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Part 1: Safety-l &
Safety-II

From Safety-I to Safety-II:
A White Paper
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DAYS SINCE LAST
ACCIDENT:
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EUROCONTROL

Safety focus: Exceptional performance:
accidents & disasters gratefully accepted
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Figure: EUROCONTROL (2013). From Safety-| to Safety-Il: A White Paper.
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“A way of seeing is also a
way of not seeing — a focus

EUROCONTROL

Safety focus:
accidents & disasters

upon object A involves a
neglect of object B”

Burke, K. (1984) Permanence and Change.
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Safety focus:
accidents & disasters
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ate'of affalrs in wh|ch‘one s abilities serve.as
e madequames or‘blmd spots”

Merton, R. (1984) SoctalTheury and Social Structure.
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EUROCONTROL

Exceptional performance:
gratefully accepted

Safety focus:
accidents & disasters
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Network Manager
nominated by
the European Commission




Allianz the insurer's view...

“One thing, if you
want to understand
risk you heed

to get out from
behind your desk”

Part 2: Perspectives
on Systems
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the system  paradigm
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Lack of Knowledge
Fear
Pride
_ Habit
[Conformity}
Obedience
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System as Compllcated
Machine

System as Complex
Sociotechnical System- “=

Analyse components Understand system interactions in .
context

Find and fix Probe, sense, adjust, learn
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.
Implement performance targets, Monitor, design and adjust for
league tables and benchmarks demand and flow

Identify (root) causes Understand system influences

Primacy of system-as-found
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Human as Hazard Human as Resource

Focus on human failures Study ordinary work in context
Incentivise ‘safe behaviour’ Improve system conditions
- Appeal to fear Create psychological safety

e
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By ; 1 Assume goodwill, understand
e Punish non-compliance
— tradeoffs
B
. z Constrain variability Enable flexibility and autonomy
| Automate to optimise use of

Automate whatever you can

- >

human strengths
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Systems Thinking for Safety: Ten Principles
A White Paper

Moving towards Safety-1i

Part 3: Systems
Thinking for Safety




Purpose To encourage a systems thinking approach to
help make sense of — and improve — system
performance

Target audience Allinclusive: front line, specialists,
managers, decision makers, regulators...

Scope Total system, primacy of real system

System
Focus
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E NAS 7 // Air Navigation
v Services Pte. Ltd. Co
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NAV-Portugal, E.PE.
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International Federation of Air Line Pilots® Ass
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Making sense of situations

How has the work been affected by performance targets?
How might a supervisor league table affect decision making?
Why do we have so much rework in engineering?

Why would an engineer take a hazardous shortcut?

Why would a controller allow an aircraft to fly below minimum
safe altitude?

Why would employees ‘cheat’?

10. Understand 1. Involve the right field
everyday work experts

9. Consider system-
wide effects,
cascades &

surprises-in-waiting Local
Emergence Rationality

Field Expert

Equivalence
Involvement

2. Understand local
perspectives, stories

and experiences

8. Understand 3. Reflect on our

adjustments and EEEHUELTT mindsets,
the nature of  [IRGHELLILY assumptions &
variability language

Demand &

Trade-offs
Pressure

7. Understand 4. Consider demand on

trade-offs in context Interactions | Resources & the system and the
& Flows Constraints pressure imposed

5. Investigate the adequacy of
resources appropriateness of
constraints

6. Look at flows of work
and system interactions

25/09/2014
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Obsefvation 2¢
Noticing /

Image: Naviair (All rights reserved)
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Has the System's purpose changed?
Field experts as co-designers?
Multiple perspectives on events?

7 / y
4 2

Pressure imposed by targets?

CNS/AIS/MET/ATS flow of work?

. Local understanding of patterns?

. How are things done now?

Who observes who?
Field experts as co-investigators?

“Patterns of demand overtime?

R ‘ Interaction with equipment?

.\- Flows of-activity?
: ETTOs in practice?
Local adjustments & variation?
Surprises?

-

Discussion

2.0 http:/Aflic.kr/p/4tJuér
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Systems Thinking Methods

EUROCONTROL

= System Maps & Influence Diagrams

= Causal Loop Diagrams

= Seven Samurai

= Functional Resonance Analysis Method (FRAM)

= SESAR Resilience Guidance Material for Safety Assessment
(SRM) and Design

= AcciMaps

= Systems Theoretic Accident Model and Processes (STAMP)

1\"!

SESAR Resilience Guidance Material for Safety
Assessment (SRM) and Design

A

EUROCONTROL

SESAR

V4
Industrialisation

V3 Pre-Industrial
Development

V2 Feasibility

V1 Scope

P16.1.2: Developed Resilience Engineering guidance
P16.6.1b: Working to integrate R.E. into SESAR Safety Reference Material

Common theme:
Maximising the positive contribution of ATM to aviation safety
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Causal Loop Diagram
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* et Figure: Waring, A. (1996). Practical systems thinking. Thomson Learning.

the European Commission

Functional Resonance Analysis Method (FRAM)

EUROCONTROL

o vaol

%

soeam
[ -
e Figure: Frost, B. and Mo, J. P. T. (2014). System hazard analysis of a complex socio-technical system: the functional resonance
Faart ‘the European Commission

analysis method in hazard identification. Australian System Safety Conference, Melbourne Australia. 28 — 30 May 2014.
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Seven Samurai

Context
System (S1)

Problem (P2)

System (S1°)

EEE  ctwork Manager
R oinaedby
¥ the European Commission

Problem (P1)

becomes

Modified Context

needs to understand

intended to address

may address

Competing
System (S7)

competes
vith becomes
Deployed
System (S4)
collaborates
with
Collaborating sustains

System (S5)

Intervention
System (S2)

EUROCONTROL

Realization
System (S3,

may need
to develop
or modify

needs to
understand

Sustainment
System (S6)

Figure: Martin, J. N. (2004). The Seven Samurai of Systems Engineering: Dealing with the Complexity of 7 Interrelated Systems.

Presented at the 2004 Symposium of the International Council on Systems Engineering (INCOSE).
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. we must think in systems.” Image: &

= Upload fie NATS Press Office @ CC BY-NC-ND 2.0

= Special pages

= Printable version To understand and improve the way that organisations work, we must think in systems. This means considering the interactions between the parts of the system (human, social, technical, information, poliical, economic
= Permanent link and organisational) in light of system goals. There are concepts, theories and methods to help do this, but they are often not used in practice. We therefore continue to rely on outdated ways of thinking in our attempts to

understand and influence how sociotechnical systems work. This White Paper distills some useful concepts as principles to encourage a ‘systems thinking’ approach to help make sense of — and improve — system
performance. It is hoped that these will ive new ways of thinking about systems, work and safety, and help to translate theory into practice.

Principles 1, 2 and 3 relate to the view of people within systems — our view from the outside and their view from the inside. To understand and design systems, we need to understand work-as-done. This requires the
involvement of those who do the work in question — the field experts. (Principle 1. Involvement of Field Experts). It follows that our understanding of work-asdone — past, present and future — must assimilate the multiple
perspectives of those who do the work. This includes their goals, knowledge, understanding of the situation and focus of attention situated at the time of performance (Principle 2. Local Rationality). We must also
‘assume that people set out to o their best — they act with good intent. Organisations and individuals must therefore adopt a mindset of openness, trust and faimess (Principle 3. Just Culture),

Principles 4 and 5 relate to the system conditions and context that affect work. L iing demand is critical to system Changes in demands and pressure relating to efficiency and
capacity, from inside or outside havea on (Principle 4. Demand and Pressure). This has implications for the utiisation of resources (e.g. staffing, competency,
‘equipment) and constraints (e.g. rules and regulations) (Principle 5. Resources and Constraints), which can increase or restrict the ability to meet demand.

Principles 6, 7 and 8 concern the nature of system behaviour. When we look back at work, we tend to see discrete activities or events, and we consider these independently. But work-as-done progresses in a flow of
interrelated and interacting activities (Principle 6. Interactions and Flows). Interactions (e.g. between people, equipment, procedures) and the flow of work through the system are key to the design and management of
systems. The context of work requires that people make trade-offs to resolve goal conflicts and cope with complexity and uncertainty (Principle 7. Trade-offs). Finally, continual adjustments are necessary to cope with
variability in system conditions. Performance of the same task or activity will and must vary. Understanding the nature and sources of variabilty s vital system (Principle 8.

Variabilty)

Principles 9 and 10 lso relate to system behaviour, in the context of system outcomes. In complex systems, outcomes are often emergent and not simply a result of the performance of individual system components
(Principle 9. Emergence). Hence, system behaviour is hard to understand and often not as expected. Finally, success and failure are equivalent in the sense that they come from the same source — everyday work, and
performance variabillty in particular (Principle 10. We must attention on and .
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