

SMS Inspector Competency Guidance and Training Programme Outline
[image: A white background with blue and green objects

Description automatically generated]
[image: SMICG_Logo_Plain] Safety Management System Inspector Competency Guidance and Training Programme Outline

September 2024





This paper was prepared by the Safety Management International Collaboration Group (SM ICG). The purpose of the SM ICG is to promote a common understanding of Safety Management System (SMS) / State Safety Programme (SSP) principles and requirements, facilitating their application across the international aviation community. In this document, the term “organisation” refers to an aviation service provider, operator, business, and company, as well as aviation industry organisations; and the term “authority” refers to the regulator authority, Civil Aviation Authority (CAA), National Aviation Authority (NAA), and any other relevant government agency or entity with oversight responsibility.
[bookmark: _Hlk117141061]The current core membership of the SM ICG includes the Aviation Safety and Security Agency (AESA) of Spain, the National Civil Aviation Agency (ANAC) of Brazil, the Bermuda Civil Aviation Authority (BCAA), the Civil Aviation Authority of the Netherlands (CAA NL), the Civil Aviation Authority of New Zealand (CAA NZ), the Civil Aviation Authority of Singapore (CAAS), Civil Aviation Department of Hong Kong (CAD HK), the Civil Aviation Safety Authority (CASA) of Australia, the Direction Générale de l'Aviation Civile (DGAC) in France, the Ente Nazionale per l'Aviazione Civile (ENAC) in Italy, the European Union Aviation Safety Agency (EASA), the Dominican Republic Civil Aviation Institute (IDAC), the Finnish Transport and Communications Agency (Traficom), the Irish Aviation Authority (IAA), Japan Civil Aviation Bureau (JCAB), the United States Federal Aviation Administration (FAA) Aviation Safety Organization, Transport Canada Civil Aviation (TCCA), United Arab Emirates General Civil Aviation Authority (UAE GCAA), and the Civil Aviation Authority of United Kingdom (UK CAA). Additionally, the International Civil Aviation Organisation (ICAO) is an observer to this group.
Members of the SM ICG:
· Collaborate on common SMS/SSP topics of interest
· Share lessons learned
· Encourage the progression of a harmonized SMS/SSP
· Share products with the aviation community
· Collaborate with international organisations such as ICAO and civil aviation authorities that have implemented or are implementing SMS and SSP
Please send any questions regarding this product to smicg.share@gmail.com. For further information regarding the SM ICG or to download SM ICG products, please visit SKYbrary at http://bit.ly/SM ICG.
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SM ICG material is free. If an organisation adapts material, it may not be made available for commercial resale.
[bookmark: 1._Introduction][bookmark: _Toc168066119][bookmark: _Toc168572179]Introduction
Aviation regulator workforces include highly skilled positions with significant technical and educational requirements. As Safety Management System (SMS) implementation progresses, regulators may want to define SMS-related competencies for their inspector workforce, which will ensure that personnel requirements are aligned with the SMS and employees have the requisite skills and knowledge to perform SMS oversight[footnoteRef:1] effectively. [1:  Note: The term “SMS oversight” in this document is intended to cover:
Initial SMS approval/certification/authorization,
Surveillance of regulated organisations to verify that they continue to meet the applicable requirements, and
SMS assessment evaluating the performance of SMS.] 

This document provides Safety Management International Collaboration Group (SM ICG) recommended SMS competencies for inspectors tasked with accomplishing oversight activities and an SMS Inspector Competency Training Programme Outline. The SM ICG “Guide to Safety Management System Inspector Competency Assessment Tool” document contains information on a tool for Civil Aviation Authorities (CAAs) to evaluate individual inspectors’ level of SMS competency to perform SMS certification and oversight effectively. It also contains a link to the SM ICG “SMS Inspector Competency Assessment Tool” that can be downloaded from SKYbrary.
An SMS Inspector[footnoteRef:2] should already possess the basic inspector competencies outlined in ICAO Doc 10070, Manual on the Competencies of Civil Aviation Safety Inspectors (CASI). SMS-specific observable behaviours are additive to these basic inspector competencies. ICAO defines observable behaviours as single, role-related behaviours that can be observed and may or may not be measurable. This document does not establish metrics for performance standards. [2:  Note: The term “SMS Inspector” in this document refers to aviation authority personnel authorized to carry out SMS oversight of regulated organisations.] 

Although this document focuses on specific SMS competencies, regulators should also consider how these competencies fit into their overall authority level competencies. It is not recommended or intended for regulators to have multiple sets of competencies that could be inconsistent or divergent from each other.
[bookmark: 2._SMS_Training_Program_Outline][bookmark: _Toc168066120][bookmark: _Toc168572180]What Is a Competency?
ICAO defines competency as a dimension of human performance that is used to reliably predict successful performance on the job. A competency is manifested and observed through behaviours that mobilize the relevant knowledge, skills, and attitudes to carry out activities or tasks under specified conditions.
In essence, competencies are the integrated knowledge, skills, and attitudes that people need to perform a job effectively. By having a defined set of competencies for each role, the organisation shows employees the kind of behaviours it values and those it requires to help achieve its objectives.
A competency framework is a structure that identifies and defines each individual competency required to work in an organisation or part of an organisation. Competency frameworks are normally structured by subject areas and roles in an organisation.
[bookmark: _Toc168066121][bookmark: _Toc168572181]Why Do We Need Competencies
Defining which SMS-related competencies are necessary for success can help regulators to:
· Recruit and select new staff more effectively,
· Ensure that employees demonstrate sufficient expertise,
· Evaluate safety performance more effectively,
· Identify skill and competency gaps more efficiently,
· Provide more customized training and professional development, and
· Plan for succession.
By using a competency framework as outlined in ICAO Doc 10070 and concentrating on key competencies and observable behaviours, regulators can define the set of practices needed for effective inspection and oversight of an SMS. By collecting and combining competency information, they can create a standardized approach to inspection that is clear and accessible to everyone in the organisation. The framework is designed to outline specifically what inspectors need to do to be effective in their SMS-related roles, and to clearly establish how their roles relate to effective inspection and oversight. The SMS-specific observable behaviours can be used as a basis for developing and delivering needed training to inspectors.
[bookmark: _Toc121140682][bookmark: _Toc168572182]Meeting Organisational Goals
As SMS implementation progresses, regulators will need to identify SMS-related goals, establish corresponding competencies, and assess the skills of their current workforce against those competencies to identify any gaps that need to be filled.
[bookmark: _Toc168066122][bookmark: _Toc168572183]Recommended SMS Competencies and Observable Behaviours
ICAO Doc 10070 outlines a CASI competency framework that details nine basic or core inspector competencies. This section identifies observable behaviours over and above the basic framework that are specific to an SMS competency. The SM ICG developed and agreed on the observable behaviours identified in this section, intended to be a common set of behaviours for SMS oversight and evaluation. Regulators may choose to create additional competencies with more specifics about how the safety management knowledge, skills, and attitudes apply to their organisation's context.  
[bookmark: _Toc121140684][bookmark: _Toc168572184]Core SMS Competencies
[bookmark: 3._SMS_Competencies][bookmark: _bookmark4][bookmark: _bookmark5][bookmark: _bookmark6][bookmark: _bookmark7][bookmark: _bookmark8][bookmark: _bookmark9][bookmark: _bookmark10][bookmark: _bookmark11][bookmark: _bookmark12][bookmark: _bookmark13][bookmark: _bookmark14][bookmark: _bookmark15][bookmark: _bookmark16][bookmark: _bookmark17][bookmark: _bookmark18]Competencies may have varying degrees of training requirements. In creating a competency framework for SMS, regulators may wish to concentrate on certain observable behaviours specific to the SMS Inspector role. 
Since the publication of the SM ICG document “Inspector SMS Competency Guidance” (2013), and with the increasing maturity in the implementation of the standards and recommended practices of Annex 19, there has been a significant evolution in safety management. Oversight activities have changed from strictly compliance based, to evaluation of system safety performance activities.
In this context, this document updates the definitions and criteria for the competency of SMS Inspectors. It takes the ICAO CASI Competency Framework as a starting point and adapts the competencies associated with systems thinking and risk management in such a way that the inspector can successfully perform SMS oversight activities and, more broadly, contribute towards enhancing safety performance at national, regional, and global levels.
As part of the State safety oversight activities, the key roles of an SMS Inspector/Evaluator are assessing SMS performance and compliance, which may include analysing safety data, interpreting service provider safety performance, contextualizing service provider performance within the State Safety Programme (SSP), and evaluating safety promotion initiatives.
Thus, starting from the ICAO CASI Competency Framework, the competencies that an SMS Inspector should develop and demonstrate are:
1. Systems Thinking: Understands and determines how the various components of management systems interact and affect the overall system safety performance.
2. Risk Management: Demonstrates an effective approach to the oversight of a stakeholder considering its business model, risk profile, and its availability of resources.
3. Ethics and Values: Demonstrates integrity, transparency, openness, respect, and fairness and considers the consequences when making a decision or taking action. Acts consistently in accordance with fundamental values of the Civil Aviation Authority.
4. Communication: Effectively conveys, receives, and understands information in oral, written, and non-verbal modes.
5. Problem Solving and Decision Making: Solves issues of varied levels of complexity, ambiguity, and risk. Makes timely decisions that take into account relevant facts, tasks, goals, constraints, risks, and conflicting points of view.
6. Initiative: Identifies and addresses issues independently, proactively, and persistently to achieve objectives.
7. Technical Expertise: Applies and improves technical knowledge and skills to perform safety oversight duties in a specific aviation discipline.
8. Leadership and Teamwork: Collaborates up, down, and across the organisation to foster and promote a clear vision and common goals. Energizes others to achieve the goals and positive results.
9. Critical Thinking: Analyses information in order to consistently achieve desired outcomes.
Systems thinking and risk management require SMS-specific training. The SM ICG adapted observable behaviours for these competencies follow. For the remaining competencies, the observable behaviours are shown in Appendix C.


	Competency: SYSTEMS THINKING

	Description
	Understands and determines how the various components of management systems interact and affect the overall system safety performance.

	Observable Behaviours
	ST1. Accurately evaluates the inter-relationship between policies, processes and procedures of the stakeholder’s systems, particularly the SMS and SSP.
ST2. Accurately evaluates the inter-relationship between various systems, including SMS, quality, and compliance of the stakeholder, recognizing how these components interact and interface, while maintaining an objective, non-punitive, and no-blame approach. 
ST3. Determines the effectiveness of the implementation of continuous improvement, reactive and proactive processes.
ST4. Recognizes the essential components of a functional SMS and their interoperability, cultural aspects, human and organisational factors, and the confidentiality of safety information (particularly the reporting system).
ST5. Determines whether the stakeholder's management systems are appropriate for the types of certificates, size and scope/complexity of the operation.
ST6. Accurately assesses how different management systems interact with one another across various stakeholders, including interfaces and human and organizational factors.
ST7. Uses the appropriate set of metrics to measure and monitor regulatory and organisational safety performance.
ST8. Interprets findings from analysis of performance data within the organisational safety performance framework and indicators system.
ST9. Assesses the achievement of safety performance objectives using risk management and compliance monitoring principles, considering organizational capability and maturity.
ST10. Understands the impact of the regulatory framework on the safety issues and challenges of the stakeholder.
ST11. Accurately determines whether the root cause(s) of deficiencies results from a single-point or systemic failure(s).
ST12. Assesses the difference between compliance- and performance-based oversight.




	Competency: RISK MANAGEMENT

	Description
	Demonstrates an effective approach to the oversight of a stakeholder considering its business model, risk profile, and its availability of resources.

	Observable Behaviours
	RM1. Evaluates the appropriateness of risk assessments performed by stakeholders and actions taken to manage hazards to an acceptable level, including change management processes, and considering human performance aspects and organisational factors.
RM2. Identifies whether strategic decisions consider risk assessment principles and results.
RM3. Recognizes the role of human and organisational factors. 
RM4. Understands the relationship between Safety Risk Management and Safety Assurance processes, and evaluates risk mitigation actions and proposed system changes.
RM5. Recognizes business practices or organisational cultures that are potential indicators of increased levels of risk, considering the influence of human performance and limitations.
RM6. Applies appropriate certification requirements and surveillance techniques according to changing levels of risk, analysing critically the organisations safety performance.
RM7. Identifies if appropriate remedial or enforcement action is required to address an issue at its root cause.
RM8. Ensures that stakeholders implement remedial measures associated with safety issues or proposed changes.


[bookmark: _Toc168066123][bookmark: _Toc168572185]Implementation
As regulators finalize competencies, communication is vital. To help get buy-in from employees at all levels of the organisation, it is important to explain why the competencies have been developed, how they will be used, and the process that will be used to update them.
[bookmark: _Toc168066124][bookmark: _Toc168572186][bookmark: _Hlk136597873]SMS Training Programme Outline
[bookmark: _Toc168572187]Training Programme Outline Scope
The Training Programme Outline in this document focuses on developing inspector competencies for SMS oversight of regulated organisations. The Training Programme Outline assumes that the inspector has already developed the initial CASI competencies. Therefore, the Training Programme Outline focuses on SYSTEMS THINKING and RISK MANAGEMENT competencies as described in Section 4.
The scope of the Training Programme Outline includes prerequisites, learning objectives, topics to be covered, and resources for developing training that will help build these SMS competencies.
[bookmark: _Hlk178080049]The scope of this document does not include lesson plans or methods for assessing inspector SMS competencies. The SM ICG “Guide to the Safety Management System Inspector Competency Assessment Tool” along with the SM ICG “SMS Inspector Competency Assessment Tool” can be used to assess SMS Inspector competency.
[bookmark: _Toc168572188]Appendices
There are three appendices to this document. They are:
· Appendix A: Overview of Training Programme Outline: Gives an overview of learning objectives for training programme sections.
· Appendix B: Detailed Training Programme Outline: Details key learning points and resources to support each learning objective. These resources may be used to develop lesson plans for an SMS training programme. Note: The resources cited in Appendix B are not exhaustive.


· Appendix C: The ICAO CASI (Civil Aviation Safety Inspector) Competency Framework: Provides the competency framework for the SMS Inspector, reproduced from ICAO Doc 10070, with a reorganisation that places systemic thinking and risk management competencies at the beginning.
SM ICG material is free. If an organisation adapts material, it may not be made available for commercial resale. 	1
[bookmark: _bookmark19][bookmark: _bookmark20][bookmark: _Toc168066125][bookmark: _Toc168572189][bookmark: _Hlk176031787]Appendix A: Overview of Training Programme Outline
[bookmark: _Hlk143580792]The Training Programme Outline for Inspector SMS Competency consists of four sections in order of progression:
1) Safety Management Concepts
2) Regulatory Framework
3) SMS Components
1. Safety Policy and Objectives
2. Safety Risk Management
3. Safety Assurance
4. Safety Promotion
4) [bookmark: _bookmark21]SMS Evaluation
[bookmark: _Toc168572190]Learning Objectives for Training Programme Sections
The Training Programme Outline is designed to develop and improve competencies. The learning objectives are connected to the behaviours indicated in parentheses.
[bookmark: _Toc168572191]Section 1: Safety Management Concepts
1. To explain what a management system is (ST1, ST2)
2. To identify how safety is integrated into an organisation’s management system (ST1, ST2, ST4)
3. To recognize the potential safety impacts of interfaces between an organisation’s SMS and other organisations (ST2, ST6, RM7)
4. To recognize the potential safety impacts of interfaces between systems within an organisation (ST2, ST6, ST11, RM3)
5. To recognize risks to safety related to human and organisational factors (ST4, ST6, RM4, RM8)
6. To recognize the impact of an organisation’s safety culture on its safety performance (ST4, ST9, RM4)
[bookmark: _bookmark23][bookmark: _Toc168572192]Section 2: Regulatory Framework
1. To describe and explain the intent of the applicable international standards, State legislation, and regulations related to aviation safety management (ST1, ST4, ST10)
2. To recognize the relationship of the State Safety Programme (SSP) with SMS requirements (ST1)
3. To apply State policies and procedures with respect to SMS (ST1, ST10, RM1, RM3, RM5)
4. To explain the principles of prescriptive and performance-based requirements and oversight (ST1, ST12, RM5)
[bookmark: _bookmark24]

[bookmark: _Toc168572193]Section 3: SMS Components
Component 1: Safety Policy and Objectives
1. To distinguish the accountability and responsibilities of the Accountable Executive, management, and key safety personnel (ST4)
2. To discern how management commitment to an organisation’s SMS is reflected in the safety policy and evidenced by their actions throughout the organisation (RM2, RM4, RM5)
3. To identify how organisations set and measure safety objectives (ST7, ST9)
4. To validate an organisation’s emergency response plan coordination process (ST4, ST5)
5. To evaluate an organisation’s SMS documentation system (ST1, ST2, ST4, ST5)
Component 2: Safety Risk Management
1. To evaluate an organisation’s safety reporting system and investigation process (ST1, ST11)
2. To assess an organisation’s hazard identification processes (RM3, RM4)
3. To assess the effectiveness of an organisation’s risk management process (RM6, RM1, RM7, RM8)
Component 3: Safety Assurance
1. To analyse an organisation’s means to measure safety performance (ST7, ST8, RM1)
2. To evaluate how an organisation assesses its safety performance compared with its safety objectives (ST7, ST9)
3. To assess an organisation’s change management process (RM2, RM6, RM7)
4. To explain the relationship between quality assurance and safety assurance (ST1, ST2, ST8, ST11)
5. To evaluate how an organisation assesses the effectiveness of its SMS, to continuously improve the SMS (ST3, ST7, RM5)
Component 4: Safety Promotion
1. To evaluate an organisation’s safety communication, training, and education processes (ST1, ST5)
[bookmark: _bookmark25][bookmark: _Toc168572194]Section 4: SMS Evaluation
1. To recognize different approaches to implementing and achieving an effective SMS (ST5, ST12)
2. To plan an assessment of an organisation’s SMS (RM1, RM5)
3. To obtain objective evidence where possible and exercise judgment when necessary to reach conclusions about an organisation’s SMS (ST1, ST2, ST6, ST9, ST12 RM2, RM4, RM1)
4. To explain the allowable use and control of information obtained from an organisation’s SMS (ST4, ST6)
5. To identify systemic deficiencies in an organisation (ST10, ST11)
6. To assess the effectiveness of an SMS and discern whether the SMS is appropriate for the size and complexity of the organisation (ST1, ST2, ST4, ST5, ST9, ST12, RM1, RM6, RM1)




SM ICG material is free. If an organisation adapts material, it may not be made available for commercial resale. 	A-1
[bookmark: _Toc168066126][bookmark: _Toc168572195]Appendix B: Detailed Training Programme Outline
[bookmark: _Toc168572196]Section 1: Safety Management Concepts
	Learning Objective #
	Learning Objective
	Key Learning Points
	Resources
	Core SMS Competency 
(ST: System Thinking
RM: Risk Management)

	1.1
	To explain what a management system is
	Definition of management systems typically include:
· Organisational structure
· Framework for establishing accountability—responsibility and authority
· Processes for setting goals and determining requirements
· Processes for delivery of the organisation’s products/services
· A means of controlling and assuring attainment of the requirements (including corrective action processes)
· Processes for communicating and assuring necessary competencies
	ISO 9000-2015 definition
TCCA slide defining Safety and Security Management Systems:
ISO Management System Standards
	ST1, ST2

	1.2
	To identify how safety is integrated into an organisation’s management system
	Purpose of SMS
Integration of management processes (Plan-Do-Check-Act cycle) with technical and safety processes
Application of safety management to operational/ technical functions of the organisation
	ICAO SMM: 8.4.7, 9.7.5, “Integration of Management Systems”
SM ICG The Senior Manager's Role in SMS
	ST1, ST2, ST4







	1.3
	To recognize the potential safety impacts of interfaces between an organisation’s SMS and other organisations
	Interfaces—and potential impacts—between other organisations
Communication and agreements between organisations such as access to reporting systems and joint risk assessments
Identification of hazards from external sources Risk acceptance (transfer, sharing, avoidance)
Safety assurance of contractors and other organisations
	ICAO SMM: 1.3.3, 2.5.2.12-2.5.2.13, 4.1.6
SM ICG SMS Integration: Points to Consider
CASA SMS for Aviation - A Practical Guide (3rd Edition) Booklet 2: Safety Policy and Objectives (p.10)
FAA ATO SMS Manual Dec 2022: 2.1 Introduction to Managing System Safety


Helicopter Maintenance Magazine, August 2013: “The Importance of an Integrated Quality Management System (QMS) and Safety Management System (SMS) in Aviation Operations”
	ST2, ST6, RM7

	1.4
	To recognize the potential safety impacts of interfaces between systems within an organisation
	Interfaces—and potential impacts—between systems within an organisation
Systems include functional area systems and those related to organisation management systems (e.g., Quality Management System [QMS], Occupational Health and Safety Management System, Security Management System)
Different certificates/privileges held by one organisation (e.g., Air Traffic Organisation [ATO], Approved Maintenance Organisation [AMO], air operator)
Accident causation models of safety events (cross-domain interactions)
	SM ICG SMS Integration: Points to Consider
NZCAA AC 100-1, Safety Management: 1.6, “SMS Integration with other Management Systems”
ICAO SMM: 9.7.1, “System description,” 9.7.2, “Interface management,” 9.7.3, “Identification of SMS interfaces,” 9.7.5, “Integration of Management Systems”
FAA ATO SMS Manual Dec 2022: 2.1, “Introduction to Managing System Safety”


Case study on cross-domain interactions in accident causation: A STAMP Analysis of the LEX COMAIR 5191 Accident
	ST2, ST6, ST11, RM3

	1.5
	To recognize human and organisational factors/related risks to safety
	High-level key aspects of human and organisational factors considerations:
· Communications
· Leadership
· Human performance models (e.g., SHELL, 5M)
· Situational awareness
· Decision-making
· Fatigue and fatigue risk management
· Human error and error management
· Workload and task design
(Note: This is not an HF course; thus, it only refers to key concepts.)
	ICAO SMM: 2.1.4, 2.2, “Humans in the System”
ICAO DOC 10151, Manual on Human Performance for Regulators
CASA SMS for Aviation – A Practical Guide (3rd Edition) Booklet 6: Human Factors
CASA Safety Behaviours: Human Factors Resource Guide for Engineers: Chapter 1, “Introduction”; Chapter 3, “Human performance and its limitations”; Chapter 12, “Human factors within an organization”


CASA Integration of Human Factors into SMS


FSF Operator’s Guide to Human Factors in Aviation: Human Factors Strategy
UK CAA CAP 716 Aviation Maintenance Human Factors (EASA Part 145)
TCCA Human Performance Factors for Elementary Work and Servicing
FAA ATO SMS Manual Dec 2022: 2.6, “The Human Element’s Effect on Safety”


FAA Human Factors Acquisition Job Aid


Human Factors Analysis and Classification System (HFACS)
ICAO Human Factors Guidelines for Aircraft Maintenance Manual (Doc. 9824)
	ST4, ST6, RM4, RM8

	1.6
	To recognize the impact of an organisation’s safety culture on its safety performance
	Definition of safety culture and its components: risk, just, reporting, learning, informed, and flexible cultures and their impact on personnel behaviours at various levels of the organisation
Different types of national, ethnic, and professional cultures and how they may affect the safety culture of an organisation
Importance of the safety policy and safety leadership to foster a positive safety culture
Importance of an open reporting environment and its impact on the effectiveness of a management system
Possible reduction of reporting due to sanctions applied by authorities against the organisation based on reported data
Benefits of a Just Culture:
· Increased safety reporting
· Trust building
· More effective safety and operational management. Punishment vs. Learning
· Definition of the boundary between ‘Acceptable Behaviour’ and ‘Unacceptable Behaviour’
· Identification of processes and policies that support a just culture
	CASA SMS for Aviation - A Practical Guide (3rd Edition) Booklet 4: Safety Assurance (p. 29–32)
Eurocontrol Just Culture Policy


CANSO Standard of Excellence in Safety Management Systems (Appendix A, Section 1, pp. 18-20, “Development of a Positive and Proactive Safety Culture”)


FAA ATO SMS Manual Dec 2022: 1.4.1, “Safety Culture and Promotion in the ATO”


ICAO SMM: 3.1, “Safety Culture
SM ICG Industry Safety Culture Evaluation Tool and Guidance 
SM ICG Organizational Culture Self-Assessment Tool and Guidance for Regulatory Authorities
	ST4, ST9, RM4


[bookmark: _Toc168572197]


Section 2: Regulatory Framework
	Learning Objective #
	Learning Objective
	Key Learning Points
	Resources
	Core SMS Competency 
(ST: System Thinking
RM: Risk Management)

	2.1
	To describe and explain the intent of the applicable international standards, State legislation, and regulations related to aviation safety management
	ICAO Annex 19 Standards and Recommended Practices (SARPs)
National Regulations for SMS (and standards, if applicable)
SMS applicability (Which organisations does it apply to?)
Effective dates
National guidance material for SMS 
Acceptable means of compliance guidance
	ICAO Annex 19
State SMS Regulations
	ST1, ST4, ST10

	2.2
	To recognize the relationship of the State Safety Programme (SSP) with SMS requirements
	Relationship between SSP and SMS
The interaction between an organisation’s SMS and the SSP
	ICAO Annex 19 and SMM
State SSP
State SMS Regulations
	ST1

	2.3
	To apply State policies and procedures with respect to SMS
	National SMS policy(ies) and procedures (acceptance/certification, oversight/surveillance, etc.)
National enforcement policies and how they may differ in respect to SMS
State’s approach to SMS implementation (use of implementation plans and timescales for implementation)
	State SMS policies and procedures 
State SSP
	ST1, ST10, RM1, RM3, RM5

	2.4
	To explain the principles of prescriptive and performance-based requirements and oversight
	Principles of prescriptive requirements and performance-based requirements
Verification of compliance using prescriptive and performance-based requirements
	ICAO SMM: 8.3.5.2, “Prescriptive and Performance-Based Regulations”

[bookmark: _MON_1521463271]TCCA slide explaining types of regulations:
SM ICG SMS Evaluation Tool
	ST1, ST12, RM5





[bookmark: _Toc168572198]Section 3: SMS Component 1 (Safety Policy and Objectives)
	Learning Objective #
	Learning Objective
	Key Learning Points
	Resources
	Core SMS Competency 
(ST: System Thinking
RM: Risk Management)

	3.1.1
	To distinguish the accountability and responsibilities of the Accountable Executive, management, and key safety personnel
	Safety performance roles and responsibilities of:
a) Accountable Executive
b) Senior Management
c) Frontline Managers
d) Safety Manager
e) Safety Committees, if applicable
Safety accountability vs. responsibility (delegation)
Level(s) of management with authority to make decisions regarding safety risk tolerability
Accountable Executive in organisations holding multiple certificates
	SM ICG The Senior Manager’s Role in SMS
SM ICG The Frontline Manager’s Role in SMS
ICAO SMM: 9.3.5, “Safety accountability and responsibilities” 9.3.6, “Appointment of key safety personnel” 
CASA SMS for Aviation - A Practical Guide (3rd Edition) Booklet 2: Safety Policy and Objectives (p. 1–7)
TCCA AC 107-001, Guidance on Safety Management Systems Development: 3.5, “The Accountable Executive and Corporate Culture”
	ST4

	3.1.2
	To discern how management commitment to an organisation’s SMS is reflected in the safety policy and evidenced by their actions throughout the organisation
	Safety policy does the following:
· Defines the organisation’s commitment to safety, including the promotion of a positive safety culture
· Identifies the obligations of staff to use the safety reporting system
· Describes what is unacceptable behaviour (including circumstances under which disciplinary action would not apply)
· Commits to provide sufficient resources to manage safety (financial, human, material, and equipment)
Organisational structure appropriate to the size and complexity of the organisation
Management commitment and active support (alignment of the organisation’s activities to the safety policy, allocation of resources, management reviews, dashboards, safety meeting attendance)
Periodic review of safety policy (e.g., change of AE or significant organisational change)
	SM ICG The Senior Manager’s Role in SMS 
SM ICG The Frontline Manager’s Role in SMS 
SM ICG SMS Evaluation Tool
ICAO SMM:  8.3.6.8, “State safety policy and safety objectives” 9.3.4, “Management commitment”
ISO 9001, Guidance on Auditing Top Management Commitment
	RM2, RM4, RM5

	3.1.3
	To identify how organisations set and measure safety objectives
	Safety objectives do the following:
· Reflect the organisation’s commitment to continuously improve the effectiveness of their SMS
· Are communicated throughout the organisation and periodically reviewed
Safety performance management reflects the State SSP/EASP or other regional safety plans (if available)
Relationship between safety objectives, safety performance targets, and safety performance indicators
	ICAO SMM: 4.1.6, “Safety performance management and interfaces”, 9.5.4.20 
SM ICG SMS for Small Organizations (p. 3)
SMS for Airports: 4.2, “Safety Policy and Objectives”
TCCA AC 107-001, Guidance on Safety Management Systems Development: 4.2–4.3, “Safety Policy and Objectives”
	ST7, ST9

	3.1.4
	To validate an organisation’s emergency response plan coordination process
	Sectors required by the State to establish and maintain Emergency Response Plans (ERP)
Coordination of ERPs with the organisation’s affected external interfaces
	ICAO SMM: 9.3.7, “Coordination of emergency response planning”
CASA SMS for Aviation - A Practical Guide (3rd Edition) Booklet 2: Safety Policy and Objectives  (p. 13–14)
TCCA AC 107-001, Guidance on Safety Management Systems Development: 10.0, “Emergency Response Plan”
CAA NZ AC 100-1, Safety Management: 2.2.2, “Coordinated Emergency Response Planning”
SMS for Airports: Coordination of Emergency Planning (pp. 16–17)
FAA ACC 150/5200-31C, Airport Emergency Plan Change 2
	ST4, ST5

	3.1.5
	To evaluate an organisation’s SMS documentation system
	SMS documentation system includes:
a) SMS Manuals—to describe SMS policies, processes, procedures, and accountabilities
· Integration of SMS manual with other required documentation, need for document controls, periodic reviews
b) SMS Records—outputs of the SMS processes and procedures (examples of records: meeting minutes, safety data, safety reports, hazard logs, risk registers, safety risk assessments, etc.)
· Retention of records
	ICAO SMM: 9.3.8, “SMS Documentation”
SM ICG SMS Evaluation Tool
ISO 9001, Guidance on Auditing Electronic Documented Information Systems
TCCA AC 107-001, Guidance on Safety Management Systems Development:: 5.0, “Documentation”
CAA NZ AC 100-1, Safety Management: 2.2.3, “Development, Control and Maintenance of Safety Management Documentation”
EHEST SMM for Complex Operators: Chapter 7, “Documentation Control Procedure”
	ST1, ST2, ST4, ST5
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Section 3: SMS Component 2 (Safety Risk Management)
	Learning Objective #
	Learning Objective
	Key Learning Points
	Resources
	Core SMS Competency 
(ST: System Thinking
RM: Risk Management)

	3.2.1
	To evaluate an organisation’s safety reporting system and investigation process
	Mandatory and voluntary reporting systems
· Perimeter of mandatory and voluntary reporting systems: accessibility to third parties
Maturity of reporting—types of reports (i.e., first-, second-, third- generation reports: “He has done something wrong,” “Something may go wrong,” “I have done something wrong,” etc.)
Internal investigation of safety events
· Prioritisation of safety investigations causal analysis process and outputs
· Various models of causal analysis: BowTie, Fishbone Diagram, 5 Whys, etc.
Timely corrective and preventive actions
Validation of effectiveness in preventing recurrence
Recurrence indicates ineffective corrective action
	ICAO SMM: 5.2.5, “Mandatory safety reporting systems,” 5.2.6,”Voluntary safety reporting systems”
SM ICG SMS for Small Organizations: 2.1.1–2.1.3, Appendix 8
CASA SMS for Aviation - A Practical Guide (3rd Edition) Booklet 4: Safety Assurance (pp. 2–3)
SMS for Airports: 6.4, “Safety Reporting”; 6.5, “Accident and Incident Investigation”
CAA NZ AC 100-1, Safety Management: 2.4.1, “Safety Investigation”
TCCA AC 107-001, Guidance on Safety Management Systems Development:: 6.2, “Reactive Processes”
TCCA AC SUR-002, Root Cause Analysis and Corrective Action for TCCA Findings
Mini-Guide to Root Cause Analysis
Best Practices for Event Review Committees
CAP1760: Effective Problem Solving and Root Cause Identification
	ST1, ST11

	3.2.2
	To assess an organisation’s hazard identification processes
	Definition of and relationship between hazards and consequences
Methods of hazard identification (reactive, proactive)
· Use of multiple sources of hazard identification
· Hazard identification is ongoing
Examples of typical hazards for aviation sectors 
· Hazards related to interfaces
· [bookmark: _bookmark31]Hazards related to human factors organisational hazards
Collection and analysis of hazards
	SM ICG SMS Evaluation Tool
SM ICG Hazard Taxonomy Examples
SM ICG Development of a Common Hazard Taxonomy
ECAST SMS WG Guidance on Hazards Identification
SMS for Airports: 5.3, “Identify Hazards”; Table 8, “Common Airport Hazards” 
CASA SMS for Aviation - A Practical Guide (3rd Edition) Booklet 3: Safety Risk Management (pp. 1–5)
CAA NZ AC 100-1, Safety Management, 2.3.1, “Hazard Identification”
TCCA AC 107-001, Guidance on Safety Management Systems Development: 6.3, “Pro-Active Processes”
ICAO SMM: 2.5.1, “Introduction to hazards,” 2.5.2, “Understanding hazards and their consequences,” 9.4.4, “Hazard identification, 9.7.3, “Identification of SMS interfaces”
Shell Aircraft International: A Simplified Process for Hazard Management
	RM3, RM4

	3.2.3
	To assess the effectiveness of an organisation’s risk management process
	Definitions and concepts related to risk management
Risk management process (analysis, assessment, and control of the safety risks associated with identified hazards)
Risk management techniques, tools, models, methods 
Tolerable level of risk and risk control prioritisation 
Safety-critical implications in risk management include:
· Failing to identify latent hazards within the organisation, which could lead to unacceptable levels of risk
· Under-rating risk (based on what happened or has happened in the past, not what could have happened)
· Assessing risk in isolation (not involving staff with practical knowledge of the activity being assessed)
· Assessing only the most severe outcome (which is usually also the least probable, while a less severe but more probable risk scenario could result in a higher risk rating)
Awareness of vulnerability in underlying assumptions when determining probability and severity
	ICAO SMM: 2.5.3 through 2.5.8
SM ICG SMS Evaluation Tool
CAA NZ AC 100-1, Safety Management: 2.3.2, “Risk Management”
CASA SMS for Aviation - A Practical Guide (3rd  Edition) Booklet 3: “Safety Risk Management
EHEST SMM for Complex Operators: Chapter 8, “Safety Risk Management”
SMS for Airports: 5.4–5.7
FAA ATO SMS Manual Dec 2022: Section 3, “The Safety Risk Management Process”
ARMS Methodology for Operational Risk Assessment in Aviation Organizations
FSF Basic Aviation Risk Standard
TCCA Integrated Risk Management Framework Lexicon

	RM6, RM1, RM7, RM8





[bookmark: _Toc168572200]Section 3: SMS Component 3 (Safety Assurance)
	Learning Objective #
	Learning Objective
	Key Learning Points
	Resources
	Core SMS Competency 
(ST: System Thinking
RM: Risk Management)

	3.3.1
	To analyse an organisation’s means to measure safety performance
(What)
	Definitions related to safety performance
· Safety performance relates to the organisation’s contribution to aviation safety
Indicators: Types of indicators, use of indicators, characteristics of effective indicators, possible unintended effects of using indicators and targets
Data: Types of data, sources of data, quality of data, characteristics of data, limitations of data, data collection methods
Data analysis: Tools, capability, trends
Measuring what is important rather than what is easy to measure
Results: Input into management review process, action taken
	ICAO SMM: 4.3-4.4, 8.4.7.14-8.4.7.15
SM ICG A Systems Approach to Measuring Safety Performance – The Regulator Perspective
SM ICG Measuring Safety Performance Guidelines for Service Providers
SM ICG SMS for Small Organizations: 3.1, “Safety Performance Monitoring and Measurement,” Appendix 11, “Safety Performance Indicators for a Small Organization”
SMS for Airports: 6.7, “Measuring SMS Performance—Trend Analysis”
CAA NZ AC 100-1, Safety Management: 2.4.2, “Monitoring and Measuring Safety Performance”
FAA ATO SMS Manual, Dec 2022: 1.6.1, “Measuring NAS-Wide ATO Safety Performance”; 4.1, “Developing Safety Performance Targets”
	ST7, ST8, RM1

	3.3.2
	To evaluate how an organisation assesses its safety performance compared with its safety objectives
(How)
	Links and robustness of the safety performance cycle:
Set objectives, targets, and indicators ➔ Determine sources of data ➔ Gather and analyse data ➔ Monitor performance indicators ➔ Measure safety performance ➔ Input into management review ➔ Assess results and take action ➔ Validate corrective action effectiveness ➔ Review objectives and targets ➔ etc.
Effectiveness looks at whether:
· The process is documented
· Safety data is collected; what sources of data the organisation is using; the quality of the data used for safety indicators; how accessible safety reporting systems are
· Safety data is analysed; what analytical capability the organisation has; what tools are used
· Information is extracted; what trends are detected; how indicators are used as input into the management review process
· Alert levels and alerting triggers are appropriate and activated
· Indicators are understood and results are communicated; feedback to submitters using the reporting systems
· Information drives corrective action or further improvement in safety performance targets; which management decisions are made
Indicators are periodically reviewed for appropriateness and pertinence
	SM ICG SMS Evaluation Tool
EASA/ANSP Questionnaire for Measurement of Effectiveness of Safety Management SKPI

	ST7, ST9

	3.3.3
	To assess an organisation’s change management process
	Recognizing which changes, in isolation or combination, may have a safety impact
· Changes which may affect the level of safety risk associated with the organisation’s aviation products, infrastructure/system, management, operation, or services provided
Recognizing the impact of internal and external change
· Identifying and managing the safety risks that may arise from those changes
Effectiveness of existing risk controls/mitigations 
Introduction of new hazards
	ICAO SMM: 8.5.6, “Management of change: State perspective” 9.5.5, The management of change”
CASA SMS for Aviation - A Practical Guide (3rd Edition): Booklet 4, Safety Assurance (pp. 2–3)
CASA Management of Change for Aviation Organizations
CAA NZ AC 100-1, Safety Management: 2.4.3, “Management of Change”
SM ICG SMS for Small Organizations: 3.2, “The Management of Change”; Appendix 13, “Management of Change Template”
EHEST SMM for Complex Operators: 8.9, “The Management of Change”; Appendix 8, “Change Management Form”
TCCA Aviation Safety Letter – “An Ounce of Prevention”
	RM2, RM6, RM7

	3.3.4
	To explain the relationship between quality assurance and safety assurance
	Defining quality assurance and safety assurance
Safety assurance complements quality assurance to validate the effectiveness of safety risk controls
Interaction between quality assurance and safety assurance
Basic characteristics of QMS and differences with SMS
	ICAO SMM: 9.7.6, “SMS and QMS integration”
CAA NZ Resource Kit Booklet 2, From QMS to SMS
CAA NZ AC 00-3, Internal Quality Assurance
TCCA AC 107-001, Guidance on Safety Management Systems Development: 9.0, “Quality Assurance Program”
ISO 9001 Guidance on Internal Audit
Safety Assurance v Quality Assurance (lessons learned from Toyota)
	ST1, ST2, ST8, ST11

	3.3.5
	To evaluate how an organisation assesses the effectiveness of its SMS, to continuously improve the SMS
	What effectiveness means
External/internal review processes (audits, surveys, safety performance indicators [SPIs], lessons learned, etc.)
· Outcomes feeding back into the SMS Link with the safety performance cycle
· Recognizing a change in safety performance and taking action
Senior management review of the effectiveness of the SMS
	ICAO SMM: 9.5.4, “Safety performance monitoring and measurement”
SM ICG SMS Evaluation Tool
ISO 9001, Guidance on Auditing Improvement
NZCAA AC 100-1, Safety Management: 2.4.4, “Continuous Improvement of the SMS”; 2.4.5, “Internal Audit Programme”; 2.4.6, “Management Review”
SMS for Airports: 6.6, “SMS and Internal Safety Assessments”; Annex B and C
SM ICG SMS for Small Organizations: 3.3, “Continuous Improvement of the SMS”; Appendix 14, “Management Review Template”
	ST3, ST7, RM5





[bookmark: _Toc168572201]Section 3: SMS Component 4 (Safety Promotion)
	Learning Objective #
	Learning Objective
	Key Learning Points
	Resources
	Core SMS Competency 
(ST: System Thinking
RM: Risk Management)

	3.4.1
	To evaluate an organisation’s safety communication, training, and education processes
	Training and Competency:
· Competency definition and competency assessment
· Training needs analysis (includes contracted personnel), including ongoing (recurrent) training
· Training methodology appropriate to the material and the individual
· Training will vary between different roles in the organisation
· Competency of trainers (external providers or internally delivered)
· Effectiveness of safety training programme is monitored
· Training documentation and records
Safety Communication:
· Identification of relevant safety information sources (internal and external, including from interfacing organisations)
· Communication of safety information (internal, and external to other affected organisations)
· Methods of communication (appropriate to target audience)
· Safety-critical information is communicated in a timely manner
Ensuring communication is received and acted upon as required
	ICAO SMM: 8.3.7.4-8.3.7.8, 8.6.4-8.6.6-8.6.9, 9.6.4-9.6.5
CASA SMS for Aviation - A Practical Guide (2rd Edition Booklet 5: Safety Promotion
NZCAA AC 100-1, Safety Management: 2.5.1, “Safety Training and Competency”; 2.5.3, “Communication of Safety-Critical Information”; 2.5.1, “Training and Competency Guidance Material”
SMS for Airports: 6.8, “Safety Training and Education”
EHEST SMM for Complex Operators: Chapter 10, “Safety Promotion”; Chapter 11, “Training and Communication on Safety”
SM ICG SMS Evaluation Tool
ISO 9001, Guidance on Auditing Competence
ISO 9001, Guidance on Auditing Internal Communication
	ST1, ST5




[bookmark: _Toc168572202]Section 4: SMS Evaluation
	Learning Objective #
	Learning Objective
	Key Learning Points
	Resources
	Core SMS Competency 
(ST: System Thinking
RM: Risk Management)

	4.1
	To recognize different approaches to implementing and achieving an effective SMS
	Various approaches to implement SMS
SMS procedures should be customized to each organisation
Extending a single SMS over multiple activities requiring an approval/certificate
Integration of SMS with existing management system
	Less complex organisations:
SM ICG SMS for Small Organizations
SM ICG SMS for Small Organizations: Considerations for Regulators 
CASA SMS for Aviation - A Practical Guide (2nd Edition)” Booklet 7: Scaling for Size and Complexity
CAA NZ Resource Kit Booklet 3, Implementing SMS Guidelines for Small Aviation Organizations
[bookmark: _Hlk168330268]UK CAA CAP 1059, Safety Management Systems: Guidance for Small, Non-Complex Organizations
TCCA AC 107-002, SMS Development Guide for Smaller Aviation Organizations
More complex organisations:
[bookmark: _Hlk168330286]UK CAA CAP 795, Safety Management Systems (SMS) Guidance for Organizations
TCCA AC 107-001, TCCA AC 107-001, Guidance on Safety Management Systems Development
	ST5, ST12

	4.2
	To plan an assessment of an organisation’s SMS
	Team management, work scheduling, planning effective interviews, and sampling, etc.
Researching safety intelligence, safety record, enforcement record, and documentation of the organisation
The authority’s policies, processes, procedures, and tools for the assessment of an organisation’s SMS
	TCCA AC SUR-004, Civil Aviation Surveillance Program
International Accreditation Forum “Duration of QMS and EMS Audits”

	RM1, RM5

	4.3
	To obtain objective evidence where possible and exercise judgment when necessary to reach conclusions about an organisation’s SMS
	Cross-checking of information from different sources 
Seeking confirmation of doubts and concerns
Gathering objective evidence to support evaluation activities
Use of subjective judgment to assess effectiveness rather than just compliance
	State legal authorities for inspectors re: evidence gathering
ISO 9001, Audit Guidance on Evidence Collection
	ST1, ST2, ST6, ST9, ST12 RM2, RM4, RM1

	4.4
	To explain the allowable use and control of information obtained from an organisation’s SMS
	State legal framework and regulator policies for protection and release of organisation information (appropriate vs. inappropriate usage or disclosure)
Appropriate information to take into the regulator’s possession (what is evidence?)
Potential impact of data release or inappropriate usage, including inadvertent disclosure
State responsibility to determine the most appropriate action to address safety issues arising from sensitive information accessed (e.g., internal reporting systems, flight data monitoring [FDM])
	State legal requirements and policies 
Example compliance philosophies:
FAA Order 8000.373C, Federal Aviation Administration Compliance Program
TCCA CAD 107-004, Aviation Enforcement – Safety Management Systems
	ST4, ST6

	4.5
	To identify systemic deficiencies in an organisation
	Systems thinking (i.e., beyond how the organisation presents itself through its manuals, to understand their system and processes)
Definition of systemic
Difference between systemic and individual deficiencies 
Systemic deficiencies at an organisational level
	SKYbrary Toolkit: Systems Thinking for Safety/Systems Thinking Methods

	ST10, ST11

	4.6
	To assess the effectiveness of an SMS and discern whether the SMS is appropriate for the size and complexity of the organisation
	Typical markers of organisational complexity
Application of the State SMS evaluation tool to assess an SMS, including scalability
Acceptance criteria taken into account for the assessment and the expectation for different levels of performance (Present, Suitable, Operating, Effective)
How well the SMS processes are applied to technical processes
What is compliance? “Simple compliance” (are they complying?) vs. “effective compliance” (how they are complying, how compliance will be maintained, is the output as expected?)
	SM ICG SMS Evaluation Tool
EASA/ANSP Questionnaire for Measurement of Effectiveness of Safety Management SKPI
SM ICG SMS for Small Organizations: Considerations for Regulators
AeroSafetyWorld, May 2012, SMS Reconsidered: Four questions to assess SMS effectiveness
	ST1, ST2, ST4, ST5, ST9, ST12, RM1, RM6, RM1
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[bookmark: _Toc168066127][bookmark: _Toc168572203]Appendix C: The ICAO CASI (Civil Aviation Safety Inspector) Competency Framework
Below is the competency framework for the SMS Inspector, reproduced from ICAO Doc 10070, with a reorganisation that places systemic thinking and risk management competencies at the beginning. Note that an asterisk (*) after a bullet signifies “observable behaviours considered particularly important for remediation and enforcement tasks.”
	Competency: SYSTEMS THINKING

	Description
	Understands and determines how the various components of management systems interact and affect the overall system safety performance.

	Observable Behaviours
	· Accurately evaluates the inter-relationship between policies, processes, and procedures of the stakeholder’s systems.
· Accurately evaluates the inter-relationship between various systems including quality planning, quality control, and quality assurance of the stakeholder.
· Determines the effectiveness of the implementation of continuous improvement, reactive, and proactive processes.
· Recognizes the essential components of a functional safety management system and their interoperability.
· Determines whether the stakeholder’s management systems are appropriate for the size and scope of the operation.
· Accurately evaluates the inter-relationships between the management systems across various stakeholders.
· Uses the appropriate set of metrics to measure and monitor regulatory and stakeholder safety performance.
· Interprets findings from analysis of performance data.
· Assesses if the stakeholder safety performance objectives achieve the desired safety performance.
· Provides feedback on potential deficiencies of the regulatory framework.
· Accurately determines whether the root cause(s) of deficiencies results from a single-point or systemic failure(s).*



	Competency: RISK MANAGEMENT

	Description
	Demonstrates an effective approach to the oversight of a stakeholder considering its business model, risk profile, and its availability of resources.

	Observable Behaviours
	· Carries out comprehensive risk assessments of service providers using appropriate methodologies.
· Makes strategic decisions based on risk assessment, principles, values, and business cases.
· Accurately determines on a timely basis trends, problem areas, or hazards that may negatively impact safety.
· Recognizes business practices or organisational cultures that are potential indicators of increased levels of risk.
· Applies appropriate certification requirements and surveillance techniques according to changing levels of risk.
· Evaluates appropriateness of safety cases submitted by service providers.
· Evaluates appropriateness of risk assessments performed by stakeholders and actions taken to manage hazards to an acceptable level.
· Identifies if appropriate remedial or enforcement action is required to address an issue at its root cause.*
· Ensures that stakeholders implement remediation measures.*



	Competency: ETHICS AND VALUES

	Description
	Demonstrates integrity, transparency, openness, respect and fairness and considers the
consequences when making a decision or taking action. Acts consistently in accordance with
fundamental values of the civil aviation authority.

	Observable Behaviours
	· Treats others respectfully, fairly and objectively regardless of differences.
· Answers questions truthfully without embellishment or attempt to cover up a lack of knowledge.
· Maintains privacy and confidentiality when appropriate.
· Manages professional relationships with appropriate role boundaries.
· Adheres to professional codes of conduct when taking action and making decisions.
· Takes responsibility for own actions.
· Identifies and mitigates conflict of interest situations.
· Acts with integrity.
· Uses resources of the CAA and aviation entities in a cost-conscious manner.
· Demonstrates the values of the CAA.



	Competency: COMMUNICATION

	Description
	Effectively conveys, receives, and understands information in oral, written, and non-verbal modes.

	Observable Behaviours
	· Verifies that the recipient is prepared to receive information.
· Confirms that information conveyed was received and accurately understood.
· Listens actively and objectively without interrupting.
· Checks own understanding of other’s communication (e.g. repeats or paraphrases, asks additional questions).
· Presents appropriate and accurate information in a clear, concise, and compelling manner in all media.
· Adapts content, style, tone, and media of communication to suit the target audience including cultural considerations and to promote dialogue.
· Understands other people’s concerns.
· Maintains open lines of communication with management, stakeholders, and colleagues.
· Communicates complex issues clearly and credibly with diverse audiences.
· Delivers difficult or unpopular messages with clarity, tact, and diplomacy.





	Competency: PROBLEM SOLVING AND DECISION MAKING

	Description
	Solves issues of varied levels of complexity, ambiguity, and risk. Makes timely decisions that take into account relevant facts, tasks, goals, constraints, risks, and conflicting points of view.

	Observable Behaviours
	· Collects related and sufficient information from a variety of sources in a timely manner.
· Breaks down complex tasks into manageable parts.
· Considers multiple possible causes of problems.
· Identifies risks involved for different solutions to a problem.
· Identifies interdependencies between various components of a problematic situation.
· Develops solutions that address the situation in its entirety.
· Takes steps to mitigate medium- to long-term impact of solutions when developing solutions to fix immediate issues.
· Provides a rationale behind each decision.
· Makes timely decisions based on applicable rules and procedures.
· Responds decisively when inappropriate conduct is identified to affect positive change without delay.*
· Recognizes scope of own authority for decision making and escalates to the appropriate level if necessary.
· Demonstrates decisiveness when under pressure or faced with complex or sensitive situations.
· Incorporates lessons learned in future decisions.



	Competency: INITIATIVE

	Description
	Identifies and addresses issues independently, proactively, and persistently to achieve objectives.

	Observable Behaviours
	· Seizes opportunities that arise.
· Acts promptly in a crisis situation.
· Deals with obstacles effectively.
· Looks for ways to enhance efficiency and effectiveness.
· Looks for resources to support objectives.
· Anticipates and acts on potential issues.
· Organises personal workload to ensure excellence in productivity and quality of service.



	Competency: TECHNICAL EXPERTISE

	Description
	Applies and improves technical knowledge and skills to perform safety oversight duties in a specific aviation discipline.

	Observable Behaviours
	· Applies technical knowledge and skills to correctly address a situation.
· Accurately answers complex technical questions.
· Keeps up to date on specialized technical knowledge and skills.
· Recognizes trends in practice of one’s own technical area and anticipates changes.
· Interprets correctly and explains the intent of the applicable statute, regulation, or standard for a given context.
· Evaluates efforts by stakeholders to demonstrate initial compliance with the regulations.
· Develops and implements an effective programme to monitor continuing compliance of the regulations by stakeholders.
· Contributes as a subject matter expert to the development of regulations and guidance.
· Consistently provides appropriate guidance to stakeholders and colleagues on how to implement performance-based regulations.
· Applies appropriate procedures in accordance with the CAA standards.
· Applies enforcement measures when necessary and in accordance with applicable regulations.*



	Competency: LEADERSHIP AND TEAMWORK

	Description
	Collaborates up, down, and across the organisation to foster and promote a clear vision and common goals. Energizes others to achieve the goals and positive results.

	Observable Behaviours
	· Gains the trust and confidence of others.
· Promotes positive working relationships.
· Encourages open discussion.
· Facilitates resolution of conflicts.
· Inspires others to collaborate and strive towards excellence.
· Actively solicits constructive feedback.
· Willingly adopts suggestion for improvement from others.
· Directs the work of the team to adapt to circumstances.
· Empowers team members to make decisions.
· Identifies the required resources to support the team.



	Competency: CRITICAL THINKING

	Description
	Analyses information in order to consistently achieve desired outcomes.

	Observable Behaviours
	· Accurately analyses stakeholder performance data for trends.
· Evaluates information with accuracy and objectivity.
· Seeks additional detail or clarification from colleagues or stakeholders.
· Synthesises data from a variety of sources appropriately.
· Applies procedures appropriately.
· Recognizes that different processes and procedures can lead to similar outcomes.
· Analyses the thoroughness and effectiveness of all documented processes.
· Determines if CAA employees understand and adhere to processes.
· Determines if stakeholders understand and adhere to processes.
· Assesses the efficiency and effectiveness of the implementation and maintenance of mandatory system-based programmes against operational requirements.
· Distinguishes between lapses, negligence, and reckless action.*
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2.1 Introduction to Managing System Safety
As Air Traffic Organization (ATO) operational procedures and National Airspace System (NAS)
equipment (e, hardware and software) evolve, their interaction and interdependency across
organizations within the ATO and throughout the Federal Aviation Administration (FAA) must be
addressed. In a system as large and diverse s the NAS, the identifcation of a safety hazard
and mitigation of itsrisk often falls within the purview of multple organizations.

The effects of safety hazards and associated risk management methods across muttiple
organizations, domains, and implementation timelines must be properly understood to achieve
the highest practcal level of safety. Safety risk deemed acceptable for an individual element of
the NAS may lead to unintentional safety risk in another element f Safety Risk

Management (SRM) is not conducted with a *system of systems” philosophy. As emerging NAS
equipment, operations, and procedures are tested and implemented, the SRM process must
account for their potential safety impact on existing/legacy tools and procedures and vice versa
Sharing safety data and using an integrated safety management approach helps identify and
resolve issues requiring the consideration of multiple disciplines.

“The goal of an integrated approach to safety managementis to eliminate gaps in safety
analyses by assessing NAS equipment, operations, and procedures across three planes
vertical, horizontal, and temporal. The vertical plane is hierarchical, providing assessments
from a specific project up to the NAS-level system of systems of which the project is a part. The
horizontal plane spans organizations, programs, and systems. Finally, the temporal plane
attempts to eliminate safety gaps across program and system implementation timelines.

Figure 2.1 depicts several factors in each of the three planes that should be considered to
ensure an integrated approach to safety management. Refer to the Safety Risk Management
Guidance for System Acquisitions for more information.
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Figure 2.1: Integrated Safety Factors

2.2 Safety Assessment Using the Tenets of SRM and Safety Assurance
In acknowledging the complexity of the NAS and its various system interdependencies, the ATO
uses the systematic processes and tenets of SRM and Safety Assurance to identify and
‘address safety hazards and risks across the NAS.

“The remainder of this section discusses the foundational concepts and practices used to identify
and address safety issues and consider potential ramifications in an integrated way. It will
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Contacts
For further support on how to get the most from this training resource, please contact your local
Aviation Safety Advisor via 131 757 or safetyadvisor@casa.gov.au
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safety behaviours
HUMAN FAGTORS

Welcome to the resource package,
developed by CASA to provide comprehensive human factors (HF) information to
further support your learning in this field. For some, this may be your first exposure to
human factors theory; for others, it may serve as a good refresher.

has been developed to provide a
stronger focus on the needs of the Australian maintenance industry, and although it is
designed with aircraft maintenance engineers and small to medium-sized aviation
maintenance organisations (AMOs) in mind, larger organisations may also find it a
useful supplement to existing human factors programs. The HF topics included are all
relevant to the daily challenges of being a professional engineer.

Why has Safety Behaviours: Human Factors for Engineers been developed?

While it is well known that the majority of aviation accidents involve human factors
somewhere in the causal chain, it is less well known that between 12 and 20 per cent
of aviation accidents may involve maintenance human factors. Managing human factors
effectively therefore, is an important issue for all maintenance engineers, regardless of
what section of the industry they work in.

CASA recently introduced Civil Aviation Safety Regulation (CASR) Part 145, which
includes human factors requirements for maintenance. This requirement is consistent
with other aviation safety agencies internationally, such as the European Aviation Safety
Agency (EASA) and the International Civil Aviation Organization (ICAQ). CASR Part 145
requires maintenance organisations to apply human factors principles to safety and quality,
institute a reporting system with a safety reporting policy, and ensure that personnel
receive training in human factors principles. Training in human factors is required for all
employees involved in maintenance, including contract staff.

This practical human factors resource may assist engineers and AMOs to meet
the above requirements. Importantly, we hope it will serve as part of your ongoing
professional development, so that you keep up-to-date with the latest human
factors knowledge.

How to use this workbook

The is part of aresource
package that also includes:

= A comprehensive resource guide

= Background reading: safety magazine articles, accident reports and other resources
= Afacilitator’s guide, as well as this participant/student workbook

= A CD containing electronic copies of the resource guide and all the above-mentioned
reference material

= A DVD featuring Crossed Wires, a drama to promote discussion about some of the
key human factors issues outlined in the resource guide, as well as interviews with
human factors experts.

These resources are designed for both self-and class-based instruction. Facilitators
can incorporate them into their existing training agenda, or organise special
self-contained sessions. For more information about

, please email safetyproducts@casa.gov.au
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Overview

This workbook contains a number of practical
exercises and further case studies to reinforce your
understanding of various human factors issues.

It also provides further opportunity to reflect on the
videos Crossed Wires and the Right Connection,
and to develop strategies for improving how you
manage human factors issues in your aviation
maintenance.

Answers to various exercises begin on page 67
of this workbook.

We recommend that you read the Facilitator’s Guide before starting any of these
activities. The Facilitator’s Guide guides you through this kit, setting out the
most logical way to progress through it. If you are having any trouble in working
through it, please refer to the contacts listed on the inside front cover of this
Workbook for assistance.
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Overview of topics

Chapter

Introduction to human
factors for engineers

Error management

Human performance
and its limitations

Decision making

' Activities

Read the Resource Guide Chapter 1 Introduction
(page 5)

Read the Workbook overview and chapter 1
(pages 9-12)

Turn to Exercise 1 in the Workbook (page 10)
Play the DVD ‘Introduction’ and Crossed Wires
Discuss with peer, mentor or facilitator

Complete the Workbook exercises 1 and 2

Read the Resource Guide Chapter 2 ‘Error
management’ (page 27)

Read the Workbook overview and chapter 2
(pages 13-18)

Play the DVD ‘Introduction’ and Error management
Turn to Exercise 1 in the Workbook (page 14)
Complete the Workbook exercises 1-4

Discuss with peer, mentor or facilitator

Read the Resource Guide Chapter 3 ‘Human
performance and its limitations’ (page 41)

Read the Workbook overview and chapter 3
(pages 19-26)

Play the DVD ‘Introduction’ and ‘Human performance
and its limitations’

Turn to Exercise 1 in the Workbook (page 20)
Complete exercises 1-5

Discuss with peer, mentor or facilitator
Read the Resource Guide Chapter 4 ‘Decision making’
(page 57)

Read the Workbook overview and chapter 4
(pages 27-32)

Play the DVD ‘Introduction’ and ‘Decision making’
Turn to Exercise 1 in the Workbook (page 28)
Complete exercises 1-3

Discuss with peer, mentor or facilitator
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Chapter \ Activities \ Completion
Fatigue Read the Resource Guide Chapter 5 ‘Fatigue’ (page 69) | Topic complete?

Read the Workbook overview and chapter 4
(pages 33-36)

Play the DVD ‘Introduction’ and ‘Fatigue’
Turn to Exercise 1 in the Workbook (page 34)
Complete exercises 1-4

Discuss with peer, mentor or facilitator
Stress, workload Read the Resource Guide Chapter 6 ‘Stress, workload | Topic complete?
and time pressure and time pressure’ (page 91)

Read the Workbook overview and chapter 6 (pages
37-40)

Play the DVD ‘Introduction’ and ‘Stress, workload
and time pressure’

Turn to Exercise 1 in the Workbook (page 38)
Complete exercises 1-3

Discuss with peer, mentor or facilitator
Alcohol and Read the Resource Guide Chapter 7 ‘Alcohol and other | Topic complete?
other drugs drugs’ (page 109)

Read the Workbook overview and chapter 7 (pages
41-46)

Play the DVD ‘Introduction’ and ‘Alcohol and
other drugs’

Turn to Exercise 1 in the Workbook (page 42)
Complete exercises 1-3

Discuss with peer, mentor or facilitator
Communication Read the Resource Guide Chapter 8 ‘Communication” | Topic complete?
(page 127)

Read the Workbook overview and chapter 8
(pages 47-50)

Play the DVD ‘Introduction’ and ‘Communication’
Turn to Exercise 1 in the Workbook (page 48)
Complete exercises 1-5

Discuss with peer, mentor or facilitator
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Chapter ' Activities ' Completion

Teamwork Read the Resource Guide Chapter 9 ‘Teamwork’ Topic complete?
(page 145)

Read the Workbook overview and chapter 9
(pages 51-54)

Play the DVD ‘Introduction’ and ‘Teamwork’
Turn to Exercise 1 in the Workbook (page 52)
Complete exercises 1-4

Discuss with peer, mentor or facilitator

Leadership Read the Resource Guide Chapter 10 ‘Leadership’ Topic complete?
(page 153)

Read the Workbook overview and chapter 10
(pages 55-58)

Play the DVD ‘Introduction’ and ‘Leadership’
Turn to Exercise 1 in the Workbook (page 56)
Complete exercises 1-3

Discuss with peer, mentor or facilitator

Professionalism Read the Resource Guide Chapter 11 ‘Professionalism’ | Topic complete?
(page 163)

Read the Workbook overview and chapter 11
(pages 59-62)

Play the DVD ‘Introduction’ and ‘Professionalism
Turn to Exercise 1 in the Workbook (page 60)
Complete exercises 1-3

Discuss with peer, mentor or facilitator
Human factors within Read the Resource Guide Chapter 12 ‘Human factors | Topic complete?
an organisation within an organisation’ (page 171)

Read the Workbook overview and chapter 12
(pages 63-66)

Play the DVD ‘Introduction’ and ‘Human factors
witin an organisation’

Turn to Exercise 1 in the Workbook (page 64)
Complete exercises 1-2
Discuss with peer, mentor or facilitator

Answers (where appropriate) can be found on pages 67-92 of this workbook

CASA's human factors specialists would like to hear about the strategies individual engineers and
maintenance organisations are using to address human factors issues in aviation maintenance, with a view
to collating this information and sharing it across industry.

If you have such a strategy to share, please contact us—our details are listed on the inside front cover of
this workbook.
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INTRODUCTION TO HUMAN
FACTORS FOR ENGINEERS

Make sure you have read the
introductory chapter in your Resource
Guide before tackling these activities.

= The PEAR model 10
= Recommendations and strategies 12

If eternal vigilance is the price of liberty,
then chronic unease is the price of safety.






Exercise 1: The PEAR model

We will begin by taking a look at the PEAR model: what it is, how it might be a useful checklist in planning a
task, and how it might apply to your workplace. Throughout this workbook, when you’re watching the drama
Crossed Wires, try and match the scenarios with the PEAR model.

Refresh your knowledge of the PEAR model by re-reading pages 10-20 of the Resource Guide.

Complete the table giving three examples of each human factor area, preferably as they apply in your
workplace.

The PEAR model

. | LN
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Focusing on the action part of PEAR, think of one task well known to you—one you perform regularly at
work. List three examples of the potential for error involved in completing that task.

Common task and potential for error

1.

What are three major resource deficiencies you come across in a typical shift? Complete the table below.

Deficiencies in resources on a typical shift

1.

Did you include time? Most maintenance engineers say they don’t have enough time, people and ‘stuff’
(manuals, support equipment, lighting) to do the job. Time is an important resource, but one which is often
forgotten in planning tasks.
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Exercise 2: Recommendations and strategies

Identify the inappropriate work practices that increased the total risk of error at Perfect Twins Maintenance.

Inappropriate work practices

Refer back to Exercise 1. Identify an error-prone task in your organisation—what errors occur due to
deficiencies in procedures? Describe the deficiencies, and what you can do to improve the situation.

Deficiencies in procedures Strategies to improve
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This section provides some practical
activities on managing error.

Make sure you have read Chapter 2:
‘Error management’ in your Resource
Guide before tackling these activities.

= The three levels of error management 14
= Error management role of maintenance

work practices 14
= Error management at Perfect Twins

Maintenance 15
= Safety recommendations and personal

error management strategies 16






Exercise 1: The three levels of error
management

1. What are the three levels of error management?

Three levels of error management

1.

Exercise 2: Error management role of
maintenance work practices

Identify the error management functions of the various maintenance work practices seen in Crossed Wires.
Make sure you have at least one example for each error management level.

For example:
1. What aspect of error management do briefings or inspections fulfil?

2. What error management function does documentation fulfil?

Work practices ‘ Error management function

Documentation Error reduction
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Exercise 3: Error management at Perfect Twins
Maintenance

In Crossed Wires, ultimately these error management functions were ineffective. What individual actions
or decisions by Perfect Twins personnel directly or indirectly compromised their effectiveness? Again, give
examples of how Perfect Twins personnel actions related to each of the three levels of error management.

Perfect Twins’ work practices ‘ Error management level/category
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Exercise 4: Safety recommendations and
personal error management strategies

Safety recommendations for Perfect Twins ‘ Personal strategies for engineers

Hint: Have a look at your PEAR model chart and | Hint: Make sure all the individual/team actions
ensure that your safety recommendations address | that you have noted in your PEAR model chart are
all the deficiencies AND organisational factors you | addressed.

have identified.

Example: The organisation should have a Example: As a LAME, my personal minimum would
documented policy on shift handover that is be to report for my shift allowing enough time for an
communicated to all engineers. effective handover.
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Safety recommendations for Perfect Twins | Personal strategies for engineers
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Notes:
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This section provides some practical
activities on human performance.

Make sure you have read Chapter 3
‘Human performance and its limitations’

in your Resource Guide before tackling
these activities. @

= Crossed Wires—perceptions of
experienced maintenance personnel

and apprentices 20
= [Information storage and retrieval—

memory 21
= Impact of environment on performance 22
= Distraction 23
= Situational awareness 24






Exercise 1: Crossed Wires—perceptions of
experienced maintenance personnel and

apprentices

1. What difference/s is/are there between how an experienced LAME perceives a task and its requirements,
and an apprentice’s understanding?

2. InCrossed Wires, there are several examples of where this happened. Where did the LAME identify a
task differently to the apprentice, and what impact did it have?
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Exercise 2: Information storage and retrieval—
memory

1. The way we perceive information can depend on the way in which it is presented. Try the following
exercise to see this in practice.

— Quote your own mobile number as if it were a landline. What did you notice?

2. At handover, you are often relying on memory for what needs to be done. What dangers are there in
such reliance?

3. What memory prompts are used in your organisation to ensure you don’t forget to carry out critical
tasks? List them in the following table.

Memory prompts used in our organisation
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Exercise 3: Impact of environment on
performance

The ‘E’ in the PEAR model is for environment, which affects human performance. List the environmental
conditions affecting our senses, and describe what impact they might have on performance.

Environmental conditions affecting senses ‘ Impact on performance
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Exercise 4: Distraction

This activity highlights the effect of distraction on performance—our ability to pay attention and stay
focused. Working with a partner, try to remember a string of numbers, such as 01 5453 6291, while your
partner describes in great detail a program they watched on TV the night before.

How does this translate to the hangar? What do you do, for example, if the boss interrupts during a
safety-critical task?

In Crossed Wires, the apprentice is listening to music on his smartphone. What effect does this have on
his performance?
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Exercise 5: Situational awareness

1. List three critical steps in developing and maintaining your situational awareness in a maintenance task.

Three critical steps in maintaining situational awareness

1.

2. List the processes which help in doing this.
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3. In percentage terms, where does situational awareness fail most?

Your situational awareness checklist

Area

Ambiguous information

Confusion

Primary duties
Standard procedures
Fixation

Communication

Contradictions

Question

Do you have information from two or more sources that do not
agree?

Are you uncertain or uneasy about a situation?

Is anyone not focused on the task at hand?

Is anyone not following standard processes/procedures?
Are you focused on any one task to the exclusion of others?

Have you heard, or made, any vague or incomplete
statements?

Have you ensured thorough and accurate feedback—that
instructions are clear and understood?

Have you failed to resolve any discrepancies or contradictory
information?

However, there are limitations to the effectiveness of feedback in the maintenance environment. The lack

of immediacy is an important limitation. The consequence of failing to perform a task correctly may not be
apparent for some time after the event; for example, the system failure resulting from a failure to fit a split pin
can be quite remote from the actual event, happening months or even years later.

.= (—)
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4. Ambiguous or contradictory information, and inaccurate or incomplete feedback contribute to
compromised situational awareness. Review Crossed Wires.

— Identify examples of incorrect perception/interpretation of feedback.

Feedback

— What could the LAME have done to mitigate this?

Feedback

| Human Factors—-Workbook for engineers





Exercises in the decision-making section
may not have ‘right and wrong’ answers.
This section aims to make you think
about the way you make decisions, and
to help you identify ways to improve your
decision making.

= The decision-making process 28
= Decision making and releasing an
aircraft to service 29
= Decision-making scenarios
Scenario 1 30
Scenario 2 31
Scenario 3 32






Exercise 1: The decision-making process

A mobile tool rep turns up at the hangar, and has stock of the replacement socket you need for $25.
However, your mate tells you that the local hardware store has a similar socket for sale at $15, but you
would need to leave work 10 minutes early to catch them before they close.

What do you do?

Explain the reason for your decision.

The rep also has a new seven-drawer tool chest for $600. You know that your same local hardware store
has a similar chest for $580. As above, though, you would have to leave work early to buy it.

What do you do?

Explain the reason for your decision.

Did you take the time to go through each step of the sample decision-making process in the Resource Guide
to analyse and explain the reason for your decision?

Discuss with others who may have made a different decision. After the discussion ask yourself, ‘would | still
make the same decision?’ If not, why?

o torcr i AN
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Exercise 2: Decision making and releasing an
aircraft to service

Read pages 62-63 in your Resource Guide, which describe a scenario faced by a
LAME in releasing an aircraft to service.

What are the risks associated with a decision to release the aircraft?
(Example) Failure of the component, leading to control difficulty.

What would you do in that situation given the information provided?
(Use the decision process to assist your analysis, then discuss your reasons with others)

What other information could you look for to improve your decision?
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Exercise 3: Decision-making scenarios

Consider the following scenarios. Read through the list of reasons for the decision/s made in the scenario
and nominate bias or human factors limitations associated with each of the possible reasons. At the end of
the table list the possible risks associated with the decision, and a more appropriate alternative.

Scenario 1

A LAME is installing the oil return and oil breather fluid hoses to a customer’s helicopter engine after an
engine change. Although he notices there are no markings on the hoses to indicate which is which, he looks
at the bends, and determines the correct installation based on this. He considers opening compartments aft
of the firewall bulkhead to see if he can physically identify the hoses, but decides against it. The test engine
run is performed and the after-run compartment inspection does not reveal any leaks.

Reasons for decision Bias and/or HF limitations
associated with the reason

The LAME hates to admit that he’s not sure which hose
is which.

He doesn’t want to refer to the manual for what could be
seen as a straightforward answer he should know.

Based on the pre-existing bends, he’s sure which hose
goes where.

He reasons that since looking at the fluid lines on the
other side of the firewall would make no real difference,
he might as well continue.

What risks are associated with scenario 1?

What should he have done in scenario 1?

. LN
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Scenario 2

An apprentice has to move a customer’s aircraft into the hangar at the end of an afternoon shift. The ramp
staff had already knocked off for the evening when the decision was made to move the aircraft. Although the
apprentice and another engineer are still on shift, they know it is company procedure to move aircraft with
no fewer than three personnel to ensure the wing tips are monitored as the aircraft is moved past equipment
and the hangar structure. As it is relatively quiet in the hangar at the time, the apprentice decides to move

it with the other engineer, being mindful of hazards and taking it carefully. The aircraft was repositioned
uneventfully.

Reasons for decision Bias and/or HF limitations
associated with the reason

He wanted to make sure he finished what has been
asked of him before he goes home.

It's pretty quiet, so it should be OK to move it with two
people instead of three.

Everyone else does it this way.

If he doesn’t move it, his peers and others will consider
him lazy.

What risks are associated with scenario 2?

What should he have done in scenario 2?
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Scenario 3

A LAME has been asked to carry out a pre-flight inspection of a customer’s Agusta 109A helicopter.
Although she hasn’t performed this task previously, she has done it many times on the later 109E model.
She decides to head out to the helicopter and perform the task, leaving the checklist in the office. Based on
her experience and knowledge of the E model she is satisfied enough to sign for the pre-flight.

Reasons for decision Bias and/or HF limitations
associated with the reason

She knows the A and E model are similar with regard
to pre-flights so it should not be a problem

Everyone else does it that way

The check requirements are identical, as far as she
knows

It's merely a pre-flight, so there is no requirement to
have a checklist with her at the aircraft

What risks are associated with scenario 3?

What should she have done in scenario 3?
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This section provides some practical
activities focused on fatigue, and how
you can recognise and manage it.

Make sure you have read Chapter 5:
‘Fatigue’ in your Resource Guide before
tackling these activities.

= Driver fatigue quiz 34
= Engineer checklist—symptoms of
fatigue 34
= Crossed Wires discussion 35
=  Personal strategies to minimise the
effects of fatigue 36






Exercise 1: Driver fatigue quiz

While we’re focusing on engineer fatigue, most of us drive to and from the hangar. How much do you know
about driver fatigue? Test yourself with the quiz below.

Statements ‘ True or false?

—_

Coffee overcomes the effects of drowsiness while driving.

| can tell when I'm going to go to sleep.

Rolling down my window or singing along with the radio will keep me awake.
I'm a safe driver, so it doesn't matter if I'm sleepy.

You can stockpile sleep on the weekends.

Most adults need at least seven hours of sleep each night.

Being sleepy makes you misperceive things.

Young people need less sleep.

©| e | N|o | oL N

Wandering, disconnected thoughts are a warning sign of driver fatigue.

—
e

Little green men in the middle of the road may mean the driver is too tired to
drive.

11. On along trip, the driver should never take a break, but try to arrive at the
destination as quickly as possible.

12. A ‘microsleep’ lasts 3-5 seconds.

Exercise 2: Engineer checklist—symptoms
of fatigue

Think of a recent maintenance shift, or series of shifts, you were rostered on. Complete the checklist of
symptoms in the following table and decide whether they were a factor during the shift/s.

Symptoms of fatigue ‘ Yes or no?

Lack of awareness—ifailing to respond to instructions, failing to complete
paperwork/maintenance releases

Reduced motor skills—clumsy handling of tools/equipment, writing that trails off
into nothing as releases written up, poor hand-eye coordination

Obvious tiredness—drooping head, staring or half-closed eyes
Reduced vision—difficulty in focusing
Slow reactions

Short-term memory problems—cannot remember an instruction at shift handover
long enough to repeat it back, or write it down accurately

Channelled concentration—fixation on a single, possibly unimportant issue, to the
neglect of others, and not able to maintain an overview of the maintenance task

. LN
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Easy distraction—by trivial matters, or, the other extreme, fixation—as above. Either
of these extremes could indicate fatigue

Increased mistakes—errors, poor judgement and poor decisions, or not being able
to make decisions, even simple ones such as ‘what’s the right tool for this job?’

Abnormal moods—erratic changes in mood, swings from being depressed to being
elated and energetic, lowered standards

If you suffer from any of these symptoms, you may want to rethink your roster, and address your
fatigue.

Remember: the only cure for fatigue is sleep.

Exercise 3: Crossed Wires discussion

Consider the following scenario in the Crossed Wires drama, and discuss the following questions.

It

is the shift handover for the graveyard shift—John, the LAME, and Jason, the apprentice, report for duty.

The former is tired and unwell, the latter is late.

1.

How did John’s level of fatigue affect the safety of the maintenance task?
What should John have done?
Should he have declared he was fatigued?

What should Jason, the apprentice, have done? How does he manage John’s attitude that
‘You’re the boy, you need the practice’?

How would you describe the level of support provided by Harry, the owner of Perfect Twins?

Does your organisation have a fatigue management policy? If so, what are your responsibilities as an
engineer?

Considering that night shift is a maintenance reality, what practical steps can engineers take to minimise
risk/error?
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Exercise 4: Personal strategies to minimise the
effects of fatigue

Now that you have discussed some of the fatigue issues from Crossed Wires, make a list of any strategies
you use now, or could use, to minimise and mitigate the risk of a serious incident or accident resulting from
your own, or a fellow engineer’s, fatigue level. Don’t forget too, that there are social and medical aspects to
fatigue. You may have a long commute to work, there may be a new baby in the household affecting sleep
patterns, or you may have a medical condition such as sleep apnoea.

Strategies to minimise the consequences of fatigue on performance
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STRESS, WORKLOAD AND
TIME PRESSURE

This section provides some practical
activities focused on stress, and how you
can recognise and manage it.

Make sure you have read Chapter 6:

‘Stress, workload and time pressure’ in
your Resource Guide before tackling @
these activities.

= Crossed Wires discussion 38
=  Stressful life events 38
= Personal strategies to manage stress 40

Workload is a problem for safety-critical >
operations if it's too low—and an even bigger
one If it’s too high.






Exercise 1: Crossed Wires discussion
Review the Crossed Wires drama, and discuss the following questions.
1. What stressors and time pressures were evident at Perfect Twins Maintenance?
. What strategies did they use to manage time pressures in the Crossed Wires scenario?

2
3. How could Perfect Twins Maintenance have managed these better?
4

. Were Perfect Twins Maintenance workload management strategies SMART? That is, were they specific,

measurable, achievable, realistic/relevant, and timely?

o

Was the employees’ workload realistic?

6. What factors affect how you determine individual workload? (Experience? Skills?)

Exercise 2: Stressful life events

How stressed do you think you are?

This quick quiz may make you more aware of the impact of significant life events on your level of stress.
The table lists a number of life events the average person could reasonably expect to take place during

their lifetime.

To test yourself, go through the list and add up the points of every event over the past year that applies to
you. Total the points for each of these events in the right-hand column to find your overall stress score.

Life event

Death of spouse

Divorce

Menopause

Separation from living partner

Jail term or probation

Death of close family member other than spouse
Serious personal injury or illness

Marriage or establishing life partnership

Fired at work

Marital or relationship reconciliation
Retirement

Change in health of immediate family member
Work more than 40 hours per week
Pregnancy or partner becoming pregnant
Sexual difficulties

Gain of new family member

Business or work role change

Change in financial state

Death of a close friend (not a family member)
Change in number of arguments with spouse or partner
Mortgage or loan for a major purpose
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Life event 'Score | Cumulative score

Foreclosure of mortgage or loan 25
Sleep less than eight hours per night 25
Change in responsibilities at work 25
Trouble with in-laws, or with children 25
Outstanding personal achievement 25
Spouse begins or stops work 20
Begin or end school 20
Change in living conditions (visitors in the home, change in 20
roommates etc.

Change in personal habits (diet, exercise, smoking, etc.) 20
Chronic allergies 20
Trouble with boss 20
Change in work hours or conditions 15
Moving to new residence 15
Presently in pre-menstrual period 15
Change in schools 15
Change in religious activities 15
Change in social activities (more or less than before) 15
Minor financial loan 10
Change in frequency of family get-togethers 10
Have been or are about to go on holiday 10
Presently in Christmas season 10
Minor violation of the law 5
Total score

Each of us has personal limits on the level of stress we can adapt to, or cope with. When we exceed this
level, stress overload may lead to poor health or illness. Although we vary in our ability to cope with stress,
a score of 250 points or more for the average person may indicate they are suffering from high levels

of stress.

Studies have revealed a link between illness and stress score: those who became ill had accumulated a total
of 300 or more stress points in a single year. High stress levels will affect your immune system, and can
lead to mental or physical illness, or both, if something is not done about it. It is very important to relieve
your stress load, and develop ways to manage stress, before something gives.

You were asked to look at the previous 12 months of changes in your life. This timeframe is important
because ripples of stress can circulate a long time after the actual change has taken place. If the stress
brought on by life events is not well managed, and is added to stress, workload and time pressures on the
job, your performance is likely to be affected.
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Exercise 3: Personal strategies to manage stress

Now that you have discussed some of the issues from Crossed Wires, and evaluated your own stress levels,
make a list of strategies you use now (or could use) to manage your stress levels.

Personal stress management strategies
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This section provides some practical
activities focused on the responsible
use of alcohol and other drugs (AOD) in
a safety-sensitive area such as aviation
maintenance.

Make sure you have read Chapter 7:
‘Alcohol and other drugs’ in your
Resource Guide before tackling
these activities.

= Test your alcohol IQ 42
= How risky is your drinking? 42
=  Alcohol consumption and

processing spreadsheet 44
=  Quick tips for cutting down 45






Background to the AOD regulations

Following a fatal accident on Hamilton Island in 2004, the Australian Transport Safety Bureau recommended
that the then Department of Transport and Regional Services and the Civil Aviation Safety Authority jointly
examine the safety benefits of a testing regime for alcohol and other drugs in aviation.

Civil Aviation Safety Regulation (CASR) Part 99 resulted, which aimed to minimise AQD-related risks to
safety-sensitive aviation activities, and initiated random AQD testing, as well as requirements for relevant
organisations to have a drug and alcohol management plan (DAMP).

Maintenance engineers perform safety-sensitive aviation activities, and are therefore subject to random
testing.

Exercise 1: Test your alcohol I1Q

How much do you really know about alcohol?

Statement ‘ True or false?

1. A 12-ounce beer, a 4-ounce glass of wine and a 1-ounce shot of whisky all
contain the same amount of alcohol.

2. A couple of drinks before bed improve sleep quality.

3. Women react differently to alcohol than men, and generally can expect greater
impairment from the same quantity of alcohol.

4. Drinking patterns change when you’re away on duty.

5. Modest amounts of alcohol don't affect your performance.

Exercise 2: How risky is your drinking?

The Alcohol Use Disorders Identification Test (AUDIT) — developed and validated by the World Health
Organisation (1989) is the most widely used screen for alcohol use in Australia. Health professionals use it
in making decisions about the most appropriate treatment for people consuming alcohol at high-risk levels.

You can use it to calculate your level of risk. This test is for your personal reference only, so answer the
questions honestly for a valid score.

For each of the questions, select the score from 0—4 which relates to your answer, and place it in the ‘Score’
column on the right.

Questions 1-8 are scored 04 as indicated in the top row.

Questions 9-10 are scored 0, 2 or 4 only.
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There is a scoring scale for your total below the table.

AUDIT—AIcohol Use Disorders Identification Test

Questions

1.

10.

How often do you have a drink
containing alcohol?

How many standard drinks
containing alcohol do you
have on a typical day when
you are drinking?

How often do you have six
or more standard drinks on
one occasion?

How often during the last year
have you found that you were
not able to stop drinking once
you had started?

How often during the last
year have you failed to do
what was expected of you
because of drinking?

How often during the last year
have you needed a drink in the
morning to get yourself going

after a heavy drinking session?

How often during the last year
have you had a feeling of guilt or
remorse after drinking?

How often during the last year
have you been unable

to remember what happened
the night before because of
your drinking?

Have you or someone else
been injured because of
your drinking?

Has a relative, friend, doctor or
other health care worker been
concerned about your drinking or
suggested you cut down?

Total

If your score is 0-7

If you scored 8 or more

0

Never

Never

Never
Never
Never
Never
Never
No

No

K

Monthly
or less

3-4

Less
than
monthly

Less
than
monthly

Less
than
monthly

Less
than
monthly

Less
than
monthly

Less
than
monthly

2
2-4
times a
month

5-6

Monthly

Monthly
Monthly
Monthly

Monthly

Monthly

Yes, but
notin
the last
year

Yes, but
notin
the last
year

E

2-3
times a
week

7-9

Weekly

Weekly
Weekly
Weekly

Weekly

Weekly

4

4 +
times a
week

10 or
more

Daily or
almost
daily

Daily or
almost
daily

Daily or
almost
daily

Daily or
almost
daily

Daily or
almost
daily

Daily or
almost
daily

Yes,
during
the last
year

Yes,
during
the last
year

Congratulations—your alcohol consumption is low risk

‘ Score

You are drinking at higher-risk levels, and would benefit from speaking to

your GP, or other health professional, about ways to cut down your drinking

.= (—)
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Exercise 3: Alcohol consumption and
processing spreadsheet

The spreadsheet (as shown below) is included on the CD in this kit for you to use to work out how long your
body takes to process or metabolise alcohol.

Figure 2 Blood alcohol consumption and metabolism spreadsheet
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LR u 0 o
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Double-click on the spreadsheet. Then you can use the drop-down menus to enter a number of criteria to
work out the time your body takes to metabolise alcohol.

Take time to explore the spreadsheet, and your body’s ability to process alcohol—the results may surprise
you, especially the level of alcohol remaining in your body from the night before. The effects of alcohol can
last up to 48 hours, something which has serious implications for safety-sensitive aviation maintenance.
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Quick tips for cutting down
1. Identify some good reasons for reducing your alcohol consumption. They might include:

— Losing weight—calories from alcohol are empty calories; they have no nutritional value, but they
can put on the kilos.
= A 375ml stubby of lager represents about 577 kilojoules (divide by 4.2 for calories)
= A 375ml stubby of stout represents about 846 kilojoules
= 150ml of red wine about 425 kilojoules
= 150ml of white wine about 425 kilojoules
= 30ml of spirit (such as whisky or brandy) about 284 kilojoules

— Avoiding hangovers—having a clearer head and better memory

— Minimising relationship problems
2. Choose some reasons that motivate you, and write them down for future reference.
3. Set yourself goals

Pick a day when you plan to start cutting down and set your daily consumption goals each week.
Record your consumption in a diary, so that you track your performance. If you don’t achieve your
goals, work out some practical strategies to help you next time.

4. Be aware of high-risk times

There are times when cutting down will be especially hard, no matter how much you want to change.
These might be after work, at a party, watching sports events, or when you are lonely, depressed or
stressed. Identify your high-risk times, and record them in your diary.

5. Manage the high-risk times

Once you have identified your high-risk times, you need to work out practical, sensible ways of
managing them. This might include planning to do other things when you would normally be drinking;
making sure you eat before you drink, and while you are drinking; alternating alcoholic and non-alcoholic
drinks; or simply avoiding high-risk people and places—that mate you know who never seems to be
able to stop at one or two, the party where the only food on offer is packets of chips.

6. Identify someone you trust to support you

Cutting down can be easier if you have someone to talk to, to be honest with, and who supports your
decision. This may be your partner, a friend or a colleague who also wants to cut down. And don’t forget
your doctor or other health professionals can also support you.

7. Stick to your goals

Some habits are hard to break, but using the tips in this section may help. Talk to your support person
to help you get through the times when you’re finding it hard to stick to your goals. Each time you stop
yourself from doing something by habit, you're that much closer to breaking the habit completely.
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This section provides some practical
activities and exercises focusing

on effective communication in the
maintenance environment.

Make sure you have read Chapter 8 on
communication in your Resource Guide.

= Areyou a good listener? 48
= Clear communication—describing and
drawing shapes 48
= Effect of lack of feedback 48
= Non-verbal communication 49
=  Crossed Wires discussion—effective
communication at handover 50






Exercise 1: Are you a good listener?

Question ‘ Yes/no

Do you tend to talk more than other people?
Do people say you speak too quickly?

Do you often have to repeat what you said because you were thinking about
something else?

Do you tend to ask ‘closed’ questions: ones which only need a ‘yes’ or ‘no’ reply?

Do you often feel you know what someone is going to say to you before they have
even finished talking?

Is it difficult for you to recognise when you have made a mistake?

Do you often state an opinion without thinking how others will react?

Do you feel satisfied when you have the last word in a discussion?

Do you find it difficult to calmly continue reasoning after being contradicted?
Is it difficult to name the person whom you worked most with yesterday?

Is it unusual for a co-worker to explain their difficulties with you and ask for advice?

Exercise 2: Clear communication—describing
and drawing shapes

In the facilitator’s guide on page 9 are a number of shapes. Divide the group into pairs, and allocate one of
these shapes to each pair. One of the pair will describe the shape; the other draws the shape based on the
description without seeing it.

The ‘describer’ must not show the shape/s to the person drawing, nor give clues by gesturing with
their hands.

You can increase the level of difficulty by not allowing the person drawing to speak except to say ‘I do
not understand’.

Exercise 3: Effect of lack of feedback

Again working in pairs, have one person describes a sports event they have attended recently, or a favourite
TV show they have seen in the past week to their partner. The description should take at least three minutes.
The partner is not allowed to react, betray any emotion, move, reply or respond in any way.

Discuss: how did the person talking feel during the conversation?
Uncomfortable?

Not sure whether they were being understood?
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Exercise 4: Non-verbal communication

The following facial expressions, body posture and hand gestures are examples of non-verbal
communication. Researchers have estimated that between sixty and ninety per cent of our communication

comes from these non-verbal cues.

What emotions are the following facial expressions communicating?

S .
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4 5. 6

What do the following body postures tell us about the person?
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Exercise 5: Crossed Wires discussion—effective
communication at handover
Watch the sequence in Crossed Wires where John and Jason report for the next shift.

1. How effective was the communication during the handover?

2. Why do you say this?

3. How could it have been improved?

4. Why is effective communication during shift handover so important?

5. What barriers to effective communication have you encountered at work?
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This section provides some practical
activities focused on teamwork—using
teams to work more safely and efficiently.

Make sure you have read Chapter 8:
‘Teamwork’ in your Resource Guide
before tackling these activities.

= Teamwork at Perfect Twins

Maintenance 52
= Teamwork—bridge building 53
= Characteristics of a good

team member 54

= The Right Connection—safety
meetings and improved teamwork 54






Exercise 1: Teamwork at Perfect Twins
Maintenance

= How effective was the teamwork at Perfect Twins Maintenance? Give some examples—of both effective
and not-so-effective teamwork to support your answer.

Effective teamwork Ineffective teamwork
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Exercise 2: Teamwork—bridge building

In teams, using only the sheets of newspaper and sticky tape provided, build a bridge. The bridge must
comprise floor-standing supports at each end, and a horizontal span, which must have a clearance of at
least 30cm from the floor.

The winning construction will be the one with the longest span between the two floor-standing supports.
Any part of the span where there is less than 30cm clearance between the span and the floor will not count
toward the measurement.

The span must support objects you will be given. These objects can be placed anywhere along the length of
the span, but must not touch the floor-standing supports.

The floor-standing supports must be free standing (not attached to the floor or any other object or surface),
and use of sticky tape as guys from the bridge to the floor, or another object or surface, is not allowed.

You will have 30 minutes for planning, building and placing objects on the span.






Exercise 3: Characteristics of a good team
member

What are the characteristics of a good team member?

A good team member is:

Exercise 4: The Right Connection—safety
meetings and improved teamwork

Watch the Right Connection and identify how the safety meeting could improve teamwork at
Perfect Twins.

Improved teamwork:
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This section provides some practical
activities focused on leadership, and how
you can recognise good leadership, and
promote it by good followership.

Make sure you have read Chapter 10:
‘Leadership’ in your Resource Guide
before tackling these activities.

= What makes a good leader/manager? 56

= Leadership in Crossed Wires 56
= Followership—the ten rules of
good followership 57






Exercise 1: What makes a good leader/manager?

= Think of a good leader/manager you have worked with. What made them effective?

Exercise 2: Leadership in Crossed Wires

Thinking of the leadership skills shown in Crossed Wires:

1. What kind of leader was Harry? Give reasons for your answer.

2. Discuss the qualities of both LAMEs—Roy and John—as leaders.

3. How could Harry, Roy and John improve their leadership skills?
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Exercise 3: Followership—‘The ten rules of good
followership’

Colonel Phillip S. Meilinger (writing an article in Concepts for Air Force Leadership) identified ‘The Ten Rules
of Good Followership’ as:

1.
2.

10.

Don’t blame your boss for an unpopular decision or policy: your job is to support, not undermine.

Fight with your boss if necessary, but do it in private, avoid embarrassing situations, and never reveal to
others what was discussed.

Make the decision, then run it past the boss; use your initiative.
Accept responsibility when it is offered.

Tell the truth and don’t quibble; your boss will be giving advice up the chain of command based on what
you said.

Do your homework; give your boss all the information needed to make a decision; anticipate possible
questions.

When making a recommendation, remember who will probably have to implement it. This means you
must know your own limitations and weaknesses as well as your strengths.

Keep your boss informed of what’s going on in your team; people may be reluctant to tell them of
their problems and successes. You should do it for them, and assume someone else will tell the boss
about yours.

If you see a problem, fix it. Don’t worry about who would have been blamed, or who now gets
the praise.

Put in more than an honest day’s work, but don’t ever forget the needs of your family. If they are
unhappy, you will be too, and your job performance will suffer accordingly.

How do these relate to you and your workplace?

How do they relate to the leadership and followership skills shown in Crossed Wires?
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This section provides some practical
activities focused on professionalism:
the characteristics of a professional
engineer and why professionalism

is important.

Make sure you have read Chapter 11:
‘Professionalism’ in your Resource
Guide before tackling these activities.

= The characteristics of the professional,
and how they relate to maintenance

engineers 60
= Responsibilities and personal
accountability 60

= Professionalism and aviation safety 61






Exercise 1: The characteristics of the
professional, and how they relate to
maintenance engineers

1. What do you feel are the characteristics of the professional?

2. How do these characteristics relate to you as a maintenance engineer?

Exercise 2: Responsibilities and personal
accountability

A professional understands their responsibilities and the importance of personal accountability. How does
this relate to your work environment?
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Exercise 3: Professionalism and aviation safety
Read the case study on page 166 of the Resource Guide, and consider the following:

1. What would be the professional response to this task?

2. Why is this so important to overall aviation safety?

3. As a professional, how can you continue to improve your maintenance processes while ensuring safety?
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Notes:
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This section provides some practical
activities highlighting the role
organisational safety culture plays in
maintenance human factors, and its
impact on safety performance.

Make sure you have read Chapter 12:
‘Human factors and organisations’ in
your Resource Guide before tackling
these activities.

= Applying the PEAR model to
Perfect Twins Maintenance 64

= Safety culture at Perfect Twins 65






Exercise 1: Applying the PEAR model to Perfect
Twins Maintenance

Within the table, identify all the human factors influences you can in the Crossed Wires drama. Use the
information in the table to complete the following questions.

People

Environment (physical and organisational)

Actions

Resources
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Exercise 2: Safety culture at Perfect Twins
Use the information in the table to complete the following questions.

1. Describe the safety culture at Perfect Twins.

2. List three norms/workarounds you saw in the drama

3. What else could Perfect Twins do to improve their safety culture?

[ X
o
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4. Why is reporting important in any maintenance organisation?

5. What can be done to ensure an effective reporting culture?

6. What areas should a good safety report cover?
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This section provides the answers
to the relevant exercises throughout
the Workbook.

=  Chapter 1 68
=  Chapter 2 70
= Chapter 3 72
=  Chapter 4 76
= Chapter 5 79
= Chapter 6 81
= Chapter 7 84
= Chapter 8 84
= Chapter 9 86
= Chapter 10 87
=  Chapter 11 90
= Chapter 12 91
We thought that we had the answers; >

it was the questions we had wrong.






Chapter 1. Introduction to human factors for

engineers

Exercise 1: The PEAR model

Question 1. Complete the table giving three examples of each human factor area, preferably as they apply to

your workplace

The PEAR model

Doing, physical limitations:
older L/AMES’ eyesight may
require correction (glasses)
and higher light levels to
perform tasks or inspections

Physical environment/ night
shift: jobs done at night will
need additional lighting

Actions/briefing: incomplete
or hurried briefs being carried
out at the aircraft, this may
lead to information being
missed

Time/a finite resource: being
tasked to do a job in four
hours that is known to take
six will cause stress

and pressure
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Thinking, experience:
apprentices need to be given
clear instructions and shown
what to do as they may

not have the experience to
understand a task fully

Physical environment/
noise: high intensity noise
environments can cause
distraction and fatigue. This
should be considered when
jobs are scheduled to isolate
as many people from high
noise periods as possible

Actions/application of
skill: difficult manual tasks
such as connection of
aircraft hydraulic actuator
connections that are
obscured from direct view
and done by ‘feel’

Work stands: incorrect
stands that are not
designed for the aircraft
being worked on

Interacting, communication:
tasks such as engine runs will
need headsets to ensure
effective communication

Organisational environment/
leadership: management can
show that safety is a priority by
being in the workshop/hangar
asking what the engineers need
and making sure they have
adequate resources

Actions/inspection: inspections
that need to be carried out

with torches and mirrors for
critical areas.

Heating: working in a cold
hangar with inadequate heating,
this will affect dexterity and
increase error potential (dropped
screws, nuts etc.)
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Question 2. Focusing on the ‘Action’ section of PEAR, think of one task well known to you that you perform
regularly at work. List three examples of the potential for error involved in completing that task.

Sample task: fitting an airspeed indicator

1. Limited access to pitot /static connections at the rear of the instrument
2. Latching mechanism for the electrical connection that doesn’t give a clear ‘locked’ indication

3. A testing procedure that is not in a logical sequence to complete the task

Question 3. What are three major resource deficiencies you come across in a typical shift? Complete the
table below.

Sample: resource deficiencies on a typical shift

1. Unserviceable, or out-of-calibration, torque wrenches
2. Poor-quality lighting equipment

3. Lack of correct work stands or ground support equipment

Exercise 2: Recommendations and strategies

Identify the inappropriate work practices that increased the risk of error at Perfect
Twins Maintenance.

Some examples:
Use of iPods on the hangar floor
Interrupting engineers for updates and applying pressure to get the job done
LAME not using the correct process to load the trim drum
Poor handover between shifts
Leaving apprentice to complete the task unsupervised
Poor functional check, not carried out with all of the required equipment

Use of Post-it notes to convey required inspections
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Chapter 2. Error management

Exercise 1: The three levels of error management

What are the three levels of error management?

Three levels of error management

1. Error reduction — through addressing error-producing conditions
2. Error capture — through inspection and functional testing

3. Error tolerance — through maintenance practices, aircraft and system design for redundancy
and elimination of ‘single points of failure’

Exercise 2: Error management role of maintenance
work practices

Identify the error management functions of the various workplace practices seen in Crossed Wires. Make
sure you have at least one example for each error management level. If you cannot identify one, do you
know of another work practice that fulfils the function?

Work practices/error management function examples

1. Handover briefings are an error reduction function—they ensure that the oncoming shift have an
accurate understanding of the work done and work required (SA), so reducing the potential for incorrect
decisions and subsequent actions

2. System testing is an error capture function—testing will reveal errors in installation or adjustment that
lead to incorrect operation.

3. Though no specific work practices seen in Crossed Wires can be said to be error tolerance functions,
through aircraft and system design the aircraft was able to land safely (albeit due to the skill of the pilot).

However, practices that could have an error tolerance function include not carrying out work on both
engines at the same time, or not working on primary and secondary undercarriage systems at the
same time.

Tasks with very little tolerance for error, such as work on flight controls, are safety critical, and require
close attention. The very lack of tolerance in these tasks requires additional error management at the error
reduction and capture level. Identifying these tasks will help engineers to understand the importance of
following procedures and carrying out effective inspections and functional tests.
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Exercise 3: Error management at Perfect Twins Maintenance
Ultimately, in Crossed Wires these error management functions were ineffective.
What individual actions directly or indirectly compromised their effectiveness?

Gives examples of how Perfect Twins personnel affected each of the three levels of error management.

Perfect Twins’ work practices & error management examples

Questions from ‘Harry’ created time pressure, stress and distraction, increasing the likelihood of shortcuts
or workarounds; and reducing the error reduction function of following procedures.

No tech manuals were to be seen out during the day shift. Referring to manuals reduces the risk of
omitting steps in a procedure; however, this will only be effective if engineers actually refer to tech manuals
to follow authorised procedures

The first LAME’s (Roy) incorrect technique in holding the cable on the trim drum would set the standard for
compliance with procedure for the apprentice.

Both handovers were inadequate; the dayshift handover was rushed and the nightshift only left ‘post-it’
notes to denote inspection requirements. This undermines the error reduction function of shift handovers.

There was a noticeable deficiency in the way Jas’ was supervised on the night shift. John did not give any
guidance before, during, or after the task relating to how the cables should be connected, the way in which
they should be routed and the expected direction of movement of the trim tab during testing. All of this
undermined error reduction functions and error capture by not giving the apprentice the information needed
firstly, to complete the task correctly, and secondly, to identify the symptoms of incorrect connection
present during testing.

Inspections and system testing were perfunctory. Effective error capture relies on actively looking for
signs of error, either from a visual inspection of the component and work area, or examining how the
system operates to ensure correct output. Approaching either as a ‘requirement’ instead of as a critical
error management function will undermine its effectiveness.

Exercise 4: Safety recommendations and personal error

management strategies

See the expert commentary on ‘What the experts say’.
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Chapter 3. Human Performance and
its limitations

Exercise 1: Crossed Wires—perceptions: experienced engineers vs
apprentices

What difference/s is/are there between how an experienced LAME perceives
a task and its requirements, and an apprentice’s understanding?

A LAME will have prior experience of a task, or one similar, including the steps or sequence of actions and
areas of increased error potential. They will have made errors, or seen them being made during the task
allowing them to more fully understand the task demands.

To understand new information properly, we need some kind of reference or past experience to relate to

it. Apprentices may not have carried out the task before; and will therefore not have an adequate ‘frame of
reference’ about what they need to do. This may mean that apprentices neither know about when and where
maintenance errors are more likely, nor recognise when they make an error.

In Crossed Wires, there are several examples of where this happened.
Where did a LAME identify a task differently, and what impact did it have?

Two examples are John’s instructions to Jason to ‘just connect them [the cables] up and lockwire them ...
easy’. From John’s point of view, ‘it is easy’ having done the task before. However, during the final system
testing, Jas was only looking to ensure that there was movement and did not know he had to ensure the
direction was consistent with correct system operation.

Exercise 2: Information storage and retrieval—memory

1. The way we perceive information can depend on the way in which it was presented.
Try the following exercise to see this in practice.

Quote your own mobile number as if it were a landline.

(For example 0400 123 987, as (04) 0012 3987). What did you notice? Responses should include
mistakes and a difficulty in reciting the number easily.

2. At handover, you are often relying on memory for what needs to be done. What
dangers are there in such reliance?

As the requirements will be recent, they will be stored in short term memory (STM), which has a limited
capacity and is easily overwritten and disrupted by new information. The danger is therefore that crucial
information will be lost and tasks omitted or incorrectly carried out.

3. Sample memory prompts

These may include task process checklists, written handover sheets, whiteboards, or the most important
‘memory prompt’: the aircraft technical log or equipment worksheet.
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Exercise 3: Impact of environment on performance

The ‘E’ in PEAR stands for environment, which affects human performance. List the environmental
conditions affecting our senses, and describe what impact they might have on performance.

Environmental conditions Impact on performance
affecting senses

Lighting levels High levels of light may cause glare and deep shadows that obscure details
during inspections of aircraft structures and components.

Low light levels may not allow personnel to see sufficient detail to
effectively carry out tasks or inspections.

Older LAMEs are likely to need more light to carry out inspections with the
same level of visual acuity.

Noise levels Exposure to high noise levels will not only interfere with effective
communication, but also cause increased fatigue and a reduced ability to
think (as in the oft-used statement, ‘it’s too loud to hear myself think!’).

Low noise levels (when speaking) may result in information being lost
during communication, especially if you are competing with high levels of
background noise.

Weather/temperature Working in cold wet conditions will affect tactile senses. Low temperatures
may reduce feeling and dexterity, especially in your hands and feet.

Working in extremely high temperatures may require PPE which also
reduces feel and dexterity.

Vibration Exposure to vibration for extended periods may affect both cognitive and
physiological performance. Physiological conditions associated with
exposure to vibration may also affect feeling and dexterity.

Exercise 4. Distraction
(Carry out distraction exercise)

1. How does this translate to the hangar? What would you do if the boss interrupts
during a safety critical task?

Distraction uses cognitive resources and may lead to errors of omission (lapses) as you lose your place in a
sequence of task steps, or begin a new step incorrectly believing you have completed the last one.

One thing you can do is review the last three steps in a task, going back and confirming they have been
completed. Once you are sure of the last step you have completed, you can continue from that point.

2. In Crossed Wires, the apprentice is listening to music on his smartphone.

What effect does this have on his performance?

Selecting tracks, adjusting volume and listening to the music is a secondary task that will divide attention
and distract you when listening to the critical details about the maintenance task at hand. Music will also
interfere with the communication channel (hearing) for verbal communication, meaning that you may lose
crucial information and understanding of task requirements.
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Exercise 5. Situational awareness
List three critical steps in developing and maintaining your situational awareness (SA)

Three steps in situational awareness

1. Perception of elements in current situation, or perceiving what is going on around you
2. Comprehension of current situation, or understanding what the perceived elements mean

3. Projection of future status, or anticipating what could or will happen next.

List the processes which help in doing this.

Developing SA

1. Consult the aircraft technical log/maintenance documentation for system/environment status before
undertaking a maintenance task

e.g. aircraft may have entries for ‘nil hydraulic’ or ‘electrical power’; or

Investigate further if you find something out of place or unusual, e.g. disconnected wiring loom or
component

2. Use the publication or tech manual to confirm your understanding of a task, system or component, even
if you are familiar with the maintenance task.

3. Communicate with others - discuss the task with members of your maintenance team; or with members
of other teams working on the same aircraft/system.

Maintaining SA
1. Assume nothing—always confirm your understanding through consultation and communication!

Maintain effective communication to ensure the transfer of all available information and allow for better
checking of facts against understanding

Constantly review available facts against your understanding to maintain SA.

Communication is also the best tool to check individuals’ understanding against others, essential for
identifying degraded SA (between individuals and teams).

2. Do not focus in on any one single element of a task; a ‘head down’ focus on specific elements of a
tasks at the expense of other pertinent information will not allow you to maintain good overall SA.

3. Beware of confirmation bias. Once we have formed a ‘mental model’ of a situation, we often seek
information which will confirm this model and unconsciously reject information which suggests that this
model is incorrect. This is known as confirmation bias.

4. If it feels wrong it probably is. STOP AND CHECK! Do not keep going and hope to identify it later, take
the time to review what you are doing, how your actions are affecting your environment, and REALLY
consider the possible consequences.
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Recovering SA

1. Communicate elements of confusion or discrepancy with others in the team, or your immediate
supervisor. Effective communication is a central component of situational awareness.

2. Ask for assistance; this can be essential when conformation bias has greatly decreased your ability to
review the situation accurately. Professional pride and not wanting to have competence questioned may

prevent you from seeking outside help. Aviation maintenance is most effective when all members of the

team understand that seeking assistance is a sign of experience and professionalism.

3. Stop, go back and review your steps to a known ‘good’ state of SA and reset the ‘system’ state to a safe
condition.

Do not carry on and try to understand at any cost. It is very difficult to change your perception once you
have arrived at an ‘understanding’. The natural subconscious inclination is to actively search for reinforcing
gvidence (confirmation bias).

While this process is going on the system state may still be changing further into an unsafe condition

4. Debrief after the job. Lessons learnt are valuable information to allow others to not repeat the same
mistakes. If loss of SA occurred, when did it divert, did it affect safety, how was it identified and how was
it regained?

Percentages for levels of SA contributing to degraded SA

In an overwhelming majority of cases, situational awareness fails with perception, our perception in
that vital first step of planning and briefing a task—reviewing, requesting and rehearsing, and ensuring
that we understand what is required and gaining feedback.

Data from the review of major air-carrier accidents from 1989 to 1992 provided by Endsley (1994)

78 %  Failure to perceive data
17% Failure in understanding data

5% Failure to project forward/anticipate

Remember: understanding and anticipation relies on accurate perception.
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Chapter 4. Decision Making

Exercise 1: The decision-making process

A mobile tool rep turns up at the hangar, and has stock of the replacement socket you need for $25.
However, your mate tells you that the local hardware store has a similar socket for sale at $15, but you
would need to leave work 10 minutes early to catch them before they close.

What do you do?
Explain the reason for your decision.

The rep also has a new seven-drawer tool chest for $600. You know that your same local hardware store
has a similar chest for $580. As above, though you would have to leave work early to buy it.

What do you do?
Explain the reason for your decision.

Did you take the time to go through each step of the sample decision-making process in the Resource Guide
to analyse and explain the reason for your decision?

Discuss with others who may have made a different decision. After the discussion ask yourself, ‘would | still
make the same decision? If not why?’

Exercise 2: Decision making and releasing an aircraft
to service

Read page 62-63 in your Resource Guide, which describes a scenario faced by a
LAME in releasing an aircraft to service.

What are the risks associated with a decision to release the aircraft?
(Example) Failure of the component leading to control difficulty.

What would you do in that situation given the information provided?
(Use the decision process to assist your analysis, then discuss your reasons with others)

What other information could you look for to improve your decision?
Information could include: the proposed utilisation rate and operating environment of the aircraft, asking,
‘is it different from normal?’

The past history of failures for the item and ‘failure modes’ such as potential to bind controls, redundancy
within the system etc. All this information will help you to make an informed decision by identifying the risks
associated with each of the available options.
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Exercise 3: Decision-making scenarios

Consider the following three scenarios. Read through the list of reasons for the decision/s made in the
scenario and nominate biases or HF limitations associated with each reason that may be present. At the
end of the table list the possible risks associated with the decision and a more appropriate process that
could be used.

A LAME is installing the oil return and oil breather fluid hoses to a customer’s helicopter engine after an
engine change. Although he notices there are no markings on the hoses to indicate which is which, he looks
at the bends, and determines the correct installation based on this. He considers opening compartments aft
of the firewall bulkhead to see if he can physically identify the hoses, but decides against it. The test engine
run is performed and the after-run compartment inspection does not reveal any leaks.

Reasons for decision Bias and/or HF limitations
associated with the reason

The LAME hates to admit he’s not sure which hose is Fear of having competence questioned.
which.

He doesn’t want to refer to the manual for what could be Lack of understanding of the limitations of
seen as a straightforward answer he should know. memory. Possible organisational norm of
non-use of tech manuals.

Based on the pre-existing bends, he’s sure which hose ~ Complacency, possible confirmation bias.
goes where.

He reasons that since looking at the fluid lines on the Not extracting as much information as possible.
other side of the firewall would make no real difference,
he might as well continue.

Risks

Incorrect fitting of hoses, including crossed lines or tension leading to hose failure, and/or incorrect
operation of the system.

Appropriate process

The LAME is not comfortable with being unsure, so he consults the maintenance manual for the correct
orientation of the hoses.
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An apprentice has to move a customer’s aircraft into the hangar at the end of an afternoon shift. The ramp
staff had already knocked off for the evening when the decision was made to move the aircraft. Although the
apprentice and another engineer are still on shift, he knows it is company procedure to move aircraft with
no fewer than three personnel to ensure the wing tips are monitored as the aircraft is moved past equipment
and the hangar structure. As it is relatively quiet in the hangar at the time, he decides to move it with the
other engineer, being mindful of hazards and taking it carefully. The aircraft was repositioned uneventfully.

Reasons for Decision Biases and / or HF limitations
associated with the reason

He wanted to make sure he finished what has been Self-imposed time pressure
asked of him before he goes home

It's pretty quiet, so it should be OK to move it with two | A belief that mildly positive outcomes are more

people instead of three likely than mildly negative ones

Everyone else does it this way Pressure to conform to organisational norm

If he doesn’t move it, his peers and others will consider | Perceived pressure associated with professional
him lazy standing amongst peers

Risks

Aircraft striking obstacle or other aircraft causing damage.

Appropriate process

He knows the procedure calls for a minimum of three people, so he asks the other engineer to watch the
side closest to the hazards, while he watches the other side, knowing it is well clear of any hazards. Noting
the difference between required and actual procedures, he also raises a hazard report.

A LAME has been asked to carry out a pre-flight inspection of a customer’s Agusta 109A helicopter.
Although she hasn’t performed this task previously, she has done it many times on the later 109E model.
She decides to head out to the helicopter and perform the task, leaving the checklist in the office. Based on
her experience and knowledge of the E model she is satisfied enough to sign for the pre-flight.

Reasons for Decision Biases and / or HF limitations

associated with the reason

She knows the A and E model are almost similar with Complacency
regard to pre-flights so it should not be a problem

Everyone else does it that way Organisational norms
The check requirements are identical as far as Reliance on fallible memory
she knows

It's merely a pre-flight, so there is no requirement to Complacency, and hazardous attitude to the
have a checklist with her at the aircraft importance of error management functions

Risks

Incorrect or incomplete pre-flight inspection. As pre-flight inspections are a final error capture defence, this
may lead to an aircraft flying with undiscovered damage, leaks or incomplete maintenance being present.

Appropriate process

As she has not done a pre-flight on this particular model of the Agusta 109, she decides to refer to the
specific pre-flight check list to ensure compliance with requirements
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Chapter 5. Fatigue

Exercise 1. Driver Fatigue Quiz

Statements ‘ True or false?

1. Coffee overcomes the effects of drowsiness while driving. F
2. | can tell when I'm going to go to sleep. F
3. Rolling down my window or singing along with the radio will keep me awake. F
4. I'm a safe driver, so it doesn’t matter if I'm sleepy. F
5. You can stockpile sleep on the weekends. F

6. Most adults need at least seven hours of sleep each night.
7. Being sleepy makes you misperceive things.

8. Young people need less sleep.

T
T
F
9. Wandering, disconnected thoughts are a warning sign of driver fatigue. T
10. Little green men in the middle of the road may mean the driver is too tired to drive. T

F

11. On a long trip, the driver should never take a break, but try to arrive at the destination
as quickly as possible.

12. A ‘microsleep’ can last 3-5 seconds. T

Exercise 2: Engineer checklist—symptoms of fatigue

Review and fill out the checklist, if you find you or the group list a large number of the symptoms you may
wish to discuss your rostering system with your safety manager.

Exercise 3: Crossed Wires discussion

Discuss fatigue related aspects of Crossed Wires.
How did John’s level of fatigue affect the safety of the maintenance task?

John was fatigued at the start of the shift due to lifestyle and personal factors. This would have been
compounded by the workload and shift/time of day influences on his fatigue level; all of which would
have reduced his ability to manage the task, including supervising the correct completion of connecting
and testing the trim cables. One of the potential symptoms of a high level of fatigue is an acceptance
of a lower level of quality, in this case quality assurance; as the compartment was secured before John
came back, no inspection was carried out, thus removing a vital error capture function.

What should John have done?

John should have stayed with Jason while he carried out the task; or instructed him to leave access to
allow a proper inspection of the routing, tension and locking of the cables and turnbuckles.
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Should John have declared he was fatigued?

If John considered that his performance was affected by fatigue he should have informed either Roy

or Harry so that a decision could be made about continuing the task. However, one of the dangers with
fatigue is that individuals are often unable to accurately assess how much their performance is degraded
and the higher ‘cognitive’ functions such as decision making and judgement are affected first.

What should Jason, the apprentice, have done? How does he manage John’s attitude that “You're the
boy, you need the practice’?

Ideally, Jason should have told John that he couldn’t continue until John was available to properly
supervise the task. He should have pointed out that as he is still inexperienced, he has a higher risk of
making an error, and needed more, rather than less, supervision than normal.

How would you describe the level of support provided by Harry, the owner of Perfect Twins?

Harry provided stress and time pressure, not support. He was under stress and pressure from the
customer, and transferred that pressure to the engineering staff. A better method would have been to
isolate the AME and LAME personnel from those stresses and allow them to concentrate on the task at
hand; in other words be a filter to prevent stress and distraction occurring on the shop floor.

Does your organisation have a fatigue management policy? State your organisation’s policy and review
it. Is it effective?

If so, what are your responsibilities as an engineer?

An individual’s responsibility is to use the rest opportunity provided between shifts to obtain adequate
sleep to meet their individual sleep needs. It is also an individual’s responsibility to inform their manager
if they have been unable to obtain adequate rest (for whatever reason) and may be adversely affected by
an increased level of fatigue at the start of a shift.

Considering that night shift is a maintenance reality, what practical steps can engineers take to minimise
risk/error?

1. Use ‘off-shift’ time to gain adequate rest. Being well rested will reduce the risk of errors associated
with reduced performance from fatigue

2. Defer safety-critical, or high-risk tasks to a lower fatigue time if possible.

3. Ifitis not possible to defer tasks, plan tasking to ensure safety critical items are worked on during
the early stages of a night shift.

4. Use a ‘progressive restriction’ system that limits the systems worked on in line with the safety risk
of error as fatigue increases.

5. Increase supervision and inspection requirements during high fatigue risk times (WOCL).

6. Increase the time for tasks at night to allow for reduced performance and additional checks to
capture error.
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I.

Exercise 4: Personal strategies to minimise the effects
of fatigue

Make a list of any strategies you use now, or could use, to minimise and mitigate the risk of a serious
incident or accident resulting from your own, or a fellow engineer’s, fatigue level.

(Example) Strategies to minimise the consequences of fatigue on performance

Ensure you get enough rest

Look for signs of fatigue in yourself and others: increased errors, irritability, yawning and rubbing eyes.
Know the periods of increased fatigue risk (long shifts and the window of circadian low)

Schedule high-risk tasks (safety-critical or known high-error tasks) for day shifts or earlier in a night shift
Give more time for tasks at night

Take regular rest breaks during shifts

If feasible, use strategic napping before high risk tasks at night

Assign extra supervision to tasks during high fatigue risk periods

Use tea/coffee/caffeine strategically to maximise their benefit, but remember they only provide short-term
benefits and should not be the only mitigation. Avoiding fatigue through good rostering and sleep is the
best method.

Chapter 6. Stress, workload and time pressure.

Exercise 1: Crossed Wires discussion

What stressors and time pressures were evident at Perfect Twins Maintenance?

Starting from the ‘top’ of the organisation: Harry had stress from competing demands on his time, both
personal and financial pressure from customers to complete work, and pressures in completing financial
administration.

Roy had pressure applied by Harry about completing the task within time and budget considerations;
he also had pressure and resulting stress to attend family commitments. There will also be an amount
of additional stress associated with supervising apprentices, from ensuring they follow instructions to
managing the associated high error rates expected from someone still learning their trade skills.

What strategies did they use to manage time pressure in the Crossed Wires scenario?

There was no visible effort to manage or avoid ‘time pressure’. Each person knew there was a definite
requirement to complete the task to meet the customer’s deadline, even if that was unrealistic if the task
was to be completed with a low risk of error.

How could Perfect Twins Maintenance have managed these better?

One example is Harry. He could shed some of his workload to enable him to better carry out his
remaining responsibilities, one of which is supporting his engineers to carry out the tasks with the
minimum risk of error by providing them with sufficient time and isolating them from customer pressure.
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Were ‘Perfect Twins Maintenance’ workload management strategies SMART? That is, were they
specific, measurable, achievable, realistic/relevant, and timely?

The workload was specific and measurable as there was an assigned task which could be evaluated

on completion. It was achievable, being a ‘normal’ maintenance task; however the realistic and timely
aspects were lacking. Unnecessary pressure and stress was placed on the LAMEs, including statements
about them having to deal directly with the [irate] customer if the job wasn’t finished.

Was the employees’ workload realistic?

Giving employees a single (though critical) task is realistic; however, the time allocated and amount of
pressure felt by the two shifts was unrealistic, especially in light of John’s reduced capacity and the
apprentice’s inexperience.

What factors affect how you determine individual workload? (Experience? Skills?)

Workload is a subjective measure unique to each individual. Workload measures the task demands
against an individual’s mental and physical capacity; the closer the task demands are to the limits of an
individual’s capacity the higher they will judge their workload.

Capacity will be affected by individual experience and skills (including practised automatic skills); with
more experienced engineers generally having a higher capacity and therefore the ability to handle a
higher relative workload. However, other factors such as environment (shift work etc), stress, distraction
and the natural accumulation of fatigue over a shift period will reduce capacity and therefore increase
subjective workload.

So a task considered ‘normal’ or acceptable in terms of workload to an experienced LAME may be
excessive for an apprentice. Acceptable workload early in a shift may be seen to be high or excessive
later in a shift, or in a high fatigue zone such as the WOCL.

Exercise 2: Stressful life events

Complete the stress chart and review your individual stress score, discuss results in a group if you feel
comfortable doing so.

If you score highly, consider discussing your current stress levels with a trusted colleague, manager
or counsellor.

DO NOT simply live with excessive stress, it may cause psychological and physiological health issues in
the long term, and reduce work performance in the short term.
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Exercise 3: Personal strategies to manage stress
Make a list of strategies you use now (or could use) to manage your stress levels.

Personal stress management strategies (stress prevention)

Maintain a healthy work/life balance—regular leave and quality time with the family will help avoid
domestic and work related stress!

Health and fitness—quality sleep, a balanced diet and regular exercise will help to reduce the effects
of stress

If worried about little things or things that are beyond your control-communicate your concerns to those
who can have an influence and move on

Prioritise—attend to the more important tasks ahead of menial/trivial ones

Communicate your concerns if you believe they may have an impact on your work performance or
personal wellbeing—discuss these concerns with a trusted peer or your supervisor

Personal stress management strategies (stress coping)

Identify the source of stress—this will allow you to address the real issues behind the stress, and produce
a more effective and long-term reduction in their influences and effect

Discuss—with a supportive colleague or friend (to help identify the source of stress and possible
solutions)

Where possible, reduce workload and pressure—talk to your supervisor about reducing your workload or
taking leave if excessive workload can be identified as a source of stress

Use teamwork—nbeing around others, sharing responsibility and achieving goals can improve self-esteem
and confidence. Correct allocation of workload amongst an effective team will also help to ensure stress is
as low as possible

Think positively! Focus on positive achievements and future events rather than dwelling on negatives
Relaxation exercises—search online: there a number of techniques available

Humour—although make sure it is not to a colleague’s detriment, or directed maliciously against
individuals

Consider professional counselling or medical support if you feel your stress levels are affecting your
physical or mental health
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Chapter 7. AOD

Exercise 1: Your knowledge of alcohol

1. A12-ounce beer, a 4-ounce glass of wine and a 1-ounce shot of whisky all contain the same amount
of alcohol?
TRUE - You can get just as drunk by drinking beer or wine as you can by drinking distilled spirits.

2. Acouple of drinks before bed improve sleep quality?
FALSE - A drink may help you fall asleep faster, but suppresses the hours you spend in rapid eye
movement (REM) sleep, reducing overall sleep quality. This causes subjective feelings of tiredness and
impaired concentration the next day.

3. Women react differently to alcohol than men, and generally can expect greater impairment from the
same quantity of alcohol?
TRUE - For a number of reasons, women are more susceptible than men to the harmful effects of
alcohol. Body size, body composition and metabolism all play a part.

4. Drinking patterns change when you're away on duty?
TRUE - A NASA study found that short-haul pilots consumed three times more alcohol on trips than
at home.

5. Modest amounts of alcohol don’t affect your performance?
FALSE - Even modest amounts of alcohol can impair your performance, leading to disorientation and
other medical effects. For more information about the effects of alcohol on human performance, go to
www.aod.casa.gov.au/aod/health_information/alcohol.html

Chapter 8. Communication

Exercises 1, 2, 3 & 4; carry out with facilitator and discuss results/
things learned.

Exercise 5: Crossed Wires discussion—effective communication at
handover

1. How effective was the communication during the handover?

The communication used for both handovers (day to night, then night to day) was deficient and did not
effectively communicate all the required information.

2. Why do you say this?

The first handover was carried out verbally and under time pressure. Instructions were brief and a limited
amount of information was transferred. Though it did not lead directly to an associated error, it was

not effective communication. However, in the second handover of the task, the communication of the
required duplicate inspection failed completely, as the information was not transferred and the inspection
task was not carried out.
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3. How could it have been improved?
Review expert commentary on effective handover under the ‘communication’ heading in the DVD.

Handovers can be improved by using a consistent template and combining an oral briefing (where
possible) with a written handover sheet detailing crucial information.

It is also beneficial to ensure the environment is appropriate. Moving to a quiet area away
from distraction and interruptions will help to ensure all the required information is transferred
and understood.

4. Why is effective communication during shift handover so important? (Necessary for incoming shift to
develop accurate mental model—situational awareness)

Investigations into many incidents and accidents have shown contributions from poor handovers leading
to critical errors and omissions. Ineffective communication may lead to a misunderstanding about work
that has been undertaken, and crucially the work required to complete a job and ensure an aircraft is
serviceable and ready for operation.

5. What barriers to effective communication have you encountered at work?
Examples may include:

— Lack of confidence—individuals who lack confidence in themselves or their abilities may not say
what is on their mind. If you are not confident doing your job, it may be experience, training or
fatigue related. It is important to let others know if and when you don’t feel confident in performing
a set task.

— Difference in qualifications (real or perceived)—every individual has valuable information to
contribute within the workplace — don't let qualifications deter you from asking questions and
making statements.

— Fear of reprisal—this may relate to a fear of being seen as immature, unintelligent, inexperienced
or unsupportive by a fellow team member. Aviation safety must never be compromised by fear of
reprisal, say what you think and sort out differences later on.

— Position/status—differences in position and status occur in virtually every work environment,
but should not hinder the communication process. In the maintenance environment perceived
differences in authority exist between personnel of differing positional status and experience. This is
known as an ‘authority gradient’. If this is too steep it may hinder effective communication.

It is important to understand that if you are the one ‘higher’ in the gradient you also have the ability and
obligation to ‘empower’ those below you to speak freely. Remember the information they have could be
crucial to performing your task safely.
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Chapter 9. Teamwork

Exercise 1: Teamwork at Perfect Twins Maintenance

How effective was the teamwork at Perfect Twins Maintenance? Give some examples to support your
answer—examples of both effective and not-so-effective teamwork from both Crossed Wires and the Right

Connection.

Effective teamwork Ineffective teamwork

Day shift apprentice supported LAME by giving
advice about the use of a clamp to hold the cables in
place on the trim drum assembly. (Crossed Wires)

Night shift LAME left the apprentice to carry out
the bulk of the task without supervision or support.
(Crossed Wires)

Harry provided a filter between customer and the
engineers, allowing them to focus on completion of
the job without time pressure. (Right Connection)

Harry uses threats of customer complaints to
motivate engineers and questions their motives.
(Crossed Wires)

Roy gives advice to Harry to allow him to make a
better decision on the timeframe required for the
job and manage customer demands and concerns.
(Right Connection)

Harry and his partner allowed unresolved conflict
to develop over the work/life balance and overall
workload in the office. (Crossed Wires)

Effective communication is used to inform the
oncoming shift about the task requirements.
(Right Connection)

Communication is ineffective in maintaining a
shared mental model between shifts, especially
in relation to the need for a duplicate inspection.
(Crossed Wires)

Exercise 2: Teamwork—bridge building

Areas to discuss:
Was the overall goal and plan understood?

How effective was the leadership of the team?
Was there adequate role definition (did everyone know their job)?
How well were conflicts or disagreements managed?

How effective was communication within the team?

Exercise 3: Characteristics of a good team member

Supports the leader to make the best decision—AIll members of the team contribute to the effective
leadership of the group by supplying information, contributing ideas and providing support to whomever
is in charge at the time.

Questions decisions or options constructively—Differences of opinion, based on facts and discussed
within the team are a useful part of making and reviewing decisions. A good team member is willing to
engage in constructive discussions without aggressive or emotive language
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Actively participates in the team—Each team member’s unique experience and skills are a potential
team resource. Team members add value to the team’s efforts by using followership skills to ensure
they contribute their unique resources.

Supports other team members—A team member’s value comes not only from contributing to the
team’s expertise, but also from monitoring other team members for lapses in attention and memory.

Exercise 4: The Right Connection—safety meetings
and improved teamwork

Effective teams generally have the following characteristics:
A shared goal

Shared mental model
Clear communication
Effective leadership/followership
Clear delegation/role definition
Clear operating procedures.
Team meetings provide one means of helping to develop these characteristics.

Discussion can ensure everyone is aware of the shared goals of the team and organisation; provide a forum
to improve communication; ensure better understanding of hazards and improve the team’s shared mental

model; and give a chance for team leaders not only to give direction, but also to seek feedback and discuss

operating processes and procedures (maintenance practices).

Chapter 10. Leadership

Exercise 1: What makes a good leader/manager?

Examples may include:
Knowledge of team members’ strengths and weaknesses.

Ability to communicate common goals and motivate team members to actively engage in the team.
Willingness to listen and take advice.
Willingness to defer control to achieve goals.

Ability to manage conflict and disagreements.
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Exercise 2: Leadership in Crossed Wires

1. What kind of leader was Harry? Give reasons for your answer.

Harry was a busy manager, but did not provide many of the contributions that a leader should make to a
team. He did motivate and provide direction, but did not listen to the engineers when they voiced concern
over the timeframes for completing the task, questioning their motives and the way in which they were
carrying out the task. He did not isolate them from customer pressure and used the threat of customer anger
to prevent discussion of how realistic achieving the goal was.

The following are some of the barriers to effective teamwork:

Poor communication

Inappropriate leadership and followership styles

Excessive workload and time pressure

Stress

Disagreements/conflicts.
As a leader, Harry should be trying to prevent or limit these influences, not increase them.
2. Discuss the qualities of both LAMEs as leaders.

Leadership has been described as the ability to inspire confidence and give direction and support to the
people who achieve organisational goals.

Roy provided guidance to his apprentice; however, he did not inspire confidence or show leadership in
setting standards of acceptable behaviour (such as not using smartphones during tasks), to reduce the risk
of error.

John did not support Jason, and did not lead by example in setting high standards of motivation and
professionalism in his approach to work. Turning up late and then blame shifting will also erode team
cohesion and may present a barrier to producing an effective team. Whether we realise it or not, anyone
in a position of authority is leading by example, good or bad.

3. How could Harry, Roy and John improve their leadership skills?

Each of the three needs to understand the degree of influence they have on the attitudes and actions of
the people they lead and control. From this understanding they can start to develop the skills needed to be
effective leaders, such as the ability to:

Motivate the individuals within a team by leading by example
Manage workload by being aware of the performance characteristics of their team members

Manage time and set deadlines allowing time to stop and actively assess actual progress against
expected progress

Make decisions, use a structured process and seek advice from team members
Co-ordinate and monitor activity
Resolve conflicts

Listen to team members’ inputs.

. LN
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Exercise 3: Followership—‘The ten rules of good followership’

1.
2.

Don’t blame your boss for an unpopular decision or policy: your job is to support, not undermine.

Fight with your boss if necessary, but do it in private, avoid embarrassing situations, and never reveal to
others what was discussed.

Make the decision, then run it past the boss; use your initiative.
Accept responsibility when it is offered.

Tell the truth and don’t quibble; your boss will be giving advice up the chain of command based on what
you said.

Do your homework; give your boss all the information needed to make a decision; anticipate possible
questions.

When making a recommendation, remember who will probably have to implement it. This means you
must know your own limitations and weaknesses, as well as your strengths.

Keep your boss informed of what’s going on in your team. People may be reluctant to tell them of their
problems and successes. You should do it for them, and assume someone else will tell the boss about
yours.

If you see a problem, fix it. Don’t worry about who would have been blamed, or who now gets
the praise.

10. Put in more than an honest day’s work, but don’t ever forget the needs of your family. If they are

unhappy, you will be too, and your job performance will suffer accordingly.

How do these relate to you and your workplace?

How do they relate to the leadership and followership skills shown in Crossed Wires
and the Right Connection?

In Crossed Wires, Roy accepts the timeframe for the job and does not discuss it further with Harry.
Compare this with his reaction in the Right Connection where he offers advice on his preferred course of
action with a rationale.

In Crossed Wires, John is trying to work with unreliable lighting but accepts that ‘nothing works around
here’ rather than doing something about rectifying the problem.

In Crossed Wires, Roy schedules time to attend his daughter’s graduation, compared to Harry spending
a large portion of his day at the office, to the obvious displeasure of his wife.

In Crossed Wires, John makes excuses for his timekeeping and state of health, while in the
Right Connection he accepts responsibility and does something to improve the situation.
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Chapter 11. Professionalism

Exercise 1: The characteristics of the professional, and how these
relate to maintenance engineers

1. What do you feel are the characteristics of the professional?
Professionals take pride in their work
Professionals are accountable and take responsibility
Professionals show leadership and engender trust

Professionals know their limits and will seek assistance when task requirements are outside their
expertise and/or capabilities.

Professionals will put the interests of safety above self interest
2. How do these characteristics relate to you as a maintenance engineer?

Professionals carry out their assigned tasks to the best of their ability, utilising appropriate processes
and equipment.

As professionals, maintenance engineers do not deviate from procedures because they believe that they
have a better way. If they have a solution they ensure it is properly authorised before they employ it.

Exercise 2: Responsibilities and personal accountability

A professional understands their responsibilities and the importance of personal
accountability. How does this relate to your work environment?

As professionals, maintenance engineers never sign for work they have not carried out/supervised,
or properly inspected.

As professionals, maintenance engineers never allow pressures to induce them to pass work if they
have any doubt of its standard.

As professionals, maintenance engineers insist on the highest levels of safety in their work environment.

As professionals, maintenance engineers never knowingly allow others to compromise these principles.
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Exercise 3: Professionalism and aviation safety

Read the case study from chapter 11, and consider the following:
1. What would be the professional response to this task?

A professional would understand the need to use all appropriate equipment to ensure that the task is
carried out to the highest standard. This would require finding and using the torque wrench.

Your personal minimum standards should not be dictated by the norm—what others would do in the
same situation.

If the task calls for a specific torque value on a fastener, you should use the required tool, in this case,
the torque wrench.

As professionals, we should not work outside approved standards; for example, creating our own
method of determining if an assembly is installed correctly, by feel, rather than by using the correct tool.

If we decide to go with the flow, we must first make sure the flow is not in the wrong direction!
2. Why is this so important to overall aviation safety?

Violations and workarounds may introduce new risks to the maintenance environment and could

be critically undermining defences in ways you don’t understand. Not using the torque wrench may
introduce the risk of an under-torqued bolt coming loose during operation, or an over-torqued bolt failing
due to excessive loading, either of which may result in the manifold coming off in flight.

3. As a professional, how can you continue to improve your maintenance processes
while ensuring safety?

As experienced engineers, many LAMEs may suggest process improvements that will bring improved
efficiency and safety within their organisation. However, to ensure that no new risks are introduced,

a professional approach would be to have the proposed process assessed and approved, so that it
becomes the new standard maintenance procedure.

Chapter 12. Human Factors within an
organisation

Exercise 1: Applying the PEAR model to Perfect Twins Maintenance

Within the table, identify all the human factors influences you can identify in
the Crossed Wires drama. Use the information in the table to complete the
following questions.

The PEAR model as it applies to Perfect Twins Maintenance (examples)

People Environment (physical  Actions Resources
and organisational)

Inexperienced staff Night shift Poor briefings [Lack of] time

(apprentices)

Poor health (John) [Poor] lighting Task management Deficient lighting
equipment

[Lack of] supervision Time pressure Poor documentation Disorganised tools

Fatigue Norms (no tech manuals) Critical inspection Test equipment

requirements [missed] [not used]
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Exercise 2: Safety culture at Perfect Twins
Use the information in the table to complete the following questions.
1. Describe the safety culture within Perfect Twins.

The safety culture could be assessed as being in the reactive region of Patrick Hudson'’s safety culture scale.
While no-one at Perfect Twins consciously takes reckless risks, no priority seems to be given to improving
the work environment until after an incident occurs.

2. List three norms/workarounds you saw in the drama
— Maintenance work carried out without referencing tech manuals
— No entries made in the aircraft technical log for the outstanding inspection requirements
— Functional test done out without the correct test equipment

3. What else could Perfect Twins do to improve their safety culture?

Refer to the Right Connection for strategies, including hiring dedicated safety staff, holding safety meetings
and improving resources.

These actions will begin to demonstrate to the maintenance staff that safety is a priority and they should also
ensure their behaviour shows the same shift to value producing ... safety.

4. Why is reporting important in any maintenance organisation?

— Reporting is the first step in analysis, enabling organisations to reflect and make improvements to
prevent the recurrence of incidents or accidents.

— Itis important to help organisations identify and understand contributing factors to errors, incidents
or accidents.

— Reporting assists in identifying contributing factors, to provide an organisation with a specific focus
to prevent future events.

5. What can be done to ensure an effective reporting culture?

— Motivation and promotion. Employees need to know the reporting system and understand its
importance. They should also feel motivated and empowered to use it and submit reports

— Trust. Safety reporting is built on a culture where individuals trust that the response from the
organisation will be appropriate.

— Feedback and acknowledgement. A reporting culture will be encouraged when individuals feel their
reports are reviewed and considered. Feedback helps to communicate that this is happening

— Ease of reporting. Complicated and time-consuming reporting mechanisms are a disincentive to
reporting errors or hazards before they contribute to a major incident

6. What areas should a good safety report cover?
— Anarrative of ‘what happened’, Including who(de-identified), where, when and how

— It should also cover aspects of why it happened, looking at organisational influences as well as
individual actions and decisions.

— Finally, there should be recommendations for improvements or remedial/corrective actions to help
prevent the recurrence of the same or a similar event, incident or accident.
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Who this CAAP applies to

This Civil Aviation Advisory Publication (CAAP) applies to
holders of Air Operator’s Certificate (AOC) for Low Capacity and
High Capacity Regular Public Transport (RPT) operations.

The Civil Aviation Safety Authority (CASA) recognises that the
operations to which this CAAP will apply are numerous and varied,
and will endeavour to adopt a flexible approach consistent with the
maintenance of good standards. Low Capacity RPT operators
should take this into account when reading this document and
considering its implications for their style of operations.

This CAAP should be read in conjunction with CAAP SMS 1(0)
Safety Management Systems (SMS) for RPT Operations and
CAAP SMS 3(0) HF Training and Non Technical Skills
Assessment for RPT Operations.

Why this publication was written

This CAAP provides advice and guidance for integrating Human
Factors (HF) into an RPT operator’s SMS. It is crucial that HF is
integrated at every opportunity, and not considered separately.
Status of this CAAP

This is the first CAAP written on this subject.

For further information

For application and policy advice contact CASA’s Human Factors
Manager (Telephone 131 757) or email
humanfactors@casa.gov.au.
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Acronyms &
Definitions

1. Why Integrate HF
into an RPT AOC
holder's SMS?

2. Basic principles for
integrating HF into an
SMS

3. Business benefits
for integrating HF into
the SMS

Acronyms and definitions are contained in CAAP SMS-1 which
should be read in conjunction with this CAAP

1.1  The integration of HF into the SMS provides a managerial
and organisational framework to ensure the systematic
identification and analysis of relevant HF issues, and the
application of appropriate tools, methods and measures to address
such issues.

1.2 CAO 82.3 and CAO 82.5 require RPT AOC holders to
ensure that an SMS is established in their organisations and that HF
is integrated into their SMS processes. The practical and
methodical application of HF within an SMS is essential to ensure
compliance and to optimise human performance within their
systems.

2.2 HF principles have been summarised from international
standards, best practice and in consultation with system safety and
human factors experts. These principles will help address the
people and systems challenges in SMS and achieve appropriate and
identifiable benefits. The following list summarises the HF
principles which are encompassed in the body of this document:

e adopt a holistic and integrated approach;

e put the people at the centre of the system;

e account for human variability;

e ensure transparency of organisational processes and actions;
e take account of social and organisational influences;

¢ involve staff and respect and value their input;

e encourage timely, relevant and clear two-way
communication; and

e ensure fairness of treatment (e.g. the ‘just culture’ concept).

3.1  Itis recognised that the integration of HF in the SMS will
result in safety and business benefits. The integration of HF:

e improves overall safety performance in the organisation and
reduces the number of incidents;

e ensures that human performance is optimally managed to
improve safety capacity and efficiency;

¢ helps to meet legal and regulatory obligations;
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4. Safety benefits for
integrating HF for the
organisation

4.1

demonstrates all reasonable steps have been taken to
manage safety and control risk from the perspective of
human performance;

reduces direct costs by considering HF issues in the SMS
and as part of any significant change management activity;

reduces indirect costs (such as staff turnover and stress-
related leave);

reduces duplication of activities and effort (and streamlines
changes) resulting in cost reductions;

improves staff motivation across the organisation; and
improves staff acceptance of change.

Operationally the integration of HF into the SMS facilitates

continuous improvements to safety, including:

promoting a duty of care throughout the organisation;

increasing understanding and ownership of the safety
processes;

encouraging continued safety improvement and the
development of a ‘learning organisation’;

promoting the use of good communications and feedback
throughout the organisation;

helping to disseminate appropriate lessons learned;
establishing, maintaining, and improving the safety culture
of the organisation;

improving the integration of HF training processes within
the training goals of the organisation;

clarifying HF training and assessment criteria expected of
the organisation’s members with respect to safety, and
providing a documented process to ensure that standards are
maintained;

providing HF input to improve effective data collection and
analysis methods to support the safety process;

supporting the efficient allocation of resources to the safety
process; and

Promoting and developing a proactive and predictive
management of risk.
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5. Integrating HF 51 Integrating HF is essential in the elements of the SMS

into the SMS dealing with:
e risk management;

e management of change;

e design and procurement of systems, equipment, machinery
and their subsequent usability;

e job and task design;

¢ selection and training of safety critical personnel;
o safety reporting and flight data analysis; and

¢ incident investigation.

51 HF risk management allows an organisation to determine
where it is vulnerable to human performance limitations. The
potential for human error and its sources should be identified and
managed through the risk management process’.

52  SMS documentation should clearly demonstrate how
human factors have been considered in the management of risk.

53  Various aspects of human performance should be
considered when identifying, assessing and controlling hazards.
This includes areas such as prevention, initiation, detection,
control, escalation, mitigation, and emergency response.

5.4  Of particular relevance are:

e processes to ensure that the potential for human error is
explicitly addressed; and

¢ the inclusion of human error management, including error
recovery actions, within the risk assessment process.

5.5  The risk management process does not change, however, it
should include all relevant HF issues.

5.6 In addition, the following HF aspects should be considered:
o all the people who interact with the system;

e reasonably foreseeable non-compliance with standard
operating procedures;

e paying particular attention to abnormal or infrequent modes
of operation;

¢ solutions that support the detection, correction and
management of errors; and

o fatigue.

1 Also refer to the Safety Risk Management section of CAAP SMS-1(0) — Safety Management Systems for Regular Public
Transport Operations.

January 2009





CAAP SMS - 2(0): Integration of Human Factors (HF) into Safety Management Systems (SMS) 6

6. Management of
change

5.7  Typically, control measures for potential and actual human
error might focus on HF aspects such as equipment design and
usability, task and job design, workplace design, procedures,
training, communication, team work, supervision, and monitoring.
The most effective controls are either to remove or modify the
hazard.

5.8  HF should also be considered during the implementation of
safety management solutions, and any recommendations should
only be considered after taking into account the context of local
factors in the working environment, as well as organisational, or
systemic factors.

5.9 To ensure the effectiveness of the control measures, a
process for monitoring and review should be implemented.

6.1  The purpose of integrating HF into the management of
change is to minimise potential risks by specifically considering the
impact of the change on the people within a system.

6.2  Change has the potential to introduce new, or exacerbate
pre-existing, HF issues. For example, changes in machinery,
equipment, technology, procedures, work organisation or work
processes are likely to affect performance.

6.3  The magnitude of change, its safety criticality and its
potential impact on human performance should be assessed in any
change management process.

6.4  Special consideration should be given to the ‘transition
period’. Any HF issues identified should be clearly documented. In
addition the activities utilised to manage these issues should be
integrated into the change management plan.

6.5  Some points for consideration:

e The change management effort should be commensurate
with the operational risk to the organisation;

¢ Identify all those affected by the change who have the
potential to impact safety;

¢ Identify how roles and tasks will be affected by the change;

o |dentify the risk to human performance associated with the
change — including resistance to change;

¢ Implement risk management strategies to eliminate or
mitigate risks associated with the change;

e Assess and monitor any residual risk associated with human
performance; and

e Evaluate and review safety performance against stated
objectives.
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7. Design and
procurement

7.1 Design and modification of Human Machine Interfaces
(HMI) such as display and control systems, alarm systems, signals
and warnings, as well as automated systems may involve
significant HF risks.

7.2 Integrating HF and usability principles in the early stages of
design, modification and procurement is the most effective way of
designing out, or managing, HF risk.

7.3 The design of equipment and machinery can have a major
impact on human performance, and steps should be taken to ensure
that HMI are designed with the user in mind. A human-centred
design approach should be taken, and principles of good HMI
design followed.

7.4  The design of safety-related systems should take into
account human capabilities and limitations, both physical and
cognitive, and be suitable for the tasks assigned to operators and
maintenance staff. A typical approach could include:

e considering HF and usability practices and principles in

designing modifying and/or procuring systems. For
example, international standards for user centred design;

e designing, where possible, systems and equipment to be
tolerant of errors made by operators;

¢ identifying, where possible, all the ways that people may
potentially interact with the system;

e assessing any risks associated with those interactions;

e ensuring risk management strategies are in place to manage
the identified risks;

e assessing and monitoring any residual risk associated with
human interaction; and

e evaluating and reviewing safety performance against stated
objectives.

7.5  Prior to implementing newly designed, modified or
procured systems, awareness and/or training of those persons who
interact with the system should be undertaken. All interfaces
should facilitate good HF practice, and should accommodate the
likely level of awareness and/or training of operators (including
members of the public where applicable).
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8. Job and task design

8.1

Job and task design can contribute to system safety.

Improving the design of jobs and tasks, and the workspaces in
which they are performed, can significantly improve human
performance and reduce the potential for human error.

8.2

Task design is essentially about matching the person and

the task — making sure that tasks and activities are appropriate and
suited to the human operator’s or team’s capabilities, limitations
and personal needs. For example, tasks that involve excessive time
pressure, complex sequences of operations, reliance on memory,
are physically or mentally fatiguing etc. are likely to have a
negative impact on performance.

8.3

8.4

A typical approach may be to:
identify safety critical tasks, and those who perform them;

design the task objectives, sequences and actions to be
performed;

structure the task so it supports the safe performance by the
individual or team;

consider the working environment so it supports the safe
performance of the task;

assess the potential risks associated with non compliance,
human capabilities and limitations;

implement risk management strategies to manage identified
risks; and

evaluate safety performance against the stated objectives.
Examples of design elements that can be included are:
procedures and rules;

equipment, tools and materials;

HMI;

information requirements;

manning and workload,;

workspace;

capabilities and skills required,;

team structures;

communication links;

rostering;

rewards and incentives; and

supervision.
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9. Selection and
training of safety
critical personnel

10. Safety reporting
systems and data
analysis

9.1 It is essential to take proactive steps to integrate HF into
selection, training, and job performance to maximise the ‘task-
person fit” and to reduce the potential for human error.

9.2 It is important to identify and assure the adequacy of
training and competency of staff performing critical functions
directly affecting safety. A clear demonstration of the adequacy,
effectiveness and appropriateness of training and competency
should be provided within the SMS; particularly as it relates to HF
principles in the organisation’s SMS.

9.3  Once the competencies for a role have been defined,
methods need to be developed for selecting and training people
based on these competencies. In some instances people will already
be selected, in which case these people should be evaluated against
the competencies and training requirements identified in order to
‘bridge’ any discernable gaps.

9.4  To identify training requirements, a Training Needs
Analysis (TNA) can be performed. For information on the conduct
of a TNA plus information on the development and implementation
of training, the evaluation and review of training effectiveness and
safety performance against stated objectives, please refer to Section
6 of Human Factors Training and Assessment for RPT Operations
CAAP SMS-3(0).

10.1 The main objective of any safety data collection and
analysis system is to make events, hazards, safety trends and their
contributing factors visible, understandable, and supported by
useable data so that effective corrective action can be taken.

10.2 From the HF perspective, the behaviour of individuals or
groups involved in incidents or ‘near misses’ may not differ greatly
from that observed when accidents occur. Generally, the cognitive
failures, problems in decision making, communication breakdowns,
distractions, and all the other factors which contribute to the sum
total of behaviour in an accident will also be present in incidents.

10.3 It is important that the reporting system, as identified in the
SMS, incorporates the identification of contributing HF. In
addition, staff should be trained and encouraged to identify and
report contributing HF when reporting hazards or occurrences.

10.4 Systems to encourage open reporting based on trust,
acceptance and motivation include:

e just culture based, confidential hazard and incident
reporting systems;
e aclear and accessible process for reporting issues;

o formal and informal meetings to discuss safety concerns;
and
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11. Investigation

o feedback from management about action taken as a result of
hazard and incident reports or safety meetings.

10.5 The classification of operator errors and contributing factors
in any accident and incident data collection system should be based
on a taxonomy that is carefully aligned with the model or
framework used for the investigation and hazard reduction
components of the SMS.

11.1 It is essential that the contribution of HF is properly
investigated when incidents and accidents occur. This is done so
that the organisation can learn from incidents and near misses in
order to protect itself against the consequences of failing to
accommodate human limitations in the design and operation of
aviation systems.

11.2 The HF component of investigation should be based on a
model or framework for systemic investigations considering human
error, both at the individual and organisational levels. A number of
human error models and frameworks (such as Reason’s model)
have been developed over the last two decades to aid in
understanding how humans err and how accidents/incidents occur
in the larger context of the systems in which these
accidents/incidents take place.

11.3 Investigators should be trained in basic HF concepts, and
procedures should be designed to examine the detail of human
performance factors that may have contributed to the event. These
include the systemic sources of the failure (e.g. component failures,
design deficiencies of equipment and/or infrastructure, inadequate
procedures, and lack of training).

2 Also refer to the Safety Risk Management section of SMS CAAP SMS 1(0) - Safety Management Systems for RPT

Operations.
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2.6 The Human Element’s Effect on Safety

Human error is estimated to be a causal factor in the majority of aviation accidents and is
directly linked with system safety error and risk. For this reason, hardware and software system
designers must eliminate as many errors as possible, minimize the effects of errors that cannot
be eliminated, and reduce the negative effect of any remaining potential human errors.

Human performance variability is a limitation that necessitates a careful and complete study of
the potential effect of human error. Human capabilities and attributes differ in areas such as:

Manner and ability of the senses (e.g., seeing, hearing, and touching),
Cognitive functioning,

Reaction time,

Physical size and shape, and

Physical strength

c oo e
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Section 2 Managing Safety Risk in a System of Systems

Fatigue, illness, and other factors (e.g., stressors in the environment, noise, and task
interruption) also affect human performance. Optimally, the system is designed to resist, or to
at least tolerate, human error.

When examining adverse events attributed to human error, it is often determined that elements
of the human-to-system interface (e.., display design, controls, training, workload, or manuals
and documentation) are flawed. The study of human reliability and the application of human
performance knowledge must influence system design for safety systems and be an integral part
of risk management. Recognizing the critical role that humans and human error play in complex
systems and applications has led to the development of the human-centered design approach
This approach is central to the concept of managing human error that affects safety risk.
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Preface

Human FactorsJob Aid

JOB AID
PURPOSE

HUMAN
FACTORSIN
FAA
ACQUISITIONS

The purpose of this Human Factors Job Aid isto serve as
a desk reference for human factors integration during
system acquisition. The first chapter contains an
overview of the FAA human factors process in system
acquisitions.  The remaining eight chapters each
represent a function that must be accomplished to
produce a successful human factors program. The
chapters offer one way that has proven successful during
previous system acquisitions to accomplish the
integration of human factors. The “How To" section of
each chapter provides the steps to compl ete the function.
Checklists are included to assist in the execution and
implementation of a human factors program. References
are provided in Appendix D.

Appendix E contains a flowchart depicting Human
Factors in the FAA Acquisition Process. This provides
an overarching structure for the human factors activities
in the acquisition program.

The left axis of the flow chart outlines four management
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“vectors’ of the human factors program:
M anage the human factor s program
Establish human factorsrequirements
Conduct human factor s system integration

Conduct human factorstest and evaluation.

The top axis shows each phase of the lifecycle
Acquisition Management System. The chart shows what
tasks need to be accomplished, when they are conducted
within the acquisition process, which chapter provides
information on how to perform the tasks, and how the
tasks fit into four management “vectors’ to assist in
managing the process.

The critica impact of human factors on systems
acquisition is well documented in acquisition programs,
studies, and anayses. A recent FAA Research,
Engineering, and Development document states: “The
FAA has recognized the role of human factors in
operational errors, and the fact that human factors
considerations are critical to effectively design, integrate,
and evaluate equipment and procedures for use in air
traffic operations.” The FAA Strategic Plan emphasizes
the use of technology to enhance the knowledge, skills,
and abilities employed to operate and maintain new
systems consistent with the available workforce. The Job
Aid will help in this endeavor.

JOB AID This Job Aid and updates to it are available on the FAA
AVAILABILITY Human Factors home page at http:\\www.hf.faa.gov.
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AND UPDATES

Additional information on human factors support and
requirements can be obtained from the Office of the
Chief Scientific and Technical Advisor for Human
Factors, AAR-100, (202) 267-7125.
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Chapter 1 FAA Human Factors
Process Overview

PURPOSE This chapter defines human factors in the context
of the total system concept in which the operator,
maintainer, and operating environment are inte gral
components of the system. When human factors is
applied early in the system acquisition, it increases
performance, safety, and productivity; decreases
lifecycle staffing and training costs; and integrates
program cost, schedule, and technical trade-offs.

Changes in operational, maintenance or design
concepts during the later phases of an acquisition
are expensve and entaill high risk program
adjustments. ldentifying lifecycle support costs
and human performance components of system
operation and maintenance during investment
anaysis and requirements definition decreases
program risks and long term support costs. These
benefits are applicable to commercial-off-the-shelf
(COTS) and nondevelopmental items (NDI) as
well as to developmental programs.
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Chapter 1- FAA Human Factors Process Overview

TIMING Efforts to manage the human factors program,
establish requirements, conduct system integra
tion, and test and evaluate human factors
compliance must be synchronized with the system
acquisition process.  This synchronization is
shown in the Human Factors in the FAA
Acquisition Process flowchart in Appendix E.

DEFINITIO Human factors is a multidisciplinary effort to
N OF generate and compile information about human
HUMAN capabilities and limitations and apply that
FACTORS information to:

Equipment - Jobs

Systems - Environments

Software - Traning

Facilities - Staffing

Procedures - Personnel management

to produce safe, comfortable, effective human
performance.

1-2
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Chapter 1- FAA Human Factors Process Overview

THE TOTAL
SYSTEM
CONCEPT

Key Elements of the Human
Factors Definition

Acquiring information
about people, their
capabilities and
limitations

Applying that informatio
in the design and
development of NAS
systems

Experience has proven that when people think of
acquiring a system, they tend to focus on the
hardware and the software that is being
purchased. Individuals often fail to visualize
that the hardware/software will be operated and
maintained by people. These people will have
different aptitudes, abilities, and training and
will operate the system under various operating
conditions, organizational structures,
procedures, equipment configurations, and work
scenarios. The total composite of these elements
and the human component will determine the
performance, safety, and efficiency of the
system in the National Airspace System (NAYS).

To produce an effective human factors program
for any system acquisition, the definition of the
system should include not only the
hardwar e/software, but also the users (operators
and maintainers) and the environment in which
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the system is employed.

[For the purpose of this document, the term user
refers to the personnel that operate the
equipment to perform NAS tasks and operations
(operators) as well as those expected to support
the system  throughout its lifecycle
(maintainers). The term customer refersto NAS
customers.]

PEOPLE are part of the system. If system
design INCREASES their performance,
safety, and productivity, then performance
of the TOTAL SYSTEM will increase!

TOTAL SYSTEM A Tota System Performance equation is

PERFORMANCE  presented in the following figure.  The
probability that the total system will perform
correctly, when it is available, is the probability
that the hardware/ software will perform
correctly, times the probability that the operating
environment will not degrade the system
operation, times the probability that the user will
perform correctly.
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By defining total system this way, human
performance is calculated as a component of the
hardware and software system. A system can
operate perfectly from an engineering sense in a
laboratory or at a demonstration site and then
not perform well when it is operated by the
operators and maintainers at afield location.

TOTAL SYSTEM
PERFORMANCE

f (Total System Performance) =

P (Hardware/Software Function Correctly)
X

(Environment Will Not Dearade Svstem

Performance)
X

P (User Performs Task Correctly)

EXAMPLE

999 x .99 x .9 = .89

By increasing the probability that the operator
can perform the task effectively in the
appropriate environment the Total System
Performance will increase significantly.

APPLICATION OF Four variables commonly having a significant

1-5
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HUMAN impact on total system performance are:
FACTORS _ _
INCREASES - Equipment/Software design
PERFORMANCE, Environment
LOWERS COST
Staffing and Training
Procedures.
TOTAL SYSTEM
PERFORMANCE VARIABLES
Total System Performance is determined
directly by trade-offs among these four variables:
=
EQUIPMENT/SOFTWARE ¥
DESIGN
Since these dynamic variables interact with each
other, trade-off decisions are required to
optimize operational system performance.
Hardware and software design affects both the
accuracy of operator task performance and the
amount of time required for each task. Applying
human factors principles to equipment design
will increase performance accuracy and will
decrease performance time. Research has
shown that designing the system to improve
human perform-ance is the most cost-effective
1-6
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Chapter 1- FAA Human Factors Process Overview

solution¥s especialy if it is done early in the
acquisition process.

EARLY In the early phases of system design or
APPLICATION development, functions are allocated to
OF HUMAN hardware, software, or people (or they can be
FACTORS shared). For system acquisitions (especially

NDI/COTS), a market survey is conducted to
reveal what and how candidate systems have
aready made these functional allocations in
ways that do or do not enhance total system
performance. |dentifying human-system
performance sensitivities associated with
competing vendors/designs lowers technical
risks and lifecycle costs (which include research
and development, acquisition, and operations
and support over the economic life of the
system). Since operations and support costs are
often much greater than the costs for research
and development and acquisition, early
assessment of lifecycle costs has significant
benefit to the total program cost.

Early decisions made with little regard to
operator capabilities and limitations are likely to
result in expensive training, staffing, or re-
design solutions.

1-7
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Expensive Solutions

Eauipment change packaaes

Developina/modifyina procedures

Hirina mor e peopleto operate the system

Staffinag with people of different skillsand
aptitudesthan the current work force

Increasing the system related training
reguirements

By focusing on the total system, the
performance of the user is enhanced, thereby
increasing the performance of the system (in its
operational setting, using typical operators and
maintainers). If, in the previous example, the
probability that the user correctly performs the
task increases from .9 to .99, total system
performance will increase from .89 to .98.
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HUMAN FACTORS AREAS OF

FOCUS FOR SYSTEM DESIGN
Design for human performance
Design workspace for user
Design for actual environment

Design for target population
skills/aptitudes

f(TotaI System Performance) =

999 x .99x .99= .98

The early development and application of a
human factors program is an important key to
system cost and risk reduction. Most lifecycle
costs are determined by decisions made during
the Investment Anaysis and Solution
Implementation phases of the acquisition
process.
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COSTS AND THE ACQUISITION

PROCESS
Percentage of Lifecycle Costs
100 7 ‘ /
90 /
80

70 7
60 7
50 T
40 7
30 T
20 1 On average, 70% of Lifecycle

costs are determined by decisions
made by the end of Phase |

0 PHASE | PHASE Il PHASE Il PHASE IV

10 7

Human factors issues need to be identified and
addressed early in the acquisition process.
Doing so helps detect and resolve potential
performance problems at the lowest cost.

Up-Front Early and
Planning = Continuous
Support
More Development ¢ | — Operations
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Z < With Planning
% § Human Performancels.m
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“HOW TO”

Human factors is a multidisciplinary effort to
generate, compile, and apply information about
human capabilities and limitations.

Human factors professionals can assist in
applying human factors information related to
human resources management, training, safety,
medical, and human engineering.

The human factors process consists of four
management actions:

Manage the human factors program
Establish human factors requirements
Conduct human factors system integration

Conduct human factors test and evaluation

The human factors functions are synchronized
within the acquisition process as shown in the
following table. An enlarged version of this
table is shown in Appendix E (Human Factorsin
the FAA Acquisition Process flowchart). Each
function is addressed in the chapters identified
in the Job Aid.
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Chapter 2 Develop Human Factors
nputsfor Acquisition
Documentation

PURPOSE The purpose of this function is to present the
human factors inputs for integration in system
acquisition documentation. Although human
factors inputs ae developed and iterated
throughout the entire acquisition cycle, primary
inputs are  often  through acquisition
documentation. This chapter shows how the
Human Factors Coordinator, working with
members of the Human Factors Working Group
and the Integrated Product Team (IPT), develops
human factors inputs to these acquisition
documents. (As used in this document, IPT refers
to the IPT and/or the Product Team.)

The acquisition documents are identified, and
typical inputs are discussed which help ensure that
human performance supports system performance
goals and objectives.

ACQUISITION The key documents in a system acquisition
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Chapter 2-Develop Human Factors Inputs for Acquisition Documentation

DOCUMENTS requiring an input relative to human factors are
the:

Mission Need Statement (MNS). The MNS
defines a mission capability shortfall or
technological opportunity the FAA should
address and includes magor human resource
and human-system performance
considerations.

Requirements Document (RD). The RD
establishes the performance baseline and
operational framework for an acquisition
program and includes human-system interfaces
and human performance requirements.

Investment Analysis Report (IAR). The IAR
summarizes the analytical and quantitative
information developed during investment
anaysis in the search for the best means for
satisfying a mission need and identifies the
human resource and performance trade-offs in
terms of cost and benefit.

Acquisition Program Baseline (APB). The
APB establishes the performance, cost,
schedule, and benefits baseline within which an
acquisition must be implemented and includes
human-system performance thresholds and
concepts for conducting the supporting Human
Factors Program.

Acquisition Strategy Paper (ASP). The ASP
defines the overal strategy by which an
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TIMING

acquisition program will be implemented and
outlines the strategy and objectives for the
supporting Human Factors Program.

Integrated Program Plan (IPP). The IPP
describes the detailed planning for all aspects
of the program implementation and specifies
the Human Factors Program tasks, activities,
controls, responsibilities, and schedule.

The MNS is prepared in the Mission Analysis
phase. JRC approva of the MNS initiates
entry into the Investment Analysis phase. The
MNS isrevalidated at the Investment Decision.
Incorporation of major human resource and
performance considerations provides abasis for
addressing constraints related to the human
component of the required capability.

The RD is prepared early in the Investment
Analysis phase and is approved and baselined
a the Investment Decision. It is at this point
that detailed consideration of human-system
interfaces and human performance
requirements, characteristics, and criteria are
initiated.

The IAR is prepared during the Investment
Analysis phase as the primary decision
document a the Investment Decision.
Identifying the human resource and
performance trade-offs at this point provides
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“HOW TO”

insight into their impact on the operationa
suitability and operational effectiveness in
guantifiable cost and benefit terms.

The APB is basdlined at the Investment
Decision. Identifying the human-system
performance thresholds and concepts for
conducting the supporting human factors
program in the APB establishes a reference
point for al future human factors trade-offs in
operational  suitability and  operational
effectiveness.

The ASP is prepared early in the Solution
Implementation phase and must be approved
before release of a forma solicitation or
Screening  Information  Request  (SIR).
Providing a human factors strategy in the ASP
helps ensure that the solicitation addresses
critical human factors contractor services.

The IPP is prepared early in the Solution
Implementation phase and must be approved
before release of a formal solicitation or SIR.
The human factors portion of the IPP provides
an early and clear definition of the work to be
conducted under the human factors program.

There is a strong link between the acquisition
documentation and the planning, management,
and execution of the system acquisition
program. The acquisition documentation defines

2-4
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Mission Need
Statement

the performance requirements and capabilities
the system is to meet, the approach to be taken,
and the specific tasks and activities that must be
performed during system design, development,
and implementation.

Similarly, the human factors inputs to the
acquisition documentation accomplish the same
result regarding the Human Factors Program.
Human  factors inputs define  human
performance requirements and criteria, identify
human performance and resource trade-offs,
specify human performance thresholds, establish
an approach to ensure human performance
supports system performance, and define the
specific tasks and activities to be conducted.

Without such input, the capabilities and
limitations of the designated operators and
maintainers will not adequately influence the
design, and may result in lower levels of
operational suitability and effectiveness.

Using the results from the mission analysis,
human factors inputs to the MNS identify the
human performance constraints and issues that
need to be addressed or resolved. This
infformation may come from operations and
maintenance concepts, Smilar systems or
components, and other documents which may
provide insights into the effects of human factors
constraints and limitations on system performance.
Since most acquisitions are evolutionary,
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important human factors information can be
obtained from predecessor systems or their
component subsystems.

Analyses and trade-off studies may be required to
determine the effects of constraints and issues on
system performance. The existing literature and
lessons |earned data bases should be reviewed.

Requirements The initial RD contains generic performance and

Document supportability requirements that do not prescribe a
specific solution. The RD defines the essentia
performance capabilities and characteristics,
including those of the human component.

Human factors inputs to the RD identify
requirements for human performance factors that
impact system design. Broad cognitive, physical,
and sensory requirements for the operator,
maintainer, and support personnel that contribute
to or constrain total system performance are
established.

Any safety, health hazards, or critical errors that
reduce job performance or system effectiveness
should be defined. The saffing and training
concepts to include requirements for training
devices, embedded training, and training logistics

should also be described.
I nvestment Human factors inputs to the IAR address, for each
Analysis dternative being evaluated, the full range of
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Report human performance and interfaces (e.g., cognitive,
organizational,  physical, functional, and
environmental) necessary to achieve an acceptable
level of performance for operating, maintaining,
and supporting the system.

The analysis should provide information on what
Is known and unknown about human performance
risks in meeting minimum system performance
requirements.

Human factors areas of interest relevant to the
investment analysisinclude:

Human performance (e.g., human capabilities
and limitations, workload, function allocation,
hardware and software design, decision aids,
environmental  constraints, team  versus
individual performance).

Training (e.g., length of training, training
effectiveness, retraining, training devices and
facilities, embedded training).

Staffing  (e.g., dsaffing levels, team
composition, organizational structure).

Personnel selection (e.g., aptitudes, minimum
skill levels, special skills, experience levels).

Safety and hedth hazards (e.g., hazardous
materials or conditions, system or equipment
safety design, operational or procedura
constraints, biomedical influences, protective
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eguipment, required warnings and alarms).

Acquidgition The APB is established at the Investment Decision
Program and reflects the solution selected by the JRC for
Baseline implementation. Based on the solution selected,

human factors inputs to the APB are those human
performance requirements necessary to achieve
the required level of system performance. These
inputs are derived from those indentified in the
Requirements Document and reflect a refinement
that provides increased definition, greater
granularity, and more specificity of relevant
human-system  performance  characteristics.
Congtraints, limitations, and unique or specialized
training requirements, staffing levels, or personnel
skill requirements should be identified.

To the degree possible, the required level of
human performance should be based upon
practical measures of operationa effectiveness and
suitability and should be stated in quantifiable
terms (e.g., time to complete a given task, level of
accuracy required, number of tracks to be

processed per unit time).
Acquisition The ASP presents the Integrated Product Team’s
Strategy strategy for the technical, management, and
Paper procurement approach that will be used to execute

the program. Each of the individual strategies, to
include human factors, is planned in greater detail
inthe IPP.

2-8
Chief Scientific and Technical Advisor
for Human Factors
December 9, 1996
Human Factors Course





Chapter 2-Develop Human Factors Inputs for Acquisition Documentation

Human factors input to the ASP is the strategy to
be employed to ensure that the system being
acquired is well-designed and appropriate for the
workforce that will operate and maintain it. This
strategy should be consistent with the nature, size,
and complexity of the system.

The strategy should define how the level of human
performance necessary to meet the required
system performance will be assured. Additionally,
the strategy should describe how the system
design will be influenced by the capabilities and
limitations of the operators, maintainers, and
support personnel.

Integrated Building upon the content of the ASP, human

Program Plan factors inputs to the IPP should be a detailed
listing of the specific human factors tasks and
activities that must be planned and executed to
support the acquisition system design and
development. This listing should include those
tasks and activities to be performed by the
government as well as by the contractor. The
human factors tasks and activities should be
consistent with the nature, size, and complexity of
the system being acquired.

The tasks and activities should ensure that the
system design:

Is influenced by the capabilities and limitations
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of the designated operators, maintainers, and
support personnel.

Provides the required level of human
performance necessary to support the overal
system performance objectives  and
requirements.

Addresses human resource constraints as well
as unique or specialized training requirements,
staffing levels, or personnel skills.

The scheduling of the human factors tasks and
activities should be integrated with system
engineering, test and evaluation, and key program
milestones to ensure that the output products are
avallable in a timely manner to support and
influence the system design and development.

CHECKLIST - Was the human element fully addressed in the
QUESTIONS mission analysis?

Does the Mission Need Statement input
describe the human performance limitations
associated with the capability shortfall or
human performance enhancements associated
with the new technology opportunity?

Is the human considered part of the total
system in addressing the proposed alternatives
in the Mission Need Statement?
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Does the Requirements Document input
ensure that the human is considered as part of
the total system when addressing the required
capabilities and system performance?

Do operations and maintenance concepts in
the Requirements Document adequately
describe the role of the operators, maintainers,
and support personnel?

Does the Investment Analysis Report input
address the human factors cost and benefits in
terms of staffing, training, skills, safety,
health, and human-system performance and
interfaces for each alternative being
considered?

Does the Acquisition Program Baseline input
identify the level of human performance and
resources (e.g., personnel, training) necessary
to meet the system performance requirements
for the selected solution?

Does the Acquisition Strategy Paper input
describe a human factors strategy to be
employed to ensure the system is well-
designed and appropriate for the workforce that
will operate and maintain it?

Does the Integrated Program Plan input
identify the specific human factors tasks and
activities that must be planned and executed to
support the system design and development?
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Are the human factors tasks and activities
scheduled such that output products will be
available in atimely manner?

Are the human factors inputs consistent with
the nature, size, and complexity of the system
being acquired?

Have constraints, limitations, and unique or
gpecialized training requirements, staffing
levels, or personnel skill requirements been
addressed?
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Chapter 3  Develop the Human
Factors Program

PURPOSE This chapter defines the overarching strategy for
the conduct of a human factors effort in support of
acquisition programs. The Human Factors
Program establishes the approach for applying
human factors engineering to the system being
acquired to increase total system performance and
reduce developmental and lifecycle costs
(especialy in the areas of staffing, personnel,
operations and training). The Human Factors
Program focuses on the human performance
produced when the system is operated and
maintained in an operational environment by
members of the intended target population.

TIMING The Human Factors Program is initiated early in
the Investment Analysis phase of the system
acquisition process and is refined during each
subsequent acquisition phase, as required.

“HOW TO” Establishing a Human Factors Program for agiven
system acquisition requires focusing on the tasks
the humans (operators, maintainers, and support
personnel) will perform on the system, and the
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Step 1:
Designatea
Human
Factors
Coordinator

program activities that must be undertaken during
the acquisition to alow early identification and
resolution of human performance issues. The
figure below illustrates the steps to be taken in
developing the Human Factors Program.

DEVELOPING THE HUMAN

STEP 1
Designate Human
/ Factors Coordinator
STEP 2 STEP 3
ID Operation & Describe the

Maintenance Concepts User

STEP 5
ID Human
Factors Issues

STEP 7 STEP 8
Devise HF Tailor and
Program Strategy Refine Program

STEP 6
Describe HF
Program Tasks

The Integrated Product Team (IPT) will designate
a Human Factors Coordinator (HFC) to coordinate
the Human Factors Program. The Human Factors
Coordinator will develop, direct, and monitor the
Human Factors Program and its activities for the
system acquisition.

The Human Factors Coordinator role in IPT
activitiesisto perform, direct, or assist in:
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Defining human factors impacts and
constraints during mission analysis, investment
analysis, and requirements determination

| dentifying human-system interfaces for market
surveys, trade-off analyses, and prototypes

Preparing and updating human factors portions
of acquisition documents, procurement
packages, performance measures and criteria,
and data collection efforts

Developing and anayzing  operational
scenarios and human-system modeling (with
human-in-the-loop)  for  operators  and
maintainers

Reviewing and assessing human factors
concepts and designs

Coordinating human factors efforts and
working group activities

Coordinating human factors with other
disciplines

The HFC may establish and char a Human
Factors Working Group (HFWG). Initid HFC
duties will involve submitting a recommended
HFWG membership list and a HFWG charter to
the IPT for approval. (Note: A sample HFWG
charter isincluded at the end of this chapter). The
HFC will ensure that human factors issues are
identified and addressed for the system acquisition
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and that the human factors strategy is formulated
and applied.

The scope of work and composition of the HFWG
should be tailored to the needs of the system being
acquired. Possible members of the HFWG are
shown in the following figure. After the contract is
awarded, the IPT may elect to appoint the
contractor’'s Human Factors Engineer as deputy
chair of the HFWG.

HUMAN FACTORS
WORKING GROUP

Human Factors Coordinator
(Chair)

Step 2: The concept(s) for how the system will be
[ dentify employed and maintained drives operator and
System maintainer tasks. Performance standards for these
Operation tasks will define the staffing and training
and requirements. Additional information included
M aintenance here should address the human performance
Concepts impacts related to:
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Numbers of systems and configurations to be
purchased

Location, physica environment, and work
Space

Operational conditions and limitations for the
system

Operational scenarios, training, and procedures

M aintenance approach and procedures.

Step 3: Develop a profile of the people who will operate,
Describethe maintain, and support the system. This is often
Operators called a target population description. These are
and the people for whom the system should be
Maintainers designed. Characteristics used to describe this

population include numbers of people available,
skills, organizational structure, location, training
history, aptitudes, and anthropometric data.

Step 4 The human factors effort should focus on the tasks
| dentify generated where the human and the system
Operator and hardware and software interface. The functions
M aintainer that the system will perform should be identified
Tasks aong with the human interfaces associated with

those system functions. Generdly, the

predecessor system is a good source for these
interfaces and tasks. The predecessor system may
also serve as a source of information on those
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tasks that require additional staffing, skills, or
training to perform. These are commonly referred
to as high driver tasks. The Human Factors
Program should address acquiring and applying
infformation to system design to mitigate the
impact of these high driver tasks on the new
system.

As the system evolves, operations and
maintenance tasks should be stated in operational
terms of time and accuracy of task performance.

Measures of effectiveness or performance should
be devised to verify the system's overal
operational performance.

Step 5: The preceding steps have defined what people
| dentify must do under what conditions. In this step, the
Human potential risks or enhancements to system and
Factors human performance that pertain to the operational
Program and maintenance tasks of the system being
| ssues acquired should be identified. Constraints and

limitations on human resources should be
addressed. Some examples of issues are:

Will the new system require additiona
staffing?

Will the new system require new skills to
operate and maintain the system that do not
currently exist in the work force?

Will the system require the work force to
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Step 6:
Describe
Human
Factors
Program
Tasks,
Activities, and
Objectives

conduct training different from that currently
mandated?

Will the target population user be able to vector
XXX number of aircraft within yyy time for
periods of up to zzz hours with no errors in
maintaining separation?

The identification of issues should include:
A full description of theissue
The problem or risk associated with the issue
The consequence(s) of not resolving the issue
Steps to be taken to resolve the issue

Status of the corrective action(s)

Given the number and nature of the issues to be
resolved, the HFC identifies the maor human
factors objectives and what tasks and activities
must be accomplished to address the issues and to
execute the Human Factors Program. The Human
Factors Program tasks and activities constitute the
essential elements of a plan for the execution of
the human factors effort. Some examples of
human factors tasks and activities include:

Studies and analyses to describe and develop
the human and system performance baselines.

Schedule for coordination and integration
activities (such as meetings of the HFWG and
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analyses to be conducted).

Prototype development efforts to define and
refine  the statement of the system
requirements.

Activities supporting human factors in test and
evaluation.

Points during the acquisition process at which
Human Factors Program progress will be

assessed and refined.
Step 7: The approach taken to achieve the Human Factors
Devisea Program objectives will vary with the size, cost,
Human and complexity of the system being acquired.
Factors Different  strategies are  appropriate  for
Program nondevelopmental items (NDI) and commercial-
Strategy off-the-shelf (COTS) acquisitions as compared to

full developmental efforts. Some systems may
need more or different human factors support
when focused on requirements definition than on
influencing the design during the system
engineering process. To accommodate both the
number and type of skills needed to support the
program during its lifecycle, an overal strategy to
acquire the necessary human factors support must
be devised.

Consideration should aso be given to such
concerns as:

The level of support to be rendered by the

3-8
Chief Scientific and Technical Advisor
for Human Factors
December 9, 1996
Human Factors Course





Chapter 3-Develop the Human Factors Program

Step 8:
Tailor and
Iteratethe
Human
Factors
Program

government versus the contractor

The equipment, data sources, and facilities
needed

The funding and other resources required

The schedule for human factors tasks and
activities

The relationship with  other  program
developments and requirements.

Because each system acquisition program is
unique in its pace, cost, size, complexity, and
human interfaces, the Human Factors Program
should be tailored to meet program demands. As
the system progresses through the lifecycle phases
of the acquisition process, changeswill occur. The
Human Factors Program must be structured and
maintained to change iteratively with the system.
To ad in the management of the Human Factors
Program, the HFWG may prepare a management
approach document. A recommended format and
content for such a document is shown in the
following table.
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HFWG MANAGEMENT DOCUMENT CONTENT AND FORMAT

Headings

Content

Background Program Summary

Brief description of the program
Concept of operation and maintenance

Program Schedule

Overview of system acquisition schedule

Target Population

(Appendix if data are lengthy)

I dentify the operator and maintainer
Demographics

Biographical data

Previous training

Aptitudes

Task-related experience
Anthropometric data

Physical qualifications
Organizational relationships

Work space requirements

Guidance

Summarize any guidance received

Constraints

State if additional staffing is required by the new system
State whether an existing job series will be used or a new
one created

Post limits on the amount of time that can be afforded for
training

Establish standards on the working conditions that will be
acceptable when the new systemis fielded

Limitations imposed by maintenance policy
Requirements as aresult of union agreements

I ssues and
Enhancements

Issue Description

Describe the issue or problem background, importance,
and consequences or task to be done to support the
acquisition

Objectives

Identify Human Factors Program objectives

Provide performance measures and criteriain terms of
time and accuracy to perform tasks to evaluate resolution
of issue

When human performance thresholds are known, identify
tasks for the developer to be done early enough in the
acquisition to influence requirements and system
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engineering
Identify the actions to be taken to resolve each issue
Show the current status of each issue

Actions

I dentify actions to be taken to resolve issues
Show current status of each action

Activities

Activity Description

Identify any tasks, studies, or analyses that must be
performed to resolve the issues (e.g., Human Factors
Program Plan per MIL-HDBK-46855, Functional
Analysisto support equipment vs. people allocation of
functions, Task Analysis to produce a specific operator
and maintainer task list)

Activity Schedule

By acquisition phase, describe the human factors tasksin
terms of who, what, when, and how (resources)

Identify feeds to and dependencies on ILS, training, and
test and evaluation programs

Strategy

Goals and Requirements

Strategy should be derived from the major concerns,
issues, schedule, tasks, guidance, constraints, objectives,
and approach for the Human Factors Program

Answer the question, "What objectives does the
government wish to achieve?'

Answer the question, "How will the government
accomplish these objectives?"

Approach

Define who will be responsible for the Human Factors
Program

Set out the extent of contractor support required
Define how human factors resources will be organized
and managed to support the system acquisition

References

Identify relevant references needed for afull
understanding of the Human Factors Program (Use
appendix if appropriate.)

Review

Review

I dentify administrative handling procedures
I dentify update schedule and procedure
Identify review procedures

CHECKLIST
QUESTIONS

Has a Human Factors Coordinator (HFC) been
appointed by the IPT?
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Does the HFC have the appropriate human
factors expertise and training?

Does the Human Factors Working Group
(HFWG) membership represent each activity
having significant human factors interest in the
system?

Hasthe IPT approved the HFWG Charter?

Have operation and maintenance concepts been
adequately identified?

Has the operator and maintainer target
popul ation been adequately described?

Have the performance parameters of operator
and maintainer tasks been adequately
identified?

Is there an adequate procedure for all
significant unresolved human factors issues to
be brought to the |PT’ s attention?

Have al appropriate human factors tasks,
activities, and objectives been identified and
resourced?

Has a strategy for the Human Factors Program
been developed that is consistent with the size,

3-12
Chief Scientific and Technical Advisor
for Human Factors
December 9, 1996
Human Factors Course





Chapter 3-Develop the Human Factors Program

cost, and complexity of the system being
acquired?

Are procedures established for revising the
Human Factors Program when necessary?
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SAMPLE HUMAN FACTORSWORKING GROUP CHARTER

1. INTRODUCTION: This charter establishes the System X Human
Factors Working Group and prescribes its responsibilities and operating
procedures. The System X HFWG will contribute to the total system
performance of System X by ensuring that all relevant information
concerning human factors is continuoudly integrated into the System X
development and acquisition process. The HFWG will provide the
comprehensive management and technical effort necessary to achieve afully
effective Human Factors Program.

2. PURPOSE: The purpose of the System X HFWG is to assure that al
human factors issues and concerns are identified and successfully addressed
during the course of system development.

3. RESPONSIBILITIES: The System X HFWG will:

a Assist in integrating the human factors effort with the system
engineering effort,

b. Coordinate the development, review and execution of the System X
Human Factors Program,

c. Provide a forum for direct communications between members to
identify and address human factors requirements, objectives, concerns
and issues,

d. ldentify needed human factors tasks and activities and review the
results thereof,

e. Review contract deliverables for human factorsimplications,

f. Provide recommendations to the Integrated Product Team and user
representative(s) concerning human and system performance,

g. Ensure unresolved issues are surfaced to appropriate decision makers
and propose the action to be taken to resolve those issues,
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h. Maintain an audit trail of human factors activities and decisions,
I.  Coordinate with appropriate human factors-related entities.

4. PROCEDURES:. Meetings of the HFWG will be held at the times and
frequencies deemed appropriate by the Chair. The Chair will provide for the
recording and distribution of minutes of all meetings. Each member will be
notified of the time, place and agenda for each meeting, normally not less
that ten working days prior to the meeting. Members will be responsible for
ensuring their own and supplemental representation (approved by the Chair)
as may be required by the agenda. An Action Item log with suspense dates
will be maintained by the Chair with responsibility for each action being
assigned on the basis of functional areas and expertise. Each action item will
be reviewed and the status updated a every HFWG meeting.
Subcommittees, if required, will be established by the Chair.

5. MEMBERSHIP: The representatives to the HFWG will include those
personnel so designated by the member agencies. The organization of the
HFWG will include:

a. Chair. The IPT Human Factors Coordinator will serve as the Chair.
The IPT may designate the contractor's Human Factors
Representative to serve as Deputy Chair.

b. Members. Primary or alternate representatives will be present at each
HFWG meeting. The designated member from each organizational
element will be the spokesperson for that organization. Non-member
activities that have human factors responsibilities or interests may be
invited to attend meetings. HFWG membership islisted by agency or
activity in the enclosure (list membership by specific agency or
activity with address and phone numbers, etc.).
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Chapter 4 Formulate Human
Factorsin System
Specifications

PURPOSE This chapter focuses on incorporating human
performance in the system specifications. For
human performance to effectively influence the
system design, system specifications must
accommodate the following essential ingredients
for al users:

Staffing constraints must be stated
System operator and maintainer (user) skills

Training time available and cost limitations for
formal, informal, and on-thejob skill
development

Acceptable levels of human and system
performance when operated and maintained by
members of the target population

The following figure describes the process of
integrating human factors in the specifications
of the system to be acquired.
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HUMAN FACTORS IN
SYSTEM CONCEPTS
Human Factors Svstem Concepts Trade-off
Considerations Analysis
Staffing Function Doesanaysis
Limitations Allocations show that operators/
maintainersin area
environment
User HW & SW and with
Skills Concepts and proposed training
Design | can MEET THE
Trainin - | SPECIFIED SYSTEM
: g Ops, Maint. PERFORMANCE?
Constraints .
& Training
Concepts
Performance
Standards Org.
Concepts NO?
1 Modify System
Concept =—

By identifying and defining human resource and
human performance considerations, inputs are
provided to the development of system concepts
for functional allocation, hardware and software,
operations and training, and organizational
structure. Through the process of assessing
these concepts and the related human resource
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and human performance trade-offs of various
alternatives, the system concepts (e.g., for
requirements, design, and implementation)
iteratively evolve. This process applies equally
to developmenta and to NDI or COTS
acquisitions.

The purpose of this process is to place these
essential ingredients into the system specifications
so that human performance capabilities and
limitations will be incorporated in the system
acquisition in acontractually binding manner.

TIMING Human performance considerations are embed ded
into the system by incorporating human factors as
requirements in the system specifications. This is
initiated during the Investment Analysis phase and
continues through Solution Implementation.

SYSTEM From a human performance perspective, the

SPECIFICATIONS system specification will have the most significant
impact on system design. It states the technical
and mission requirements for a system as an entity,
alocates requirements to functiona areas,
documents design constraints, and defines the
Interfaces between or among the functional areas.

“HOW TO” To achieve the design objective in a manner that
results in a safe, efficient, usable system for the
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lowest possible expenditure of resources, the
human performance constraints and requirements
need to be placed into the system specification in
Sections 2, 3, and 4 of the specification.

Step 1. Many of the human performance constraints and
Provide Human requirements will have already been identified.
Factors|nputs Results of investment analysis and available
to Specification acquisition  documentation such as the
Section 3 - Requirements Document, Acquisition Program
Requirements Baseline, and Integrated Program Plan should be

reviewed to identify the functions and
performance requirements that include a human
component of the new system. The Integrated
Product Team trandates requirements into a
system specification that will drive vendor
selection and development in  subsequent
acquisition phases.

Section 3 provides the heart of the specification
and contains the essentia requirements and
descriptions that apply to the performance, design,
and personnel subsystems impacts of the system.
It indicates the minimum requirements that the
system must meet to be acceptable.

Human factors inputs to this section should
address the following issues:

Performance characteristics - Ensure that all
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operator and maintainer critical functions and
tasks have been identified. Specify operator
and maintainer performance standards and
criteria to be used in assessing system
performance.

Physical characteristics - Specify such
requirements as weight, size, portability,
work space and environment, and access
provisions.

User interface - Specify criteria for display
design and command language in clear and
testable terms. Interface requirements should
be based upon documentation and lessons
learned.

Human engineering - Specify human
engineering tasks and activities for the
system and include applicable documents by
reference. Specify constraints on allocation
of functions to people. Include those areas
that address high risks, critical tasks, and
priority issues. Specify hardware and
software to be designed in accordance with
accepted human engineering practices.

Safety - Address health and safety issues to
minimize the risk to operators and
maintainers of mechanical, chemical,
radiological, electrical, or environmental
hazards.

Staffing and training - ldentify constraints,
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limitations, and unique or specialized staffing
levels, training requirements, and user skill
requirements.

Step 2: This section contains the analyses, inspections,
Provide Human demonstrations, tests, and evauations that the
Factors|nputs contractor is required to conduct and document to
to Specification show that the requirements stated in Section 3
Section 4 - have been met.

Quality

Assurance Human factors inputs to this section should focus
Provisons on human performance testing and data collection

to ensure that the achieved level of human
performance will meet system performance
objectives and requirements. The goa is to be
able to measure operator and maintainer
performance of specified critical tasks in terms of
time and accuracy and not merely rely on
observations. Measures of performance may need
to be specified.

A traceability matrix should be prepared to ensure
that the human factors requirements stated in
Section 3 are tested for compliance, and that all
human performance testing that is conducted is
traced back to arequirement.

The requisite skills and training levels of the user
should be specified and verified. In addition to
collecting system performance data on functions
and tasks, the contractor may be required to
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conduct interviews or administer surveys to opera-
tors and maintainers and relate their responses to
their measured performance.

Step 3: Section 2 is alisting of those documents that have
Provide Human been referenced in other sections of the
FactorsInputs specification. Any document that is mentioned in
to Specification the specification should be listed in Section 2.
Section 2 - Similarly, any document that is listed in Section 2
Applicable should be mentioned in another part of the
Documents specification.

CHECKLIST - Has the Human Factors Working Group had
QUESTIONS the opportunity to review and comment on the

system specification?

Have potential operators, maintainers, and
support personnel been identified?

Have human performance requirements been
identified?

Have human capabilities and limitations been
considered in developing total system
performance requirements?

Have human performance characteristics,
physical characteristics, human engineering,
safety, staffing and training requirements been
specified?

Has human performance data collection and
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testing been identified to verify compliance
with human factors requirements?

Have measures of performance been
identified to quantify human performance?

Have human factors documents referenced in
the specification been included in the
Applicable Documents section?
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Chapter 5 Generate Human Factors
Requirementsin the
Statement of Work

PURPOSE This chapter describes the process to generate
human factors requirements in Statements of Work
(SOWSs), which include contract data requirements
lists (CDRLS) and data item descriptions (DIDs)
for FAA system acquisitions. This chapter
includes human factors-related DIDs.

In simple terms, the SOW sates the work the
Government wants the contractor to perform, the
CDRL gpecifies the data to be provided to the
Government for a specific contract, and the DID
specifies the format and content of the data to be
submitted to the Government.

The objective of the human factors effort is to
integrate all elements of the system involving
human performance and safety, and to influence
system design so as to optimize total system
effectiveness. The objective of this human factors
task is to trandate these human performance
design and integration activities to the contractor
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as clear, unambiguous requirements in a
contractually binding way. Human factors
contractual requirements, through the SOW,
CDRLs, and DIDs, are the critica elements to
achieve design and development conformance.

TIMING Human factors requirements should be included in
all SOWs and contracts during the development of
concepts and alternatives, the develop ment of
prototypes and first items, low-rate initia
production, and full production.

“HOW TO”

HUMAN A good SOW starts with an understanding of what
FACTORS the government wants the contractor to do. The
IN ) : .

STATEMENTS startl.ng point fpr dgterrpl ning humgn fac.tors
OF WORK requirements for inclusion in the SOW is areview

of human factors requirements in the
Requirements Document, Acquisition Program
Baseline, and the Integrated Program Plan to
identify human factors issues that must be
resolved, and tasks and analyses that must be
conducted by the contractor to ensure that human
performance goals are met.

Essential human factors e ements that must be
addressed by the requirements in the SOW
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include;

Limits to the skill level and characteristics of
operator, maintainer, and support personnel

M aximum acceptable training burden

Minimum acceptable performance of critical
tasks

Acceptable staffing limits
System safety and health hazards

The contractor’s response to these requirements
will result in a comprehensive human factors
program for the system which management and
anaysis of human engineering and ergonomics,
staffing and personnel requirements, training
programs, system safety considerations, and health
hazards.

The contractor’s human factors effort also should
be coordinated with system engineering, quality
assurance, integrated logistic support, and test and
evaluation activities to achieve an integrated
overall effort without duplication.

An adequately staffed human factors effort must
be an integral part of the hardware and software
anaysis, design, development, and test process.
The contractor's human factors effort must be
planned and executed to meet the objectives,
characteristics and constraints set forth in the
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Statement of Work and in the System Specifica-
tion. The contractor’'s program must demonstrate
how it effectively integrates human factors with
their design and devel opment process.

The scope and level of effort to be applied to the
various human factors tasks and activities must be
tailored to suit the type of system being acquired
and the acquisition phase. The SOW should
describe the specific task or activity required and
the associated data deliverable. Human factors
reviews and demonstrations should be planned and
conducted to coordinate and verify that
requirements are being met. The contractor should
convincingly indicate how human perform ance
data will influence system lifecycle design and
support.

Human factors inputs are generally made to the
following sections of the SOW.

Section 1 - Scope

Section 2 - Applicable Documents

Section 3 - Requirements

Section 4 - Quality Assurance Provisions

Step 1 This section provides a brief statement of what the
Provide Human SOW does and does not cover.

Factors|nputsto

SOW Section 1 - Background information may be given but should
Scope be limited to what is needed to acquaint the offeror
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with the basic acquisition requirement. In view of
the fact that human performance is a key
component of total system performance, it is aso
appropriate to include a short description on
human-system interfaces.

Step 2: The specific work to be performed under the
Provide Human contract is given in Section 3 of the SOW. The
Factors|nputsto tasks must be written so that the Government and
SOW Section 3 - the offeror can estimate the probable cost of doing
Requirements the work. The offeror will need to be able to

estimate the necessary expertise, labor, and other
resources from the tasks. The requirements need
to be written such that there is a clear
understanding of the tasks and there is no question
of an obligation to perform. Only minimum
performance requirements and capabilities should
be cited. Desired capabilities should be clearly
identified as such.

Genera information should be separated from
directions to the contractor. Thisisto help ensure
that background information and suggested
procedures are clearly distinguishable from

contractor responsibilities. Human factors
objectives to consider in developing requirements
are:

Human engineering - Develop or improve the
human-system interface; achieve required level
of human performance during system operation
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and maintenance; and make economical
demands upon human resources, skills, and
training.

Staffing and personnel - Estimate and evaluate
the staffing implications of alternative system
concepts in terms of total numbers of personnel
required, job classification, skill levels, and
experience required.  Additionally, conduct
evaluations and trade-offs between design,
operations, and training.

Training - ldentify critical and “high driver”
tasks and develop the training courses, devices
and aids that will enhance the human
performance of mental and physical human-
system interfaces within the training
constraints identified. Determine optimum
solutions for attaining and maintaining the
required proficiency of operating and support
staff.

System safety and health hazards - Define and
address the potential for harm or injury to
operators, maintainers, and customers induced
by hardware and software design. Provide
methods for elimination of these deficiencies.
Identify inherent, expected, and potentia
hazards based on the system concept and
eliminate, preclude, or aleviate these hazards
to atolerablelevel.

Step 3: This section contains the analyses, inspections,
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Provide Human demongtrations, tests, and evaluations that the
Factors|nputsto contractor is required to conduct and document to
SOW Section 4 - show that the requirements stated in Section 3
Quality Assurance have been met.

Provisions

Human factors inputs to this section should focus
on human performance testing and data collection
to ensure that the achieved level of human
performance will meet system performance
objectives and requirements. The goa is to be
able to measure operator and maintainer
performance of specified critical tasks in terms of
time and accuracy and not merely rely on
observations. Measures of performance may need
to be specified.

A traceability matrix should be prepared to ensure
that the human factors requirements stated in
Section 3 are tested for compliance, and that all
human performance testing that is conducted is
traced back to arequirement.

The requisite skills and training levels of the user
should be specified and verified. The contrac tor
may be required to conduct interviews or
administer surveys or questionnaires to operators
and maintainers and relate their responses to their
measured performance.

Step 4 Section 2 is alisting of those documents that have
Provide Human been referenced in other sections of the SOW. Any
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Factors|nputsto document that is mentioned in the SOW should be

SOW Section 2 - listed in Section 2. Similarly, any document that is
Applicable listed in Section 2 should be mentioned in another
Documents part of the SOW.

HUMAN A DID describes the format and content of the
FACTORSIN data that is to be provided to the Government as
DATAITEM required by the SOW and CRDL. While not the
DESCRIPTIONS only means of transmitting this information to the

contractor, aDID is used to standardize the format
and content for a given data item. This ensures
consistency across contracts and between
contractors.

For data to be produced and delivered, the
description of the work effort necessary to produce
the data must be in the SOW; the description,
definitions, format and content of the data product
must be provided on a DID; and the DID must be
listed on the CDRL to provide delivery and other
instructions.

A lising of human factorsrelated DIDs is
provided in the following table. Each DID listed
on the CDRL is a separate contract lineitem. The
DID should be tailored to require only those items
that are pertinent to the system being acquired, and
what is necessary to allow the human factors
engineer sufficient information to assess the
quality and suitability of the contractor’'s human
factors effort. DIDs can only be talored
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downward; items cannot be added.

The Human Factors Coordinator should prepared a
list of human factors-related DIDs applicable to
the system being acquired and provide them to the
Integrated Product Team (IPT) for inclusion in the

SOW.
HUMAN The purpose of the CDRL is to describe all of the
FACTORSIN items that are required to be delivered under the
ggTNZ RACT terms of the contract. The CDRL identifiesfor the

REQUIREMENTS offeror what reports, anayses, and other

LISTS deliverable data the contractor is required to
submit concerning tasks specified in the SOW.
The CDRL provides information regarding the
time frame for initial and subsequent submissions,
the number of copies required, and the
distribution. If required data are not listed on the
CDRL, the contractor is not obligated to provide it
to the Government.

The Human Factors Coordinator should review the
CDRL to ensure the proper timing of submission
of the data and that the appropriate distribution is
indicated. The Human Factors Coordinator should
recommend approval or reection of the delivered
product to the IPT.
HUMAN FACTORSRELATED DATA ITEM
DESCRIPTIONS
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Chapter 5-Generate Human Factors Requirements in the Satement of Work

HUMAN FACTORSENGINEERING

DI-HFAC-80740A  Human Engineering Program Plan

DI-HFAC-80741A  Human Engineering Progress Report

DI-HFAC-80742A  Human Engineering Dynamic Simulation Plan

DI-HFAC-80743A  Human Engineering Test Plan

DI-HFAC-80744A  Human Engineering Test Report

DI-HFAC-80745A  Human Engineering System Analysis Report

DI-HFAC-80746A  Human Engineering Design A pproach Document
Operator

DI-HFAC-80747A  Human Engineering Design A pproach Document
Maintainer

DI-HFAC-81399 Critical Task Anaysis Report

MANPOWER

DI-ILSS-80114 Logistic Support Analysis Record (LSAR) Data
DI-ILSS-81078 Mission, Collective, Individual, and Occupational

Training Task Analysis Report

PERSONNEL

DI-HFAC-80744A  Human Engineering Test Report

DI-ILSS-81078 Mission, Collective, Individual, and Occupational
Training Task Analysis Report

DI-ILSS-81079 Personnel Performance Profile Tables

DI-ILSS-81153A LSA-019, Task Analysis Summary

DI-ILSS-81173 L ogistic Support Analysis Record (LSAR) Data Table
Exchange/Delivery

TRAINING

DI-ILSS-80047 Training Course Standards

5-10
Chief Scientific and Technical Advisor
for Human Factors
December 9, 1996
Human Factors Course





Chapter 5-Generate Human Factors Requirements in the Statement of Work

DI-ILSS-80143
DI-ILSS-81070
DI-ILSS-81072
DI-ILSS-81074
DI-ILSS-81075
DI-ILSS-81078

DI-ILSS-81088
DI-ILSS-81092
DI-ILSS-81095
DI-ILSS-81096
DI-ILSS-81099
DI-H-25724B

DI-H-25774B

Training Plan

Training Program Development and Management Plan

Media Selection Model Report

Training System Implementation Plan

Training Course Control Document

Mission, Collective, Individual, and Occupational
Training Task Analysis Report

Trainer System Functional Characteristics Report
Instructional Media Package

Lesson Plan

Training System Utilization Handbook

Training Information Package

Student Training Materials

Training Program Work Report

SYSTEM SAFETY/HEALTH HAZARDS

DI-H-1328A
DI-H-1329A
DI-S-1838

DI-HFAC-80938A
DI-SAFT-80100A
DI-SAFT-80101A
DI-SAFT-80102A
DI-SAFT-80103A
DI-SAFT-80104A
DI-SAFT-80105A

Accident Prevention Safety Program
Accident/Incident Report

Standard Operating Procedures for Hazardous
Materials

Noise Measurement Report (NMR)

System Safety Program Plan

System Safety Hazard Analysis Report

Safety Assessment Report

Engineering Change Proposal System Safety Report
Waiver or Deviation System Safety Report
System Safety Program Progress Report

DI-SAFT-80106A  Occupationa Health Hazard Assessment Report
DI-SAFT-81125 Hazard Assessment Test Report

CHECKLIST

QUESTIONS
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Statement Of - Are the human factors requirements consistent
Work (SOW) with the nature, complexity, and degree of
human involvement of the program?
Do the human factors requirements cite the
appropriate specifications or standards?
Have al human factorsrelated tasks and
anayses to be performed by the contractor
been identified in the SOW?

Contract Data - Has a human factor data requirement been
Requirements prepared for each human factor deliverable
List (CDRL) cited in the SOW?

Are the human factors-related organizations
included on the distribution for the delivered
product?

Have the human factors data requirements been
coordinated with other disciplines to eliminate
redundancy of data deliverables?

Is the Human Factors Coordinator responsible
for participating in the approval or rejection of
the delivered product?

Data Item - Has the DID been tailored (down only) to
Description include only the information that is necessary?
(DID) - Are the data item requirements consistent with

the nature and complexity of the program?

5-12
Chief Scientific and Technical Advisor
for Human Factors
December 9, 1996
Human Factors Course





Chapter 6 Specify Human Factors

1IN Sour ce Selections

PURPOSE

TIMING

“HOW TO”

This chapter explains the functions of the human
factors professional in source selection. These
functions include assisting in preparation of the
proposal evaluation criteria and Source Selection
Evaluation Plan and participating as a member of
the source selection evaluation team.

Human factors criteria must be developed to
support source selections conducted in Al
acquisition phases.

Since it is difficult to enforce compliance after a
contract is awarded if vendor capabilities are
inadequate, offerors must demon strate the ability
to incorporate human factors design criteria and
guidelines into their system design and
engineering before contract award. The
Government first plans the approach and then
includes human factors requirements in the
Screening Information Request (SIR), which
includes the proposal evaluation criteria. Offerors
show they understand the requirements by making
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Chapter 6-Specify Human Factors In Source Selections

human factors commitments in their proposas.
The offerors must demonstrate comprehension of
and the ability to comply with the total system
performance concept as well as their ability to
integrate human considerations into system design
and development. The human factors practitioner,
having provided input to the source selection
evudtion plan, supports the source selection
evaluation team and helps determine how well
offerors have met the human factors selection

criteria.
Step 1. The Human Factors Coordinator assists the
Provide I nput Integrated Product Team (IPT) in developing the
tothe documentation the offeror must submit and the
Screening proposal evaluation criteria The criteria must
I nformation define the quantity and quality of the effort
Request required. The human factors portion of the criteria

should contain two primary requirements.

1. Require offerors to define how they will
organize and manage their human factors
program for the system.

2. Require offerors to describe how they will
execute the technical human factors program
and integrate human factors throughout their
design and engineering efforts.

For nondevelopmental items (NDI) or
commercial-off-the-shelf (COTS) procurements,
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the hardware and/or software has aready been
developed, so the criteriawill focus on the existing
product as opposed to a product to be developed.
Human factors criteria must still be met.

The SIR (usualy in Section L) describes the
infformation an offeror must provide to the
Government against which the proposal will be
evauated. The human factors criteria (to be
included in Section L) can be stated as a separate
criterion or be embedded with other criteria such
as system engineering or training.

Table 6-1 (included at the end of this chapter) lists
some potential human factors inputs to the
proposal evaluation criteria.

Step 2: After human factors criteria have been developed
Provide | nput and are included in the proposal evaluation criteria
to the Source portion of the SIR (Section L), the Human Factors
Selection Coordinator should help the IPT develop the
Evaluation Source Selection Evaluation Plan.

Plan

The weight human factors will have in rating and
ranking the proposals must be determined. This
will vary greatly from system to system with the
greatest influence being the degree of human
involvement as part of the total system. The tota
weight is 100% and there are legitimate compet ing
interests for priority.  If human factors is
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considered a separate criterion, it is assigned a
weight as are other criteria such as management
and cost. If human factors criteria are embedded
within other criteria, it is assigned a weight as a
sub-element of the main criterion (criteria).

Regardless of the approach taken, the human
factors criteria must be visible and given sufficient
weight, consistent with the nature of the program
including the degree of human involvement,
performance risks, consequence of error, and the
like.

Finally, the human factors practitioner determines
how each human factors criterion will be
evaluated. The scoring will normally be based on
guantitative and qualitative factors. The following
figure demonstrates a conceptual breakout of
human factors elements in a Source Selection
Evaluation Plan where human factors is a separate

criterion.
Step 3: Representation of human factors expertise on
Participate on source selection evaluation team or panel(s) will
the Sour ce provide the capability to adequately assess the
Selection human factors aspects of proposals. The human
Evaluation factors representative must be techni ca_lly qqalified
Team in human factors and adequately trained in the

source selection evaluation process.
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HUMAN FACTORS
25%

v
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' 1
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MANAGEMENT

20%
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* Qudlifications
* Planning
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40% 20% 20%
« Training Requirements « System Safety ~ * Sensitivity
* Target Population Plan Analysis
« Staffing Levels « Hedlth Hazard ~ *Daa
« Training Development ~ Plan Collection
» Critical Task Impact ‘LSA
* Cognitive Load Integranon
* Dedign
Alternatives
Considerations
* Element
Integration

Minimal qualifications and training for the team
representative include knowledge of:

The overal system and its intended purpose in
the field.

The human interface required to achieve
optimum system performance.

The human performance concerns and issues
applicable to the system.

The requirements, specifications, special
instructions, ddiverables, and evaluation
criteria as set forth in the SIR as well as what
evidence is suficient to demonstrate
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CHECKLIST
QUESTIONS

Evaluation
Criteria

Sour ce Selection
Evaluation Plan

compliance with the criteria.

The procedures for rating and ranking the
proposals.

Have human performance criteria or standards
been identified for the system and quantified in
the SIR?

Does human factors (as a separate criterion or
as embedded criteria in other primary factors)
adequately represent the user performance,
risks, complexity, consequence, and exposure?

Are offerors required to develop a human
factors program management plan?

Are offerors required to demonstrate technical
competence in human factors?

Have human factors criteria been adequately
and clearly identified in the source selection
evaluation plan?

Are human factors criteria adequately weighted
for this system (considering degree of human
interface with hardware and/or software)?
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Sour ce Selection
Evaluation Teams

I's there a human factors member on the source
selection evaluation board or supporting
panel(s)?

Is the human factors member technically
qualified to evaluate human factors aspects of
the proposals?

Where human factors criteria are embedded
with other criteria, is human factors represented
in those other criteria evaluations?

Is the evaulation team adequately appraised on
the evidence necessary to demonstrate vendor
capability and compliance?
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TABLE 6-1

POTENTIAL HUMAN FACTORSINPUTSTO THE
PROPOSAL EVALUATION CRITERIA

M anagement - Adequacy of offeror’'s human factors organization,

Planning level of effort, lines of authority, visibility to top
management, and potential impact on design
decisions.

Adequacy of offeror's concept for contributing to
and helping to execute the human factors program.

Execution - Coordination of human factors activities with the
total management system and work breakdown
structure.

Coherence of offeror's plan for tracking and
reporting human factors task performance and for

assuring quality.
Technical - Quality of offeror's and subcontractor’s previous
Qualifications experience in human factors-related tasks.

Capability of offeror's personnel, including key
subcontractor personnel, to perform required human
factors tasks.
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Evaluation - Adequacy of offeror’'s methodology for validat ing
human factors requirements as part of the test and
evaluation requirementsidentified in SIR.

Adequacy of test and evaluation facilities to
perform human factors assessments and analyses.

Human Factors - Offeror’s understanding of human factors con cepts
Under standing asameans for enhancing total system performance.

Adequacy of offeror’s concept for assuring that the
system design will reflect human factors goals and
constraints.

Training - Indicates how the training developer will serve as a
resource for design ideas and for assisting the
training impact on design.

Understanding of the impact of design on training
devices and other aids.

Recognizes the impact of skill decay on
sustainment training and demonstrates capability
for reducing skill decay through cost-effective
changesin the design.

Recognizes the influence of human aptitude on
success in training and consequently, on system
performance.

Recognizes the value of positive transfer of current
skills on new training.
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Human - Staffing level and quality of offeror’s human factors
Engineering engineers, including subcontractors, available for
this system.

Adequacy of plan for functional and/or task analysis
and critical task identification to determine
appropriate task burden on humans.

Shows approach for tracking the functions,
information flow, and processing steps that the
operator must monitor.

Adequacy of plan for estimating physical and
cognitive workloads of operators and main tainers,
by group and individually, with reference to staffing
and training constraints.

Adequacy of approach for alocating functions to
the human, hardware, or software for optimum
system performance.

Addresses the design of the work environment,
including space clams and other workstation
variables, as the work environment influences
system performance.

Ensures that human engineering data collection,
testing, and evaluation plans use appropriate and
valid equipment and techniques such as mockups,
simulations, models, and prototypes.

Adequacy of plans to conduct failure analysis and
documentation of redesigns made in response to
human-system performance problems and failures.
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Staffing - Adequacy of approach to reduce staffing needs
while maintaining desired system performance.

Adequacy of plans for analyzing tradeoffs among
design options that could produce lifecycle
personnel savings and costs, informing the
Government of results and making appropriate
design changes.

Addresses the impact of varying staffing levels on
total system performance.

Human Resource |- Demonstrates an understanding of the projected

Skills operators and maintainers and the human factors
goals and constraints that are imposed by that target
population.

Ability to recognize the use of skill specialties that
present staffing difficulties or are low in density and
would be difficult to expand quickly.

Adequacy of plans for identifying the human
resource-intensive aspects of the system and
explaining how alternative designs will be pursued.

Adequacy of plans to identify and clarify personnel
workload issues during design work.

Addresses the impact of varying skill and
experience levels on total system performance.
Identifies skills that are critical to successful
mission performance and explains how these skills
relate to the capabilities of the operators,
maintainers, and supporters.
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System Safety and | - Adequacy of plans to identify potential safety
Health Hazards hazards in all environments over system lifecycle
and documentation of acceptable residual risks.

Estimates severity, frequency, and scope of
exposure of risks, incidents, and accidents.

Demonstrates a plan for tracking changes in design
and for continuoudly evaluating safety impacts.

Adequacy of plansto establish pre-defined levels of
acceptable risk and estimates the influence of these
risks on user and maintainer performance.

Demonstrates an understanding of health hazards,
including secondary impacts on staffing decisions.

Adequacy of plans to identify psychological
influences on human performance that can be
controlled favorably through system design.

Evaluates hazards in the intended operating
environments and determines priorities for control
through initial design and retrofit.

Identifies aternative technical concepts to control,
reduce, or avoid health hazard risks.

Demonstrates ability to prepare test and evaluation
plans using state-of-the-art practices, criteria,
standards, and lessons |learned data bases.

Systems - Assures integration of human and machine within a
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Integration system (for example, engineering decisions should
be made with continual reference to human
performance and system functions should be
matched to human attributes during task allocation).

Adequacy of plans to coordinate and efficiently
conduct the collection, analysis and interpretation of
human performance data.

Assures that performance of the system is
consistent with the performance and goals of larger
enclosing systems.

Shows that trade-off and sensitivity analyses are
used to evaluate design aternatives with
appropriate emphasis on human impacts.

Presents valid human performance tests of the
system in redlistic and anticipated environments
and combinations of environments.

Shows that system design and human factors
anaysis will be performed, so that problems are fed
back and eliminated early in the design phase.

Operationsand - Adequacy of offeror’s analysis of system costs and
Support Cost projectionsin relation to human factors topics.
Evaluation

Adequacy of offeror's cost tradeoff analysis in
meeting human factors-related requirements.
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Chapter 7 Integrate Human Factors
In System Engineering

PURPOSE This chapter describes the human factors
engineer’s role in system engineering. System
engineering is the trandation of operational
requirements into design, development, and
implementation concepts and requirements. The
Human Factors Coordinator assists the IPT and
contractor's system engineering effort by
integrating human factors within the acquisition
process. This is done by identifying the human
performance boundaries, risks, trade-offs, and
opportunities of the system engineering options
and alternatives.

Human engineering is applied during design,
development, and implementation of systems,
software, and facilities to effectively integrate
human resource and performance
considerations. A human engineering effort is
conducted to:

Develop or improve human interfaces of the
system,

Achieve required effectiveness of human
performance during sSystem  operation,
maintenance, and support, and
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TIMING

“HOW TO”

Make economical demands upon personnel
resources, skills, training, and costs.

Human factors in the system engineering process
Isinitiated in the Investment Analysis phase of the
acquisition process and continues through Solution
Implementation.

System engineering is an interdisciplinary
approach to evolve and verify an integrated and
lifecycle-balanced set of system product and
process solutions that satisfy customer needs.

The Human Factors Coordinator assists in the
system engineering task by contributing informa-
tion related to design enhancements, safety
features, automation impacts, human-system
performance trade-offs, ease of use, and work load.
The Human Factors Coordinator also assists in
identifying potential task overloading or skill
creep for system operators and maintainers.
Where user teams or operator juries and repre-
sentatives participate in achieving an operational
viewpoint to design, the IPT human factors
engineer complements the effort to ensure
performance data represents more than individua
preferences. Optimally, the Human Factors
Coordinator  participates fully in  system
engineering design decisions.
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While the actual design and development work
may be completed by either the government or
the contractor, the Human Factors Coordinator
supporting the IPT (in conjunction with the
Human Factors Working Group) provides
close, continuous direction throughout the
acquisition process. To accomplish this, the
Human Factors Coordinator reviews all
documentation for human performance
impacts that will affect total system
performance and exercises his or her
responsibility by participating in technical
meetings and system engineering design
reviews.

The human engineering effort includes those
tasks and activities listed in the following
tablee. The human engineer actively
participates in four maor interrelated areas of
system engineering:

Planning

Analysis

Design and Development
Test and Evaluation
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Human Factors-Related System Engineering Tasks and Activities

Prepare operationally-realistic mission profiles and mission scenarios.
Prepare functional flow block diagrams for the system.

Perform a functional analysis of each flow block and define
operational and support equipment and facilities requirements.

Prepare system and subsystem schematic block diagrams.

Study detailed functions, environment and technical design
requirements to allocate tasks to personnel, equipment, software, or
some combination thereof.

Prepare operation and maintenance timeline analyses to determine
system reaction time.

Prepare and analyze operations and maintenance workload and task
data to influence equipment and procedure design, and to determine
personnel requirements.

Identify training implications.

Conduct trade studies.

Participate in preparation of specifications for the system.

Participate in design reviews, demonstrations, and test and evaluation

activities.
Step 1: Human engineering planning is performed to
Human ensure effective and efficient support of the
Engineering system engineering effort for human performance
in Planning and human resource considerations. Human
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engineering program planning includes the human
factors tasks to be performed, human engineering
milestones, level of effort, methods to be used,
design concepts to be utilized, and the test and
evaluation program, in terms of an integrated
effort within the total project.

The human engineering planning effort specifies
the documentation requirements and assists in the
coordination with other program activities.
Government and contractor documentation
provides traceability from initially identifying
human engineering requirements during analysis
and/or system engineering, through implementing
such  requirements during design and
development, to verifying that these requirements
have been met during test and evaluation. The
efforts performed to fulfill the human engineering
requirements must be coordinated with, but not
duplicate, efforts performed by other system
engineering functions.

Step 2 To support system analysis, the functions that
Human must be performed by the system in achieving its
Engineeringin objective(s) within specified mission

System Analysis environments are analyzed for their human
factors implications and alternatives. Human
engineering principles and criteria are applied to
specify human-system performance requirements
for system operation, maintenance and support
functions and to allocate system functions to
automated operation and maintenance, manual
operation and maintenance, or some combination
thereof.  Function allocation is an iterative
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process to achieve the level of design detail
appropriate for the level of system definition.
Functional Analysis. Human factors functional
analyses are conducted to determine information
flow and processing required by the users to
accomplish the system objective(s) including the
decisions and operations to be performed.

Human roles in the system are identified and
distinguished from machine functions. Estimates
of human (vs. machine) processing capability in
terms of workload, accuracy, rate, and time delay
are prepared for each potential operator and
maintainer information processing function.
Comparable estimates of equipment capability
are also made. These estimates are used initially
in determining allocation of functions and are
refined at appropriate times for use in definition
of operator and maintainer information
requirements.

Functional Allocation. From projected operator
and maintainer performance data and known
constraints, analyses and trade-off studies are
conducted to determine which system functions
should be machine-implemented or software
controlled and which should be reserved for the
human operator and maintainer. Allocation of
functions considers the error and delay risks for
each design alternative so that designs prevent or
minimize the impact of, or sensitivity to,
situations where human decisions are made
under conditions of uncertainty, time constraints,
or workload stress. The potential and
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opportunities to influence human or equipment
capabilities through personnel selection and
training as well as through equipment and
procedure design are also considered.

Design Configuration. Human engineering
principles and criteria are applied along with al
other design requirements to identify and select
the particular equipment to be operated and
maintained by personnel. The selected design
configuration should reflect human engineering
inputs to satisfy the functional and technical
design requirements and to ensure that the
equipment will meet the applicable human
engineering design criteria.

Task Analysis. Human engineering principles
and criteria are applied to analyses of tasks and
workload. These analyses are provided as basic
information for developing preliminary manning
levels, equipment procedures, personnel skill
requirements, training needs, and communication
requirements.

A task analysis is conducted as a basis for
making design concept decisions. Time
requirements for tasks are evaluated with respect
to task duration versus time availability, task
sequencing, and task simultaneity. Task
requirements are evaluated with respect to
accuracy; precision; completeness, and the
effects of task feedback, error tolerance, and
error recovery on performance. Those tasks
identified during human engineering analyses
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Step 3:
Human
Engineeringin
Detail Design

which require critical human performance are
analyzed in greater detail.

Operator and maintainer workload analyses are
performed and compared with performance
criteria. To avoid overloading or underloading,
the degree to which demands of any task or
group of tasks tax the attention, capacities, and
capabilities of system personnel (and thus affect
performance) are also evaluated.  Sensory,
cognitive, and physiological limitations are
considered. The workoad analyses help
determine operational sequences and task times.

Human-system interface design incompatibilities
and excessive skill and physical requirements,
identified by task or workload analyses, are
corrected by changing design or restructuring
tasks to preclude degraded human performance.

During detail design, the human engineering
requirements are converted into detail
engineering design features. Design of the
equipment  should satisfy  human-system
performance requirements and meet the
applicable human engineering design criteria
The human factors engineer participates in
design reviews and engineering change proposals
for those items having a human interface.

Tests and Studies. The government and
contractor conduct experiments, tests,
simulation, and studies to resolve human
engineering problems specific to the system.
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Experiments, tests, and studies are performed in
a controlled environment with representative
users in a realistic operating environment in
order to validate design goals and system
performance objectives.

Drawing and Representations. Human

engineering principles and criteria are reflected
in the engineering drawings and computer-aided
design representations to ensure that the final
product can be effectively, efficiently, reliably,
and safely used and maintained. Design, as
reflected in such drawings, should comply with
applicable human engineering criteriaa.  The
human factors engineer reviews all layouts and
drawings having potential impact on human
performance or interface and identifies for
corrective action those designs which may
induce human error, excessive delay, or be
unsafe.

Environmental Conditions. Human engineering

principles and criteria are applied to detail design
of work environments to be used by system
personnel. Design of work environments which
affect human performance, under normal,
unusual, and emergency conditions, should
consider the following:

Acoustic noise and vibration.

Adequate space for personnel, their
movement, and their equipment.

Adequate physical, visual, and auditory
interface between personnel and their
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equipment including eye positions in relation
to display surfaces, controls, and other visual
areas.

Safe and efficient walkways, stairways,
platforms, and inclines.

Provisions to minimize physiological stresses.
Provisions to minimize physical fatigue.
Equipment handling provisions and tools.
Safe and error-proof equipment installations.

Protection from chemical, biological,
toxicological, radiological, thermal,
mechanical, electrical, and electromagnetic
hazards.

Optimum illumination commensurate with
anticipated visual tasks.

Procedures. Based upon the human performance
functions and tasks identified by human
engineering analyses, the human engineer applies
the necessary principles and criteria to the
development of procedures for operating and
maintaining the system. This effort ensures that
the human functions and tasks are organized and
sequenced for efficiency, safety, and reliability.

Software. The human engineer applies the
appropriate principles to the software design in
those systems where software determines part of
the human interface.  Software that affects
controls and displays is evaluated for the impact
on the human-system interface. Automated
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system functions requiring human monitoring or
intervention are considered as part of the
human-system interface. Multifunction controls
and displays that vary in function are also part of
the human-system interface.

Technical Documentation. Human engineering is
applied to the development of manuals, including
illustrations, to ensure thoroughness, technical
accuracy, suitable format of information
presentation, appropriate reading level, technical
sophistication required, and clarity.

Step 4: The government and contractor establish and
Human conduct a test and evaluation program that
Engineeringin addresses human factors to:

Test and

Ensure fulfillment of the applicable human

Evaluation performance requirements;

Demonstrate  conformance of  system,
equipment, and facility design to human
engineering design criteria;

Confirm compliance with system performance
requirements where human performance is a
system performance determinant;

Secure quantitative measures of system
performance which are a function of the
human interaction with equipment; and

Determine whether undesirable design or
procedural features have been introduced.

The fact that the above may occur at various
stages in system development should not
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preclude a final human engineering verification
of the complete system.

Human engineering testing is incorporated into
the system test and evaluation program and is
integrated into engineering design  and
development tests, demonstrations, acceptance
tests, fielding and other implementation
assessments. Compliance  with human
engineering requirements should be tested as
early as possible. Human engineering findings
from design reviews, mockup inspections,
demonstrations, and other early engineering tests
should be used in planning and conducting later
tests. Human engineering test planning is
directed toward verifying that the system can be
operated, maintained, and supported by user
personnel in its intended operational
environment.

Human engineering test planning should also
consider data needed or to be provided by
operational test and evaluation. Test planning
includes methods of testing (e.g., use of
checklists, data sheets, test participant
descriptors, questionnaires, operating procedures,
and test procedures), schedules, quantitative
measures, test criteria and reporting processes.

Human engineering portions of tests include:
Performance of task or mission;
Critical tasks;

Representative samples of non-critical,
scheduled and unscheduled maintenance
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Chapter 7-Integrate Human Factorsin System Engineering

CHECKLIST
QUESTIONS

tasks:

Personnel who are representative of the range
of the intended user populations;

Proposed job aids, new equipment training
programs; training equipment, and specia
support equipment;

Collection of task performance data in actual
operational environments;

Identification of discrepancies between
required and obtained task performance; and

Criteriafor acceptable performance.

Unfavorable outcomes occurring during test and
evaluation are subjected to a human engineering
review to differentiate between failures of the
equipment alone, failures resulting from
human-system incompatibilities and failures due
to human error. Human-system incompatibilities
and human errors occurring in the performance
of critical tasks are analyzed to determine the
reason for their occurrence and to propose
corrective action(s).

Has the human engineering effort been
planned as an integrated portion of the overall
system effort?

Has the human engineering effort been
coordinated with other system engineering
functions?

Has a functional analysis been conducted to
determine information flow and processing
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required?

Have the system functions been properly
alocated between the hardware/software and
the human?

Does the design configuration conform to
human engineering design criteria?

Have the results of task and workload
analyses been used to influence system
design?

Have required human performance tests and
studies been identified?

Does the human engineer review all drawings
which have a human interface or impact
human performance?

Does the system design reflect expected
environmental conditions?

Is system software subjected to a human
engineering review?

Have human engineering testing requirements
been incorporated into the system test and
evaluation requirements?

Have unfavorable outcomes during test and
evaluation been subjected to a human
engineering review?
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Chapter 8 Determine Human
Factors Requirementsin
System Testing

PURPOSE

TIMING

This chapter discusses the determination of human
factors testing requirements for the Integrated
Product Team (IPT) to ensure that human factors
considerations are adequately integrated into the
system acquisition testing program.

Testing is performed to assess the operationa
effectiveness and suitability of the system to meet
the mission needs. The purpose of human factors
in system testing is to produce evidence of the
degree to which the total system can be operated
and maintained by membes of the target
population in an operational environment. If the
total system exhibits performance deficiencies
when operated or maintained by members of the
target population, the testing should produce
human factors causal information.

Human factors planning for test and evaluation
(T&E) activitiesisinitiated early in the acquisition
process during Investment Analysis. Specific
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human factors-related T& E tasks and activities are
identified in the Integrated Program Plan. The
conduct of the human factors T&E is integrated
with the system T&E program, which is largely
performed during Solution Implementation. Post
deployment assessments that include human
performance parameters assist in lifecycle
planning and continuous improvement.

“HOW TO” Key principles for addressing human factors
requirementsin system testing are:

Coordinate human factors test planning early in
the acquisition program.

Measure human performance of critical tasks
during testing in terms of time, accuracy, and
operational performance.

Leverage human factors data collection by
integrating efforts with system performance
data collection.

Make recommendations for human factors
design and implementation changes and human
performance improvements.

Providing human factors in system testing entails
an early start and a continuous process. The figure
below illustrates the flow of this process. During
the conduct of a front-end analysis, and in
conjunction with developing the Human Factors
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Program, plans and analyses help identify the
gystem functions. The human factors experts
review the system functions and identify the

human tasks that may be critica to the
performance of those functions.
System Human Critical Map to Design Conduct
Function Tasks Tasks Effectiveness & Integrate Task
& Data Performance
Suitability Collection  Analysis
Measures
A
I 7 r . I )
—_— > : — P(Task Error)
——
—————— ::>E Mean Time
B f ::>' ! 1 L Q‘ L to Complete
— Task
—
E:>
Crosswalk with
Develop Conelusions Compute % effect Humat Time & Accuracy
) Performance has on System Measurements
Make recommendations sTask Overloading Effectiveness and done on System
Design Changes 1 :“Sﬂﬁﬂ‘?r"é’:;#s Suitability ?El:fitatl)_ility and
Staffing & Training “fixes «Safety & Health (Time & Accuracy) ectiveness
*Procedures

Simulations, studies, analyses,
evaluations, research, and trade-off studies may be
required by the human factors experts to determine
the effect of human performance on system
performance.

Using the system’s mission objectives, critical
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operating issues and related criteria, the human
factors experts derive measures of effectiveness,
measures of suitability, and the criteria and
performance thresholds associated with these
measures. Data requirements and data collection
plans are formulated along with resources required
(e.g., funding, analytical personnel, data collection
equipment). Human performance is then tested,
analyzed, and evaluated for its impact on system
performance.

Since the purpose of incorporating human factors
in system acquisition is to produce safer, more
effective systems, a continuous feedback loop is
established to the IPT and the operator
representative to recommend design and
Implementation changes and possible staffing and
training solutions.

Step 1 This step consists primarily of applying the results
Conduct from the front-end analysis conducted during
Front-End mission anaysis and investment analysis to feed
Analysis the Human Factors Program. Predecessor

system(s), Similar system components, lessons
learned, and other documentation are used to
identify critical operational issues, resource
limitations and constraints, critical tasks, and
operator and maintainer performance levels, as
well as system performance thresholds that should
be incorporated into the testing program.
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Step 2: Using the system critical operational issues,
Develop human performance operational issues are derived.
Human Based on the results of the front-end analysis,
Factors human performance measures of effectiveness
Testing (MOE) and measures of performance (MOP) are
Requirements developed in terms that relate human performance

to system performance and operational suitability.

Human factors requirements should identify the
data to be collected that is necessary to satisfy the
MOEs and MOPs. The data to be collected must
be integrated into the system test and evaluation
planning and should identify needed support (e.g.,
personnel and other resources, facilities, software
tools, equipment).

Products of this step may include:

Human factorstest planning for inclusion in the
system test and evaluation planning

Issues for resolution by the Human Factors
Program

New or changed procedures for operational test
and evaluation

Operator and maintainer task lists to include
identification of critical tasks

Human performance measures of effective ness
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and measures of performance
|dentification of data requirements

A listing of data collection tools, surveys,
guestionnaires, analyses, and evaluation
schemes

Resource requirements including equipment,
software, data anaysis skills, data collection
personnel, computer time, personnel training
requirements, and the like.

Step 3: Human factors involvement in early system test
Conduct and evaluation is critical to producing safe,
Human suitable, and effective systems. Developmental
Performance testing, conducted early to reduce risk, often
Testing provides useful operational and human factors

information.  Developmental testing assesses
progress toward meeting critical operational issues
as well as readiness to proceed to operationa
testing. Operational test and evauation,
conducted to estimate or verify operational
effectiveness and suitability, provides information
about human performance as an integral part of
system performance.

Data are collected during the developmental and
operational tests and the effect of human
performance on system performance and
operational suitability is calculated or estimated.
Inconsistencies between the measures used in the
investment analysis and the results obtained from
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actual test data need to be resolved. Testing and
evaluation should assess the validity of the
assumptions and conclusons made during the
analysis of various alternatives.

Human performance testing of nondevel opmental
or commercia-off-the-shelf items should take
advantage of warrantees, previous commercial
testing, and product experience. Modeling and
simulation are some of the powerful tools used to
verify human performance associated with various

design approaches.
Step 4 The information developed by the human factors
Apply Results test and evaluation effort provides the IPT and the
of Human user representative feedback to produce the safest
Performance and most effective system possible within program
Testing baselines. Recommendations may be made for

design or implementation changes or human
performance improvements, or training solu tions.

CHECKLIST - Has a front-end analysis adequately identified
QUESTIONS the human peformance issues for test
planning?

Have human performance critical operational
issues and criteria been identified?

Have human performance Measures of
Effectiveness (MOEs) and Measures of
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Performance (M OPs) been identified?

Are data requirements identified that will
satisfy the MOEs and MOPs?

Have the resources necessary to support the
collection of human performance data been
identified and made available?

Has the human factors data collection effort
been integrated with the system data collection
effort(s)?

Have options been identified for human
performance data collection if the primary data
collections plans are not feasible or practical ?

Are human performance data collected in terms
of task performance time and accuracy?

Are data collectors trained to identify and
report potential human performance issues?

Are other sources sources of data (such as user
comments) being reviewed for human
performance issues?

Have human performance data been anayzed
with respect to training effectiveness, task
overloading, skill creep, safety, heath hazard
or procedural inadequacy issues?

Has feedback been provided to the IPT?
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Chapter 9 Coordinate with the
Integrated L ogistics
Support Program

PURPOSE This chapter explains the rationale and steps taken
to coordinate the analyses and information content
and flow between the Human Factors (HF) and
Integrated L ogistics Support (ILS) programs.

ILS is a disciplined approach to integrate support
considerations into design, to acquire the
necessary initial support for the system, and to
identify lifecycle support requirements. The
Human Factors Program provides the human
resource and performance dimension for logistics
support requirements and functions. Close
coordination between the human factors and ILS
programs will reduce data redundancies and result
in more effective use of information for both
programs.
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Chapter 9-Coordinate With The ILSProgram

TIMING - The human factors effort begins during the
Investment Analysis phase as does the primary
ILS effort. Inittal  human  factors
documentation is developed in this phase as is
initial  ILS documentation. Later, this
documentation will be incorporated into the
Integrated Program Plan.

Coordination between the Human Factors
Working Group (HFWG) and the ILS
Management Team (ILSMT) begins during the
Investment Analysis phase and continues
throughout the remainder of the acquisition
process, as shown in the following table. Each
element in the table represents an opportunity
for cooperation between the Human Factors
and the IL S programs.

“HOW TO” Coordinating the Human Factors and ILS
programs takes active and continuous communi-
cation. There are many opportunities to plan
requirements, collect data, and share information,
especialy in the areas of maintenance staffing,
training, training support, and personng skills.
Coordination will result in program cost savings or
cost avoidance by eliminating redundancy and will
strengthen the planning, analysis, design, and
testing for both programs during all phases of the
acquisition process.
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COORDINATION OF ILS & HUMAN FACTORS ACTIVITIES

documentation

PHASE ILS HUMAN FACTORS
Form ILSMT Form HFWG
Initiate the ILS Initiate the HF
program program
INVESTMENT Conduct early ILS Conduct early human
ANALYSIS
analyses factors analyses
Developinitia ILS Develop initial HF
documentation documentation
Conduct ILSMT Conduct HFWG
meetings meetings
SOLUTION . .
MPLEMENTATION Iden_tlfy contractual Iden_tlfy contractual
requirements requirements
Review data from Review data from HF
ILS analyses analyses
Update ILS Update HF

documentation

Conduct ILSMT

Conduct HFWG

meetings meetings
IN-SERVICE |dentify issues from |dentify issues from
MANAGEMENT T L
post-fielding post-fielding
assessments assessments
Collect lessons Collect lessons
learned learned
COORDINATE

Chief Scientific and Technical Advisor

for Human Factors
December 9, 1996
Human Factors Course

9-3





Chapter 9-Coordinate With The ILSProgram

Step 1. The Human Factors Coordinator participates in
Coordinate ILSMTs and the IL S representatives participate in
Joint HFWGs. If the participants in the meetings
Participation appear to be similar, it may be economica to
in Meetings coordinate meeting times and locations. There are

many opportunities for the two groups to share
workload as they develop their HF and ILS
documentation. Joint participation in meetings
allows the participants to address common issues
and areas of concern.

Step 2: The ILS and human factors communities offer a
Coordinate rich environment for tools to assist in the analyses
Conduct of to be conducted in support of the acquisition
Analyses program during its lifecycle. Many are readily

available within the FAA acquisition working
environment. For guidelines, standards, and tools
not already available from support services such as
the FAA Acquisition System Tool (FAST), the
process of identification should exploit other
centers of information and expertise, including the
FAA Human Factors Office, Crew Station
Ergonomics Information  Analysis  Center
(CSERIAC), Nationa Technical Information
Service (NTIS), and Defense Technical
Information Center (DTIC). Some approaches and
techniques may be performed in-house with
avallable expertise and facilities while others
require  non-routine  training,  specialized
eguipment, and unique capabilities and facilities.
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Subsequent to the identification of analyses and
data requirements, comparing the planned tasks
and activities for the two programs yields an
assessment of the synergy to be achieved between
the ILS and human factors efforts. Many analyses
and analytica technigues may simultaneously
provide results that meet both human factors needs
and logistic support analysis (LSA) requirements.
Analyses and data requirements that may intersect
both programs include such areas as.

Use Studies: Assessment of the intended use
of new equipment identifies the impact of the
operational and support environment on the
constraints and limitations of the operators and
maintainers.

Comparative Analyses. Baseline comparisons
with other systems are established to represent
the characteristics of the new system for design
and supportability features and to identify high
cost human resource and high risk human
performance aress.

Trade-off Analyses. Staffing, training, and
human performance implications are evaluated
for dternative approaches to design and
support.

Task Analyses. Operations and support tasks
are identified and analyzed for human resource
and performance considerations.
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Early Fielding Analyses. The impact of the
introduction of new equipment is assessed in
terms of supportability and suitability.

The results of the human factors and ILS analyses
conducted during the acquisition should be shared,
and it may be beneficial to create a common data
base aswell asto collaborate on lessons learned.

Step 3: Joint development of inputs to the Screening
Coordinate Information Request (SIR) (statement of work,
Inputsto specifications, and data to be delivered) benefits
Procurement the human factors and ILS programs. Coordinated
Documents inputs to the SIR will help prevent redundancy and

by delineating unique requirements for one
program not covered by the other. The
complementary effort provides full coverage of the
needs of system operators, maintainers, and
supporters during system acquisition. In many
cases, the same data will meet human factors and
L SA requirements. An exampleisLSA Task 203,
Comparative Analysis. This task can ad in
developing human factors constraints and
identifying human factors issues to be resolved in
the new system, especidly costly tasks that
degrade total system performance.
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CHECKLIST - Does the Human Factors Coordinator
QUESTIONS participate in ILSMT meetings?
Do ILSMT members participate in  HFWG
meetings?

Has the Human Factors Coordinator reviewed
and provided comments on the ILS
documentation?

Have ILSMT membes reviewed and
provided comments on the human factors
documentation?

Has the Human Factors Coordinator
participated in ongoing relevant logistica
support analyses?

Have ILSMT members participated in
ongoing relevant human factors analyses?

Have HFWG and ILSMT members
cooperated in developing inputs to the
Screening Information Request?

Have HFWG and ILSMT members reviewed
contractor proposals to ensure that the
Government is only procuring the minimum
essential datafor each program?

Have HFWG and ILSMT members reviewed
the results of human factors and L SA analyses
and used them to improve system design,
training, staffing, and operational and
maintenance concepts?
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Appendix A Acronyms

APB Acquisition Program Baseline

ASP Acquisition Strategy Paper

CDRL Contract Data Requirements List

COTS Commercial-off-the-Shelf

CSERIAC Crew Station Ergonomics Information Analysis
Center

DID Data Item Description

DTIC Defense Technical Information Center

FAA Federal Aviation Administration

FAST FAA Acquisition System Tool

HF Human Factors

HFC Human Factors Coordinator

HFP Human Factors Program

HFWG Human Factors Working Group

IAR Investment Analysis Report

ILS Integrated L ogistics Support

ILSMT Integrated L ogistics Support Management Team

IPP Integrated Program Plan

IPT Integrated Product Team

JRC Joint Resources Council

LSA L ogistics Support Analysis

LSAR L ogistics Support Analysis Record

MAR Major Acquisition Review

MIL-HDBK Military Handbook
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MIL-STD Military Standard
MNS Mission Need Statement
MOE Measure of Effectiveness
MOP Measure of Performance
NAS National Airspace System
NDI Nondevelopmental Item
NTIS National Technical Information Service
RD Requirements Document
SIR Screening Information Request
SOW Statement of Work
T&E Test and Evaluation
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Appendix B Glossary

Acquidgition Program Baseline
An acquisition document that establishes the performance, cost, schedule,
and benefits framework within which an acquisition must be implemented.

Acquisition Strategy Paper
An acquisition document that defines the overall strategy by which an
acquisition program will be implemented.

Anthropometry
Of, or relating to, the study of human body measurements, especialy on a
comparative basis.

Availability
The probability that an item will be operationally ready to perform its
function when called upon at any point in time.

Cognition
The act, power, or faculty of apprehending, knowing, or perceiving.

Commer cial-off-the-Shelf

A product or service that has been developed for sale, lease, or license to
the general public. The product is currently available at a fair market
value.

Contract Data RequirementsList

Chief Scientific and Technical Advisor
for Human Factors

December 9, 1996

Human Factors Course





Appendix B-Glossary

A list of data requirements that are authorized for a specific acquisition
and made part of the contract.

Critical Operational |ssue

A key operational effectiveness or suitability issue that must be examined
in operational test and evaluation to determine a system's capability to
perform its mission.

Critical Tak

A task requiring human performance which, if not accomplished in
accordance with system requirements, will most likely have adverse
effects on cost, system reliability, efficiency, effectiveness, or safety. A
task is also considered critical whenever equipment design characteristics
demand human performance which approaches the limits of human
capabilities.

Data Item Description
A description of the content and format of the data that isto be provided to
the government for a specific acquisition.

Developmental Test and Evaluation

That portion of test and evaluation conducted to assist the engineering
design and development process by determining incrementally the degree
to which functional engineering specifications are attained.

Evaluation Criteria

Standards used to judge the achievement of operational effectiveness and
suitability as they relate to a level of performance against which system
characteristics and capabilities are compared (e.g., two false detections per
hour).

Exit Criteria
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Program-specific accomplishments or performance parameters that must
be achieved before an acquisition can progress further. Exit criteria may
also identify minimum activity and accomplishments that must be
achieved during the next acquisition phase.

High Driver Task

A performance task required by the design of the system and which is a
significant contributor to the “cost of ownership” of the system by its
requirement for high-aptitude users, or substantial training to maintain
satisfactory total system performance.

Human Factors

A multidisciplinary effort to generate and compile information about
human capabilities and limitations; and apply that information to
equipment, systems, facilities, procedures, jobs, environments, training,
staffing, and personnel management for safe, comfortable, effective
human performance.

Human Factors Engineer
An individual with specialized expertise in human performance as well as
In systems engineering and the acquisition process.

Human Factors Engineering

The application of human factors considerations concurrent with other
engineering disciplines during the design, development, and fielding of a
system in which human performance is essential in meeting safety and
performance objectives.

I n-service M anagement
That part of the lifecycle acquisition management process after
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commissioning of a product when it isfunctioning to satisfy mission need.

Integrated L ogistics Support

A disciplined, unified, and iterative approach to achieving the integration
of support considerations into system and equipment design; the
development of support requirements that are related directly to readiness
objectives, the acquisition of required support; and the provision of
required support during the operational phase at minimum cost.

Integrated Product Team

A multidisciplinary team (with tiered structure) that plans and executes
the acquisition of FAA systems to meet mission and customer needs.
Included tasks are: identification of resource requirements; development
of plans, measures, and program milestones, communication with other
IPTs; timely execution of plans and activities for lifecycle management;
and ensuring the needs and interests of the functional discipline are
represented.

Integrated Program Plan

An acquisition document that details the planning for all aspects of
program implementation. It integrates the planning requirements of
several previous planning documents including the program master plan,
the integrated logistics support plan, the test and evaluation master plan,
the program implementation plan, the human factors plan, and the
procurement plan.

Investment Analysis

That part of the lifecycle acquisition management process that determines
the most advantageous solution to an approved mission need. It involves
development of operational requirements, a market search to determine
industry capabilities, analysis of various aternative approaches for
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satisfying requirements, and affordability assessment to determine what
the FAA can afford.

Investment Analysis Report

An acquisition document that summarizes the analytical and quantitative
information developed during investment analysis in the search for the
best means for satisfying mission need.

M aintainability

The ability of an item to be retained in or restored to a specified condition
when maintenance is performed by personnel having specified skill levels,
using prescribed procedures and resources.

M easur es of Effectiveness

Expressions of the system’s task accomplishment as they relate to the
critical and other operational issues, i.e., how well an item of equipment or
system performs in terms of mission completion (e.g., reliability in radar
detection).

M easur es of Performance

Quantitative or qualitative metrics of the system’'s capabilities or
characteristics as they relate to the measures of effectiveness (e.g., mean
false detection rate).

Mission Analysis

That part of the lifecycle acquisition management process during which
the most critical capability shortfalls and technological opportunities are
identified and prioritized. It is a continuous, rigorous, forward-looking
analytical activity based on input from the operational workforce,
integrated product teams, the aviation community, the NAS architecture,
and projections of future demand for services.
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Mission Need Statement
An acquisition document that defines a mission shortfall or technological
opportunity the FAA should address.

Nondevelopmental Item

An item that is avalable in the commercia marketplace including
commercial-off-the-shelf equipment; any previously developed item that is
in use by a department or agency of the United States, a state or local
government, or a foreign government with which the United States has a
mutual defense cooperation agreement; or any item that requires only
minor modification to meet the requirements of the agency.

Operational Assessment

An evaluation of operational effectiveness and suitability made by an
operational test activity, with user support as required, on other than
production systems.

Operational Effectiveness
The degree to which a product accomplishes its mission when used by
representative personnel in the expected operational environment.

Operational Suitability

The degree to which a product intended for field use satisfies its
availability, compatibility, transportability, interoperability, reliability,
maintainability, safety, human factors, logistics supportability,
documentation, personnel, and training requirements.

Operational Test and Evaluation

That portion of test and evaluation conducted in an environment as
operationally realistic as possible to evaluate the operational effectiveness
and suitability of a product including compatibility, interoperability,
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survivability, maintainability, and supportability.

Performance

Those operational and support characteristics of a product that allow it to
perform its mission over time. Support characteristics include support
elements necessary for operation.

Personnel

The people needed to develop, operate, maintain, and support a system.

Human resource considerations associated with personnel include
information relating to their numbers, aptitudes, grades, organizational
structure, job category, biographica and training information,
anthropomorphic data, and physical qualifications.

Reliability
The ability of asystem and its parts to perform its mission without failure,
degradation, or demand on the support system.

Requirements Document
An acquisition document that establishes the performance baseline and
operational framework for an acquisition program.

Risk
A subjective assessment made regarding the likelihood of achieving an
objective within a specified time and with the resources provided.

Risk M anagement

All actions taken to identify, assess, and eliminate or reduce risk to an
acceptable level in selected areas (e.g., cost, schedule, operations,
technical, producibility).
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Screening Information Request

Any request made by the FAA for documentation, information, or offer for
the purpose of screening, and for determining which offeror provides the
best value solution for a particular procurement.

Solution I mplementation

That part of the lifecycle acquisition management process during which
the alternative selected at the investment decision to satisfy mission need
Is developed to the point where it is ready to go into operational service.

Staffing

The personnel strength as expressed in the numbers, series, and grades of
personnel required and/or available. It is expressed in relationship to the
applicable organizational level.

Supportability

The degree to which planned support (including test, measurement, and
diagnostic equipment; spares and repair parts, technical data; support
facilities; transportation requirements; training; manpower; and software
support) meets system reliability, availability, and maintainability
requirements.

System Safety

The application of engineering and management principles, criteria, and
techniques to optimize safety within the constraints of operationa
effectiveness, time, and cost throughout all phases of the lifecycle.

Target Population Description

The identification of the salient characteristics of the people who are
expected to operate, maintain, and support the system. It is prepared to
assist hardware and software designers in considering human aptitudes,
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performance, capabilities, and limitations.

Task Analysis

The processes by which the human performance required by a hardware
and software configuration is recorded and analyzed. It may include, but
not be limited to, task time, task accuracy, knowledge required, skill
required, and ability required.

Technical Manual

A publication that contains instructions for installation, operation,
maintenance, training, and support for a product, component, or support
equipment. A technica manual normally includes operational and
maintenance instructions, parts lists or parts breakdown, and related
technical information or procedures.

Test and Evaluation

Process that verifies how well an acquisition product meets technical and
operational requirements, provides data to assess acquisition,
developmental, technical, and operational risk for decision making;
verifies subsystem performance; and ensures that all critical issues to be
evaluated have been adequately considered and resolved.
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Appendix C Points of Contact

AIR CARRIER TRAINING
Dr. Eleana Edens AAR-100 202/267-7867

AIRCRAFT MAINTENANCE HUMAN FACTORSRESEARCH
Dr. William Shepherd AAM-240 202/267-8338

AIR TRAFFIC CONTROL RESEARCH
Mr. Lawrence Cole AAR-100 202/267-9853

AVIATION MEDICINE
Dr. Jerry Hordinsky AAM-600 405/954-6820

CNSSYSTEMSHUMAN FACTORS
Dr. Charles Overbey AND-4 202/267-7938

FAA/NASA AMESLIAISON
Dr. Phyllis Kayten AAR-100 415/604-1396

HUGHESTECHNICAL CENTER HUMAN FACTORS
Dr. Mike McAnulty ACT-530 609/485-4751
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HUMAN FACTORSAPPLICATIONS
Mr. Glen Hewitt AAR-100 202/267-7163
Mr. Alan Poston AAR-100 202/267-7777

HUMAN FACTORSIN SYSTEM ARCHITECTURE
Dr. Mark Rodgers ASD-110 202/358-5372

HUMAN FACTORSRESEARCH
Dr. Thomas McCloy AAR-100 202/267-7167

HUMAN PERFORMANCE/FATIGUE RESEARCH
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EXECUTIVE SUMMARY

The implementation of the concept of “Just Culture” is now widely seen as key for further
improvement of aviation safety through more and better reporting of aviation occurrences.
An essential condition for establishing a “Just Culture” at national level is an enhanced
cooperation and coordination between safety and judicial authorities. The EUROCONTROL
Just Culture Task Force, which is composed of legal and safety experts of the Member
States, European Commission, ATM and Air Transport associations and EUROCONTROL, has
developed a “Model Policy regarding criminal investigation and prosecution of civil
aviation incidents and accidents’.

This paper presents the said Model Policy, together with additional information in support of
the application of such a policy within the Member States. The information should be useful
for any organisation willing to undertake the substantial, but otherwise rewarding, task of
implementing such a policy within the state. The paper also presents background informa-
tion relative to the development of this policy.

The Provisional Council of the EUROCONTROL Organisation has unanimously endorsed this
Policy at its session of 10th May 2012. This is a crucially important step in the quest for better
aviation safety, commensurate with the expected traffic growth of the following decades.





EUROCONTROL MODEL POLICY REGARDING CRIMINAL
INVESTIGATION AND PROSECUTION OF CIVIL AVIATION
INCIDENTS AND ACCIDENTS

Objective

The objective of this Policy is to provide directions regarding the criminal investigation and
prosecution of potential criminal offences resulting from aviation accidents or that come to
the attention of prosecutors through the reporting of civil aviation incidents.

Those directions are warranted by the recognition that safety is paramount to aviation, and
that preserving safety is in the public interest. Ensuring a judicial process in the aftermath of
aviation incidents or accidents which achieves a balance between justice and safety requi-
rements is essential. This is recognised in a number of international legal texts: ICAO Annex
13 regarding accident and incident investigation (in particular Attachment E providing legal
guidance); ESARR 2; EU Regulation No 996/2010 and EC Directive 2003/42, relevant provi-
sions of national Aviation laws.

Scope of application

This Policy applies to the criminal investigation and prosecution of criminal offences resul-
ting from civil aviation accidents or from incidents reported under mandatory and voluntary
occurrence reporting schemes.

Contact with investigation bodies/safety managers

In case of accidents or serious incidents, the representatives of the judicial authorities (police,
prosecutors) will contact the investigation board in charge of the ICAO Annex 13 investiga-
tion with a view of coordinating positions and priorities.

Upon becoming aware of an incident, through, inter alia, an incident report, prosecutors will
contact the relevant national safety authority, such as the investigation board or the Civil
Aviation Authority. They will also contact, as appropriate, the safety managers of the Air Navi-
gation Service Providers, the airlines or the airport authorities in order to exchange necessary
information, discuss use of evidence and possible coordination.

This should be done with due respect for and recognition of the responsibilities and inde-
pendence of each entity, and relevant applicable laws. The objective is to ensure effective
investigation and decision making processes in order to maintain and improve public safety
as well as the administration of justice.





Evidence

Report
An incident report filed under a mandatory and voluntary occurrence reporting scheme
cannot be used as evidence in criminal proceedings against the reporter.

Accidents and incident reports done by investigating bodies or entities under ICAO
Annex 13 and EU Regulation No 996/2010 cannot be used in criminal proceedings
against individuals.

Witness Declaration
A witness declaration received in the context of a safety investigation cannot be used
as evidence in criminal proceedings against the person having made that declaration.

Prosecution

No prosecution will be brought against individuals for actions, omissions or decisions
which reflect the conduct of a reasonable person under the same circumstances, even
when those actions, omissions or decisions may have lead to an unpremeditated or inad-
vertent infringement of the law.

Nothing in this Policy should prevent criminal prosecutions in the event of intentional
wrongdoing or gross negligence.!

Expert support
Prosecutors should avail themselves of the necessary expert support from the aviation
domain.

1

Gross negligence is referred to in a number of EC instruments but there does not seem to be a commonly agreed
definitionofgross negligencein Europe. Itseemsto be howevergenerallyagreed thatgrossnegligenceimpliesadegree
of severity, serious disregard to an obvious risk and profound failure to take such care that is evidently required in the
circumstances. Although a number of States assimilate gross negligence and intentional harm/wrongdoing, it is
not always the case. Hence the proposal to add intentional wrongdoing in the list of cases that should be subject of
prosecution - it will ultimately be up to each State implementing the Model Policy to refer or not to intentional
wrongdoing in view of its national legal framework.





BACKROUND

The need to strengthen on-going efforts to further improve the safety of the European skies
is a priority for EUROCONTROL, in particular with respect to incident reporting and data
sharing, an area where progress is still slow. One of the main elements towards progress
has been identified as the possible role and involvement of national justice authorities and
the recognition and perhaps reconciliation of the responsibilities and interests of both the
judiciary and safety authorities.

This has resulted a few years ago in the introduction by EUROCONTROL of the concept of
“Just Culture” in the aviation domain. In addressing the legal issues relating to safety repor-
ting, it was found that a number of laws and regulations were in place that would support
the establishment of a Just Culture. It also became apparent that the issue was not neces-
sarily the need for more legislative actions but rather the way in which those responsible
for implementation and enforcement of applicable legislation would be able to take into
consideration Just Culture principles in the exercise of their responsibilities.

In 2009, the Just Culture Task Force (JCTF, see the Annex for its Terms of Reference) was
established in EUROCONTROL, with the objective to promote debate and discussion on
the legal issues that relate to safety and justice, to foster and support dialogue between
safety and judicial experts and to develop relevant guidance material and policies in order
to support the implementation and dissemination of Just Culture. Under the chairmanship
of the EUROCONTROL Legal Service, the Task Force is composed of representatives from the
Civil Aviation Authorities, Air Navigation Service Providers and Accident Investigators of the
member States, the European
Commission and the European
Aviation Safety Agency, a number
of international air transport and
air traffic control organisations
(IATA, ERA, ECA and IFATCA)
Accident Investigation Boards
and of National Prosecutors. The
meetings are also attended by
observers from the US National
transport Safety Board and from
ICAOC.
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INTRODUCTION

The EUROCONTROL Provisional Council discussed at its meeting on 10 May 2012 a proposal for
a"Model Policy regarding criminal investigation and prosecution of civil aviation incidents and
accidents’, which has been developed by the EUROCONTROL Just Culture Task Force (JCTF).

The proposal for a Model Aviation Prosecution Policy (MAPP) follows an ongoing successful
practice in a number of EUROCONTROL member States such as the Netherlands, the UK and
France. The work in the Just Culture Task Force greatly profited from their active support and
from States, the EU, International organisations and of many other participants.

The MAPP also establishes a direct link with some of the key objectives of the new EU Regulation
No. 996/2010 on the investigation and prevention of accidents and incidents in civil aviation.

The unanimous endorsement of the MAPP by the representatives of all the 39 EUROCONTROL
member States and of the EU, the full text of which is presented in this document, confirms
that the availability of a model for a national aviation prosecution policy is seen as a very
effective means to propagate Just Culture at the national level without in any way interfe-
ring with the responsibilities of the national judicial authorities. It provides an answer to the
growing need to strengthen on-going efforts to further improve the safety of the European
skies which remains a priority for EUROCONTROL, in particular with respect to incident
reporting and data sharing: two processes that are vital for maintain safety levels in Europe.

The model provides the National authorities with guidance material and a template that may
be used at national level. The MAPP is not a mandatory or prescriptive document; it is a tool
based on widely accepted Just Culture principles. States can adapt and integrate it national
level in order to put in place effective and realistic arrangements that address the relation
between aviation safety and criminal investigation.

The MAPP concept fully respects the sovereign administration of justice function as it
remains the prerogative of national governments and prosecutors to adopt and implement
an Aviation Prosecution Policy. The proliferation of an Aviation Prosecution Policy will be
an important element of the establishment of a Just Culture for aviation and key to the
balanced involvement and support of judicial authorities.

The general endorsement by the Provisional Council of this Model for a national Aviation
Prosecution Policy signifies an important and constructive step forward both at European
and at the global level that will send a strong signal to both the European and global initia-
tives for enhancing aviation safety while respecting the administration of justice.





THE DEVELOPMENT, STATUS AND OBJECTIVES
OF THE MODEL AVIATION PROSECUTION POLICY

Development

The concept of the MAPP is based on comparable current practice in the Netherlands and
the UK. The Dutch Ministry of Justice issued in December 2006 “Instructions with regard to
criminal investigation and prosecution in the event of reporting of occurrences in civil avia-
tion” These instructions recognise that in order to ensure a willingness to report incidents,
it would be desirable to make provision for the protection, subject to certain conditions,
against criminal sanctions for those reporting occurrences in civil aviation.

In the UK, the Code for Crown Prosecutors issued by the Crown Prosecution Service provides
guidance on the general principles to be applied when making decisions about prosecu-
tions which include the need to balance prosecution actions against general public interests
such as aviation safety. In a similar vein, the UK CAA has issued guidelines regarding the
“Conduct of Prosecutions by the CAA as a Prosecutor”.

The MAPP also reflects the objectives of the recent EU Regulation No. 996/2010 of the Euro-
pean Parliament and of the Council of 20 October 2010 on the investigation and prevention
of accidents and incidents in civil aviation. This Regulation, when addressing coordination
of investigations, requires States to ensure that there are, inter alia, advance arrangements
between safety investigation authorities and judicial authorities.

Status

It should be emphasised that the modalities of administration of justice in the different States
is a sovereign prerogative of each individual State. National criminal law and procedures
differ between States in Europe and clearly no policy could represent a “one-size-fits-all”
approach. This is why the MAPP is presented as guidance material which provides a model
i.e. a template that may be used and adapted at national level. The Model Policy is clearly
not intended to be mandatory — it is a tool which States can adopt or integrate at national
level, taking into account the specificities of their legal system, to foster the introduction
of Just Culture and to ensure appropriate arrangements between their safety and judicial
authorities.





MAIN FEATURES OF THE MODEL AVIATION
PROSECUTION POLICY

As set out in article 1.1 of the
Model Policy, its main objective is
“to provide directions regarding the
criminal investigation and prosecu-
tion of potential criminal offences
resulting from aviation accidents or
that come to the attention of prose-
cutors through the reporting of civil
aviation incidents. It is worded in
such a way that it can be supple-
mented or adapted to reflect
national specificities.

The policy in itself is a concise
document. It addresses the
criminal investigation and prose-
cution processes related to civil
aviation accidents and inci-
dents which have been reported
under mandatory or voluntary
reporting schemes. It provides
guidance material with respect to
the coordination between safety
investigation bodies and judi-
cial authorities (in line with EU regulation No 996/2010), and to the protection of incident
reports filed under mandatory and voluntary occurrence reporting schemes, accident and
incident reports under ICAO Annex 13 and witness declarations received in the context of
safety investigations in the sense that those cannot be used by a prosecutor as evidence in
criminal proceedings.

One of the most important elements of the MAPP guidance is the recognition that nothing
should prevent criminal prosecutions in the event of intentional wrongdoing or gross
negligence. However, it also recognised that no prosecution should be brought against indi-
viduals for actions, omissions or decisions that reflect the conduct of a reasonable person
even when those actions, omissions or decisions may have caused an unpremeditated or
inadvertent infringement of the applicable law.





WAY FORWARD

Just Culture has been on the agenda for many years and it has become apparent that a key
part of its successful implementation relies on an active and open coordination between the
safety and judicial authorities.

There seems to be overall agreement on this principle, at least from those involved in the
safety side and from those involved in the administration of justice which have dealt with
aviation related accidents and incidents. The recent legislative developments at EU level,
such as the EU Regulation No 996/2010 referred to above as well as the Commission Regula-
tion laying down a performance scheme No. 691/2010, which introduces the notion of Just
Culture Key Performance Indicators, will create obligations on States to ensure that they have
in place a sound and effective framework supporting the concept of Just Culture.

The ICAO Safety of Information Protection Task Force (which was established after, among
other things, joint European initiatives at the last ICAO Assembly and in which EUROCON-
TROL is represented), has also recognised the importance of guidance for States for creating
prosecution policies in the aviation domain and is expected to include recommendations to
that effect in its final report which is due in November 2012.

The MAPP concept fully respects the sovereign administration of justice function as it
remains the prerogative of national governments and prosecutors to adopt and implement
an Aviation Prosecution Policy. The proliferation of an Aviation Prosecution Policy will be
an important element of the establishment of a Just Culture for aviation and key to the
balanced involvement and support of judicial authorities.

The Just Culture Task Force will continue to actively promote an extended dialogue with
States, International Organisations and other parties, aimed at the implementation of the
MAPP at national level in order to contribute to an efficient and stable balance between the
interests of safety and justice in the aviation domain in Europe and beyond.
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JUST CULTURE TASK FORCE

Objectives and tasks
The Just Culture Task Force will:

®m  Promote debate and discussion on the legal issues that relate to safety and justice, in
particular Just Culture;

m  Foster and support dialogue between safety and judicial experts;

m  Develop guidance material and policies in order to support the implementation and
dissemination of Just Culture;

m  Develop proposals for consideration by relevant bodies (Permanent Commission,
European Commission / Ministries of Justice);

Any other tasks considered necessary to meet the above objectives.

Reporting

The Task Force will report to the EUROCONTROL Director General.

Practical arrangements

The members of the Just Culture Task Force will be the representatives of, inter alia, States
(Justice and Transport Ministries, Prosecutors office), ANSPs, professional associations, avia-
tion trade professional associations, EASA, the European Commission and EUROCONTROL
Agency, who have an interest in furthering the objectives of the Task Force.

The Agency will chair the meeting of the Task Force and provide secretarial support.

Meetings will be convened as necessary.

Terms of reference approved on 23 June 2009.
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AIDE MEMOIRE

The EUROCONTROL Provisional Council discussed at its meeting on 10 May 2012 a proposal
for a "Model Policy regarding criminal investigation and prosecution of civil aviation incidents and
accidents’, which has been developed by the EUROCONTROL Just Culture Task Force (JCTF).

The introduction of the Model Policy follows an ongoing successful practice in a number
of EUROCONTROL members States such as the Netherlands, the UK and France. The work
in the Just Culture Task Force greatly profited from their active support and of many other
participants from States and International Organisations. The Model Policy also esta-
blishes a direct link with some of the key objectives of the new EU Regulation No. 996/2010
on the investigation and prevention of accidents and incidents in civil aviation.

The unanimous endorsement by the representatives of all the 39 EUROCONTROL member
States and of the EU confirms that the availability of a model for a national aviation prose-
cution policy is seen a very effective means to propagate Just Culture at the national level
without in any way interfering with the responsibilities of the national judicial authorities.

It provides an answer to the growing need to strengthen on-going efforts to further improve
the safety of the European skies which remains a priority for EUROCONTROL, in particular
with respect to incident reporting and data sharing: two processes that are vital for maintain
safety levels in Europe.

The Model Policy provides the National authorities with guidance material and a template
that may be used at national level. The Model Policy is not a mandatory or prescriptive docu-
ment; it is a tool based on widely accepted Just Culture principles. States can adapt and
integrate it national level in order to put in place effective and realistic arrangements that
address the relation between aviation safety and criminal investigation.
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One of the most important provisions of the Model Policy is the recognition and confirmation
that nothing should prevent criminal prosecutions in the event of intentional wrongdoing or
gross negligence. However, it also recognises that no prosecution should be brought against
individuals for actions, omissions or decisions that reflect the conduct of a reasonable person
even when those actions, omissions or decisions may have caused an unpremeditated or
inadvertent infringement of the applicable law.

In doing so, the model policy concept fully respects the sovereign administration of justice
function as it remains the prerogative of national governments and prosecutors to adopt
and implement an Aviation Prosecution Policy. The proliferation of an Aviation Prosecution
Policy will be an important element of the establishment of a Just Culture for aviation and
key to the balanced involvement and support of judicial authorities.

The general endorsement by the Provisional Council of this Model for a national Aviation
Prosecution Policy signifies an important and constructive step forward both at European
and at the global level that will send a strong signal to both the European and global initia-
tives for enhancing aviation safety while respecting the administration of justice.
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Safety is the aviation industry’s number one

priority. Air traffic management (ATM) faces many
challenges including increasing traffic demand;

the implementation of new technology; new
entrants to airspace such as unmanned aircraft; and
increasing automation — and the ATM industry must
address these while maintaining and improving
safety.

The CANSO Safety Standing Committee (SSC)
oversees CANSO's Safety Programme and aims

to continually improve safety performance in ATM
operations; further enhance safety management
and culture among CANSO Members; and provide
global leadership on safety management issues.
CANSO's Safety Programme helps air navigation
service providers (ANSPs) improve safety by
offering guidance on safety management systems,
best practices and benchmarking. Find out more at
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CANSO Standard of Excellence in Safety Management Systems

Executive Summary

In 2009, the Civil Air Navigation Services
Organisation (CANSO) published the first edition
of the CANSO Standard of Excellence in Safety
Management Systems (SoE in SMS). The SoE in
SMS drew on the experiences of CANSO Members
to develop a framework that would help air
navigation service providers (ANSPs) continually
improve their efforts to manage safety.

Since its first publication, the SoE in SMS has been

revised to:

1. Align with the International Civil Aviation
Organization’s (ICAQ's) Annex on Safety
Management (Annex 19)

2. Address feedback received from ANSPs and
other industry bodies

3. Incorporate the latest developments in safety
management thinking and practice

The SoE in SMS details a pathway that ANSPs can
follow to build an SMS that is compatible with

(and even exceeds) current international regulatory
requirements as laid out in ICAO’s Annex 19. It also
gives ANSPs the flexibility to build SMSs that fit
their size and operational complexity.

The SoE in SMS supports a clear message
expressed in the Global Aviation Safety Plan
(GASP) and the ICAO Safety Management Manual:
achieving the highest level of SMS maturity

is a long-term process that must proceed in a
deliberate, step-by-step manner.

The SoE in SMS is built on an SMS model that
consists of a system enabler (safety culture) and

a framework of five components addressing 16
elements. The structure of that model is presented
below:

Safety culture

Element: Development of a positive and proactive safety culture

Safety policy and objectives

Elements:
Safety Policy

Organisational and individual safety responsibilities

Compliance with international obligations

Coordination of emergency response plan

Management system documentation

Safety
achievement

Safety risk

management

Elements:
Safety Interfaces

Elements:
Risk Management Process

Safety by Design

Fatigue-related Risk

Management

Safety
assurance

Safety
promotion

Elements:
Safety Communication

Elements:
Safety Performance
Monitoring and Measuring

Training and Education
Management of Change

Continual Improvement
of the SMS

Safety Reporting
Investigation and
Improvement

Operational Safety Surveys
and SMS Audits






ANSPs play a vital role in the aviation
industry. That role requires that they minimise
the risk of collision between aircraft and between
aircraft and the ground while providing efficient
services. For all ANSPs—regardless of whether
they are operated by a state or by a commercial
organisation—safety must come first when
delivering air traffic management (ATM) services.

ANSP management must ensure that risks
to operational service delivery are minimised.
This requires a formal and proactive approach
to identifying hazards, analysing risks and
implementing appropriate control measures.

This approach requires organisational structures,
policies, practices and culture to be in place.

The need for a framework within which
ANSPs can manage safety has been recognised at
an international level and in a growing number of
domestic regulations. ICAO Annex 19 is intended
to provide general statements against which
compliance can be tested; it does not provide a
pathway that ANSPs can use to drive a culture of
continual improvement.

The coming years will present many
challenges for aviation in general and for ANSPs in
particular. These challenges will include increased
traffic demands, prevalence of unmanned aircraft,
environmental issues and security considerations.
ANSP management must address these challenges
while maintaining (and, wherever possible,
improving on) current safety levels. To accomplish
this, ANSP management must continually try to
improve the ways they identify risks and manage
safety.

Although international harmonisation
efforts are underway, ANSPs operate for the most
part in isolation. In addition, they use different
technologies from one another and often rely
on secondary organisations to provide integral
services such as communication links via land
lines or satellite. This makes learning from each
other more difficult and makes integrating safety
management activities more complex yet all the
more important.

Across the industry, ANSPs are at different
stages of SMS development. Some have very
mature SMSs that are fully integrated into their
operations; others are just starting to build
formalised safety management practices and a
culture that prioritises safety.

While guidance material covering the
implementation of an SMS is available, ensuring
compliance with existing or proposed regulations
is often challenging. There are two main reasons
for this: 1) guidance material and regulations may
vary across ANSPs, and 2) lessons learned are not
always shared among ANSPs.

The SoE in SMS is an excellent way for
CANSO to communicate best practices to ANSP
management and safety managers.





The SoE in SMS promoted by CANSO, as
the industry body for ANSPs, does not supersede
either domestic or international regulations on
safety management.

The SoE in SMS is intended as a help

for ANSPs to achieve the relevant ICAO Annex
19 standards and recommended practices. (See
section 11 below.) However, the SoE in SMS goes
beyond Annex 19 and includes several additional
study areas. The SoE in SMS is intended to lead
the industry in developing best practices in safety
management.

The SoE in SMS draws on the experiences
of CANSO Members and aims to complement
existing standards rather than mirror any particular
standard.

This SoE in SMS provides a pathway for
ANSPs to move beyond simply complying with
regulations and instead focus on continuous
improvement.

CANSO recommends that Members use
the SoE in SMS as guidance.

The purpose of this SoE in SMS is to:

— Encourage improvement within the
industry

— Transfer learning across the industry

— Help Members demonstrate alignment
with the SMS aspects of ICAO Annex
19 (see section 11)

— Allow each Member to build an SMS
that fits the size and complexity of its
operation

— Provide a path for continuous
improvement beyond the requirements
set by international and domestic
regulators

— Reflect and share industry best
practices

— Provide a means for ANSP
management, and safety managers in
particular, to directly and deliberately
plan for safety at a corporate, group
and project level, thereby ensuring that
risks to operational service delivery are
minimised

The SoE in SMS complements and
supports the intent of both ICAO Annex 19 and
the Global Aviation Safety Plan (GASP), which is
to develop harmonised, consistent and coherent
safety management processes that support
the evolution of modern ATM. The SoE in SMS
provides the means by which ANSPs can work
toward this common objective.

The SoE in SMS is a planning tool.
It emphasises the phased, step-by-step
implementation of an SMS. It enables ANSP
management, and safety managers in particular, to
prioritise their safety efforts and to initially focus on
the fundamental elements of their SMSs (elements
that deliver immediate safety benefits), while
planning to implement the more sophisticated
elements in the future.

Safety culture is the enabler; it integrates
the various other SMS elements into a coherent
system. The SoE in SMS provides a framework
through which an organisation can improve its
safety culture.

The SoE in SMS allows for better
measurement and communication. It aims to
enable ANSP management, and safety managers
in particular, to measure and understand SMS
maturity in their organisation. It also
allows each SMS to be measured against an
industry standard.
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4.4 The SoE in SMS promotes safer and more
effective processes across the Flight Information
Regions. All ANSPs must interact with other service
providers; consistent language and approaches
make these interactions more effective.

4.5 ANSPs can use the SoE in SMS as a self-
assessment tool or pre-audit checklist to ensure
that all aspects of their SMS are developed.

4.6 The SoE in SMS aims to contribute to
increased cost-effectiveness by enabling ANSPs
to develop standardised training courses, safety

promotion campaigns and mentoring programmes.

4.7 The SoE in SMS is an industry-led

effort that is focused on continual performance
improvement rather than regulatory compliance.
Significant efforts have been to cover all main
elements of Annex 19 and as such, an ANSP
answering positively to those elements can feel
confident to pass a compliance check.

5
(_)utline of the CANSO SoE in SMS

5.1 Maintenance of the SoE in SMS

517 The SoE in SMS is updated from time
to time to reflect evolving safety management
thinking and practice.

5.1.2  As previously referenced, the SoE in SMS
goes beyond the ICAO Annex 19 requirements.
Elements that are required by Annex 19 are
highlighted in section 11 and Appendix A below.

5.1.3  The SoE in SMS consists of a system
enabler (safety culture) and a framework of five
components addressing 16 elements (discussed
further in sections 5-7, and detailed in Appendix
A). The structure is presented below:

Safety culture

Element: Development of a positive and proactive safety culture

Safety policy and objectives

Elements:
Safety policy

Organisational and individual safety responsibilities

Compliance with international obligations

Coordination of emergency response plan

Safety management system documentation

Safety risk

Safety

management achievement

Elements: Elements:
Risk Management Process Safety Interfaces
Safety by Design

Fatigue-related Risk

Management

Safety
assurance

Safety

promotion
Elements: Elements:

Safety Performance
Monitoring and Measuring

Safety Communication

Training and Education
Management of Change

Continual Improvement
of the SMS

Safety Reporting
Investigation and
Improvement

Operational Safety Surveys
and SMS Audits






ANSPs need to integrate all elements of
risk management to increase their resistance to
unsafe acts and conditions.

Some ANSPs may wish to expand their
SMS beyond the elements presented in the SoE in
SMS.

Effective safety management requires a
genuine commitment to safety from everyone in
the organisation. Culture has a strong impact on
organisations.

The organisation must develop a positive
and proactive safety culture in order for an SMS to
be successful.

Safety culture is described in this
document as a system enabler because it has the
most significant influence on how SMS elements
are integrated and evolve within the organisation.

The Safety Policy and Objectives
component of the SoE in SMS consists of elements
that address:

— Safety policy

— Organisational and individual safety
responsibilities

— Compliance with international obligations

— Coordination of emergency response plan

— Safety management documentation

Organisational and Individual Safety
Responsibilities embrace two of ICAO’s Annex 19
SMS elements: Safety Accountabilities and the
Appointment of Key Safety Personnel.

Each ANSP must develop and implement
a risk management process which revolves
around identifying hazards, assessing risks and
implementing mitigations.

Each ANSP must conduct activities with
the goal of achieving and improving safety. The
elements covered by Safety Achievement include:

— Safety Interfaces
— Safety by Design
— Fatigue-related Risk Management

The SoE in SMS recommends that ANSPs
use a variety of review and reporting mechanisms.
These will help an ANSP understand how it is
performing, whether all safety requirements
are effective and how any deficiencies may be
overcome. Safety Assurance elements include:

— Safety Performance Monitoring and
Measurement

— Management of Change

— Continual Improvement of the SMS

— Safety Reporting, Investigation and
Improvement

— Operational Safety Surveys and SMS Audits

Each ANSP must promote safety within its
organisation. The SoE in SMS therefore embraces
the need for training, education and safety
communication.





The SoE in SMS emphasises a phased,
step-by-step approach to implementing an
SMS (see below), from the most basic informal
arrangements to an optimised system.

The tables in Appendix A provide
the details of the SoE in SMS at each level of
maturity. Each of the elements is addressed with
descriptions for the five SMS levels.

Each element, including the system
enabler element (safety culture), has descriptors of
requirements for each level of system maturity. The
descriptors and their definitions are:

SMS
processes and/or requirements have not been
agreed at the organisation level; they are either not
routinely undertaken or depend on the individual
assigned to the task.

SMS processes and/
or requirements are defined but not yet fully
implemented, documented or consistently applied.

SMS processes and/
or requirements are formally documented and
consistently applied.

Evidence is available
to provide confidence that SMS processes and/or
requirements are being applied appropriately and
are delivering positive, measured results.

SMS processes and/
or requirements set international best practice,
focusing on innovation and improvement. The
effectiveness of the SMS and safety improvement
actions are measured and evaluated against
defined improvement criteria.

In some cases, the requirements build in
a consecutive manner to deliver improved system
effectiveness. In other cases, differing approaches
are promoted for adoption as the system matures.

The SoE in SMS provides a means for
ANSP management, and safety managers in
particular, to develop a phased plan for SMS
implementation and improvement. This approach
is based on the experience of CANSO Members. It
draws on information included in the ICAO Safety
Management Manual (Doc 9859) and promoted in
ICAQ courses on SMS implementation.

Level E. OPTIMISED

SMS processes and/or requirements set international best practice, focusing on
innovation and improvement. The effectiveness of the SMS and safety improvement
actions are measured and evaluated against defined improvement criteria.

Level D. ASSURED

Evidence is available to provide confidence that SMS processes and/or requirements are
being applied appropriately and are delivering positive, measured results.

Level C. MANAGED

SMS processes and/or requirements are formally documented and consistently applied.

Level B. DEFINED

SMS Effectiveness ——— >

consistently applied.

SMS processes and/or requirements are defined but not yet fully implemented, formally documented or

Level A. INFORMAL ARRANGEMENTS

SMS processes and/or requirements are not routinely undertaken or depend on the individual assigned to the task.

SMS Maturity

\





The phased approach:

— Supports the clear message expressed in the
ICAO GASP that achieving the highest level of SMS
maturity is a long-term process that must proceed
in a deliberate, step-by-step manner

— Acknowledges the need to effectively manage
the workload associated with developing and
implementing an SMS

— Recognises that some elements deliver more
immediate safety benefits to organisations than
others

— Recognises that it may be easier to implement
some elements once a base of understanding has
developed within an organisation

The phased approach provides a
framework to plan and document the organisation’s
safety management goals and who is accountable
for achieving those goals. The phased approach
should proceed in a direct and deliberate manner.
During the first phase, an organisation should
develop an implementation plan containing clear
deliverables and milestones.

During the second and third phases of
implementation, the organisation should build
on the embedded SMS framework and focus on
improving its ability to measure and analyse its
safety performance. This will allow the organisation
to measure the gap between its current
performance and its goal.

In the final phase, the organisation should
implement the more sophisticated aspects of
an SMS. These include measuring and critically
evaluating safety performance improvement,
drawing on lessons from other organisations
and furthering the organisation’s commitment to
continuous improvement.

The table below presents how a four-phase
implementation plan may look:

1 Safety Policy and Objectives Safety Policy
Organisational and Individual Safety Responsibilities
2 Safety Assurance Safety Reporting, Investigation and Improvement

Safety Promotion

Training and Education

Safety Culture

Development of a Positive and Proactive Safety
Culture (Appendix A, sub-element 1.1 and 1.2)

Safety Policy and Objectives

SMS Documentation

Coordination of Emergency Response Plan

Safety Promotion

Safety Communication

3 Safety Risk Management

Risk Management Process

Safety Assurance

Management of Change

Safety Performance Monitoring and Measurement

Continuous improvement of the SMS

Safety Achievement

Safety Interfaces

Safety Policy

Timely Compliance with International Obligations

4 Safety Assurance

Operational Safety Surveys and SMS Audits

Safety Culture

Safety Culture (Appendix A, sub-element 1.2)

Safety Achievement

Safety by Design

Fatigue-related Risk Management






When an organisation uses the phased
implementation approach, there may be instances
when that organisation is simultaneously at various
levels in the maturity pathway. For example,
the organisation may have reached Level E,
“Optimised,” for an element such as Safety Policy,
but may only have reached Level A, “Informal
Arrangements,” for an element such as Fatigue-
related Risk Management. The organisation’s
overall level is only as high as its lowest level.

As safety concepts evolve over time, ANSP
best practices also continue to change and shift.
Level E, Optimised, reflects an aspirational level
which an ANSP is unlikely to achieve in every study
area.

In 2017, CANSO, working in collaboration
with EUROCONTROL, agreed to change the
descriptors in Level E to recognise that new best
practices are always being developed. The Level
E descriptions that were listed as global best
practices in 2015 are in many cases now common
practice across the industry.

In future, every year CANSO and
EUROCONTROL will collect best practice
submissions for each element, and publish those
best practices as specific Evolution Guides.

Global Aviation Safety Plan, International Civil
Aviation Organization

ICAO Annex 19: Safety Management, International
Civil Aviation Organization (2013)

ICAO Safety Management Manual (Doc 9859),
International Civil Aviation Organization (3rd
Edition May 2013)





See table below.

CANSO Standard of
Excellence

The CANSO Standard of Excellence in SMS is defined as a measure
of quality that represents the ATM industry’s view on the desired
level of maturity and effectiveness which should be reached by all
ANSPs in this area of air navigation services.

Risk Management

A systematic, explicit and comprehensive analytical approach for
managing safety risk at all levels and throughout an operation or
the lifecycle of a system in ATM.

Safety Audit

The testing of a process, product, people, organisation or system
to ensure that it complies with the safety requirements in domestic
and international regulations.

Just Culture

An atmosphere of trust in which people are encouraged to provide
essential safety-related information, but in which they are also
clear about where the line must be drawn between acceptable and
unacceptable behaviour.

Safety Culture

The enduring value, priority and commitment placed on safety by
every individual and every group at every level of the organisation.
Safety culture reflects the individual, group and organisational
attitudes, norms and behaviours related to the safe provision of air
navigation services.

Safety Management
Function

A business unit within an organisation that is dedicated to
overseeing safety and safety management.

Safety Management
System

An organised approach to managing safety, including the necessary
organisational structures, accountabilities, policies and procedures.

SMS Audit

The testing of processes, products and people to ensure that they
comply with the standards and requirements documented in the
organisation’s SMS.

Operational Safety
Surveys

A survey of potential safety issues identified and carried out by
operational staff.
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Compliance Mapping to ICAO Annex 19: Safety Management

Framework for Safety Management Systems (Appendix)

[e7-Yo)
Annex
19 Ref

Element

Requirement

CANSO Standard of Excellence in
SMS Link

13

1 Safety Policy and
Obijective
1.1 The service provider shall define its safety policy in accordance with Compliance with International
international and national requirements. The safety policy shall: Obligations Objective 6.1
a) reflect organisational commitment regarding safety Safety Policy Objective 2.1
b) include a clear statement of intent about the provision of necessary Safety Policy Objective 2.1
resources for the implementation of safety policy
c) include safety reporting procedures Safety Policy Objective 2.2, Safety Reporting,
Investigation and Improvement Objective
1.1
d) clearly indicate which types of behaviours are unacceptable related Safety Policy Objective 2.2
to the service provider's aviation activities and include the circumstances
under which disciplinary action would not apply
e) be signed by the accountable executive of the organisation Safety Policy Objective 2.1
f) be communicated, with visible endorsement, throughout the Safety Policy Objective 2.2
organisation,
g) be periodically reviewed to ensure it remains relevant and Safety Policy Objective 2.1, SMS
appropriate to the service provider Documentation, Continuous Improvement of
the SMS
1.2 Safety The service provider shall:
Aasounililifes a) identify the accountable executive who, irrespective of other Organisational and Individual Safety
functions, has ultimate responsibility and accountability, on behalf of the | Responsibilities Objective 3.2
organisation, for the implementation and maintenance of the SMS
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Element

Requirement

CANSO Standard of Excellence in
SMS Link

1.2 Safety The service provider shall:
Aazeunilslfifes a) identify the accountable executive who, irrespective of other Organisational and Individual Safety
functions, has ultimate responsibility and accountability, on behalf Responsibilities Objective 3.2
of the organisation, for the implementation and maintenance of the
SMS
b) clearly defines lines of safety accountability throughout the Organisational and Individual Safety
organisation, including direct accountability for safety on the part of Responsibilities Objective 3.1
senior management
c) identify accountabilities for all members of management, Organisational and Individual Safety
irrespective of other functions, as well as of employees, with respect | Responsibilities Objective 3.1 and Objective 3.3,
to the safety performance of the SMS Safety Interfaces
d) document and communicate safety responsibilities, Organisational and Individual Safety
accountabilities and authorities through the organisation Responsibilities (maturity level descriptors
in Objective 3.1,3.2 and 3.3 reflect this
requirement), Safety Communication, SMS
Documentation
e) define the levels of management with authority to make decisions | Safety Risk Management Objective 7.2 and
regarding safety risk tolerability Management of Change 14.1
1.3 Appointment of Key The service provider shall appoint a safety manager who is Organisational and Individual Safety
Safety Personnel responsible for the implementation and maintenance of an effective Responsibilities Objective 3.2
SMS
1.4 Coordination of The service provider shall ensure that an emergency response plan Coordination of Emergency Response Plan

Emergency Response
Plan

is properly coordinated with the emergency response plans of
those organisations it must interface with during the provision of its
products or services

Obijective 4.1
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Element

Requirement

CANSO Standard of Excellence in
SMS Link

1.5 Safety 1.5.1 The service shall develop an SMS implementation plan that SMS Documentation Objective 5.1 and
Accountabilities defines the organisation’s approach to the management of safety in Continuous Improvement of the SMS Objective
a manner that meets the organisation’s safety objectives 15.1
1.5.2 The service provider shall maintain SMS documentation that SMS Documentation Objective 5.2
describes:
a) Safety policy and objectives
b) SMS requirements
) SMS processes and procedures
d) Accountabilities, responsibilities and authorities for SMS
processes and procedures
e) SMS outputs
1.5.3 The service provider shall develop and maintain an SMS SMS Documentation Objective 5.1, 5.2 and 5.3
manual as part of its SMS documentation
a) document and communicate safety responsibilities, Organisational and individual safety
accountabilities and authorities through the organisation responsibilities (maturity level descriptors in
Objective 3.1 and 3.2 reflect this requirement),
Safety Communication, SMS Documentation
2 Safety Risk
Management
2.1 Hazard 2.1.1 The service provider shall develop and maintain a process that | Safety Risk Management Objective 7.1 and the
|dentification ensures that hazards associated with its aviation products or services Management of Change 14.1
are identified.
2.1.2 Hazard identification shall be based on a combination of
reactive, proactive and predictive methods of safety data collection.
2.2 Safety Risk Assessment | The service provider shall develop and maintain a process that Safety Risk Management Objective 7.2

and Mitigation

ensures analysis, assessment and control of the safety risks
associated with identified hazards.






3 Safety Assurance
3.1 Safety Performance 3.1.1 The service provider shall develop and maintain the means to Safety Risk Management Objective 7.1 and the
Monitoring and verify the safety performance of the organisation and to validate the Management of Change 14.1
Measurement effectiveness of risk controls
3.1.2 The service provider's safety performance shall be verified Safety Performance Monitoring and
in reference to the safety performance indicators and safety Measurement Objectives 13.1 and 13.2
performance targets of the SMS
3.2 Management of The service provider shall develop and maintain a process to identify | Management of Change Objective 14.1
Change changes which may affect the level of safety risk associated with its
aviation products or services and to identify and manage the safety
risks that may arise from those changes.
3.3 Continuous The service provider shall monitor and assess the effectiveness Continuous Improvement of the SMS Objective
Improvement of the of its SMS processes to enable continuous improvement of the 15.2, Operational Safety Surveys and SMS Audits
SMS SMS Objective 12.1
4 Safety Promotion
4.1 Training and 4.1 The service provider shall develop and maintain a safety training | Training and Education Objectives 16.1 and 16.2
Education programme that ensures that personnel are trained and competent
to perform their SMS duties
The scope of the safety training programme shall be appropriate to Training and Education Objectives 16.1 and 16.2
each individual’s involvement in the SMS
4.2 Safety The service provider shall develop and maintain a formal means for Safety Communication Objectives 17.1 and 17.2

Communication

safety communication that:

a. ensures that personnel are aware of the SMS to a degree
commensurate with their positions

b. conveys safety-critical information

c. explains why particular safety actions are taken

d. explains why safety procedures are introduced or changed.






Notes in relation to ICAO Annex 19:
— The alignment of CANSO SMS Elements to the SMS elements in ICAO Annex 19 is highlighted in the body of the Appendix with a white box.
— The CANSO Standard of Excellence goes beyond the coverage required by Annex 19, as a number of the CANSO elements do not directly reference Annex 19.





General SMS principles
applicable to each study
area

The organisation is aware
of the need for SMS,

but no specific formal
implementation actions are
in place or planned. The
processes for managing
safety are ad hoc and/

or inconsistent with the
organisation’s safety
obligations.

Implementation of
safety management
depends on the
performance and efforts
of individuals. Processes
are unpredictable and
managed reactively.

The SMS framework,
implementation and
activities are not yet
mature, but are based
on defined plans. A
gap analysis has been
performed against this
CANSO SoE, and an
implementation plan is
underway.

The SMS standard
processes are in use across
the organisation and are
producing consistent
results.

The results are being
measured using qualitative
techniques.

Processes are defined, and
performance is managed.

The SMS framework is
effective in achieving

the overall safety policy
and objectives of the
organisation. SMS
processes are quantitatively
managed.

Quantitative safety
objectives are based on
customer, end user and
organisational needs.

SMS processes set
international best practice,
focusing on innovation
and improvement. The
organisation recognises
that planning for safety is a
continual process.

Safety processes/systems
are firmly embedded within
the organisation.

The effectiveness of

the SMS and safety
improvement actions

is measured and
evaluated against defined
improvement criteria.

General principles for SMS
framework implementation

The SMS framework is
immature or non- existent
in the organisation.

An SMS implementation
plan is underway though
not yet completed in some
major aspects.

The SMS may not yet meet
the required regulatory
standard.

The SMS implementation
plan is largely complete.

The SMS framework is
complete, functioning
and effective in achieving
the overall safety policy
and objectives of the
organisation.

The SMS framework is
regularly reviewed and
enhanced to achieve
excellence in ATM safety
management. Through
ongoing planning, the
organisation ensures
that safety management
activities are integrated
and it drives priorities
for operational safety
improvement.






General principles for
performance monitoring

The organisation is not
measuring or monitoring its
safety performance.

The organisation has

a plan to capture
information on its safety
performance.

The organisation is using

a controlled process to
collect safety reports

and is responding to
safety issues identified
through individual incident
investigations.

The organisation is
quantitatively measuring
safety performance. It has
identified its key safety risks
and has developed plans
for improvement.

The organisation is
managing its key safety
risks in conjunction with
external stakeholders and
can demonstrate improved
safety performance.

1.1

A positive and proactive,
flexible and informed
safety culture that supports
management-led reporting
and learning. (Safety
culture - the shared beliefs,
assumptions and values
regarding safety.)

Employees believe that
safety goals will be
achieved by complying
with rules and regulations.
This view is reinforced by
management.

No mechanisms exist
through which safety issues
can be communicated to
staff.

There are no avenues

for differing functions

to collaborate or share
information or collaborate
about safety issues.

Employees are aware

of their safety roles and
responsibilities within their
work team.

Management recognises
that it must commit

to improving safety
performance.

The organisation is
developing systems and
processes to support
employees’ ability to share
safety lessons learned with
other teams or groups.

The organisation trains
employees to fulfil their
safety management
responsibilities.

The value of safety in the
organisation recognised
and promoted.

Management's approach
to safety demonstrates a
genuine commitment to
addressing safety issues.

The value of safety in the
organisation is promoted
both internally and
externally (e.g. airlines,
passengers, general public).

Management systems
recognise the need to
prepare people for changes
that may affect safety.

The organisation actively
seeks and uses lessons
learned (external and
internal) to improve its
safety standards and
processes.

The Safety Management
System (SMS) encourages
employees to challenge
procedures, practices and
people to improve safety
performance.

Safety concerns and
other safety information
are shared with other
organisations.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.






1.2

A just and open climate for
reporting and investigating
occurrences

NB: A thorough reporting
and investigation

process must begin

with notification,

data gathering,
reconstruction, analysis,
safety recommendation
and implementation

of remedial actions,
resulting in final reporting,
exchange of lessons
learned and effective

Management believes
there are no issues with
the existing reporting and
investigation culture and
therefore does not see the
need for any activity or
dialogue with the staff in
this area.

Management and
employees have discussed
developing a Just Culture
to encourage reporting.

The organisation has
established policies and
procedures to support Just
Culture principles.

Employees comply with
safety data sharing and
publication policies.

All levels of the
organisation understand
and accept the difference
between acceptable and
unacceptable behaviours.

Within legal limits, the
organisation’s safety data

The organisation measures
the acceptance of Just
Culture principles.

The organisation follows a
clear and published policy
that addresses the interface
with the judiciary on Just
Culture matters.

Lessons from within the
organisation and across
different industry sectors
are used to enhance the
organisation’s approach to
Just Culture.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.

monitoring. are sufficiently protected There is evidence that the
from external interference. | application of Just Culture
is unaffected by changes in
All levels of the the organisation.
organisation systematically
apply Just Culture
reporting and investigation
principles and processes.
1.3 The organisation does not | The organisation is The organisation The organisation has Management has approved

Regular assessment of
safety culture and an
improvement programme.

see the need to have a
safety culture assessment
mechanism in place.

aware of the need for an
improvement plan and
periodic assessments of
safety culture.

assesses its safety culture
and disseminates the
results throughout the
organisation.

The organisation assesses
its safety culture at least
once every five years.

developed a plan to
address gaps and
deficiencies that were
identified during the safety
culture assessment.

Indicators are used to
gauge whether the gaps
and deficiencies are
effectively addressed.

a continuous improvement
plan for safety culture.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.






2. Safety Policy (ICAO Reference 1.1)

Objective

2.1

The safety policy of the
organisation presents

the organisation’s
commitment to both safety
and its resourcing. The
priority of safety within

the organisation is also
articulated.

Informal
Arrangements

The need for a safety policy
has been recognised but
one does not exist.

Managed

The organisation has
drafted a safety policy.

The draft safety policy
is available for review

within the organisation.

The safety policy has
been signed by the
most senior manager in
the organisation (e.g.
CEO) and has been
formally published.

The safety policy
reflects the priority
of safety in the
organisation

The organisation
conducts reviews of its
safety policy at least
once every five years to
ensure that it continues
to be relevant and
appropriate.

The organisation has
sufficient staff and
resources to implement
its safety policy and
related procedures.

The safety policy has
been communicated to
employees throughout
the organisation.

The safety policy is subject
to ongoing review and
improvement (e.g., when

a new executive becomes
accountable for safety or
when there are indications
that the policy does

not adequately address
the adequate level of
commitment to safety).

The organisation compares
its safety policy to those of
other ANSPs.

If changes are made

to safety policy, the
organisation has a process
to ensure that the SMS

is updated to meet the
amended requirements of
the policy.

Updates to the safety
policy are communicated
throughout the
organisation.

Safety Policy and Objectives

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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Objective

2.2

The safety policy
addresses key attributes
of the organisation’s
approach to safety.

These attributes will most
likely include culture,
visible endorsement,
communication and safety
reporting.

Informal
Arrangements

The organisation is
considering which key

attributes of its approach to

safety should be included
in its safety policy.

The organisation’s
approach to safety is
reflected in its developing
safety policy or related
procedures.

Managed

There is a clear relationship
between the organisation’s
safety policy and its SMS.

The organisation’s
safety policy or
related procedures
determine how
safety management
is implemented
throughout the
organisation.

The organisation’s
safety policy or related
procedures define the
procedures for safety
reporting, including the
types of behaviours that
are acceptable and the
circumstances under
which disciplinary action
might apply.

The organisation conducts
periodic reviews of

its approach to safety
management and, where
necessary, updates its
safety policy and related
procedures.

Safety Policy and Objectives

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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3. Safety Accountabilities (ICAO Reference 1.2 and 1.3)

Objective

3.1

An approved, clearly
documented, and
recognised system for
the management of
safety. Management
structure, responsibilities,
accountabilities and
authorities are clearly

defined and documented.

Informal
Arrangements

No formal designation
of responsibilities,
accountabilities or
authorities for the
management of safety
exists.

The organisation has
identified its safety
responsibilities,
accountabilities and
authorities.

Line managers assume
responsibility for safety
management.

Managed

The organisation

has defined and
documented authorities,
responsibilities and
accountabilities for
safety management.

The organisation has an
accountable executive
who has ultimate
responsibility for the
management of the
SMS.

The wider leadership team
takes responsibility for the
application of the SMS.

The organisation reviews
safety responsibilities after
significant organisational
changes.

The organisation reviews
safety authorities,
responsibilities and
accountabilities at least
once every five years to
determine whether they are
suitable and effective.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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3 Line management is usually responsible for implementing procedures or practices which are required by the SMS. Specific responsibility for developing and overseeing the SMS and
the organisation’s safety outcomes is usually assigned to safety departments, executive management and board oversight committees depending on the structure and governance of
the organisation.





Objective

Informal
Arrangements

Defined

The safety management
function or position

is independent of
operational line
management.

The safety management
function or position

has the authority to
develop and maintain
an effective SMS.

Optimised
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Objective

3.3

Safety management
accountabilities and
responsibilities are
understood clearly and
accepted by all relevant
staff and contractors.

Informal
Arrangements

Knowledge of the
principles underpinning
SMS among all staff and

contractors is negligible.

Relevant staff and
contractors apply rules and
procedures to their tasks.

Relevant staff and
contractors are at
least partially aware
of their roles and
accountabilities in the
SMS.

Managed

Relevant staff and
contractors are aware of
how their actions affect
the safety of the wider
operation.

Relevant staff and
contractors are aware
of how the actions of
others affect safety.

Accountability for safety
in the organisation

is understood by all
relevant staff and
contractors.

Relevant staff and
contractors throughout

the organisation have
responsibility for promoting
and improving safety.

The organisation reviews
and assesses documented
safety management
responsibilities at least once
every five years.

Relevant staff and
contractors take proactive,
day-to-day action to have
rules and procedures
changed where they
identify a potential safety
benefit.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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4. Coordination of Emergency Response Plan (ICAO Reference 1.4)

Objective

4.1

Emergency response
procedures and an
emergency response plan
that documents the orderly
and efficient transition
from normal to emergency
operations and the return
to normal operations.

Informal
Arrangements

The organisation has
sound primary air traffic
management systems but
does not have redundant
capabilities or back-up
systems.

The organisation has
procedures and at

least some redundant
capabilities and resources
to manage abnormal and
unexpected situations.

Managed

All of the organisation’s
primary systems have
redundant or back-up
capabilities.

Emergency response
procedures have
been developed,
documented and
distributed to the
appropriate staff.

The organisation
rehearses emergency
response procedures at
least once per year.

The organisation

has defined and
documented authorities,
responsibilities and
accountabilities for
safety management.

The organisation measures
the reliability of its primary
and back-up ATM systems.

The organisation regularly
exercises its emergency
response procedures

at least once a year

and regularly revises its
emergency response plan.

The organisation’s
emergency response
procedures have been
rehearsed through live
or simulated operational
exercises at least once in
the past three years.

The organisation uses
indicators to assess

the effectiveness of its
emergency response
procedures, as tested
during the regular exercises
and rehearsals.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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5. SMS Documentation (ICAO Element 1.5)

Objective

5.1

A formal SMS that meets
all applicable safety and

regulatory requirements.

Informal
Arrangements

There is no SMS in place.
There may be deviations
from safety regulatory
requirements.

The need for an SMS
implementation plan is
recognised.

Defined

The organisation has
started to implement its
SMS.

Managed

The organisation

has developed an
implementation plan
to ensure that its SMS
will meet regulatory
requirements.

The organisation’s
SMS meets all
safety regulatory
requirements.

The organisation has
completed all work
required by its SMS
implementation plan.

Assured

The organisation exceeds
minimum compliance
requirements by operating
at a higher standard

of international safety
management.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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5.2

Clearly defined and
documented safety
standards and processes.

Operations manuals do
not contain specific safety
management procedures.

The SMS
implementation plan
includes requirements
for:

Safety policy and
objectives

SMS requirements
SMS processes and
procedures
Accountabilities,
responsibilities and
authorities

Outputs such as
investigation reports,
performance trend
reports and safety
documentation to
support changes to
service delivery

All safety management
documentation is
readily available to
appropriate staff.

The organisation monitors
its SMS processes and
outputs regularly to identify
any problems employees
may have in applying the
SMS.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.






5.3

Safety management
documents are regularly
reviewed, assessed and
maintained.

Informal
Arrangements

There is no formal process
that maintains the SMS,
nor is there an identified
authority (or authorities)
responsible for the
updates.

Defined

The organisation has

a process to address
amendments to its SMS.
Someone within the
organisation is responsible
for updating the SMS.

Managed

The organisation has

a formal process for
maintaining all safety
management processes
and procedures.

The organisation’s SMS
is regularly reviewed
and updated.

Assured

The organisation conducts
formal reviews of any
organisational changes that
could affect safety and/

or the safety management
framework.

The organisation

assesses the usability and
accessibility of its SMS
processes and documents.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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6. Compliance with International Obligations

Objective

6.1

An organisation that
ensures, in a timely
manner, that there are no
inconsistencies between
regional and international
safety standards.

Informal
Arrangements

There is limited awareness
of regional or international
safety standards.

Defined

All relevant personnel
are aware of the regional
and international safety
standards applicable to
the organisation.

The organisation

has started work on
compliance with applicable
regional and international
safety standards.

The organisation meets
all required regional
and international safety
standards.

Relevant personnel
understand the regional
and international safety
standards applicable to
the organisation.

The organisation has a
structured mechanism

to address the need for
ongoing and consistent
compliance with regional
and international safety
standards.

The organisation
contributes to a regional
and/or international
dialogue to improve safety
standards.

The organisation has
established a process to
measure the timeliness
and consistency of its
compliance with the
appropriate regional
and international safety
standards.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.

29






7. Safety Risk Management (ICAO Frameworks 2 and 3.1.1)

Objective

7.1
Hazards to operations are
reported and assessed.

Informal
Arrangements

Hazards to operations
are not highlighted

by either managers or
staff. However, risks to

operations are recognised.

Defined

The organisation is
developing processes
to assist in the
identification and
reporting of hazards.

The organisation is
developing processes
to assess the risk

that hazards pose to
operations.

The organisation is
developing processes
to document the
existence of hazards
and their risk levels.

Managed

The organisation has

a sufficient number of
qualified employees to
assist in identifying and
assessing hazards.

The organisation has
taken reasonable steps
to identify all hazards
affecting its operations.

The organisation’s
hazard identification
process is based on a
combination of reactive,
proactive and predictive
methods of safety data
collection.

The organisation regularly
includes stakeholders

in its identification and
assessment processes.

The organisation addresses
identified hazards as part
of its process to improve
safety performance.

Assured

The organisation reviews
and updates its hazard
identification and analysis
processes at least once
every five years.

The organisation monitors
whether the hazard
identification process is
appropriately applied.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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Objective

7.2
Assessed risks are

mitigated or controlled.

Informal
Arrangements

There is limited
understanding of the need
to mitigate or control

risk, even when risks are
recognised.

The organisation
acknowledges the need
to mitigate and control
risks.

Managed

The organisation has
defined the level of
risk that individual

The level of analysis,
assessment, mitigation
and control of risk
being undertaken is
proportionate to the
severity of the risk
outcome.

managers can approve.

The organisation is
establishing processes
to document how
appropriate controls and
mitigations should be
selected.

The organisation
documents and
enforces the level of risk
that its managers can
accept.

The organisation reviews
the level of risk it can
accept at least once every
five years on the basis of its
performance.

The organisation reviews its
level of risk to ensure it is in
line with the risk tolerance
level of its governing body
(e.g., board).

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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Objective

7.3

Risk controls are monitored
for effectiveness, and
remedial action is taken if
controls are not working
effectively.

Informal
Arrangements

There is little
understanding of what
constitutes a risk control
at either a system or local
level.

The effectiveness of these
controls is not evaluated.

There is a reasonable
understanding of

risk controls in the
organisation.

The organisation is
developing processes
to identify, assess and

control operational risks.

Managed

The organisation has
formally documented its
risk control processes.

The organisation is
implementing risk
control processes.

The organisation
is identifying and
documenting
operational risk
controls.

The organisation has
implemented processes
and practices that

allow it to measure

its operational risk
baseline.

The organisation regularly
monitors the effectiveness
of risk controls.

Where deviations or
deficiencies are identified,
the organisation has
proposed improvements to
the risk control framework.

The organisation’s
long-term investment
programme provides for
improvements in safety
that address key risks (e.g.,
safety tools, additional staff,
training).

The organisation identifies
and manages performance
deviations and deficiencies
from its operational risk
baseline.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.

32






8. Safety by Design

Objective

8.1

Design addresses the
entire system, including
the people, procedures,
airspace and equipment.
Systems contain features
to ensure safe operation
and support the operator’s
decision-making process.
Equal weight is given to
the success and failure
case approaches.

Informal
Arrangements

Safety is not explicitly
addressed in the design
process.

Defined

There are informal
processes to assess the
effects of failure on the
operation.

There is evidence that
the informal processes for
assessing the effects of
failure on the operation
are used.

Managed

When designing new
procedures, airspace

or equipment, the
organisation has a formal
process by which it
achieves a ‘safe design.’
(i.e., the potential for
failures are assessed,
controlled and/or
mitigated which may be
viewed as a ‘design out
approach”.)

When designing new
procedures, airspace
or equipment, the
organisation has
formal processes for
addressing failures that
have been identified
through occurrences,
investigations or safety
surveys.

Assured

When designing new
procedures, airspace
or equipment, the
organisation has formal
processes to identify
the effectiveness of
improvements in safety
according to risk.

When designing new
procedures, airspace

or equipment, the
organisation assesses
benefits that have been
achieved through its design
processes.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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9. Safety Interfaces

Objective

Informal
Arrangements

Managed

34

Optimised

9.1

Effectively managed
safety-related internal
interfaces (e.g. operations
and engineering service
level agreements).

The various internal
interfaces operate in
isolation.

The organisation’s internal
safety-related interfaces
are managed on an
informal basis.

The organisation’s formal,
safety-related internal
interfaces are managed
through interface
agreements (e.g.,

letters of agreement
(LOASs), memoranda of
understanding (MOUs),
service-level agreements
(SLAS)).

The organisation has
established a formal
process to regularly
evaluate the performance
of its interface agreements
(LOAs/MOUs/SLAS, etc.).

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.

9.2

The effective management
of external interfaces

with a safety impact (e.g.,
military, airspace users,
airports).

Formalised processes and
procedures for managing
external agreements,
services, and supplies
(e.g., cross-border letters
of agreement).

Safety-related external
interfaces are managed on
an informal basis.

The organisation is
preparing or negotiating
draft contractual
arrangements for all safety-
related external interfaces

The organisation has
completed at least some
contractual arrangements
for safety-related external
interfaces.

Safety requirements

are specified and
documented in the
appropriate agreements.

Activities for all safety-
related external interfaces
and relationships

are coordinated and
managed through
documented agreements.

The organisation
systematically reviews and
revises safety requirements
within contractual
agreements.

The organisation
systematically reviews the
performance of its critical
external service providers
and suppliers against the
contract and takes action as
necessary.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.






10. Fatigue-related Risk Management

10.1

A data-driven means of
continuously monitoring
and managing fatigue-
related safety risk that
aims to ensure relevant
personnel are performing
at adequate levels of
alertness.

Informal
Arrangements

Fatigue-related risk is not
recognised as a safety
risk which needs to be
managed.

Defined

Management considers
fatigue to be an
operational hazard/risk.

The organisation has
informal processes and
procedures in place that
address fatigue-related
risk.

Managed

The organisation has
formal processes and
procedures by which
fatigue is assessed and
managed.

The organisation

has defined the
responsibilities of
management and
employees for the
management of fatigue-
related risk.

The organisation
provides training on the
management of fatigue-
related risk.

Assured

The organisation continually
assesses compliance

with fatigue-related risk
procedures.

The organisation has
processes to assess and
improve the management
of fatigue-related risk.

The organisation uses
data and information
from internal and external
sources to improve the
management of fatigue-
related risk.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.

35






11. Safety Reporting, Investigation and Improvement (ICAO Element 1.1.c)

Objective

11.1

A continuing organisation-
wide process to report
and investigate safety
occurrences and risks

Informal
Arrangements

There is an informal system
in place for reporting
safety occurrences, but
reports are not reviewed
systematically.

The reporting system is not
organisation-wide.

Investigation is done on an
ad hoc basis with little or
no feedback.

The organisation
investigates incidents,
even if there is no formal
investigation process.

The organisation
provides feedback to
staff on investigation
findings.

Managed

The organisation has
a formal reporting and
investigation system.

The organisation keeps
formal records of all
incident and accident
reports and related
information.

Investigations result, if
necessary, in corrective
and preventive action.

Staff reporting safety
occurrences can also
suggest ways to solve
problems identified in
their occurrence reports.

The organisation
provides feedback

to those who report
occurrences or hazards
of any corrective actions
taken as a result of their
report.

The organisation checks
to ensure that all required
occurrences have been
reported.

The organisation monitors
the number of reports that
require investigation but are
yet to be investigated.

The organisation
measures the quality
and effectiveness of its
investigations.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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12. Operational Safety Surveys and SMS Audits

Informal

Defined

Managed

Assured
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Optimised

12.1

Internal and independent
(external) safety surveys
and SMS audits.

Arrangements

There is no plan to conduct
systematic safety surveys
and SMS audits.

Safety surveys, SMS audits,
and gap assessments are
conducted on an ad hoc
basis.

The organisation has a
plan either in place or
under development to
formalise how SMS audits
are conducted.

The organisation has
carried out any SMS
audits.

The organisation has a
formal process describing
how to conduct SMS
audits.

The organisation
conducts internal SMS
audits at least annually.

SMS audits have
resulted in the
development and
implementation of
improvement plans.

The organisation carries out
safety surveys in addition to SMS
Audits.

The organisation’s safety surveys
are carried out systematically.

The organisation has established
a process to analyse trends
arising from safety surveys and
SMS audlits.

Where appropriate, the
organisation conducts
reassessments to confirm

that any implemented
recommendations arising from
safety surveys and SMS audits
have been successful.

The organisation commissions
external surveys and SMS audits
at least once every five years.

The outputs from safety surveys
and SMS audlits are incorporated
(as appropriate) into operations
or the SMS.

The organisation has established
a process that requires

external data (e.g., pilot
non-conformance with ATC
instruction trend information) to
be considered when selecting
topics for operational safety
surveys and SMS audits.

The organisation has
set best practice(s) for
safety management
for this objective and
is willing to share
those with other
ANSPs/ organisations.






13.1

An established and
active monitoring
system that uses
and tracks suitable
safety indicators and
associated targets
(e.g., lagging and
leading indicators).

There are no
indicators,
thresholds or
formal monitoring
systems in place
to measure safety
achievements and
trends

The organisation
has a plan in
place or under
development

to implement

a safety
performance
monitoring
system.

The organisation
has established
safety indicators.

The organisation has implemented
and formally documented a safety
performance monitoring system.

The organisation’s safety performance
targets are meeting all applicable
regulatory requirements.

The organisation has developed targets to
reflect its safety policy and risk tolerance.

The organisation analyses trends for safety
improvement purposes.

The organisation has safety indicators
covering all aspects of the system or
operation.

The organisation uses leading indicators
to increase the range of safety metrics for
measuring its performance.

Safety management processes require
that any negative trends in safety
performance indicators be addressed.

The organisation
has set best
practice(s) for
safety management
for this objective
and is willing to
share those with
other ANSPs/
organisations.

13.2

Methods to measure
safety performance,
which is compared
within and across
ANSPs.

Ad hoc safety
performance

data related to
individual incidents
is available,

but there is

no systematic
approach for
measuring safety
performance.

At least some
parts of the
organisation have
implemented
safety
performance
measurement
processes.

The organisation has implemented
qualitative techniques to measure
safety performance (e.g., opinion
surveys, NOSS/Day-2-Day results, and
overload reports).

The organisation has implemented
quantitative techniques to measure
and verify safety performance.

The organisation has implemented
measures to validate the effectiveness
of risk controls and mitigations.

The organisation conducts internal
comparative analysis.

The organisation works with stakeholders
to conduct external comparative analysis.

The results of the organisation’s safety
performance activities influence the
operational safety survey and SMS
auditing programme.

The organisation
has set best
practice(s) for
safety management
for this objective
and is willing to
share those with
other ANSPs/
organisations.






14. Management of Change (ICAO Reference 3.2)

Objective

14.1

Documentation and
reporting mechanisms
are in place to ensure
that internal and external
stakeholders understand
how safety risks introduced
during and/or following
implementation of
change are managed and
mitigated.

Informal
Arrangements

There are no change
management processes
in place even though the
organisation recognises
that impacts of change
must be managed.

Managed

The organisation is
developing change
management processes
to assess and quantify
the risks of change.

The organisation’s
change management
processes determine
whether a change
should be authorised.

The organisation is
developing change
management
processes that require
the involvement of
stakeholders.

The organisation’s
stakeholders, including
its regulator, are aware of
these processes and their
purpose.

The organisation
assesses the safety
impact of changes and
associated mitigations
before they are
introduced.

The organisation’s change
management processes are
reviewed and updated at
least every five years (e.g.,
from internal experience,
external lessons learnt).

The organisation assesses
the performance of its risk
controls and mitigations
as part of its change
management processes.

The organisation’s change
management processes
define and report
transitional risk.

The organisation’s change
management processes
involve all relevant internal
stakeholders.

The change management
processes are tailored for
the importance and the
resources needed for the
change.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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15. Continual Improvement of the SMS (ICAO Reference 3.3)

Objective

15.1
An integrated planning
process drives the

continual improvement of
the SMS.

Informal
Arrangements

An ad hoc or non-existent
safety planning process is
utilised by the organisation.
Safety goals and objectives
have not been identified

or documented for the
implementation of an SMS.

The organisation is
preparing to develop
a plan to show how

it will improve the
implementation and
management of safety.

Managed

The organisation has
established formal
planning processes to
drive improvement of
its SMS

The organisation
regularly evaluates the
effectiveness of these
planning processes.

The organisation has
a plan to improve the

management of safety risks.

The organisation’s plan

to improve its SMS
includes measurable safety
management goals and
targets.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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15.2

A structured approach

to gather and share
information on operational
safety and SMS best
practices from the industry.

There is no structured
approach to gather best
practices from the industry.
The organisation can
identify and adopt industry
best practices on an ad hoc
basis.

There are no plans to
release and share best
practices with industry
stakeholders.

The organisation

gathers information on
operational safety and
SMS.

The organisation gathers
information on internal
best practices to improve
safety management.

The organisation has
formal processes

in place to identify
best practices from
throughout the industry
that can be used to
improve the SMS.

The organisation shares
its best practices with
industry stakeholders
(e.g., ANSPs, airlines,
regulators).

The organisation reviews,
assesses, and adopts
industry best practices.

The organisation has
carried out an impact
assessment to determine
whether the best practices
have been effective in
improving safety.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.






16.1

Staff, and contractors
where appropriate,
who are educated
and trained in

safety and safety
management, and
where required,
licensed.

Note that this
objective is primarily
focused on ATC,
engineering and
senior staff who have
the ability to affect
the safety of the
operational service.

Staff, and contractors
where appropriate,
are provided

with training for
safety and safety
management
activities on an ad
hoc basis.

The organisation
regularly provides staff
and contractors with
training and education
in safety and safety
management.

The organisation
provides staff and
contractors with
training and education
to help them apply
required safety
management practices
and procedures.

The organisation has an annual planning
process for safety management training.

The organisation’s annual training plan
ensures that appropriate staff are aware
of all safety management practices and
procedures that are applicable to their
roles.

The organisation’s annual training plan
ensures that staff are aware of the
organisation’s approach to safety.

Those who receive training
are given an opportunity
to provide feedback on the

effectiveness of the training.

The organisation’s training
programmes are updated
on the basis of that
feedback.

The organisation uses
indicators to measure the
effectiveness of its training
programme.

The training is constantly
adapted to include
identified risks and address
shortcomings (highlighted
through, for example,
feedback from courses).

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.

16.2

Staff are competent
to conduct their
obligations under the
SMS.

There are no

formal competency
methods (including
proficiency, licensing
and training)

The organisation
is developing
competency
methods.

Competency methods are designed
and applied to ensure that staff,
where appropriate, are educated,
trained and competent to perform the
specific duties required of them by the
organisation’s SMS.

Records of competence training are kept
and maintained.

Additional training is delivered to address
gaps in competence (e.g., for staff who
change roles).

The means by which
competency standards are
determined is subject to
review and improvement.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.






17. Safety Communication (ICAO Element 4.2)

Objective

17.1

Staff are informed
about the safety and
safety management
standards relevant to
their positions.

Informal
Arrangements

Staff have limited
knowledge of SMS
processes and
procedures.

Defined

Relevant staff are
informed when
safety actions or new
safety management
procedures are
introduced.

The organisation
issues internal staff
communications that
focus on safety and
safety management.

Managed

Safety is a key focus of internal
communications.

Staff are informed when procedures
have changed.

The organisation tailors its safety
communications to meet the recipients
needs.

I

Assured

The organisation regularly
assesses the effectiveness
of its communication, and

addresses any deficiencies.

Optimised

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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17.2

An organisation-wide
means to record and
disseminate lessons
learned and safety-
critical information.

Safety lessons
learned are known
only to those who
experience them.

The organisation
intends to record
and share lessons
learned throughout
the organisation.

The organisation has a formal process
for systematically sharing operational
safety lessons learned with appropriate
staff.

The organisation disseminates
safety-critical information to all
appropriate staff.

The organisation
systematically shares
all safety lessons
learned throughout
the organisation at all
appropriate levels.

The organisation reviews
its lessons-learned
dissemination process at

least once every five years.

Staff are given the
appropriate means to
react to communications
and alert the organisation
of any perceived
problems. This is to be
considered as outside of
the regular occurrence
reporting system.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.






17.3

Appropriate safety
information and
knowledge is
shared with industry
stakeholders.

Information
disclosure complies
with agreed
publication and
confidentiality

Safety data and
information

are treated as
confidential. There
are no plans to
disseminate it

to any industry
stakeholders.

The organisation
shares safety data and
information externally
using informal
processes.

When required by regulation, the
organisation shares safety data and
information nationally.

When required by regulation, the
organisation shares safety data and
information with international bodies.

The organisation
encourages the proactive
sharing of safety-related
information with other
parties (including industry
stakeholders) to drive safety
improvement.

The organisation actively
shares safety data with
international bodies to
drive safety improvement.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.

policies /

agreements. The organisation has
established a formal
process to receive and
act on safety data and
information from external
stakeholders.

17.4 The organisation makes high-level safety-

A general public
knowledgeable

of the ANSP’s
performance through
routine publication
of achieved safety
levels and trends.

(Information
disclosure
complies with the
requirements of
ICAO Annex 13,
Attachment E)

Safety-related
performance
information is not
made available to
the public under any
circumstances.

The organisation
makes safety-
related performance
information
available to selected
authorities.

related performance information available
according to regulatory requirements.

The organisation makes
safety performance
information available to
the general public beyond
what is required by
regulation.

The organisation has set
best practice(s) for safety
management for this
objective and is willing
to share those with other
ANSPs/organisations.
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Figure 1.2: The Integrated Components of the SMS

141 Safety Culture and Promotion in the ATO
Safety culture is defined as the way safety is perceived and valued in an organization. It
represents the priority given to safety at al levels in the organization and reflects the real
‘commitment to safety. The ATO uses its SMS to promote a positive safety cuture through
policies that align safety goals with organizational standards, training, voluntary reporting, and
best practices.

A strong safety culture helps ensure that personnel are trained and competent to perform their
duties and that continual updates on training are provided. Promoting strong safety values.
means that all ATO employees share lessons leamed from investigations and experiences, both
intemally and from other organizations.

Safety Promotion programs and activities are vital o achieving positive safety outcomes
throughout the ATO. The tenets of Safety Promation are used to foster a positive safety culture.
inwhich ATO employees understand why safety is important and how they affect t providing a
sense of purpose to safety efforts. Each employee must consider the potential effect that their
decisions may have on safety, and each employee is responsible for understanding the
significance of their job as it relates to safety. SMS training identiies the importance of the SMS
and how each employee and contractor fits into the mission of using the SMS to improve safety
inthe ATO. For more information on SMS training, refer to the ATO SMS Toolbox.

Open communication is crticalto a positive safety culture. The ATO communicates safety
objectives to all operational personnel to improve the way safety is perceived, valued, and
prioritized._In an organization with a strong safety culture, individuals and groups take
responsibilty for safety by communicating safety concems and striving to leam, adapt, and
‘modfy individual and organizational behavior based on lessons leamed.
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Why choose this type of regulation?

		Different regulatory approaches are suitable to address different types of safety or security issues



Background on Management Systems

		If we know the problem...		...and we know the solution...		...we can use a Prescriptive Regulation

		Ice on airplane 
wings reduces lift		De-icing fluid removes ice		De-icing fluid must 
be used in icy conditions

		If we know the problem...		...but there are many possible ways to achieve the solution...		...we can use a Performance-Based Regulation

		Automobile rollovers 
cause fatalities		There are many ways to 
design an automobile roll cage		Roll cages must withstand 
collisions of at least 35km/h

		If we don’t know the problem, or only know the root cause...		...and there are many possible solutions...		...we can use a Management-Based Regulation

		Poor attention to safety
leads to accidents		Numerous ways to focus staff and management attention on safety		Companies must 
implement an SMS to assess and 
mitigate their own unique risks
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