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Welcome!
Streaming will start very soon
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To achieve effective risk management we need to understand and model the risks we have as Railway 
Undertaking

We have taken two initiatives to move us forward as a business: 

 1. Systematic risk mapping and bow tie analysis 

 2. Adopting a proactive incident analysis approach to investigate based on the number of barriers 
that failed, rather than consequence alone

Effective Risk Management 

Risk mapping and bow 
tie analysis

Processing 
Operational Safety 

Events
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Risk mapping and 
bow tie analysis

1
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• Construct Bowties of Major Risk scenarios to support transition from rule-based/reactive to a more risk-
based/proactive approach 

• Construct and maintain a Hazard Register to meet regulatory requirements

• Identify key leading safety performance indicators

• Support training, incident reports and safety communication to create a common understanding of major 
risks

• Ensure that the importance of HOF barriers are recognized and maintained

• Increase efficiency for change management regarding organisational and procedure changes.

Objectives for the risk analysis 
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Positive Safety Culture 
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Example of bow-tie model
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2
Processing 

Operational Safety 
Events 
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Why Investigate? 

Source: Energy Institute (2016) Learning from incidents, accidents and events 

Learning from major accidents

Learning from incidents
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• The seriousness of the event is assessed based on actual and potential consequences 

• But also considers the number of barriers that have failed or were missing

• The Evènement de Sécurité Majeur (ESM) level is assigned during a review meeting that gathers 
experts in various operational functions

Events are assigned of one of the following categories, and the appropriate level of investigation agreed: 

• ESM1: Managed Safety Event 

• ESM2: Minor Safety Event 

• ESM3: Significant Safety Event           

• ESM4: Major Safety Event Safety 

Types of investigations 
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• This approach offers the opportunity to learn from events and address weaknesses to prevent 
catastrophic events 

• It’s is not always perfect, sometimes there are disagreements about the event classification and which 
events need further investigation

• Creates a ‘fair’ approach so that we learning from the weaknesses in our systems, not assigning blame

• We are working to improve investigation techniques, and how we transfer learning from events into 
operations and maintenance

• By continuously improving, we can understand more about the risks we have in our business and how to 
manage them. 

What have we learned? 
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Case study
Stranded train in Paris

3
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Investigation & Lessons Learned
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Bow-Tie of related ESMR
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• The analysis of the incident helped to identify the lessons learned for this situation and how we could 
mitigate

• The proactive bow tie analysis identifies all of the areas that could contribute to the risk of this type of event

• Understanding our controls and how effectively these work, also allows us to understand the potential 
impact on passenger behaviour

• e.g. the loss of ventilation means that safe and controlled passenger evacuation should be prioritised

• This approach will improve our management and maintenance of controls. 

How we share the lessons learned
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Merci

Thank you

Danke

Dank je wel
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A Network of HOF Experts to support the 
transformation of Safety Culture

Florence Magnin-Lot, Pippa Trahant, Yann Cahue

22 and 23 October 2024
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1. SNCF Group and its Safety Culture program PRISME

2. HOF Approach and ambitions at TER

3. Practical examples of HOF contribution to the performance

Conclusion

Index
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1. SNCF Group 
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Safety Group DepartmentHolding

Infrastructure 

manager

Freight
Passenger 

Railway 

undertaking

Supply 

chain

International 

carrier all type of 

mobility

Stations 

manager

283 000 employees 



In 2015, SNCF Group launched               program

 to transform and improve Safety Culture

A unique SNCF’s Safety Culture 

definition and model for the whole group.

Several projects to improve the 

7 safety culture’s characteristics including 

Human and Organisational Factors (HOF)

Our Safety Culture Program : PRISME

EMP R I S

Safety 
Culture

Commitment
and involvement 

in a common 
vision of safety

Safety
Leadership

Just & Fair
culture that
encourages 

feedback 

Learning 
organization

and 
interrogative 

culture

Balance 
between

prescription 
and adaptation 

Shared risks 
awareness 

Consideration given 
to technical barriers, 
SMS and HOF at all 

stages of the 
organization's 

processes

SM
S

Te
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.
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F

Feedback from 
Experience

Daily activity

Daily activity
Design
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In 2016 : HOF awareness campaign for 5000 
executives and managers + Leadership 
training for top managers (from the entire 
group)

2017 : beginning of the HOF professionalized 
training program

To date we have trained over than 300 HOF 
correspondents disseminated in operational 
entities

Our Human and Organisational Factors network
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Our HOF network (training program)

Duration : more than 90 hours over 6 months

Participants’ 

engagement

- Participants’ 

assessment

- Appraisal of their level 

of maturity in relation 

to the HOF and Safety 

Culture fundamentals

- Virtual launch 

classroom preparation

- Individual debriefing 

with Participants’ 

commitment

3 e-learning lessons

- Lesson 1: Human 

Factors + Virtual 

Classroom n°1

- Lesson 2: 

Organizational Factors 

+ Virtual Classroom n°2

- Lesson 3: Safety 

Culture + Virtual 

Classroom n°3

4 Virtual Classrooms 

(VC) for skill building

-Virtual Classroom n°4 

and 5 : Consolidation & 

links with participants' 

activities 

- Virtual Classroom n°6 : 

Case study about HOF 

and root cause analysis

- Virtual Classroom n°7 : 

Acting on Safety culture

-1 day presential meeting 

: Topics’ presentation for 

the anchoring projects

12 Workshops 

- 1 workshop by week 

dedicate to deepening 

and Peer coaching

-Individual coaching 

session (2 x1h by trainee)

Validation of gain 

knowledge

- Progress assessment

- Skills  assessment

- Review of success and 

difficulties

1 Sharing seminar (2 

days)

- Projects presentations

- Valuing the work of the 

HOF trainees

- Sharing experiences, 

learnings, and difficulties

-Anchoring proposals and 

/ or actions

- Competence 

assessment

- Celebrating the end of 

the course

Preparing Deployment Consolidating Anchoring Capitalization Assessment

Weeks 1-2 Weeks 9-12Weeks 3-8 Weeks 13-24 Week 25 Week 26
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HOF Correspondents actively 
promote safety culture

Our HOF network (its missions)
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Applying Just & 
Fair approach

Implementing HOF

• Changes

• REX / Incident Analyses

• New design

Developing 
safety 

leadership

Promoting 
Non-Technical 

skills

Encouraging 
Cooperation

Providing 
trainings and 
safety culture



2. HOF approach and Ambition at 
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Regional services

11 Business Units

HQ in Lyon

27 000 

Staff 

diversity of 

professions

2015

2020

2022

2024

…

EMP R I S

Trainings for managers

Implementation of new

safety culture

Low Safety results

Decided by 

TER EXCOM

APPORT Network set-up

Development of tools 

specific training

APPORT provides his services to

All new SNCF subsidiaries



3 qualified experts : a 2-year Masters in Managing 

Organisations at Risk delivered by ISCI in collaboration with ESCP 

Business School. 

Over 60 correspondents, operational managers (train drivers, 

ticket controllers, rolling stock maintenance) who have followed 

the training program of the ISCI

1-2 experts and 10 referents in training each year

Key points of success of APPORT
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Increase 
of safety 
culture

EXCOM 
promotes the 
new culture 

and the 
APPORT 
Network

Safety Managers 
are involved to set-
up the network, and 
to drive the strategy

Members of APPORT 
Network =  motivated 

volunteers 

Not additional 
and 

specialised 
staff, but new 
competences 

for middle 
management 
staff in charge 
of operations



Ambitions of the APPORT network at TER
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Booklets Mechanism of 
error

Interview 
practices

Reliability 
practices

Promotion of 
Non-technical 

skills

How to 
encourage 

hazard 
detection

For each expert Work on specific issue 
in domaine of expertise

Workshops and 
training 

sessions

Potential 
Optimisation Skills 

(TOP)

Benchmarking EDF Army Hospital Keolis ...

Specific support 
for entities

Participation in Accident Investigation 
Investigation (HOF approach to identify key 

events)

Post traumatic stress 
disorder prevention 
using 6C Protocole

Focus Groups 



3. Practical Case in TER SUD - Ouest Provence Line 
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Participation in 
post-event 

reviews (J+1) 
highlights 

weaknesses
• Situation awareness

•The implementation of 
robust human barriers

•The freedom of speech 

Actions 
engaged

•Training on error 
mechanisms and reliability 
practices

•Training in interview 
techniques

•Support in the "Just and 
Fair" approach

Observed 
benefits

•Accident prevention

•Reduction of risky 
behaviour 

•Better understanding of 
malfunctions

•Organisational learning



Practical Case in TER SUD – Ouest Provence Line
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Actions 
engaged

• Implementation 
of Focus Groups

• Co-construction 
of action plans

• Working towards 
the development 
of an integrated 
safety culture

Gains

• Improvement of 
overall safety

• Consideration of 
interactions 
between different 
stakeholders

• Recognition of 
internal expertise

During field tours 

or discussions 

with managers 

and operational 

staff, it is often 

observed that 

agents do not feel 

involved in the 

organisation and 

in safety 

management



Practical case in TER SUD – Ouest Provence Line
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Actions 
engaged

• Conducting CSM 
(Common Safety 
Methods) on risk 
management

• Conducting 
Focus Groups

• Ergonomic study 
of the 
organisation

Gains

• Improvement of 
overall safety

• Consideration of 
interactions 
between different 
stakeholders

• Recognition of 
internal expertise

When 

implementing a 

new organisation 

or restructuring 

an existing one

Lack of 

consideration for 

Human and 

Organisational 

Factors (HOF).



The HOF network 

Helps to understand real working 
situations in order to improve safety

Provides managerial methods that 
contribute to better performance

Has an impact not only on safety, 
but also on production and staff 
commitment

Diffusing Safety Culture to less 
mature units

Practical case in TER SUD – Ouest Provence Line  
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Working condition

Survey Participation

2023 2024

Commitment rate

13

3

10

36

2

0

20

32 Unsafe Act

Near Miss

Accident without 

sick leave

Accident with sick 

leave



Including HOF comes from an 
ambition from the highest level of the 
group

HOF network has its own adaptation 
in each company of the group

A safety culture is not imposed, it is 
co-constructed.

Behavioral changes take time to 
evolve. 

Our role is to sow seeds

34

Conclusion : remaining challenges and perspectives



Thank you for your attention.
Do you have any questions ?
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Sharing Enterprise Well-being (SEW): from HOF to the 
development of the organisational value of railway operators

Massimiliano Bruner

Giovanni Costanza

Andrea Quattrini

Luca Rizzetto

Giuliano Rossi

Development & Innovation
in Transport Systems
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DITS s.r.l. is a Spin-Off company of the Sapienza University of Rome that 
develops and implements innovative products and services in in various 
railway-related fields, including:

• support to railway companies for the implementation of their Safety 
Management System (SMS)

• training on railway safety

• support for HOF integration in the SMS

• risk analysis

In addition to 15 senior researchers (professors and PhDs), the shareholders 
of DITS are Sapienza University itself and Hitachi Rail STS.

DITS s.r.l. – The Company
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Principles and strategy

“Mature organisations recognise that efficient control of risk 
can only be achieved through a process that brings together 
three critical dimensions: 

• a technical component with the used tools and 
equipment, 

• a human component of front line people with their skills, 
training and motivation,

• an organisational component consisting of procedures 
and methods defining the relationship of tasks.”
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The chapters of safety

“If the SMS is working well, it is a reasonable 
assumption that the risks from the organisation’s 
operations are being well controlled.”

“If the organisation’s SMS has weak areas [...] it is 
likely that in these areas there will be the greatest 
possibility of the conditions existing which will allow 
an accident or incident to occur compared with other 
areas where the SMS is performing well.”

0 – Context of the Organisation

1 – Leadership

2 – Planning

3 – Support

4 – Operation

5 – Performance Evaluation

6 - Improvement
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SEW in action

SEW is a protocol for:

• integrating HOF within the 
Safety Management System

• increasing the safety culture in 
the organisation

SEW is rail native

SEW is a philosophy that integrates training and 
intervention methods from safety engineering 
and organisational psychology.

SEW, with its own tools, directly supports the 
organisation in 11 of the 23 SMS areas.

The development of the other areas is driven by the 
improvement of those on which SEW operates directly.
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SEW is a synergic application of engineering 
and psychological methods comprising the 
following steps:

1. Analysis of the company’s Safety Culture

2. GEMS implementation of the Hazard Log

3. Intervention on Safety Culture

4. Introduction and monitoring of HOF 
macro-indicators

5. SEW training

6. Implementation of HOF-relevant 
procedures

7. Support for company self-development

GEMS: Generic Error
Modelling System
(J. Reason, 1990)

SEW steps
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SEW Focus: analysis of the company’s Safety Culture
Tools:

• QE_HFRr: Questionnaire Human Factor Reliability Rail (64 items in Likert scale, on 3 areas 
and 6 scales); aim: to identify the relationship between individuals, groups of workers and 
the organisation

• EPA’s: Emotional Potential Analysis of safety (52 items in Likert scale, on 2 areas); aim: 
emotional aspects regarding safety issues and the level of socialisation of groups of 
workers

• Focus Group on each Homogeneous Group of Workers; aim: to provide interpretative 
criteria

Output:

• Overview of HOF issues in the 
company

• Risk Control Measures of the 
socio-organisational area
(corresponding to the Contributing Factors of 
the Draft CSM for Assessing the Safety Level and 
the Safety Performance of railway operators at 
national and Union level )
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Data on 952 railway workers (923 valid cases) were analysed

Homogeneous 

Group of Workers
Cases Poorly socialized Socialized

Socialization in 

progress

measured 28 185 73

expected 40,9 171,4 73,7

difference -12,9 13,6 -0,7

measured 25 94 39

expected 22,6 94,7 40,7

difference 2,4 -0,7 -1,7

measured 30 51 21

expected 14,6 61,1 26,3

difference 15,4 -10,1 -5,3

measured 49 223 105

expected 53,9 225,9 97,2

difference -4,9 -2,9 7,8

Train preparation

Train Staff

Maintenance 

workers

Business Unit

Poor socialisation is more frequent 
in the working groups of 
maintenance and train preparation, 
which therefore have the highest 
relative tendency to the risk of 
procedures violation (occasional or 
systematic, according to Reason's 
taxonomy) than train and office staff 
(Business Unit: instructors, 
technicians and managers). The 
latter are the most socialised.

SEW Focus: level of socialisation of groups of workers
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SEW Focus: support for self-development

The “Safety Table”

• Working Alliance & Construction of Setting that allows 
competent thinking on HOF dynamics

• Project phase (constituent) of the Safety Table as a space 
for dialectical collaboration

• Establishment phase of the Safety Table, with support for 
the first meetings, including the definition of performance 
indicators

In the rail sector, SEW intervention and the establishment of 
the Safety Table have reduced occupational accidents 
significantly (source: RFI report 2011 and PSR Rail 2012).

Decrease in 
accident rate

Decrease in 
accident severity

RFI - Ancona Department
Year 2010 vs 2009

-31% -27%

RFI - Torino Department
Year 2017 vs 2016

-20% -10%
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SEW applications to Italian railway operators
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SEW Case Studies

Railway Service (2023): 17 M train-km
Employes: about 1400

Railway Service (2023): 0.75 M train-km
Employes: less than 100
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1/2021

ANALYSIS 
OF SAFETY 
CULTURE

6/2021

INTERVENTION
ON
SAFETY 
CULTURE

5/2021

FIRST GEMS IMPLEMENTATION 
OF HAZARD LOG

20222021 2023

1/2022

SAFETY TABLE

6/2022

FIRST MONITORING 
OF HOF MACRO-
INDICATORS

9-10/2023

TRAINING ON HOF

TRAINING ON HOF

9-10/2023

12/2023

HOF IMPLEMENTATION 
OF SMS PROCEDURES:

• RISK ASSESSMENT 
OF SIGNIFICANT 
CHANGES  (REG. 
EU 402/2013) 
WITH THE 5X5 
METHOD BY ERA

• SAFETY POLICY
• TRAINING

SECOND GEMS 
IMPLEMENTATION OF 
HAZARD LOG

P
SY

C
H

O
LO

G
Y

SEW implementation timeline on TFT
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Actions 

managed by 

the Safety

Table

Closd

Actions

Actions 

in 

progress

31 23 8

74% 26%

SAFETY TABLE

TFT: monitoring on HOF macro-indicators

HOF macro-indicators: aggregation of 
safety indicators caused by specifics 
unsafe acts (ref. GEMS). E.g.:
• unsafe acts caused by slip:

macro-indicator Attention
• unsafe acts caused by violation:

macro-indicator Violation
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The mean value is 3/5:

Maturity Level: CONSISTENT

Before SEW application After SEW application

The «Maturity» of TFT SMS
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2/2022 3/2021

5/2022

20232022 2024

5/2023 9-10/2024

TRAINING ON HOF

9-10/2023

3/2024

TTPER SAFETY DAY 

SEW implementation timeline on TTper
P

SY
C

H
O

LO
G

Y

FIRST MONITORING 
OF HOF MACRO-
INDICATORS

FIRST GEMS 
IMPLEMENTATION 
OF HAZARD LOG

SECOND GEMS 
IMPLEMENTATION 
OF HAZARD LOG

ANALYSIS 
OF SAFETY 
CULTURE

INTERVENTION
ON
SAFETY 
CULTURE

TRAINING ON HOF

HOF IMPLEMENTATION 
OF PROCEDURES:

• SMS MANUAL

• SAFETY POLICY

• RISK ASSESSMENT

• INVESTIGATIONS
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…but 
sharing with 
SEW Safety 
vision &
Safety path

Beyond
SEW

Regardless of 
SEW

TTper Safety Day
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TTper: monitoring on HOF macro-indicators

Start of SEW application 
to TTper's SMS
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The «Maturity» of TTper SMS

The mean value is 3/5:

Maturity Level: CONSISTENT

Before SEW application After SEW application
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SEW perspectives

Dissemination of the Method
SEW is a shared value of the railway 

sector 

Call Start of Open Drafting End of Drafting

SEW Theory of 
Technique

15 December 2024 15 January 2025 31 May 2025

Guide to the 
Application of the 
SEW Protocol 

15 December 2024
15 March 2025 31 May 2025

Free publication: June 2025



Thank you for your attention

Massimiliano Bruner - massimiliano.bruner@dits-roma.it

Giovanni Costanza - giovanni.costanza@laran.it

Andrea Quattrini - andrea.quattrini@dits-roma.it

Luca Rizzetto - luca.rizzetto@dits-roma.it

Giuliano Rossi - giuliano.rossi@uniroma1.it

Development & Innovation
in Transport Systems

www.sew.cloudwww.dits-roma.it
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Human and Organisational Factors
in Monitoring

23.10.2024 | Dennis Jeckel (I.IDT 34), Dr. Marcus Arenius (I.IBB 31) | HOF in Risk Management Conference 2024 | Valenciennes



Monitoring of rule compliance

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 59



Change: 
Stronger focus on HOF by continuous organisational learning

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 60

Monitoring Documents

Individual Measures

Leadership in Safety Dialogue
Monitoring Simulation

Organisational Learning

Monitoring Actions

Detect deviations

Identify HOF

Improve
Performance

Derive
Measures

Monitoring Cycle
(Operations)



HOF: Targeting the contributing factors behind deviations to improve 
measure effectiveness

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 61

New perspective on rule violations

1. Errors are not committed intentionally. 

2. The erroneous outcome of an action becomes obvious „after the fact“ 

3. Since errors are not committed intentionally, (negative) HOF that 
contribute to the unwanted outcome have to be identified and 
targeted with measures.

Measures become effective if they target the contributing
factors (HOF) behind rule violations

Rule violations are the starting point and not the
conclusion of the analysis

https://mipro.fi/en/media/blogi/human-and-organisational-factors-hofs-as-part-of-risk-and-safety-management/



Human Error: Old and new view on rule deviations 

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 62

Techn. Defect

Unclear
Instructions

Stress

Misleading Design

Old View: Human Error

New View: Deviation in Sociotechnical System

Operator Error

Error EventSociotechnical System

Event

„Inattentiveness, Negligence, (lack of) Knowledge,…“

„Several factors in combination contribute
to rule deviations!“

Measures
‒ Training
‒ „Punishment“

Measures



Rule deviations can be explained through the 5 x 5 model 

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 63

https://www.era.europa.eu/domains/safety-management/human-and-organisational-factors-hof_en



Rule deviation classfication supports HOF-identification

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 64

Unintentional Goal-oriented

Skill-based Rule-based
Knowledge-

based
Situational

Efficiency-

based

no yes

High.skilled, 
attentional 

issue Habit:
Wrong rule or

Wrong rule appl.

New situation,
little knowlege

Conflicting goals
Situation  forces  

deviation

Goal-oriented?

Identify HOF

Rule deviation



Integrating the identification of HOF for rule deviations

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 65

Combined with

Deviation detected

Classification: Unintentional / Goal-oriented?

…Identify contributing factors (HOF)?

Combined with

Safety-relevant

Preselection HOF
facilitates analysis

Developed with
operational 

experts



Glimpse: Safety Dialog

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 66



Organisational Learning through HOF analysis

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 67

Task 
Design

Prioritize
Troubleshooting
Improve tools

Improve
(practical) Training

Improve Stress Management
(individual & organisational)

Improve Qualification
Content

Measures targeting conflicting goals: 
Improve safety and consider impact on efficiency jointly
(performance variability)



Conclusions for HOF-Integration

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 68

HOF-Analysis in Monitoring brings a new perspective on rule deviations: 

‒ Rule deviations can result from multiple contributing factors (HOF), e.g. 
Stress, Tools, Time Pressure, etc.

‒ Rule deviations are not causal to an erroneous action

‒ HOF affect the sociotechnical system, not only the human operator e.g. 
organisation, complexity of rules or tools

‒ HOF contribute jointly to rule deviations

➢The inclusion of the operator violating a rule in analysis is essential for
HOF identification and deriving measures



Thank you for your attention – questions ? 

DB InfraGO AG | Dennis Jeckel, Dr. Marcus Arenius | HOF in Monitoring | 23.10.2024 69

Question 1 …

Question n …

Question 2 …



Coffee break



From human behaviour 

understanding to improved 

safety at Pedestrian Tracks 

Crossing (PTC)

Yanna CARLI (Railenium)

Elise GRISON (SNCF)



Contents
Context

Project overview

Behavioural studies

Elise GRISON, SNCF

Elise GRISON, SNCF

Yanna CARLI, Railenium



Context
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The initial issue
Context

Pedestrian Tracks Crossings (PTC) are installed in around 900 train stations in France. 

Safety
Most PTC (600) are 
pictograms
They
approaching
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But, accidents at PTC regularly occur

The main reasons identified are behavioural.

50%
Situation / information 

have not been understood
or taken into account.

Safety system in place is
misinterpreted.

Users feel that the train will
come to a stop in time.

50%
Safety instructions have 

not been seen or 
passengers did not paid

attention.

Users performing several
tasks (smartphone, 

headphones, etc.), effects of 
time pressure, social 

influence…
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How to improve safety?
Classical approaches method

Development of prototypes and tests in real-life 
conditions

Limited number of new devices that can be evaluated
considering the investment

Lack of control of evaluation situations (weather
conditions, participants profile, contextual factors)

Analyses, conclusions and decisions making are often
difficult to achieve
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The request
From SNCF Réseau (Safety, Security and 
Risk Direction)

New safety
system
for PTC

Elaborate

DesignTest



Project overview
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Objectives of the project
Develop a new generation of PTC based on human understanding

UNDERSTAND

human behaviour 
(cognition and 

biomechanics) at PTC

DEVELOP & TEST

new safety systems 
inspired by human 
understanding and 

measure objectively their 
efficacity

REDUCE

risky behaviours and the 
number of accidents



Selection of concepts based on the 
objectivation of their efficacity on 

behaviour

Literature review in 
cognitive sciences

A cognitive approach
Towards a new vision of industrial
safety

Develoment of safety concepts based on :

Tackling causes of the risk to reduce it

24/10/2024
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Partners of the project
Launched in January 2023 for an expected completion in mid-2026

Cognition and 
experimental studies

HOF and 
qualitative studies

Biomechanical 
studies

Technical development
and tests

5 industrial and academic partners involved



Final test in rail 
environnement

Experimental 
behavioural 

studies to test 
and improve 

concepts build on 
the 3 selected 

principles

Litterature review

Benchmark

Workshops

Biomechanical 
investigation

Technical, legal 
and financial 

analysis

24/10/2024

Overview of the project
4 phases from research to development

6 principles to 
build concepts

Selection of the 3 
best principles and 
conceptualisation

Decision matrix integrating 
behavioural, technical, legal 

and cost indicators for 
selection of best concepts

New TVP

Test of principles for 
selection

• Quantitative studies

• Qualitative studies

• Technical evaluation
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Decision matrix integrating
behavioural, technical, legal

and cost indicators for 
selection of best concepts

Biomechanical
investigation

Technical, legal
and financial

analyses
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Selection of the 3 
best principles and 
conceptualisation

Test of principles for 
selection

• Quantitative studies
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• Technical evaluation

Experimental 
behavioural 

studies to test 
and improve 

concepts build on 
the 3 selected 

principles

Decision matrix integrating 
behavioural, technical, legal 

and cost indicators for 
selection of best concepts

New generation
of PTC



Behavioural studies
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Methodological choice

Subjective 
data

Participants’ 
safety

Uncontrolled
situation parameters

Few occurrences

Mixed 
reality

Strong 
realism

Objective
data

Field studies
constraints

Field studies do not allow for an objective and controlled evaluation of concepts.

Mixed 
reality
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The testing platform
Re-create realistic behaviour

Physical 
platform

Virtual 
platform

Data 
recording

True-to-scale (1:1)

2 platforms, 

1 portion of a 
double-track railway, 

1 PTC

Synchronised 
with the physical 
environnement 

Detailed station 
features

Behavioural and 
physiological data 
(gaze behaviour)

Kinematics 
(accelerations, 

decelerations, head 
movements)
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The testing platform
Re-create realistic behaviour

Physical 
platform

Virtual 
platform

Data 
recording

True-to-scale (1:1)

2 platforms, 

1 portion of a 
double-track railway, 

1 PTC

Synchronised
with the physical

environment

Detailed station 
features

Behavioural and 
physiological data 
(gaze behaviour)
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The testing platform
Re-create realistic behaviour

Physical 
platform

Virtual 
platform

Data 
recording

True-to-scale (1:1)

2 platforms, 

1 portion of a 
double-track railway, 

1 PTC

Synchronised
with the physical

environment

Detailed station 
features, train 
movements

Behavioural and 
physiological data 
(gaze behaviour)

Kinematics 
(accelerations, 

decelerations, head 
movements)
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Mixed-reality
Virtual and physical environment are synchronised to propose realistic
scenarios
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General principles of the behavioural studies

Immersive scenario Risk factors Safety systems Measures

Moving around the 
train station

Evaluation of various 
services

Participants not 
informed of the 
purpose of the study

Distracting elements
music, smartphone or 
carrying a piece of luggage

Environment
lighting
trains movement
influence of other passengers

Comparison of various 
safety systems with each 
other and with the baseline 
(no safety system)

16 crossings are registered 
for each participant

Behaviour, eyes movement 
and kinematics are recorded
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Storytelling
Designing a meaningful task without drawing attention to crossings

Scenarios

« In this study, we are interested in travellers’ movement strategies inside

train stations, with an aim of rating newly available equipment. The idea is

to acquire new knowledge to better understand people’s movement

strategies in the train station environment and to understand the travellers’ 

potential needs in terms of service and equipment offering. »

Context given to the participants

Week-end break

Outward and 
return journey

Defined goals to 
achieve in train 

stations

Opinion on new 
equipment
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Goals and movements

Objective 1
Charging terminals have been installed. Go and have a look to 
this new piece of equipment on the opposite platform, then give 
your opinion.

Do you think the charging terminals are visible enough ?

Objective 1
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Dependant variables
Measures

Walking speed (m/s)

Time for crossing (ms)

Number of risky behaviours: collision, acceleration (m/s²)

Eyes movement (fixations and saccades)

Head orientation (degree)

Stopping distance from the PTC edge (cm)



STUDY 1

24/10/2024

Three studies
To develop, test, improve new concepts in regard to their effect on 
behaviour

spring / summer 2024
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Three studies
To develop, test, improve new concepts in regard to their effect on 
behaviour

spring / summer 2024

end of 2024
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Three studies
To develop, test, improve new concepts in regard to their effect on 
behaviour

spring / summer 2024

end of 2024

spring 2025

100
participants

/ study



Fluent 
French 

speakers

N = 100
50% 

women / 
men

18 to 60 
y.o.

Normal or 
corrected

vision

No 
virtual
reality 

sickness

Normal 
walking
(with no 

aid)

24/10/2024

Participants in Study 1
Inclusion criteria



DistractionTrains movementSafety system PTC location

3 main factors 1 additionnal factor

Factors analysed in Study 1

Current system

No system (Baseline)

Stopping train

Passing train

Second passing 
train

No train

Visuo-cognitive 
task

Auditivo-cognitive 
task

Motor task

No distraction

At the middle of 
the platform

At the end of the 
platform
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Distracting elements
Recreate the effect of headphones, smartphone or luggage carrying

Motor task
Carrying a piece of 
luggage

Visuo-cognitive task
Counting target words

Auditivo-cognitive 
task
Counting target words

No distraction
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Questionnaires

Demographics and travelling habits Safety systems evaluation

Socio-demographic data (age, sex)

Travelling habits (mean of transport, use 
frequency, walking frequency, driving licence)

Pedestrian Behavior Scale (PBS) (Moyana
Diaz, 1997) : evaluating behaviour relative to 
violations (11), errors (4) and lapses (2)

French version used (Granié et al., 2013)

Collection of subjective and qualitative 
information about the safety systems
encountered at PTC to complete quantitative 
behavioural data already collected

Collection of participants’ feelings 
(immersion, difficulties, potential strategies) 
while moving around in the VR environment

Pedestrian Behavior Scale (self-evaluation) Movement in a virtual environment set to 
evaluate safety systems
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Experimental sessions
Example of an experimental session



Conclusion
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The cognitive approach help us to

Develop a model of human behaviour at PTC, based on a scientific method.

Develop new behavioural indicators for the evaluation of safety systems, including not 
only risky crossings but also gaze behaviour patterns, body movements, etc.

Understand and characterise the impact of risk factors on behaviour (distraction, 
weather conditions, train movements).

Integrate behaviour, just like other technical indicators, in strategic matrixes to help 
decision makers in the selection of safety systems for future industrial developments.



CONTACT

Yanna CARLI
Human Factors Engineer, Railenium

yanna.carli@railenium.eu

Elise GRISON
Research Project Manager, SNCF

elise.grison@sncf.fr

Thank you for your attention
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User Worked Level Crossings : 
A Human Factors Problem !

ERA HOF Conference
22-23 October 2024

Anthony Byrne, NSA Ireland



Level crossings in Ireland

110



The User Worked Level crossing

111

This type of level crossing poses the greatest risk to railway safety

Why?

They are misused, there is no monitoring / supervision, its reliant on a competent user

https://youtu.be/C18uPMy8f3c?list=PLi8nqrsVU6huP0NFcfiNidpXzRalyssCd


Passive Level crossings are 
inherently risky

112



A Quick Quiz….

When driving your car across a UWLC how many times do you cross 
the tracks? 

Answer: 5

How many discrete actions are involved with crossing a UWLC. 

   Is it, A: 0-20 actions;        B: 21-40,        C: Over 40

Answer: C: It is over 60 discrete actions

113



Cross a User 
Worked Level 

Crossing

Stop Car in 
advance of LC 

Gate

Driver observe 
signage

Driver apply 
foot to pedal 

brake 

Apply Hand 
brake (if not 
automatic)

Turn off car 
ignition

Remove car 
seatbelt

Open car door

Step out of car

Close car door

Open Nearside 
LC Gate

Walk to gate

Open gate at 
latching point

Open gate – 
walking across 

road

Secure gate in 
open position

Cross Tracks 1st 
Time

Walk to stop line / 
decision point

Look in both 
directions

If clear walk 
across track

Open Far side LC 
Gate

Walk to gate 
latching post

Unhinge gate 
from latching post

Open gate – 
walking across 

road

Secure gate in 
open position

Cross Tracks 2nd 
Time

Walk to stop line / 
decision point

Look in both 
directions

If clear walk 
across track

Return back to 
vehicle

Walk back to 
vehicle

Open Vehicle 
door

Sit into vehicle

Fasten Seatbelt

Turn on ignition

Drive across 
level crossing

Moving to the 
decision / stop 

line

Select car gear

Release 
handbrake

Check Mirrors

Move to Stop Line

Apply brake / 
Stop car

Apply 
handbrake?

Traversing level 
crossing – 3rd 

Time

Open car 
windows

Turnoff radio

Check for trains 
Looking 

Left/Right

Drive across

Park safely clear 
of gates.

Gear into 
neutral

Apply brake / 
Stop car

Stop Car clear 
of LC Gate

Turn off car 
ignition

Remove seatbelt

Open the car 
door

Step out of car

Close car door

Cross Tracks for 
4th Time

Walk to stop 
line / decision 

point

Look in both 
directions

If clear walk 
across tracks

Walk to gate 
latching point

Unhinge gate

Close gate 
crossing road

Secure gate in 
position

Cross Tracks 5th 
Time

Carry out Steps 
5.1 to 5.5

Carry out steps 
6.2 to 6.4

Drive away

1 2 3

1.1

1.2

2.1 3.1 4.1 5.1 6.1 7.1

3.2 7.1.1 7.2.16.2

7.1.2 7.3.23.3 6.3

6.4

7

7.3

7.1.3

7.1.4

7.2.2

7.3.1

4

1.3

1.4

1.5

1.6

1.7

1.8

2.2

2.4

2.3

4.4

4.3

4.2 5.2

5.3

5 6

7.2

6.5

7.1.5

7.1.6

7.2.3

7.2.4

7.2.5

7.2.6

7.2.7

7.3.3

7.3.4

7.3.5

8 9

8.1

8.2

8.3

8.4

8.5

8.6

8.7

Hierarchical Task Analysis – Crossing a UWLC



A collision at UWLC No. XM220

NIB 
Investigation

Findings & 
Recommendations

Monitoring 
Implementation 

115

DoT should review, in consultation with the relevant stakeholders, their current advance 

warning signage (W 121) with a view changing the signage to make it clear to road users that they are 

approaching a user operated level crossing. They should also consider the introduction of other traffic 
calming measures in efforts to encourage safe road user behaviour. Care should be taken not to 
inadvertently introduce new risks as a result of their proposed measures. 



Actions Taken 

• Working Group established by DoT 
o DoT – Various divisions (Rail and Road) 

o Commission for Railway Regulation (CRR), 

o Iarnród Éireann – Infrastructure Manager

• Numerous Meetings held 

• On-site meetings undertaken

• Site surveys conducted

• Liaised with Road Safety Authority

• Optioneering undertaken

Plan: Define the problem

Do: Surveys

Check: Initial feedback

Act: Trial & Feedback

116



Level crossing signage review

Sign: W121 Sign: Post review

117

Sign: Options



Level crossing traffic calming measures review

Options considered Road surface treatments

118



So what’s being trialled?
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Trial sites
12
0



Trial Feedback & Next Steps

Trial sites visited and <100 users questioned on the enhancements                                                                                                                 
4 out of 5 identified the changes as being positive and said it made them slow down                                                                                              
Some users still felt if the level crossing was illuminated at night it would be better 

Broadly positive in particular the painted gates but mixed views on the red surface in-between the track

IM to rollout to all other OP crossings over next 3 years however will trial a different warning sign on next 3 UWLCs.

Traffic signs manual to be updated on next review

121
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Thank You.



Panel Discussion



Closure by:
Pio Guido

Head of Railway Systems Department



ERA support to Railway 
stakeholders

HOF@era.europa.eu

Do not hesitate to contact us:

Human and Organisational Factors (HOF) | European Union 
Agency for Railways (europa.eu)

mailto:HOF@era.europa.eu
https://www.era.europa.eu/domains/safety-management/human-and-organisational-factors-hof_en
https://www.era.europa.eu/domains/safety-management/human-and-organisational-factors-hof_en


Next HOF in SMS Training



Evaluation form



Thank you!
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