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ABSTRACT

Line Operations Safety Audit (LOSA) is a proactive safety management tool, developed for and used in aviation to collect data on threats and errors occurring during everyday operations, and how these are managed. The present research demonstrates that LOSA is readily adaptable for use in the rail industry, however, the transfer required a number of modifications. An outline is given of some key aspects of the Confidential Observations of Rail Safety (CORS) development process, including: design of observation materials; marketing the program to unions and drivers; selection and training of observers; ethical considerations; and issues surrounding legal and safety accountability.
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INTRODUCTION

Although a significant amount of human factors research has been conducted within the rail industry in recent years, still a far greater amount of such research is available from other transport industries such as aviation and road transport (Wilson and Norris, 2005).  There are many similarities in the types of human factors challenges encountered across various transport operations, so there is likely to be much the rail industry can learn from the way in which other transport industries have applied human factors research and expertise.  Prior research (Queensland Rail, 2003) highlighted a number of opportunities to adapt existing human error initiatives from the aviation domain to rail.  One such initiative is the Line Operations Safety Audit (LOSA) program.
Line operations safety audits (LOSA)
Line Operations Safety Audit (LOSA) was developed as a joint program involving the University of Texas and Continental Airlines, with funding from the Federal Aviation Administration Human Factors Division (Flight Safety Foundation, 2005; ICAO, 2002).  LOSA is a proactive safety management tool that uses trained observers to collect data about external threats and crew behaviour during normal flight operations (Klinect, Wilhelm and Helmreich, 1999).  The observations are conducted under non-jeopardy conditions by pilots trained in the use of specially designed observation materials.  Data gained through LOSA can be used to guide improvements to training and operations (Helmreich, in press; Flight Safety Foundation, 2005).  LOSA is not limited to identifying safety issues or potential improvements; it also identifies examples of positive safety performance, and successful application of threat and error management countermeasures (Helmreich, Klinect and Wilhelm, 1999).  LOSA uses the Threat and Error Management Model (Helmreich et al., 1999) as a framework for data collection and analysis.
Threat and Error Management Model
The Threat and Error Management Model (Helmreich et al., 1999) as used in aviation, defines threats as external situations that must be managed by the cockpit crew during normal, everyday flights.  Threats increase the operational complexity of the flight and pose a safety risk to the flight at some level (ICAO, 2002).  The operational definition of flightcrew error on the other hand, is action or inaction that leads to deviation from crew and/or organisational intentions or expectations (Helmreich et al, 1999).  Threats and errors are considered to be normal parts of everyday operations that must be managed.  Threats and errors may sometimes go undetected, on other occasions they may be effectively managed, or may result in additional errors which require subsequent detection and response.  By collecting and analysing data using this framework, it is possible to learn about more and less successful threat and error countermeasures being used during everyday operations.  The Threat and Error Management Model appears to be relevant to many applications outside of aviation, including the rail operating environment.
Confidential Observations of Rail Safety (CORS)
The rail adaptation of LOSA was named Confidential Observations of Rail Safety (CORS). This title was generated in an attempt to highlight the confidential nature of the observations, and to differentiate these from other existing monitoring or audit programs in place within the organisation.  CORS differs from LOSA in the type of data collected, as the focus of CORS observations was limited to data related to threat and error management.  Unlike aviation, evaluation of behavioural markers was excluded from the observation process, as there was concern that such judgments may be perceived by participants to be subjective and evaluative, and that this in turn may reduce initial acceptance of the program.  The authors also considered CORS observation data to be an important input into the development of behavioural markers.  
The results of CORS observations will be used together with outputs of the National Rail Resource Management (RRM) project to generate rail-specific behavioural markers for future use in training and assessment.  The National RRM project, managed by the Department of Infrastructure Victoria, aims to adapt Crew Resource Management training for the rail industry (Public Transport Safety Victoria, 2005).
CORS will provide a snapshot of operational safety performance, and it is anticipated that the results of CORS may highlight future directions for training and awareness, and potential improvements to organisational systems and processes. CORS may also provide a baseline measure of drivers’ threat and error management skills prior to implementing Threat and Error Management training as part of the existing Human Factors training program.
The University of Texas proposes ten LOSA Operating Characteristics which are critical success factors in implementing LOSA (ICAO, 2002).  CORS was developed in accordance with these characteristics as follows:

1. Jump-seat observations during normal flight operations:  CORS observations are conducted on normal timetabled revenue services, with participants fulfilling their normal rostered workings. There are no observations conducted during driver monitoring or assessment journeys.

2. Joint management / pilot sponsorship:  A Steering Committee was developed during the planning stage of CORS.  This provided an opportunity for management and union involvement and endorsement of the program.  The Steering Committee is involved in all stages of CORS, including development of observation materials, observer selection and training, scheduling of observations, review of progress, and interpretation and communication of results.
3. Voluntary crew participation:  CORS observations are only conducted with permission of the participating driver.  When observers approach drivers, they are required to provide information about CORS, and obtain voluntary informed consent prior to conducting an observation.  If a driver declines, the observer continues to approach other drivers until consent is obtained.  Participants may withdraw from the program at any stage during an observation.

4. De-identified, confidential and safety-minded data collection:  CORS observation worksheets were designed to ensure that no identifying information is recorded, such as names, train numbers, or dates of observation. 

5. Targeted observation instrument:  CORS observers use specially designed observation materials based upon the Threat and Error Management Model, and target external threats, crew errors, how these are detected and managed, and actual outcomes. Observers record and code events according to threat and error code lists specifically developed for this project by driver representatives and Human Factors experts.

6. Trusted, trained and calibrated observers:  To promote trust in CORS, observers are peer train drivers, selected from expressions of interest, and specially trained in the technical and non-technical skills required for conducting observations.  Observers participate in regular calibration sessions to promote consistency and reliability of coding.

7. Trusted data collection site:  All observation worksheets and signed informed consent forms are sent to the University of Queensland for data entry and storage.  No one within the rail organisation has access to individual observation paperwork. Feedback from drivers has shown that this discernable level of independence greatly contributed to their confidence in and acceptance of the CORS program.
8. Data verification roundtables:  Calibration sessions are conducted regularly to promote reliability and consistency of coding.  These sessions have also provided observers with an opportunity to discuss techniques that worked well when approaching participants, or conducting observations, and to explore any barriers or difficulties experienced.
9. Data-derived targets for enhancement:  At the time of writing the paper, CORS observations were not yet complete, however, the next stage of CORS involves analysing the data obtained in the first round of observations to determine trends or key issues, and to prioritise these for attention.  An action plan will be developed to address key issues that have emerged.  

10. Feedback of results to the line pilots:  Results of the data analysis will be communicated to drivers, and other key stakeholders within the organisation via the Steering Committee.  It will be important to link these results to planned improvement actions to demonstrate that the program has been used to generate change and safety improvement.

Design of Observation Materials
CORS observation materials follow a similar format to that of their LOSA equivalents, however, the content of threat and error code lists is specific to the types of threats and errors that could be encountered in the rail domain. Threat and error code lists were generated using information gained through task analysis information, accident/incident investigation data, and focus groups with driver trainers and senior traincrew. These lists were further developed during a trial phase of observations conducted as part of observer training. Threat and error lists were limited to those items that may impact on operational and/or passenger safety, and excluded those that would primarily impact on service efficiency or comfort.
CORS Worksheets are designed to collect data about: 

· Threats - when the threat occurred, who detected it, how it was detected, and how it was managed; and 

· Errors – when the error occurred, who committed the error, whether it was associated with a threat, who detected it, how it was detected, how the crew managed or responded to the error, and the outcome of the error.

In addition, a separate page was designed to record demographic data such as day and time of observation, rollingstock type, length of driving experience, line of route, whether it was express running, and a general description of the context of the journey.

Ethical and Legal Considerations 
Given the sensitivities surrounding collection of threat and error data, the CORS Steering Committee sought ethical clearance for the program through the University of Queensland’s Behavioural and Social Sciences Ethical Review Committee.  In obtaining ethical clearance, it was demonstrated to the review committee that adequate provision had been made to address key considerations such as:

· Train driver participation in observation sessions being entirely voluntary

· Lodgement of participants’ Informed Consent
· Freedom for participants to withdraw from observations at any stage

· Protection of anonymity and confidentiality in the handling and storage of data

· CORS Observers signing a Confidentiality Agreement
· Assurances that CORS data would not be used for disciplinary purposes

· Limitations imposed on access to CORS data in the event of incident investigations
It was acknowledged from the outset that the success of CORS hinged on safeguarding confidentiality and reasonable limits of accountability.  In establishing these parameters, extensive consultation occurred with management, traincrew unions, legal professionals and the University of Queensland.

In order to protect confidentiality and anonymity, CORS observation worksheets do not contain any personal identifying information. As an added measure, observers send signed informed consent forms and completed observation worksheets in separate sealed envelopes to the University of Queensland. There the consent forms are securely stored separately from the observation data, and only the notes from the observation worksheets are entered in a password protected data file before being securely stored as well. 

Despite the assurances and safeguards to confidentiality, there remained concerns that threat and error data could still be used for disciplinary purposes if the participating driver was involved in a safety incident whilst being observed.  To alleviate these concerns, it was necessary to articulate clear Limits of Accountability that preserved confidentiality and anonymity as far as practical, but without compromising legal and workplace health and safety obligations.  These formed part of the Informed Consent process and were readily accepted by traincrew once the limits to how the information could be used were clearly defined.
Marketing the Program
Initially, CORS was marketed via a Steering Committee and existing communication channels such as newsletters and information boards within depots.  A distinctive logo was developed to mark all CORS documentation for easy identification.  There were two key components critical to successfully marketing CORS.  The University of Queensland was engaged as a neutral third party, responsible for receiving and storing observation data off-site, which seemed to promote participants’ trust in the confidentiality and anonymity of observation data.  Observers were trained in promoting CORS, and in dealing with negative or difficult responses, however, observers had very few negative responses to the program.  Observer feedback suggests that the program has been well received amongst drivers, and observers have reported very few rejections when drivers were approached to participate. The most significant challenge in marketing CORS was to differentiate it from other observations such as driver performance monitoring and assessment, and other observations collecting data for reviewing timetables.  
Observer Selection and Training
Although both pilots and a small number of non-pilots may act as LOSA observers (ICAO, 2002), the decision was made to include only “peer” train drivers in the team of CORS observers.  The rationale behind this decision was to promote trust in the program, to maintain role clarity of senior traincrew, and to differentiate CORS observations from other compliance-based monitoring or assessment. Observers were selected via expressions of interest, and undertook an interview and written work sample activity, designed to assess: their appreciation of confidentiality requirements, ethical behaviour, observation skills, written communication skills, accuracy of coding information, and willingness to follow rules and procedures.  Observer selection results were endorsed by traincrew union representatives via the CORS Steering Committee.
Observers undertook three days of training prior to commencement of the program.  The training involved presentations, case studies, facilitated discussions, simulated practice, and observation practice on revenue services.  The training provided a brief introduction to Human Factors and system safety, a background to LOSA and Threat and Error Management, key concepts in ethics and confidentiality, communicating and marketing the program to potential participants, and dealing with difficult situations.  Observers were trained to use the CORS observation materials, and they provided feedback which was used to further modify the threat and error lists.  Observation practice was conducted using videotaped driving scenarios and a train driving simulator, and prior to the final day of training, observers worked in pairs to conduct trial observations on normal revenue services.  Feedback from these trial observations helped further refine the observation materials, and provided an opportunity for observer calibration prior to conducting observations that would form part of the CORS data set.  It is interesting to note that observers found the experience of conducting observations using video and simulator scenarios more difficult than the trial observations on revenue services.  This appears to be due to relative lack of sensory cues, other than visual and auditory, in the video and simulator scenarios, and the higher number of threats and errors occurring in these scenarios compared with “normal” journeys.  
Observer Calibration
Calibration sessions were held regularly during the CORS data collection period.  These sessions provided an opportunity to maintain high levels of consistency and reliability in coding and documenting observation results. The calibration sessions provided an opportunity to agree upon coding of unusual or unexpected events, and to discuss any issues arising from the data set, such as missing demographic data, or inconsistent coding of similar events.

As part of these sessions, observers also discussed methods they used in recruiting and observing participants, and were able to share strategies for dealing with unusual events or difficult situations.  Some of the issues observers worked collaboratively to resolve were the tendency for participants to engage in conversations whilst being observed, rostering constraints, establishing links between threats and errors, and incorrectly classifying error outcomes viz. whether the error was inconsequential, lead to an undesired state, or resulted in an additional error.
PRELIMINARY RESULTS
Although threat and error occurrence rates observed through LOSA differ across airlines, initial CORS results reveal rates within a similar range to those recorded in LOSA.  Table 1 compares LOSA data for three airlines (Klinect et al., 1999) with preliminary CORS data. 
	
	Airline A
	Airline B
	Airline C
	CORS

	Threats per segment / journey
	3.3
	2.5
	0.4
	4.6

	Errors per segment / journey
	.86
	1.9
	2.5
	1.6

	Table 1. A Comparison of LOSA Data (Klinect et al., 1999) and CORS Data


Furthermore, LOSA data (Klinect et al., 1999) reveals that threats occurred in 72% of flight segments observed, compared with 100% of journeys in CORS; and errors occurred in 64% of flight segments in LOSA, compared with 77% of journeys in CORS.

A promising finding of the CORS observations was that about 80% of the observed threats were managed effectively. This percentage was somewhat lower for the observed errors.  In nearly all cases where there was an identifiable consequence, this was typically an undesired state, with no additional error. As could be expected, not all threats and errors occurred with equal frequency, and certain clusters of recurring threats and errors are starting to emerge from the data. The lists have proven to be sufficiently complete: for only 5% of the observed threats and 7% of the observed errors so far none of the existing codes could be assigned. 
CONCLUSIONS
This paper demonstrates how the LOSA methodology has been successfully adapted to a rail equivalent, CORS, and highlights a number of issues that needed to be tackled in the process.  Initial results are promising: the program appears to be well accepted among all stakeholder groups, observers have no difficulties in recruiting participants, and the collected data is starting to provide insights not only in which threats and errors occur but also how well these are managed.  Future research will aim to improve the quality and quantity of threat and error management data collected through CORS, and may include the addition of behavioural markers to observations.  The next generation of CORS observations will aim to measure any change in threat and error management skills after traincrew have been trained in key threat and error management principles drawn from the first round of CORS observations.  
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