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Abstract
This paper describes two safety surveys carried out in an Air Traffic Management Research and Development centre (EUROCONTROL Experimental Centre). The paper discusses the differences and similarities between the two tools with regard to their development, the method of conducting the surveys, the results and their implications. It has been estimated that about 50% (EUROCONTROL, 2003) to 60% (HSE, 1995) of accidents and incidents appear to have their roots in the design and development process, and since this is the core business of the EEC, it was deemed necessary to investigate the maturity of safety at the EEC. The challenge for the EUROCONTROL Experimental Centre (EEC) was to develop a tool that is relevant to a research and development environment with the objectives of (i) identifying areas of weakness in the safety culture of the organization (ii) help in developing a Safety Management System. The first objective was addressed by developing a Safety Culture Survey (SCS) tool and surveying the EEC (March, 2003). The second objective was addressed by customizing an existing (SMS) survey tool (RD) for the R&D environment. The SCS is based on traditional measures adapted to ATM and then to R&D, and the River Diagram (RD) is more of a safety management survey, adapted from other industries and already applied to HQ to examine their commitment to safety. Nevertheless, the two surveys have been compared to see where they agree and where they 'dissociate'. Overall, the SCS has a larger focus on “softer issues”, i.e. more complex issues of ‘trust in management’. Diagnostically, the River Diagram survey helps the practitioner develop SMS implementation plans more readily than the Safety Culture survey.  
1. INTRODUCTION
Safety culture in ATM operations 
ATM is currently seen by other industries as a ‘High Reliability Organisation’ (HRO), although it is not fully understood why ATM is so safe. Safety, in the levels seen in ATM, is something of an ‘emergent property’, built on the professionalism within the industry, and decades of trial and error in evolving best practices and procedures. It is obviously desirable that ATM retains this hard-won HRO status. The most likely way it could lose this characteristic is via fundamental change, i.e. changes at the core of ATM (since change is one of the main generalised causes of accidents). Therefore, it is important that at the development stage of the new ATM systems, safety is considered to ensure that such changes will not result in losing the emergent property of safety.
There is an obvious need for good safety culture in operations, where controllers are directly involved in the separation of aircraft. The need for having ‘informed’, ‘just’, ‘reporting’, ‘flexible’, ‘learning’ (Reason, 1997) and ‘wary’ cultures (Hudson, 2001`) in an operational centre is apparent. However, this requirement is not always obvious to those who are not at the operational ‘sharp end’, such as the developers of new technologies, systems and procedures.
Even in operational ATM centres however, few attempts have been made to actually measure safety culture, compared to other industries. There is an assumption of good safety culture, as opposed to scientific measurement and demonstration of safety culture, which results in a rather vague understanding of this property in the industry, and few insights on how safety culture can further be improved as can arise when employing such scientific measures. Nevertheless,  safety culture has been measured in at least two European Air Navigation Service Providers (ANSPs) including NATS (UK National Air Traffic Services) and the Swedish ANSP. This recent move from ‘implicit’ safety culture towards more scientific measurement of safety culture and development of formal Safety Management Systems in ANSPs, lends momentum to the case for measuring and improvement of safety culture at the earlier stages in ATM systems design. This then requires the development and refinement of a suitable and novel approach, since little in the way of safety culture measurement has been applied in ATM, and nothing at all in ATM at the Design Stage of the ATM life cycle.
The need for a good safety culture in R&D 

It has been estimated that about 50% (EUROCONTROL, 2003) to 60% (HSE, 1995) of accidents and incidents appear to have their roots in the design and development process, and since this is the core business of the EUROCONTROL Experimental Centre (EEC), it was deemed necessary to investigate the maturity of safety culture at the EEC. If safety culture is good and can be improved, then future system designs will have a higher degree of ‘built-in’ safety. If not, then such design concepts will need a lot of safety assessment and changes later on when project and cost pressures will be higher and more demanding, possibly resulting in safety being ‘bolted-on’ at the end rather than being an integrative aspect of the design, increasing the risk of accident. The challenge for the EEC was therefore to develop tools that are relevant to a research and development environment with the objectives of (i) identifying areas of weakness in the safety culture of the organization (ii) help in developing a Safety Management System.
However, when setting out to consider safety culture at the design stage, the principal difficulty is one of enabling people to see the connection between what they are doing at the design stage or even concept exploration stage, say ten to fifteen years before a system ‘goes live’, and operational safety with real potential for incidents and accidents. Whilst most ATM organisations collect information about reactive indicators of safety, such as loss of aircraft separation, information about links between specific design activities and ‘errors’ and operational safety is much harder to find.  Therefore there can be a tendency to think that safety can ‘come later’. The research (EUROCONTROL, 2003; HSE, 1995) suggests that this is a mistake, where adding safety later may be too late to be as effective as safety coming earlier.
A major challenge for the EEC is therefore to develop a method which can be applied at the research and design stage, that will be taken seriously by those carrying out design activities, in order to identify safety critical issues early on. Safety needs to be seen as an essential aspect of research and design in ATM, and it is also important that the EEC organisation strives for higher levels of safety awareness, and more positive attitudes and commitment to safety. Since safety culture cannot simply be ‘imposed from above’, particularly in a creative environment such as concept design, the first step is clearly to try and measure safety culture with an appropriate and sensitive instrument that can also suggest ways to improve safety culture. For this reason, it is appropriate to measure safety culture in the EEC. 
Designing New ATM Concepts

ATM in Europe is undergoing fundamental changes, partly to adapt to the increasing traffic ‘capacity’ demands, and partly to remove the inbuilt hindrances to an already complex and busy system. New designs and approaches have therefore been conceived to enhance ATM system performance. Some of these aim to support the air traffic controller, the human responsible for guiding the aircraft, whether in a control Tower, or an En Route Air Traffic Control Centre, via new sensors, displays, warning devices, and other tools to support efficient communication and control of traffic. Other approaches are concerned with how the ‘airspace’ is managed, in particular moving away from traditional national boundaries to ‘functional airspace blocks’ which are based on predominant traffic flows and routes. Rather than having forty or so different countries each with their own style of procedures and ways of managing traffic, and each with their own national rules and regulations, the aim is for a ‘Single Sky’ concept for Europe, with more collaborative approaches and harmonisation of air traffic control practices and procedures. Therefore, the whole ATM system in Europe is undergoing a ‘paradigm shift’, with key dates for its transformation being the 2012 – 2017 period, when many new tools, procedures, and practices will be implemented. Such a change offers both challenges and opportunities for safety. Therefore those designing these new systems ideally need to be looking both for safety opportunities and safety problems. If these concept researchers and designers think safety ‘comes later’, safety may suffer, or fail to realise its full potential, the net result being a less safe system.
An example of two new concepts being developed are a conflict detection system, which detects when two aircraft might lose minimum separation in say 7 – 8 minutes time (showing these to the air traffic controller on his or her radar screen), and Data Link, a means of transmitting electronically commands and information from the controller to the aircraft (currently such information is transmitted orally using radio-telephones. A safety assessment carried out after the initial conceptualisation is completed, would focus on ensuring that these two systems did not add risk to the system. For example, in terms of raising too many false alarms, or giving controllers wrong conflict-reduction advice, or in terms of electronic malfunctions that could send the right information to the wrong aircraft. However, a good safety culture at the design stage would enable designers to appreciate that there is also an opportunity to maximise safety by aligning the operation of these two concepts, so that conflict detection, instructions, and verification that conflict avoidance instructions are being effected by the aircraft, are mediated by Data Link, and thus can be managed much faster by the controller. This is a rather obvious example once spelled out, but there are other more subtle ones that would only be realised by designers and safety people working together at the concept stage. 

The Rise of Safety Culture
Many high reliability industries around the world are showing an interest in the concept of ‘safety culture’, as a way of reducing the potential for large-scale disasters. Organisations have certain characteristics which can be called its ‘culture’. These are generally invisible to those within the company, and yet quite transparent to those from a different culture. Organisational culture is thought to contain a number sub-cultures such as safety, professional, operational, design, moral and ethical cultures. Safety culture has been described as: ‘who and what we are, what we find important, and how we go about doing things around here’ (Hudson, 2001). Researchers have shown that organisations with good safety cultures tend to have fewer accidents (see review in Gordon, 2002). But there is little work on safety culture in research organizations, and what exactly it might mean at a working level in such organizations.

Designers & Safety Culture
In practical terms, when people are researching and developing new systems, and they consider safety and believe it is important, this will affect how the system is developed. Inevitably there are many decisions and ‘trade-offs’ that must be made during early development and design stages. These are however often too early or too specialized or localized to come under formal safety assessment scrutiny. Nevertheless, if there is not a particularly positive and active safety culture, safety may be the ‘loser’ during such decisions and trade-offs, especially when safety may seem to be a distant ideal of a system that will not be operational for another five to ten years. Safety can simply be seen to be someone else’s problem, or something that can be fixed later on.

It is important therefore that those working at this design and development end of the operational spectrum understand safety, and know how their decisions can affect and curtail real safety later on. This is not an easy process, especially as it can be seen to constrain designer ‘freedom’ and creativity. However, at a practical level, the types of safety thinking that are desirable in a research/design organization for a safety critical industry, would appear to be the following:
For the system I am working on, what types of incidents and accidents have occurred? How could a new design avoid such problems? Could my new system add new problems, alone or in concert with other developments? Could my system solve problems in other areas? Will the operator (in this case a controller) be able to deal with events such as system failures, whether revealed or unrevealed, and other anticipatable events? Will the system be robust and supportive enough that the future operator can deal with future events that I cannot at this point anticipate? Etc.

Such thinking, and resources to support such thinking (e.g. knowledge of incidents and failure paths etc.), should help generate more safe systems.

The need for a Safety Management System in R&D 

Most high reliability industries have Safety Management Systems (SMS) that encourage organizations to take a systematic approach to safety, and indeed recent regulations in European ATM specify that ANSPs must develop and implement a Safety Management System (EUROCONTROL Safety and Regulatory Requirement [ESARR] 3). These SMSs can benefit the organisation by knowing, understanding, and controlling the hazards of the business. However, a Safety Management System by itself is not enough to guarantee continuous safety performance. In order to for the Safety Management System to work effectively, the organisational culture needs to be at a level it can support the safety management systems and enable it to grow.

A good Safety Management System can make a big difference to any business. However, no matter how thorough and systematic it is, it is not sufficient to guarantee sustained safety performance. It is believed that companies with good safety cultures also are some of the most profitable companies. Good communication between management and staff not only enhances safety, but can also improve morale and productivity. Another reason why organisations with good safety cultures can be profitable is that they understand where potential problems lie, and can devote resources more effectively. What costs money is not safety, but bad safety management. Once the management realise that safety is financially rewarding, it is possible for them to achieve a full safety culture (Hudson, 2001). 

However, as with safety culture, SMSs are less developed and applied to research organizations, but there are certain clear ways forward. For example, a safety policy is required to support safety culture from the top down, and a set of safety processes that tell people what they need to do about safety in their work. Such processes could include understanding incidents and their relation to systems under development. Processes could also include limited safety assessment at key points in the project, to check that the systems being developed will decrease risks in the future. Additionally, an SMS should include procedures and support systems to promote and communicate safety culture and safety practice in the organisation.
Safety Culture & Safety Management – A necessary double-act

It can be seen that both safety culture and safety management go hand in hand to achieving safe practices in an organisation. One is less tangible than the other, but both are required. If there is only an SMS but no real commitment to safety, then the SMS will not be effective, as decisions will not really prioritise safety, and the SMS will be merely a ‘paper exercise’. Similarly, if there is a good safety culture but no SMS, then in a complex organisation the way safety is applied runs the risk of being inconsistent, under- or mis-resourced, and not seen as business driven (because it will not be part of the business plan). 
For these reasons, and because the EEC as an organizational entity has recognized the importance of safety in its activities, it was decided to look both at safety culture and the development of a suitable SMS for the EEC. Safety culture was reviewed for the first time in 2003, and then a study to develop a SMS was carried out in 2004. The remainder of the paper concerns the measurement of safety culture and the pre-analysis work carried out for developing an SMS. To an extent these methods both measure safety culture, although with some different emphases. Given this at least part-shared objective, it was decided to contrast the two approaches to verify their strengths and weaknesses, to look for agreements and dissociations, and to confirm the utility and requirement of using both approaches for the EEC.
Measuring safety culture
Safety culture (or safety climate) in the workplace has traditionally been measured using questionnaire surveys, and has focused on the perceptions and attitudes of the workers. More recently, organisations’ safety culture have been measured in terms of their level of maturity, where they can be described on a line from ‘emergent’ to ‘continually improving’, from worst to best. The Safety Culture Maturity Model( (Fleming et al, 1999) was originally designed for the offshore oil industry, but the structure has been used in other high reliability organisations, including ATM and to measure the level of maturity of safety in design (Sharp et al, 2002) in the offshore oil industry. The Safety Culture Maturity Model1 contains 5 iterative stages of maturity (see Figure 1), where organisations can progress sequentially by building on their strengths and removing the weaknesses. 
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Figure 1. The Safety Culture Maturity Model1 (from Fleming et al, 1999)
In the early stages of a safety culture (Levels 1 and 2), top management believes accidents to be caused by stupidity, inattention and, even, wilfulness on the part of their employees (in an operational environment). In a design organisation, management do not believe that their organisation can influence the safety of future operations (such as ATM). Many messages may flow from management, but the majority still reflect the organisation's primary production goals, often with 'and be safe' tacked on at the end.

At the “Involving” stage (Level 3), the foundations are laid for acquiring beliefs that safety is worthwhile in its own right. By constructing deliberate procedures, an organisation can force itself into taking safety seriously. At this stage the values are not yet fully internalised, the methods are still new and individual beliefs generally lag behind corporate intentions. However, a safety culture can only arise when the necessary technical steps and procedures are already in place and in operation. Level 4 means the organisation really gets to grips with safety issues with commensurate resources, and at Level 5 the organisation is largely controlling and managing safety effectively but without complacency, and is continually improving its efforts.
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Improving safety culture in other research and development organisations 

In a paper by Vecchio-Sadus and Griffiths (2004), a mineral processing and metal production research and development organization (similar in many ways to the EEC) was used as a case study to show how occupational health and safety marketing strategies can be used to influence behaviour and promote management commitment and employee empowerment to enhance safety culture. They found that with education and training the scientists at the research centre were more informed about risk assessment, human error and methods for achieving cultural change. In order for health and safety promotions to have an impact on people’s behaviour, Vecchio-Sadus and Griffiths (2004) think it is important to use marketing strategies. In fact, they report improvements in: 

(iv) safety culture (accountability and commitment by management; an increase in the number of employees taking ownership of their work environment and knowledge improvement); 

(v) improvements in risk management (increase in the number of risk assessments; better job safety procedures; improvements to the workplace, plant & equipment)

(vi) improvement in overall performance (substantial decrease in lost time injury rate; decrease in compensation claims; improvement in the investigation and documentation of incidents; winning research contracts because of the safety systems and culture)

Objectives
The aims of carrying out safety climate surveys in organizations have been identified (Fleming et al,1999; Vecchio-Sadus & Griffiths, 2004) as:

(v) assisting in informing senior management about cultural or behavioural issues and developing effective safety improvement plans
(vi) developing management’s thinking about the type of organisation they are managing and where they want to go
(vii) encouraging managers to develop the organisation’s safety maturity (i.e. how developed the organisation is with regard to safety practices and procedures)

(viii) providing a practical framework for developing improvement plans and selecting appropriate interventions (as the level of safety maturity influences the appropriateness and effectiveness of different safety improvement techniques).

More realistically, the objectives of surveying the EEC safety culture were to: 
(i) measure a baseline of staff & contractors perceptions of safety in the EEC in order to 
(ii) help implement some steps to improve the safety culture.
The objectives of EEC SMS River Diagram survey were to:
(i) To help establish where the EEC is currently with regard to the elements of a Safety Management System (SMS) for the EEC.
(ii) To pave the way for developing an implementation plan for the EEC SMS
Objectives of the paper 
The objectives of this comparison of two methods were to answer the following questions:
1. What are the differences between the two methods (in terms of both content of the tools and the effect of the data collection procedure)?
2. Are there any differences in the results between the two surveys with regard to when they were undertaken (Spring 2003 versus Spring 2004)?
3. Are both techniques necessary, or can one suffice, for an organisation such as the EEC?
It is therefore intended to contrast the two approaches, to see where they agree and where they 'dissociate'. Of particular interest is where they can be used diagnostically to determine improvements in the safety culture and processes of the EEC. It is likely that they may differ in their output, where the first may give a more general picture of safety culture and climate in the centre, while the second may give a better picture of the maturity of a safety management system in the centre.

A comparison of the two methods is discussed with regard to the following: 
(i) Content validity – were the same elements considered in the two tools?
(ii) Convergent validity – do the results of the two tools agree or converge?

(iii) Evaluation – overall assessment of maturity of safety in the EEC
(iv) Face validity – how relevant were the questions perceived to be by the participants?
(v) Diagnosticity – how useful are their outcomes for improving safety in the EEC?
(vi) Usability – how easy were the tools to use to gather data?
2. METHOD
The two tools were initially developed independently. The first method (the EEC Safety Culture Survey) is based on traditional measures adapted to ATM and then to R&D, and the second (the River Diagram) is more of a safety management survey, adapted from other industries and already applied to the EEC’s parent organisation (referred to simply as ‘HQ’) to examine their commitment to safety. The River Diagram was adapted for the EEC to focus on design and development activities. It focuses more on key people, responsibilities and process, whereas the Safety Culture Survey looks more at the attitudes of a cross section of the workforce. The surveys were carried out with a difference of just over a year.
2.1 Safety Culture Survey

The questionnaire has 5 levels of maturity where organisations can progress sequentially by building on their strengths and remove their weaknesses. Six organisations have developed and tested Safety Culture (ISO, 1990 ; Fleming et al, 1999 ; Sharp et al, 2002 ; Nickelby et al, 2002 ; NATS, 2002 ; Hudson, 2001), mainly in the offshore oil industry. Five different methods of measuring the level of maturity were developed. The 5 maturity levels labelled by Fleming et al (1999) have been used for the purposes of the EEC Safety Culture Survey (SCS):
Level 1 – Emerging - safety defined as technical & procedural solutions and compliance with regulations; safety not seen as key business risk; accidents seen as unavoidable
Level 2 – Managing - safety seen as a business risk; safety solely defined in terms of adherence to rules & procedures; accidents seen as preventable
Level 3 – Involving - accident rates relatively low (reached plateau); management think frontline employees are critical to improvements; safety performance is actively monitored
Level 4 – Proactive - managers/staff recognise that a wide range of factors cause accidents; organisation puts effort into proactive measures to prevent accidents
Level 5 – Continually Improving - sustained period of no recordable or high potential incident, but no feeling of complacency; constantly striving of finding better ways of improving hazard control
The Safety Culture Survey has 21 elements which are contained within the following four main themes: 

(i) Management Demonstration

(ii) Planning and Organising for Safety 

(iii) Communication, Trust and Responsibility 

(iv) Measuring, Auditing and Reviewing
“Elements” are the subject areas that have been found in the past to be relevant to safety culture. Table 1 provides some examples of the 21 Elements, giving a flavour of what is contained in the “Emerging” and “Continually Improving” levels. These elements were developed based on the research of five research groups (Fleming et al, 1999; Sharp et al, 2002; Nickelby et al, 2002; NATS, 2002; Hudson, 2001), who have published the key elements which they believe to describe the Safety Culture of the organisations they were measuring. Three of the researchers were measuring safety culture maturity in operational environments (Fleming, 1999; NATS, 2002; Hudson, 2001); Sharp et al (2002) was measuring the safety maturity in design; and Nickelby et al (2002) were measuring human factors maturity in design. Surprisingly, there was quite a lot of difference in the key elements examined by the different researchers. However, there were a small number of common elements for each of the maturity models, such as Training and Organisational Learning. 

Procedure 
The first draft of the questionnaire was shown to four ‘key’ people in the organisation to determine the relevance of the items to the ATM research and design organisation. Some comments were made regarding the relevance of some of the statements in the questionnaire, such as the use of incident and accident reports, as they are not so relevant in an R&D centre compared to an operational centre. A cross-section of 40 staff within the EEC were targeted for the main survey. The participants were from different projects, at different levels in the organisation and the sample included contractors. The participants were selected from the personnel list to ensure a cross sectional sample was chosen. The selected participants were from across different departments; different types of expertise and different levels of responsibility. The participants were initially contacted by e-mail and provided with information about the study. Participants were then asked to join a group of about 10 others (for a designated meeting) to complete the survey individually. At this meeting, participants were provided with the background and purpose of the study and instructions on how to complete the questionnaire. The purpose of the survey was to measure a baseline of staff & contractors perceptions of safety in the EEC in order to help implement some steps to improve the safety culture. Participants were encouraged to ask questions before and during the session when necessary. The survey was carried out in March, 2003 and a total of 36 participants responded. 

Table 1. Examples of Statements from the Safety Culture Survey Tool
	
	Element
	Lower Levels of Element (1-2)
	Higher Levels of Element (4-5)

	Management Demonstration
	1 Management Commitment to Safety*
	Safety is considered an employee responsibility

Lip service is paid by senior management to the importance of safety commitment
	Senior management demonstrate commitment to safety

Management & staff frequently discuss safety

Good safety behaviour is recognised

	
	2 Safety Performance Goals*
	Safety goals are only assigned as an ad hoc response to an incident and tend to be based on previous experience only
	Goals are set with reference to external benchmarks and internal history

Improvement targets are set

	
	3 Impact
	There is no mechanism for results of safety activity to influence management or design decisions
	Business processes ensure that safety has authority to enforce design changes or stop a project

	
	4 Investment & Resource Allocation*
	Little or inappropriate provision is made for resources or facilities to conduct safety activity
	Organisation makes strategic investments in developing organisation wide safety processes

	
	5 Policy & Strategy on Safety
	No organisation wide safety policy or strategy

Safety activities occur in an unsystematic, unplanned way
	Documentation and accessible organisation -wide policy of safety

Monitoring of policy and strategy forms an integral part of the organisation’s business processes

	
	6 Safety versus Productivity*
	Safety assessments are not undertaken because they often interfere with getting the work done
	Staff are encouraged to take account of safety in design, which is fully resources and supported and it is encouraged over and above getting the project completed on time

	Planning & Organising
	7 Safety Planning
	Safety is not pre-planned ad occurs in an ad hoc, unsystematic manner
	Strategic planning for safety is automatically initiated as part of core business processes

	
	8 Training & Competence
	Staff are assigned to safety activities based on their availability, rather than on having training or relevant experience
	A comprehensive safety training programme exists
Competence standards are used

The effectiveness of training is measured

	
	9 Knowledge of ATM Risks*
	Employees are unaware of the impact that their work has on future ATM safety
	All staff are aware of new and recurring ATM risks and fully understand how their work impacts safety

	
	10 Risk Assessment & Management
	Risk assessment is reliant on individual experience from specialists or experienced managers
	Risk information is routinely used in planning
There is wide employee involvement in risk assessment

	Communication, Trust & Responsibility
	11 Communication
	There is no feedback to staff regarding ATM safety issues
	Staff regularly bring up project safety concerns and feel confident to raise them with management

	
	12 Integrated Teams*
	Safety effort is external to project teams
	Safety personnel have a core role in project teams and have status at relevant meetings

	
	13 Involvement of Employees*
	There is limited employee attendance in safety activities/ meetings
	Employees are heavily involved in contributing to the design, implementation and measurement of safety related changes

	
	14 Relationship w/ External Regulator
	The objectives of the EEC and the safety regulator are diametrically opposed
	Regular audits are undertaken by the regulator and viewed as constructive monitoring of safety

	
	15 Involvement of Stakeholders
	No formal provision is made for gaining access to stakeholders
	Appropriate and representative stakeholders are engaged at the right time on projects

	
	16 Trust & Confidence*
	Trust and confidence of employees is assumed by management
	Employees are confident that complete pictures of safety performance and progress against targets are communicated

	
	17 Responsibility for Safety
	Safety specialists undertake safety activity in isolation from staff
	Everyone in the organisation believes and accepts that safety is their responsibility

	Measuring, Auditing & Reviewing
	18 Organisational Learning
	No process to assess or feedback safety learning ; Information is shared on a “need to know” basis
	A safety information system promotes sharing of safety issues and learning through the effective presentation of information

	
	19 Safety Management System / Audit
	The concept of a SMS is not recognised ; Isolated policies and procedures exist
	A comprehensive SMS exists and covers all aspects of safety and is designed to be practical and achievable for all employees 

	
	20 Achievement of Safety Targets
	Criteria for determining whether safety targets have been achieved are applied ad hoc and tend to be inappropriate
	Business processes actively identify the achievement of safety targets as criteria for the success of a project and they form important milestones

	
	21 Test of safety in design
	Test and evaluation of safety issues tends to occur ad hoc in response to specific incidents and may not be appropriate
	Information critical to H&S management is fed back from the safety tests and evaluations across the organisation


2.2 River Diagram Survey
The tool was initially developed from the DNV  (Det Norske Veritas) auditing system and then customised to suit the air traffic navigation domain, and was first used at the Head Quarters of EUROCONTROL in Brussels. The tool was further refined for the EEC, using the Safety Culture Survey as well as a causally-linked set of safety principles (see Kirwan and Perrin, 2004). An additional element was developed to specifically cover the research activities at the EEC (e.g. ATM System Development). The River Diagram has the following five levels of maturity: 
0-1 Uncertainty – indicates that no real systems are in place and there is a potential lack of control
1-2 Core – indicates that basics are in place and awareness is building
2-3 Extended – indicates that there are programmes to develop a formalised SMS in place
3-4 Leading Edge – represents “leading edge” practices typical of a mature management system
4-5 World Class – indicates state-of-the-art performance with clear signs of continual improvement 
The River Diagram is composed of a total of 19 elements, 6 of which have not been included in the analysis due to them being less relevant to an R&D organisation (including Operations Control; Infrastructure; Health Management; Environment; Emergency Preparedness and Security).  The 19 elements are contained within 5 main elements, which relate to the key activities of a Safety Management System as defined in the EUROCONTROL Safety Regulatory Requirements (ESARR3) and in the Agency Safety Policy:

(i) Policy

(ii) Planning

(iii) Achievement

(iv) Assurance

(v) Promotion

Table 2 provides some examples of the 14 River Diagram elements, giving a flavour of what is contained within the two extreme categories of “Uncertainty” and “World Class” levels. 
Procedure

The River Diagram provided the basis for the structured interviews undertaken by an external contractor (DNV) in April and May, 2004.  The aim of the River Diagram survey was to help establish where the EEC is currently with regard to the elements of a Safety Management System (SMS) for the EEC, and to pave the way for developing an implementation plan for the EEC SMS.
During a small proportion of the interviews one of the safety research team was present in case some further questions were asked. However, in general, they did not participate in the interviews, and were not thought to influence the interviews. The 27 interviewees included the Core Business Manager and other members of core management, Heads of Research Areas, Project Managers and Quality and Safety Managers. They were asked to rate the SMS elements on the 0-5 scale, and then each of the elements was discussed in detail with the participants which generally took between 1.5 and 2 hours (about 50 hours in total).
Table 2. Examples of Statements from the elements in the River Diagram
	
	Element
	Lower Levels of Element 0-2
	Higher Levels of Element (3-5)

	Policy Setting
	1 Policy
	Minimal understanding of SMS

Uncoordinated policies

Not well communicated
	Policy used to drive improvement

Annually reviewed and updated

Employee participation

	Planning
	2 Planning
	Safety activities not performed according to a plan

Safety plan is based on review of current and desired performance
	Continual review of performance against objectives

Strategic safety plans include both leading & lagging indicators

	
	3 Organisational Structure
	Safety is a secondary/ part-time function within other existing activities

Safety activities is not seen as line-management responsibility
	Line managers actively involved and take direct responsibility of safety

Staff are empowered to make safety-critical decisions

	Achievement
	4 Safety Regulation & External Standards
	Limited awareness of / No commitment to implementing legal and internal standards
	Identification of relevant external industry and government working groups and of emerging legislation and industry codes

	
	5 Safety Assessment & Risk Mitigation
	Minimal risk assessment is conducted in order to meet basic legal requirements

Not all hazards are identified
	Safety management system has clearly been developed to address identified risks and is focused on continual improvement

	
	6 ATM System Development
	Developers feel safety is not within their remit

New development do not consider potential safety problems

Safety aspects are considered on an ad-hoc basis
	Potential negative safety impacts of new and changed designs are understood and mitigated to ensure ATM safety resilience

Safety is considered in the development lifecycle from the earliest stage (e.g. concept)

	
	7 Competency
	Ad hoc training is provided but is not based on an analysis of training needs
	Formal reviews demonstrate that the training provided delivers benefit to the business

	
	8 Infrastructure* and External Services
	Contractors are evaluated on ad-hoc basis

No formal procurement system in place
	Contractor performance is evaluated and demonstrates good control

	
	9 SMS Documentation
	Fragmented, dispersed, out-of-date documentation, which is not secure or backed up
	External benchmarking of information system

The right information is always accessible when required

	
	10 Safety Occurrences
	Serious losses of separation and injuries are recorded but no systematic investigation is carried out
	Comprehensive reporting of precursors to incidents

‘Cost of losses’ studies are performed

	
	11b Quality
	Customer / stakeholder service is not a high priority

Some basic quality controls in place
	All stakeholders in the business are identified and regular communication is maintained

	Assurance
	14 Safety Monitoring
	Some ad hoc measurement of some lagging indicators
	The positive operating culture enables data to be collected and processed effectively at different levels within the organisation

	
	15 Safety Survey & Review
	No formal safety reviews are carried out

Detailed surveys of specific parts of the safety management system following incidents
	Senior management incorporate industry good practice and lessons learnt from external organisations to update strategic and annual plans

	Promotion
	16 Communications & Culture
	Attitude for blaming others for incidents

Communication is not recognised by management as important for culture change

Systems developed for management to provide information to staff
	Open ‘just’ culture to sustain excellent communication

“Off-the-job” well-being programme in place

behavioural safety activities demonstrated to be comprehensive and effective


3. RESULTS
The data provided for the comparison of the two surveys below includes relative differences between the survey results (not actual scores), due to the sensitive nature of the data. For the purposes of this paper, it was thought that in order to compare the two data sets it was only necessary to show where the two surveys are similar and differ and the relative positions of the elements to each other (and that the actual scores would not necessarily enhance the discussion). 
3.1 Safety Culture Survey
The overall results from the Safety Culture Survey indicated that the elements with the highest average scores all came from the Management Demonstration category, including: “Management commitment to safety”; “Safety performance goals” “Investment and Resource Allocation” and “Policy and strategy on safety”. The elements with the lowest average scores included: “Safety management system”; “Responsibility for Safety”, “Integrated teams” and “Risk assessment and management”. The average standard deviation between respondents was +/-0.87, indicating a fairly wide variety of responses.
3.2 River Diagram Survey
The results indicated that the highest average score was found for ‘ATM System Development’ and the lowest average scores were recorded for ‘Safety Monitoring’ and ‘Safety Occurrences’. Large standard deviations were recorded for some of the elements, although in general the standard deviations were smaller for the River Diagram survey (+/-0.78) than the Safety Culture Maturity survey. 
3.3. Comparison

The comparison between the two surveys was undertaken by aligning the elements with similar statements (examples of statements are provided in Table 1 (Safety Culture Survey) and Table 2 (River Diagram survey). A number of the elements were unable to be aligned directly with each other. Eight elements from the Safety Culture Survey could not be aligned directly with elements from the River Diagram (although some of the issues from the elements below can be found within some of the River Diagram elements):
· Management Commitment to Safety

-  Knowledge of ATM Risks 
· Safety Performance Goals
 

-  Integrated Teams 
· Investment & Resource Allocation
 
-  Involvement of Employees 
· Safety versus Productivity


-  Trust & Confidence 
Some of these elements could be described as more difficult to audit, such as ‘management commitment to safety’; ‘safety versus productivity’; ‘integrated teams’; ‘involvement of employees’ and ‘trust and confidence in management’. However, it must be noted, that although there were not elements dedicated to these topics in the River Diagram, they were often contained within some of the other elements. For example, some issues regarding management commitment were contained within the ‘Policy’ element of the River Diagram. Two elements from the River Diagram did not exist in the Safety Culture Survey: Infrastructure and External Services; Emergency preparedness.
A total 12 elements could be compared directly between the Safety Culture Survey and the River Diagram survey (see Table 3). For two of the 12 elements, a combination of elements was needed to develop a single element. For example, 2 elements from the Safety Culture Survey: “Test of safety in design”; and “Achievement of Safety Targets” combined to form: “Monitoring & testing safety in design: achieving safety targets”; and elements in the River Diagram (Safety Occurrences and Safety Survey & Review) combined to form the new element: “Organisational & Safety Learning”. The average scores for the two combined elements were averaged as were their standard deviations to produce the scores in Table 4 below. 
Table 3. The combination of the River Diagram Survey and Safety Culture survey Element labels 

	Element Labels
	SCS Element Label
	River Diagram Element Label

	1 Policy & Strategy on Safety
	Policy & Strategy on Safety
	Policy

	2 Communications (& Culture)
	Communication
	Communications & Culture

	3 Quality: Involvement of Stakeholders
	Involvement of Stakeholders
	Quality

	4 Safety Planning
	Safety Planning
	Planning

	5 Impact of Safety on Projects
	Impact
	ATM System Development

	6 Testing & monitoring safety in design: achieving safety targets
	*Test of safety in design 
Achievement of Safety Targets
	Safety Monitoring

	7 Organisational & Safety Learning
	Organisational Learning
	*Safety Occurrences 
Safety Survey & Review

	8 Safety Regulation & External Standards
	Relationship w/ External Regulator
	Safety Regulation & External Standards 

	9 Training & Competence
	Training & Competence
	Competency 

	10 Risk Assessment & Management
	Risk Assessment & Management
	Safety Assessment & Risk Mitigation 

	11 Responsibility for Safety
	Responsibility for Safety
	Organisational Structure 

	12 SMS Documentation
	Safety Management System / Audit
	SMS Documentation


*Elements that have been combined
In Table 4 (column 2), the differences in average scores (out of a total of 5) between the surveys are displayed. Positive scores indicate that the Safety Culture Survey had a higher level of maturity than the River Diagram survey, and negative score indicate that the River Diagram survey had higher levels of maturity than the SCS.
In columns 3 and 4, the Standard Deviations for the elements are displayed, in which the River Diagram survey had on average lower standard deviations (m=0.77) than the Safety Culture Survey (m=0.87) indicating more consistency between participants responses for the River Diagram survey.
Table 4. The percentage difference and the t-test differences between the SCS and RDS average scores; standard deviations and ranks for each element 
	Combined Element Label
	SCS & RD % differences
	SCS Std Dev
	RDS Std Dev
	SCS Rank
	RD Rank
	t-test          P value

	1 Policy & Strategy on Safety
	0.62
	0.80
	0.46
	1
	7
	0.0004**

	2 Communications & Culture
	0.23
	0.97
	0.64
	2
	3
	0.3269

	3 Quality: Involvement with Stakeholders
	0.48
	0.91
	0.81
	3
	6
	0.0148*

	4 Safety Planning
	0.50
	0.80
	0.66
	3
	8
	0.0146*

	5 Safety Impact on Projects
	-0.64
	1.1
	0.72
	3
	1
	0.0000**

	6 Testing safety in design: achieving safety targets
	1.28
	0.97 

(.97 & .97)
	0.72
	3
	12
	0.6447

	7 Organisational & Safety Learning
	0.68
	1.02
	0.78 

(.59 & .96)
	7
	11
	0.5503

	8 Safety Regulation & External Standards
	0.18
	0.75
	1.0
	7
	9
	0.0131*

	9 Training & Competence
	-0.53
	0.64
	0.87
	9
	2
	0.4600

	10 Risk Assessment & Management
	-0.16
	0.81
	0.70
	10
	4
	0.4460

	11 Responsibility for Safety
	-0.18
	0.83
	0.96
	11
	5
	0.9794

	12 SMS Documentation
	0
	0.82
	0.98
	12
	10
	0.5421


The ranks for each of the elements are displayed in columns 5 and 6 of Table 4, indicating some alignment between the Safety Culture Survey and River Diagram survey regarding their relative positions for the following elements: 

· Communications and Culture
· Safety Impact of Projects
· Safety Regulation & External Standards
· SMS Documentation
Two-tailed, paired comparison, t-tests were undertaken to evaluate the differences in means between the River Diagram and Safety Culture surveys for each of the elements and are displayed in the last column of Table 4.  Significant differences between the two survey methods were found for the following elements (at the 0.01 level of significance). Possible reasons for these differences are detailed in the discussion section. 
· Policy and Strategy on Safety - where the SCS had a higher average score than the River Diagram survey

· Safety Impacts of Projects – the River Diagram survey was more mature perhaps because the River Diagram element contained more elements and not just impact of the work
In addition, at the 0.05 level of significance, 3 significant differences were found between the two surveys with regard to the following elements. For each of the elements, the Safety Culture Survey found more mature levels of safety culture than the River Diagram survey:

· Quality: Stakeholder Involvement 
· Safety Planning 
· Safety Regulation and External Standards
The discussion section examines the results with regard to the following validation criteria:
1. Convergent validity – measures of constructs that theoretically should be related to each other and are, in fact, observed to be related to each other (that is, you should be able to show a correspondence or convergence  between similar constructs) 
2. Construct validity – how accurate the results are to reality - Construct validity refers to the degree to which inferences can legitimately be made from the operationalisations in your study to the theoretical constructs on which those operationalisations were based.
3. Face validity – how easy were the tools to understand for the participants 

4. Diagnosticity – how useful their outcomes have been for safety in the EEC

5. Usability – how easy were the tools to use to gather data. 

4. DISCUSSION
The undertaking of two safety culture surveys provides an opportunity to investigate how the two survey techniques differ, but also how they are complementary and how they can be used together in a continual improvement loop. The objectives of this chapter were to compare the two methods by answering the following three questions:
1. What are the differences between the two methods (in terms of both content of the tools and the effect of the data collection procedure)?

2. Are there any differences in the results between the two surveys with regard to when they were undertaken (Spring 2003 versus Spring 2004)?

3. Are both techniques necessary, or can one suffice, for an organisation such as the EEC?

The two approaches have been compared to see where they agree and where they 'dissociate'
with regard to the following: 
Content validity – were the same elements considered in the two tools?
Convergent validity – did results from the two approaches agree?
Evaluation – overall assessment of maturity of safety in the EEC

Face validity – how relevant were the questions perceived to be by the participants?

Diagnosticity – how useful are their outcomes for improving safety in the EEC?

Usability – how easy were the tools to use to gather data?
4.1 Content Validity
The analysis of the two tools indicated that there is similarity between the two survey tools. The similarities were firstly found whilst making a detailed comparison of the elements in both surveys. The scrutiny indicated that there were 12 elements which could be compared directly  and 8 elements from the Safety Culture Survey that could not be directly compared with the River Diagram elements. This suggests a degree of overlap between the two approaches, though with sufficient differences that they can yield different insights, or levels of insight, as discussed below.

a) 
b) 
c) 
d) 


4.2 Convergent Validity
 
The two methods were tested against each other to determine if they agree on the overall 'maturity' of the safety culture in the EEC, and if not, whether it is a function of the measures themselves or the personnel selected. 
The t-tests between the 12 elements that were compared indicate some significant differences between the results of the River Diagram survey and that of the Safety Culture Survey. Reasons for these differences could be 4-fold:

e) A one year difference (March 2003 versus April 2004)

f) The survey sample (cross-section versus key management staff)

g) The content of the elements (‘culture’ versus ‘audit’-style)

h) The method of surveying (questionnaire versus interview) – having the same understanding

According to the t-tests, the most convergence between surveys was with the following three elements: ‘Responsibility for Safety’, ‘SMS Documentation’ and ‘Organisational & Safety Learning’, possibly indicating that the items contained within each of the elements were similar, (and/or that there had not been much improvement over the year). This is plausible with regard to ‘Responsibility for Safety’ where although there has been an increase in the amount of safety in projects, these safety activities have mainly been the activities of the Safety Research Team (SRT). Regarding ‘SMS Documentation’, work is being carried out on this, but it is still at an early phase, and much of the ground work to develop the SMS has to be carried out beforehand. The element ‘Organisational & Safety Learning’ was also found to have remained the same across the two surveys.

There was a significant decrease in maturity regarding the ‘Policy and Strategy on Safety’ from 2003 to 2004. Although much work has been undertaken on the Safety Policy for the EEC, this will only be publicized officially in September 2004 (when the EEC Safety Policy will be placed in the reception area of the EEC). This difference may be due either to the contents of the two elements (where some ‘management commitment to safety’ statements are also included in the River Diagram tool); or due to the survey participants (where the management (RD) are less positive than the cross section of staff (SCS), perhaps because they expected more within the intervening time-frame). In addition, the method of interviewing participants probably also led participants to have a more similar understanding of the element, more so than using the questionnaire survey technique.
 
 The techniques therefore have some convergence, again suggesting they are addressing the same basic construct (Safety Culture), but in different ways. 

4.3 Evaluation
Only one improvement in safety maturity from 2003 to 2004 was revealed regarding the ‘Safety Impact on Projects’. This improvement may highlight the concentrated effort that has been undertaken in this area over the past year, with regards to an increase in ‘safety analysis in projects increasing from 2003 to 2004. Safety communication has increased (such as presentations of safety projects at EEC staff and management meetings).  

No changes were found between the surveys with regard to ‘Responsibility for Safety’ where although there has been an increase in the amount of safety in projects, these safety activities have mainly been the activities of the Safety Research Team (SRT), and may not have filtered across the EEC. Regarding ‘SMS Documentation’, work is being carried out on this, but it is still at an early phase, and much of the ground work to develop the SMS has to be carried out beforehand.

4.4 Face validity 
During the completion of the Safety Culture Survey, some respondents asked the researcher questions regarding the meaning of some of the elements. Other respondents preferred to carry out the questionnaire alone and in their own time, and therefore may not have asked about the elements they were unsure about whilst they were completing the questionnaire. Generally, the participants who were unsure of the meaning of the elements had not been exposed to any safety activities in their projects, and mentioned that safety was a new concept to them. 

During the River Diagram survey, participants were interviewed on a one-to-one basis and because of this style of survey (and perhaps also because of their position in the organisation) were more likely to ensure they understood the questions fully before providing a response. Hence, the survey style of the interviews lends itself to better face validity. 

In order to improve the face validity of the Safety Culture Survey, it may be possible to use an interview style to support the collection of more accurate attitudes and perceptions of staff and contractors. However, it is not feasible that an internal staff member undertakes these interviews and expects the respondents to be completely open and honest in their responses.

4.5 Diagnosticity

Safety Culture Survey Implementation Plan and Accomplishments
The five main problem issues identified by the Safety Culture Survey were used to develop an implementation plan, which was initially developed by members of the Safety Research Team by expanding on examples provided in the survey safety culture tool. The plan was further enhanced through discussions with SAGE (Safety Awareness Group in the EEC) in order to determine the priorities for improvement and (ii) ensure that a suitable action-plan based in part on the issues thought to require the most improvement was generated. The implementation plan included the following items:

1. Safety Management System. A SMS needs to be developed more fully. The concept and benefits of a SMS needs to be fully recognised by EEC; a link between the SMS policy and the local tasks needs to be understood by employees. Initially, information (in the form of discussions/workshops) needs to be provided for project managers in order for them to become more familiar with what the SMS is and how this will impact their projects. It was decided both at a very high level (EUROCONTROL Agency Board), and within the SAGE group, that a SMS for the EEC should be developed consistent with the SMS being developed by EUROCONTROL Headquarters (Safety Management Unit - SMU).  The main differences between the two SMS’s will be policies for simulations; key risk areas and roles and responsibilities. The key part of the SMS issue was thought to be the link between the SMS policy and the local task needs to be understood by the staff and contractors. This is currently being undertaken and is on schedule (this work is being further developed following the River Diagram Survey).
2. Auditing Safety. A strategy for auditing safety within projects needs to be developed based on the structure of the SMS. The safety audit will be a proactive means to assess what safety issues have (and have not) been addressed in the project. Initially, safety audits could be used in response to safety problems, although the aim will be to carry them out on a more regular basis.   This has been delayed, as it was thought other issues, such as the SMS, need to be dealt with beforehand. 
3. Cross-company Teams. Cross-company (cross-discipline) teams should be set up to address particular high-level company wide safety issues. A number of cross-discipline/company safety groups have recently been put in place in the EEC, internally they include SAGE and externally they include the Safety R&D review group and EUROCONTROL (HQ) Review. However, it was thought that further additional internal groups should be formed in order to spread safety awareness through the EEC. This was placed on ‘hold’ pending the results of the River Diagram exercise. 
4. Risk Assessment & Management. More emphasis should be placed on the quality and objectiveness of risk assessments, as well as a more systematic risk assessment procedure.   This is currently being undertaken in SAND (Safety Assessment for New Designs). The SAND work has increased in size and scope, and more people are now being trained in safety assessment skills in the EEC. 
5. Training & Involvement in Safety Activities. Team members should be encouraged to use and act on advice given by the safety specialists. In addition, team members should be involved in safety activities (such as risk assessments) with the support of safety personnel and should be trained to carry out these safety activities. Some senior staff should be involved in the safety activities.  The first part of this issue is being covered within the SAND project. Safety training is also being undertaken for more general safety assessment methods.  Further safety awareness training sessions are planned and have been occurring for the general staff Weekly Information Corners (WIC) in the form of video presentations on ATC incidents. A training package for SAND has been produced and will be delivered internally by the end of 2004.
6. A further task to be undertaken to improve the initial EEC safety culture questionnaire. The maturity of the EEC safety culture will be measured again July 2005, to see if any change has occurred. This is currently being discussed, and further refinements to the tool have been initiated from comments by participants.
Overall, the implementation plan developed through the Safety Culture Survey was focused on ‘people’ issues, with some emphasis also on making safety processes (safety assessment) ‘happen’.  
River Diagram / SMS Implementation Plan
After the survey, a Gap Analysis was undertaken by three members of the Safety Research Team to decide where the gaps were between the current state of safety and the “leading edge” components of the River Diagram (i.e. where the EEC would like to be). These set of ‘gaps’ then formed the Implementation Projects that were prioritised according to how important they were and when they could realistically be accomplished. A total of 19 candidate mini-projects were identified, and were re-categorised according to the key EUROCONTROL safety management activities: Policy, Plan, Achievement, Assurance and Promotion. The next stage is to develop “Charters” for each of the projects to describe how they will be accomplished and when. This is currently being undertaken and will be completed in September 2004. The definitive projects have not yet been agreed, but the current candidate set is listed below.
POLICY
1. Creating an Effective Policy. As the starting point for all the safety related activities, the Safety Policy should be an example of best practice. This work-package is intended to produce and communicate a suitable policy across the organisation.
PLAN
2. Safety Plans for RAs & Projects.  As part of the basic safety processes of the EEC, the Research Areas and projects should have appropriate safety plans in place. This activity is intended to assist EEC staff in creating safety plans. This activity should be linked to the “Is My Project Safe?” initiative.

3. Strategic Safety Plan. This project is intended to update the existing Strategic Plan to incorporate SMS development and reinforce the message of ‘Support to Projects’. However, part of the long term strategy will be to highlight the importance and relevance of the work of the safety team.

4. Clear Safety Targets. The aim of this development effort is to provide guidelines and support to EEC staff to define clear risk criteria. The outputs of this work will provide the detail to embed risk assessments into projects.

5. Safety Support for new contract tenders. The aim of this project is to deliver support to projects in terms of writing and reviewing new tenders and contracts. This includes keeping a track on contractor performance on jobs.

6 EEC Safety Management Group (SAGE PLUS+). This project will create a new group for the centre to ensure that compliance with regulations and internal standards is monitored within the EEC. This will be based on the existing SAGE group but with extended membership of representatives of the Safety Team, Core Management, Research Areas, and Centres of Expertise. The mandate of the group will also extend to managing safety activities and prioritising resource allocation.
ACHIEVEMENT
7. Risk Assessment in Projects (Is My Project Safe?). A package of work to provide EEC projects with a clear roadmap that will enable them to build safety into projects. The details of activities that are behind the roadmap will be developed in other work-packages.

8. SAND Toolbox. The current safety assessment methodology will be reviewed in this project, and improvements made to provide a suite of tools appropriate to the range of projects in the EEC. Also this project will aim to embed Human Factors considerations within the same process that is delivering safety. 

9. SMS Documentation. The SMS needs to be captured in a formal system. This project will develop the formal SMS, and will link to the Safety Services Guide and also the EEC quality system.

10. Safety Services Guide. The concept of the Safety Services Guide is to produce a reference document that contains all the information concerning safety activities, responsibilities and processes in the ECC. It is envisaged that the first section of the guide contains overview information which can be used in inductions, whilst the rest of the guide contains more detailed information. 

11. Safety Repository System. The aim of this project is to create a knowledge management approach to safety related information. A database of hazards and safety requirement data for individual projects, and for an overall ATM System architecture level, is being created. It will provide a means to track, approve and review safety hazards & requirements from start to finish. In addition, it will provide all of the necessary information for the identification, reduction and elimination of safety-related hazards. The repository will act as a ‘corporate design safety memory’. As new concepts are explored or refined, such information can be accessed to build on safety lessons already learned.
ASSURANCE
12. Scheduled Safety Audits. As part of the SMS review activities, this project will develop the procedures necessary to implement schedule safety surveys.

13. SMS Periodic Review. An SMS review committee will be required to monitor and review the implementation of the SMS after each phase of work.

14. Safety Review Group. The Safety Review Group will be made up of external stakeholders, to ensure the endorsement of safety material being produced by the centre.

15. Safety Verification and Assurance Process Guidelines. This work-package is aimed at validating the outputs of research, through assurance checks throughout the project lifecycle. This project will provide a sound methodology for the use of metrics and indicators. 
PROMOTION
16. Education & Awareness Package. The aim of this project is to develop and deliver an appropriate level of training and awareness to staff.

17. Safety Information Resource (website). This project is intended to restructure the current safety website.

18. SAFLEARN PLUS. The aim of this project is to extend the current SAFLEARN initiative (this project finds incidents relevant to new system concepts).
19. Safety Communication Strategy Development. The communication strategy will run in parallel with the implementation and development activities.

The Gap Analysis from the River Diagram survey has provided the EEC with a very structured and well thought-out implementation plan.  The anticipated end date for the projects is July 2006, and prioritisation and resource allocation will occur in 2004.  
4.6 Usability

The two surveys both had the objective of undertaking a baseline survey of the staff perceptions of the current status of safety. The Safety Culture Survey was undertaken as a questionnaire survey, because of the limited time to carry out interviews with 40 people, and because it was thought that if the participants were interviewed by a member of EEC staff, the survey results may be influenced. The River Diagram survey was undertaken as interviews, because this method had been used successfully in HQ in Brussels and because feedback can be gained from participants during interviews.
The questionnaire method (SCS) took less time for the analyst who conducted 4 group questionnaire sessions (4 hours of data collection time), compared to the interview method (RD), which took about 50 hours. 
The interview technique, however, provided the analyst with a richer set of data, that was later fed into the Gap Analysis and from there into the Implementation Plan. This ensured a better link between the suggestions and comments that participants had and the planned activities in the Implementation Plan.
The financial capacity to carry out an interview survey by an external consultant provides the organization with a more complete picture of the status of safety. However, with some additional time spent on group discussions with Safety Culture Survey participants after the survey, it may be possible to examine the important issues in more detail and come up with more focused and relevant issues to the EEC. 
Final Comments
The comparison between the two methods has raised some interesting points, although the contrast is not neatly ‘scientific’, since there is a time lag between the two applications, they have over-lapping but different agenda’s, and the people interviewed differ. However, some broad comments can be made from a ’client’ perspective. 

First, they both do different things, though there appears to be around two thirds overlap in content. The Safety Culture Survey gains a ‘grass roots’ perspective on safety. The participants are anonymous, they are a randomised cross-section, and say what they feel is the real state of safety. This seems to be still the most appropriate way to gain an honest assessment of safety culture/climate, although perhaps interviews might enhance the accuracy (by clarifying questions etc.) and reduce the variation of responses. The Safety Culture Survey also takes the issues of safety culture ‘out to the troops’, involving them and not only the ‘chain of command’.

The River Diagram survey in contrast was very constructive in determining a way forward for the SMS and procedures. It elicits information from the management, and gives them something tangible to work with afterwards. This does not mean it is more diagnostic, but rather that it is more concrete and procedural in nature and in its recommendations/solutions, compared to the more ‘social’ oriented survey approach. 

For the EEC, it appears that both approaches are necessary, but with different application requirements. It is now intended to carry out the Safety Culture survey every two years, but to have the River Diagram survey reviewed in 3 – 5 years time, to allow time for the SMS Plan and SMS itself to evolve. 

In conclusion, this paper is suggesting that perhaps a wider perspective on safety culture is required of organisations in the future. This wider perspective must incorporate both the firm belief in safety, and the competence and resources of the organisation to exercise such a belief. This must involve both a neutral cross-section of workers, and a responsible management team. Undoubtedly some techniques will purport to do this already, however the authors of this paper found that two separate (if inter-related) approaches with different objectives result in a clearer overall approach, since this means less mixing of objectives (between general safety culture aspects and more specific SMS-related ones). It remains to be seen whether others find such separation useful or not, or whether this approach is one that was merely the ‘best fit at the time’ for the EEC. In any case, the result has been a heightened awareness of safety issues and talk of safety in the Centre, and more application of safety methods. In the medium term the SMS will be implemented and its fruits seen in terms of safety activities and insights. The true and final end result will of course not be seen for about a decade, when such systems under development now, and hopefully benefiting from an enhanced safety culture and structured approach to safety, go into live operation. In the meantime, as part of continuing R&D in this area, the authors have begun a new project to consider how safety culture can be enhanced in ATM operations, in particular examining the links between ANSPs developing SMS approaches, and safety culture metrics. This R&D is based on the same thematic premise of this paper, that to be really safe, both the motivation (safety culture) and the competence and resources (safety management) need to be in place, and learning from each other.
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