationships between functions and situations have given rise to system constraints (be they soft or hard).  Consideration of the functions against situation together with the journey types and passenger types allows a systems analysis of the constraints.  For example, grouping functions like safety, shelter, seating, entertainment, communication and business together can encourage consideration of new travel concepts, such as end-to-end journey provision, where a single ticket covers the provision of all of these functions from origin to destination.  SOCA-CAT shows which passenger groups and journey types are likely to be affected by the constraints identified. 

What CWA offers over traditional approaches is the systematic framework for representation of the many different system perspectives.  So whilst CWA may not have necessarily revealed any new constraints, it has shown explicit relationships between those constraints from system point-of-view.  Taking a systems view, it is important to understand how addressing one constraint will affect another.  One would not wish to impose new constraints in addressing the question of modal shift from the private motor vehicle to rail transport.
Consideration of the whole of the socio-technical system, of which the rail network is an example, using CWA is a way of exploring opportunities to change human behaviour on a massive scale.  Considering the function-situation constraints cell-by-cell led to the identification of seven intervention strategies that could encourage modal shift:
· Dynamic adaptable journey planner that enables travellers to make and change travel plans from a smart-phone;
· Dynamic adaptable journey planner that enables travellers to make and change travel plans via an on-board conductor;
· Up-to-the-minute information on train arrivals, departures, delays, cancellations and replacement services from a smart-phone;
· Up-to-the-minute information on train arrival, departures, delays, cancellations and replacement services from in-carriage information screens;
· Door-to-door journey service with connections via local minicab, car-share and on-demand bus companies;
· Provision of security-screened baggage storage; and
· Airport-style passenger facilities with information screens, seating, electrical sockets, tables and internet facilities.
Whilst the literature review identified some of the above strategies in a general sense (i.e., journey planning, inter-modal ticketing and journey, station and interchange facilities), CWA gives context for the strategies, related to particular phases of rail travel which could be targeted at particular journey types or passenger groups.  The fact that there are many of the same strategies identified offers some validation evidence for CWA.  These strategies require changes to the way in which train operating companies conduct their business.  They need to become more flexible in allowing passengers to make changes to their journeys on-route (in private transport one can make changes as required).  This changes the business model, from one where a passage from one place to another is fixed to one where there is the option to purchase travel time or travel miles instead.  Companies will also need to have travel information on-board the train to give people this flexibility.  A door-to-door service would alleviate many of the constraints, although this would require a much greater interconnection between transport modes (rail, road, air and maritime) than is currently the case.  This would be another change to the business model.  Finally, airport type facilities to support work and recreation activities (as well as storage or artefacts) whilst waiting for travel connections would be needed.  These strategies appear complimentary and together should make the rail journey less constrained and more convenient. 
In conclusion, CWA is a semi-structured approach that can help analysts focus on relevant parts of the system and context to provide focus for the search for more information.  Through the use of CWA, the analysts were able to identify human-centred intervention strategies without reference to focus groups, observational studies, industry experts and so on.  The modelling is a very effective way of identifying system constraints in a relatively short amount of time.  The very large numbers of constraints that have been identified and the likely challenges in collecting information on these (and also dealing with these) provides a very considerable challenge for modal shift.  It would be interesting to know what constraints might have to be imposed on private motor vehicle use to “push” travellers towards rail as well as the removal of constraints to “pull” people towards rail.  The graphical depiction of the analysis is useful in showing the system implications from different perspectives.  Future work could use this understanding of the constraints to generate visions or interpretations of rail travel with constraints removed (i.e., brought to life), with the intention of evaluating how travellers could be encouraged towards out of private vehicles and onto rail travel.  Indeed, CWA can model those future visions with all of the constraints removed.  Realising this ambition will help to reduce the carbon footprint for transport systems in the future.
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Cells surrounded by dashed line indicate the function is able to occur in this situation but typically does not
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