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Introduction to Workshop 

The International Atomic Energy Agency (IAEA) is continuing, through this Training Workshop, its 

efforts to disseminate knowledge about how safety performance can be improved through culture, 

leadership and management for safety. This training workshop is a continuation of earlier IAEA 

activities in this area, such as the Technical Meeting (TM) on Managing the Unexpected — From the 

Perspective of the Interaction between Individuals, Technology and Organization (June 2012), the 

International Experts’ Meeting on Human and Organizational Factors in Nuclear Safety in the Light of 

the Accident at the Fukushima Daiichi Nuclear Power Plant (IEM-5) (May 2013), and the TM on the 

Interaction between Individuals, Technology and Organization — A Systemic Approach to Safety in 

Practice (June 2014) and most recently, the International Conference on Human and Organizational 

Aspects of Assuring Nuclear Safety (February 2016). The workshop will address the lessons learned 

related to human and organizational factors in The Fukushima Daiichi Accident, which concluded that 

there is a need to further increase nuclear safety through taking a systemic approach to safety.  

The importance of the concept of a systemic approach to safety has been recognized since the Three 

Mile Island accident and is reflected in the Fundamental Safety Principles (IAEA Safety Standards 

Series No. SF-1, Vienna, 2006). It is widely understood in the area of safety related to human, 

organizational and cultural factors that when untoward events happen they cannot be pinned down 

to the failure of any single factor or component. Rather, events emerge from the dynamic 

interactions within and between human factors (e.g. knowledge, decisions, thoughts, emotions and 

actions), technical factors (e.g. the physical technology and equipment used for operation and 

production) and organizational factors (e.g. management systems, knowledge management, 

organizational structure, governance, and human and financial resources). The common approach is 

to mainly focus on ensuring that each of the components of the system work, rather than looking at 

the interactions between these components. This approach is proven to be effective, but a residual 

risk is left when the interaction between human, technical and organizational factors is left 

unattended in design, reliability analysis and other types of safety analyses. The systemic approach to 

safety addresses these risks by examining how the complex interactions between human, technical 

and organizational factors produce safety on a day-to-day basis. It complements the existing safety 

http://www-ns.iaea.org/training/ni/train-on-mtu.asp
http://www-ns.iaea.org/training/ni/train-on-mtu.asp
https://gnssn.iaea.org/NSNI/SC/TMMtU/Forms/AllItems.aspx
https://www.iaea.org/sites/default/files/humanfactors0914.pdf
http://www-pub.iaea.org/iaeameetings/45441/International-Experts-Meeting-on-Human-and-Organizational-Factors-in-Nuclear-Safety-in-the-Light-of-the-Accident-at-the-Fukushima-Daiichi-Nuclear-Power-Plant
https://gnssn.iaea.org/NSNI/SC/TM_ITO/Forms/AllItems.aspx
https://gnssn.iaea.org/NSNI/SC/TM_ITO/Forms/AllItems.aspx
https://gnssn.iaea.org/NSNI/SC/TM_ITO/Forms/AllItems.aspx
https://gnssn.iaea.org/NSNI/SC/TM_ITO/Forms/AllItems.aspx
https://gnssn.iaea.org/NSNI/SC/SC2016/Forms/AllItems.aspx?RootFolder=%2FNSNI%2FSC%2FSC2016%2FPresentations&FolderCTID=0x012000BA806A9671A1CB42A7BF5402B5F7F583&View=%7B14ECABBE%2DD452%2D4EE5%2DBE67%2D6A915AC25801%7D
https://gnssn.iaea.org/NSNI/SC/SC2016/Forms/AllItems.aspx?RootFolder=%2FNSNI%2FSC%2FSC2016%2FPresentations&FolderCTID=0x012000BA806A9671A1CB42A7BF5402B5F7F583&View=%7B14ECABBE%2DD452%2D4EE5%2DBE67%2D6A915AC25801%7D
http://www-pub.iaea.org/iaeameetings/50800/International-Conference-on-Human-and-Organizational-Aspects-of-Assuring-Nuclear-Safety-Exploring-30-Years-of-Safety-Culture
http://www-pub.iaea.org/books/IAEABooks/10962/The-Fukushima-Daiichi-Accidenthttps:/www.iaea.org/newscenter/news/iaea-releases-director-general%E2%80%99s-report-fukushima-daiichi-accident
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approach by enhancing the understanding of the weaknesses and strengths of the system as a whole, 

extending both inside and outside the organizations involved with nuclear safety. This results in 

resilient capabilities in the organization, which leads to a more proactive orientation in preventing 

complacency and blindness to the precursors of safety issues, reducing risks and improving 

preparedness to deal with unexpected situations.  

This training workshop will focus on how a systemic approach to safety is achieved in practice. 

Through a series of exercises led by a diverse group of expert facilitators, you as participants will be 

supported to find practical solutions on how to implement this approach in your own organizations. 

The training workshop is designed to be highly interactive and experience based.  

 

 

Welcoming you to Vienna,  

 

Monica Haage and the facilitator team 
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Basis for systemic approach to safety in the  
IAEA Safety Fundamentals (SF-1) 

 

 
 

 

 

 

 

 

“3.14. An important factor in a management system is the recognition 
of the entire range of interactions of individuals at all levels with 
technology and with organizations. To prevent human and 
organizational failures, human factors have to be taken into 
account and good performance and good practices have to be 
supported.” 

 

http://www-pub.iaea.org/MTCD/publications/PDF/Pub1273_web.pdf
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Workshop Facilitators  

 
Stanley Deetz, Professor, University of Colorado, USA 

 
Ph.D. in an Interdisciplinary Program in Interpersonal Communication.  Professor, 
University of Colorado.  Director, Center for the Study of Conflict, Collaboration 
and Creative Governance.  Managing Director for Institutional Change in the 
Center for STEM (Science, Technology, Engineering and Math) Learning. Private 
consultancy in both profit and not-for-profit sector on Organizational change and 
collaborative decision-making. 
 
Author/co-author of over 140 scholarly articles and author/editor of twelve books 
on collaborative interaction and organizational behaviour and change.   
 
As a consultant for several agencies and businesses he works with the interaction 
design for systemic change and processes of cross-functional and multi-party 

decision-making and continuous improvement.  He has lectured and worked on projects in twenty-one 
countries concerning human interaction and cultural change.  
 
Stan’s answer to the question:  How can a Systemic Approach to Safety make a difference? 

“A systemic approach is essential when confronted with problems that are complex with high degrees of 
ambiguity, emergence and interdependence.  It helps breakdown silos, identify competing demands, disrupt 
vicious cycles, being aware of unintended consequences of choices, and intervene in organizations to enhance 
adaptation and resilience.” 
 
 
 
 
 Patrik Lundell, Senior Consultant Light Water Revival AB, Sweden 

Patrik Lundell has an extensive experiece from more than 30 years of 

safety work connected to nuclear power plants and nuclear research 

reactors. Working within the nuclear industry as well as in regulatory 

bodies, Patrik has broad work experience regarding most aspects of 

nuclear safety. Mr Lundell has been engaged as an expert by the 

International Atomic Energy Agency in issues regarding competence 

development, safety mangement and safety culture.  

Starting out as an engineer and operator at the Oskarshamn Nuclear Power 

Plant in Sweden Patrik later studied pedagogics and human behaviour and 

worked as a senior instructor at Sweden’s nuclear training center, running 

training in full scale simulators for nuclear operators. Patrik then moved to 

the regulatory body in Sweden as an inspector and was later apointed 

deputy head of the inspection department. Patrik then moved back to the 

industry to work as Manager for the training development department at the Swedish nuclear training center 

and a Member of the company’s management group. Patrik has now been active as an independent 

consultant for more than ten years, providing services to the nuclear industry as well as regulators in Sweden 

and Internationally in a broad spectre of issues regarding human, technical and organizational matters. 
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Patrik’s answer to the question:  How can a Systemic Approach to Safety make a difference? 

“A Systemic Approach to Safety can make a difference if it is understood as taking into account and creating 

resilience for the fact that we can’t possibly take everything into account. There is a need for a demonstrated 

safety level. This is usually manifested in the Safety Analysis Report and built upon the Defence in Depth 

Strategy. It is extremely important to continually challenge the assumptions and the result in the demonstrated 

safety level, striving for continuous improvements. But it is equally important to acknowledge that there is a 

continuously fluctuating real safety level that is impossible to determine at a specific time. Events are in reality 

emerging situations rather than linear predictable casualties. Multiple human, technical and organisational 

factors influence each other and the emerging situation through often very complex interactions. The key is to 

recognize this complexity and its challenges rather than trying to simplify, predict and describe specific 

mitigations for everything. This implies the creation of organizational and individual knowledge, skills and 

attitudes aimed at creating resilience beyond what any systematic needs analysis would be able to indicate. 

This complement to or strengthening of the general use of the Defence in Depth Strategy would in my mind be 

the realization of a Systemic Approach to Safety.” 

 
 
 
 
Jozef Misak, Vice President Strategy Development, UJV Rez, Czech Republic 

Jozef Misak, born in Slovakia, graduated with Ph.D. from the Czech Technical 
University in Prague. 45 years of experience in nuclear engineering/nuclear 
safety, devoted to development and application of safety assessment tools 
applicable in design and operation of NPPs. About 30 years of management 
experience in non-governmental, governmental and international organizations 
in various posts up to deputy director for nuclear safety, general director of the 
Nuclear Power Plant Research Institute in Slovakia, and first chairman of the 
Slovak nuclear regulatory authority 1993-1997. During the period 1998-2004 
working in the IAEA as a head of the Safety Development Unit. Since 2005 
working in the Nuclear Research Institute Rez as VP for Strategy Development. 

Jozef is the author of a large number of research reports, papers and 
presentations in the area of nuclear safety, and a member of the several 
professional organizations and advisory bodies.   

Jozef’s answer to the question:  How can a Systemic Approach to Safety make a difference? 

“Systemic approach to safety helps to strengthen the traditional defence in depth approach by better 
understanding strong links between technical and organizational safety provisions and their equal importance 
for achieving safety objectives at each level of defence. It helps to extend the comprehensiveness of defence in 
depth by explicitly listing associated human and organizational factors, both internal and external to a nuclear 
power plant, to identify their potential weaknesses and implement appropriate countermeasures.” 
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Akira Omoto, Professor, Academy of Global Nuclear Safety and Security, Tokyo Institute of Technology, 

Japan 

Dr. Akira Omoto currently serves as Professor, Academy of Global Nuclear 

Safety and Security, Tokyo Institute of Technology position and Senior 

Technical Advisor, Nuclear Risk Research Center, Central Research Institute 

for Electric Power Companies.  

Before assuming the current position, from December 2009 until a 

March 2012, he was Project Professor, GCOE, Department of Nuclear 

Engineering and Management, Graduate School of Engineering, University of 

Tokyo. 

Also, he was a Commissioner, Atomic Energy Commission of Japan between 

2010 January and 2013 March. 

He was Director of the Division of Nuclear Power of the IAEA in the period of 

2004 January to October 2009. Before serving for the IAEA, until 2003, he 

was General Manager of the Department of Nuclear Engineering of The Tokyo Electric Power Company. 

By education, he is a nuclear engineer. He graduated from the Department of Nuclear Engineering of the 

University of Tokyo and received his doctoral degree from the same University. 

Akira’s answer to the question:  How can a Systemic Approach to Safety make a difference (in improving 

nuclear safety)? 

1.    By the use of systemic approach, one will be able to consider safety issues with a broader perspective. 

Assuring safety requires continuous efforts in each area of technology, human and organization, and 

institutional, whereas, in the past, the focus used to be on technology and alarming voices were raised so 

as to look at other (rather soft) aspects when something happened. 

2.    Systemic approach reminds us to look at nuclear risk in its entirety (not limited to radiation only), in its 

complexity (complex interaction between human, technology and organization, between operating 

organization and society, regulator etc.) and dynamics (technology, human and organization are ever 

changing while influencing each other). 

3.    Systemic mapping is expected to provide nuclear experts with an opportunity to look at the issue from 

different and broader angle and enables find missing elements or recognize how surrounding conditions 

(social, political or regulatory or institutional) may be influencing (distorting) the way actions should be 

taken or the way organizational culture should be for safety. 

4.    By using systemic approach, we may be also able to recognize the root cause of issues more profoundly 

and this would help establish comprehensive safety measures by addressing all aspects of technology, 

human and organizational, and institutional. 
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Germaine Watts, CEO, Intelligent Organizational Systems, Canada 
Germaine is partner and CEO of a niche management consulting firm. She started 

her career in the worker’s compensation field and over the past twenty-five 

years has held various management positions within the provincial cancer 

treatment system, as well as the nuclear power industry. The majority of her 

early career focused on management and leadership development, as well as 

workforce design, team design and resourcing for specific functionality. More 

recently she has devoted her effort to rethinking organization design and 

resourcing approaches to enhance organizational integration and functionality 

within the context of process-based management systems. Building on her 

knowledge and experience in the areas of management theory, organizational 

behaviour, organizational development, and psychology she is very actively engaged with developing the 

leading-edge theory and practice for working with propensities. For the past seven years Germaine has also 

been instrumental in the development of IAEA’s approach to safety culture assessment and continual 

improvement, and has supported missions to over twenty countries to introduce management for safety, 

safety culture and leadership concepts. As a student and advocate of integral psychology, she is interested in 

the conscious evolution of human systems in both public and private sector settings. 

 
Selected publications: 
Nadezhda Gotcheva, Germaine Watts and Pia Oedewald (2013) “Developing Smart and Safe Organizations: An 

Evolutionary Approach”, International Journal of Organizational Analysis, Vol. 21 Iss: 1, pp.83 - 97  

Germaine Watts, John J. Paciga, and Robert Whitcher (2012) “Building Intelligent Organizations: Why 

Executives should Revisit their Management Systems”, Global Perspective on Engineering Management, GPEM 

Vol.2 Iss.1, February 25, 2012 

Germaine Watts and John J. Paciga (2011) “Conscious Adaptation: Building Resilient Organizations”, 

Association for the Advancement of Artificial Intelligence (www.aaai.org) 

Germaine and her partner John Paciga are also putting finishing touches on a handbook for developers of 

process-based management systems in high reliability organizations that will be published in early 2016. 

Germaine’s answer to the question:  How can a Systemic Approach to Safety make a difference? 

“A systemic approach to safety helps managers focus attention on the relationships and interactions that 

shape what is held to be meaningful, valuable and permissible within and between organizations. Awareness 

of these patterns can help managers recognize otherwise invisible risks to safety and takes steps to influence 

thinking and behaviour in more constructive directions.” 

  

http://www.emeraldinsight.com/search.htm?ct=all&st1=Nadezhda+Gotcheva&fd1=aut
http://www.aaai.org/
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Monica Haage, Safety Officer (Culture, Leadership & Management for Safety), IAEA 

Monica Haage is an international safety culture specialist at the IAEA. Her areas of 

expertise include HOF, Leadership and Management for Safety, the Systemic 

Approach to Safety, and HTO. One of her key contributions is the development and 

application of the new IAEA safety culture assessment methodology and the IAEA 

Safety Culture Continuous Improvement Process (SCCIP), a systematic process to 

support Member States in implementing a safety culture continuous improvement 

programme. Ms Haage was the IAEA technical lead for the human and 

organizational and safety culture section in the IAEA Fukushima Daiichi Accident 

Report. 

Ms Haage holds degrees in Engineering (Automation) and Social Psychology 

(Leadership and Organizational Theory). Before joining the IAEA in 2009, she held positions as international 

EHS manager at ISS, and safety culture and HTO expert at Oskarshamn Nuclear Power Plant. Her career 

started at the Scandinavian Airlines where she held various positions.  

Monica’s answer to the question:  How can a Systemic Approach to Safety make a difference? 

“Taking a systemic approach to safety means to have a realistic understanding of the complexity of reality. This 

encompasses recognition of the dynamic and on-going interaction between human, organizational and 

technical factors (HTO) which adds up to show the “bigger picture”. Organizations that have instilled a 

systemic approach to safety effectively gain greater resilience capacities. In practice, this means that people in 

the organization (and between organizations) collaborate in an integrated manner and work to decrease 

organizational silos. The most important outcome of a systemic approach to safety is the proactive provision of 

a realistic understanding of the HTO complexity, thus realizing the ability to see the “bigger picture”. This, 

together with an enhanced collaboration environment, produces relationships that help people to perform 

better when unexpected situations occur.“ 
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Agenda* for IAEA Training Workshop on a Systemic 
Approach to Safety — Pragmatic Solutions 

Tuesday March 29, 2016 

Time Session Facilitator(s) 

08:00 – 09:15  Registration Gate 1, Vienna International Centre All Participants 

09:00 – 09:30 Opening remarks 

Introduction 

 Why a training workshop on the systemic approach to safety 

 The basis of Systemic Approach to safety in the IAEA Safety 

Standards 

Monica Haage, IAEA  

All Participants 

09:30 – 10:00 Module 1 – Presentation on Shared Space 

 Role of perceptions and projections in shaping engagement  

 Healthy power dynamics 

 Characteristics of shared space 

 Ways of communicating 

Germaine Watts Canada 

 

10:00 – 10:30 Module 2 – Presentation on Lessons Learned related to the IAEA 

Fukushima Report 

 Brief look at the HOF conclusions related to Systemic 

Approach to Safety 

Monica Haage, IAEA 

10:30 -10:45 Break  

10:45 – 11:45 Module 3 – Presentation on Introduction to Human and 

Organizational Factors   

 Influences on the human side of safety 

 Organizational factors - common organizational prerequisite 

and organizational safety components 

 Connecting organizational safety components to organizational 

resilience components 

 HTO and the systemic approach 

Patrik Lundell, Sweden 

 

11:45 – 13:00 Lunch  

13:00 – 14:00 Module 4 – Dialogue on Role of Middle Managers  

 Scope of the role 

 Real and perceived impact of the role 

 Challenging realities of the role in achieving safety 

Germaine Watts Canada 

14:00 – 15:00 Module 5 – Role Game on Emergent Exercise –  

 An experience of how events emerge in ways that are 

impossible to predict 

 Creating an experience through a game that demonstrates the 

connection between HOF theory and the work of middle 

managers in practice 

Patrik Lundell, Sweden 

 

15:15 – 15:30 Break  

15:30 – 16:00 Module 5  – Cont’d Debrief on the Emergent Exercise - Role Game   

 Notice what happened between the persons involved 

 Reflecting on the leadership, communication and 
teamwork 

 Questions: How were your behaviour influenced by the 
actions and attitudes by the once around you? 

Patrik Lundell, Sweden 

Germaine Watts, Canada 

Stan Deetz, USA 
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16:00 – 16:45 Module 6 – Presentation and Dialogue on the Individual Sense-

making  

 Sense making and the social construction of reality 

 Exploration of the impact of individual sense-making in a real-

life scenario (brought in or generated by the participants) 

Stan Deetz, USA 

 

16:45 – 17:00 Log out – Learnings from the day Monica Haage, IAEA 

 

*Agenda will be adapted to workshop progression. 
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Wednesday March 30, 2016 

Time Session Facilitator(s) 

09:00 – 09:15 Log in - Learnings from Previous Day All 

09:15 – 10:15 Module 7 – Presentation on Enhancing HOF in Defence-in-Depth 

(DiD) 

 Practical method of objective trees for assessment of 

comprehensiveness of DiD 

 Consideration of links between technological systems and 

human factors for identification of weaknesses in DiD 

 Applying the Objective Trees for Assessment of 

Internal/External HOF in DiD and identification of 

improvements 

 How a Systemic perspective supports the realization of DiD 

provisions     

Jozef Misak, Slovakia 

Germaine Watts Canada 

10.15 -10.30 Break  

10:30 – 11:45 Module 8 – Presentation on Fukushima, DiD and HTO 

 Weakness in the application of Defense in Depth concept 

 Implications for approaches/methodologies for safety 

 Systemic perspective on underlying issues 

Akira Omoto, Japan 

11:45 – 13:00 Lunch  

13:00 – 14:00 Module 9 – Presentation and Demonstration on Complexity – An 

Example of a System of Stakeholders 

 Mapping of stakeholders and potential interests around 

Fukushima accident 

 Look at the role of middle managers and the impact of 

stakeholder choices  

 Influence of equipment and technological factors  

 Emergent complexity 

Stan Deetz, IAEA 

Akira Omoto, Japan 

 

14:00 – 15:00 Module 10 – Card Game on Emergent Complexity  

 Another experience of how events emerge in ways that are 

impossible to predict 

 Bringing human and organizational dynamics into an emerging 

situation 

 Using the systemic perspective to form a more integrated 

understanding of risks and ways to respond 

 Reflecting on personal preferences on how to respond in 

unexpected situations 

Patrik Lundell, Sweden 

15:00 – 15:15 Break  

15:15 – 16:15 Module 10 Card Game Cont’d – Emergent Complexity Patrik Lundell, Sweden 

16:15 – 16:45 Module 11 –  Debrief  on – Card Game  

 Reflection on how the incorporation of system thinking 
(HTO) influenced their understanding  

 Did this change your conception of the role of middle 
manager 

 Reflection on how the role of middle manager can make 
difference 

Patrik Lundell, Sweden 

Monica Haage, IAEA 

Gemaine Watts, Canada 

16:45 – 17:00 Log out – Learnings from the day; Homework assignment Monica Haage, IAEA 

(Homework – reflecting about what are my chronic systemic challenges in my work life, what I learned so far 

apply to my work situation)  
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 Thursday March 31, 2016 

Time Session Facilitator(s) 

09:00 – 09:15 Log-in - Learnings from Previous Day All Participants 

09:15 – 10:30 Module 12 – Intro Soft System Mapping  

 Understanding individual behavior as a function of multiple 

factors in a system of relationships  

 Applying the systemic perspective in a middle manager role: 

shifting from blaming difficult people to having difficult 

conversations  

 Using Soft System Mapping (SSM) as a process of discovery 

and making implicit systemic relations explicit  

Stan Deetz, USA 

 

10:30 -10:45 Break  

10:45 – 11:45 Module 13 – Systemic Mapping – Group Exercise 

 Mapping the scenario of the sea water injection (hierarchy, lost 

communication, different sense making, different “agendas”, 

time, complexity etc)  

 Individually apply the SSM process to a challenging situation 

 Interactively produce a systemic map for a commonly occurring 

problem 

Akira Omoto, Japan 

Jozef Misak, Slovakia 

Stan Deetz, USA 

11:45 – 13:00 Lunch  

13:00 – 15:00  Module 14 – Dialogue on Systematic Intervention in Systems 

 Applying a systemic approach to formulating interventions to 

solve problems and increase performance 

 Presenting different hands-on methods and tools for 

overcoming human and organizational challenges and 

increasing resiliency 

 Managing from the middle – allowing human system 

redundancy to become more resilient   

 Drop the illusion of having control, seek to reduce error likely 

situations and increase error tolerance in the system  

 Q&A on past experiences and new ways of thinking 

Stan Deetz, USA 

 

15:00 – 15:15 Break  

15:15 – 16:45 Module 15 – Presentation and Exercise on Humble Inquiry  

 Understanding the power of asking questions 

 Enhancing engagement, learning, and performance through 

questions 

 Tailoring questions to the needs of different situations 

 A brief exercise giving participants the opportunity to apply the 

art of asking questions 

Germaine Watts Canada 

 

16:45 – 17:00 Log out – Learning from the day  

Reminder - Homework assignment 

Monica Haage, IAEA 

18:00 - 21:00 Social Event  All 
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Friday April 1, 2016 

Time Session Facilitator(s) 

09:00 – 09:15 Log in - Learnings from Previous Day All Participants 

09:15 – 10:15 Module 16 – Dialogue on Working Differently - Sharing the 

Homework Assignment – Systemic Realities 

 Interactively experience working through one or more of the 

real-life situations generated by the participants 

Germaine Watts Canada 

Stan Deetz, USA 

Patrik Lundell 

10:15 -10:30 Break  

10:30 – 11:45 Module 17 – Dialogue on Working Differently – Applying Systemic 

Tools 

 In small groups, work on understanding participant situations 

and applying SSM to identifying potential intervention points 

and strategies 

Monica Haage, IAEA 

Stan Deetz, USA 

  

11:45 – 13:00 Lunch  

13:00 – 14:45 Module 18 – Action Plan: Instilling a Systemic Approach to Safety  

 What do you do Monday morning? 

 Write a letter to your self - What will my organization look like 

in a year and what do I need to do differently to make that 

change happen? 

 Review of key terms 

 Planning on how to apply the systemic approach  

 Where to learn more  

Monica Haage, IAEA 

Martin Miksits, Austria  

Stan Deetz, USA 

Akira Omoto, Japan 

14:45 – 15:00 Break  

15:00 – 16:00 Module 19 – Reflection: The Learning Journey & Evaluation 

Wrap-up 

 

All Participants 
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Pre-course reading 
 

An Introduction to a Systemic Analysis 

Stan Deetz 

University of Colorado at Boulder 

Boulder, Colorado, USA 

 

Why a Systemic Approach? 

 

Human and organizational factors and their connections to technical systems are seen as the 

predominant nuclear safety risk.  Events like Fukushima occur through a combination of cultural 

factors (such as organizational decisions over time and ways groups and individuals think about 

systems), political institutions and processes, design factors, and technical features that fail in 

combination in the face of a complex unexpected natural event. 

 

The need to adopt a systemic approach to enhancing the utilization of human resources in support of 

nuclear safety is increasingly clear.  Developing technical systems without understanding the 

dynamics of their choices and design and how they will be used by individuals in real circumstances is 

seen as inadequate.  In many situations organizational and institutional silos have hampered design 

and planning, hidden consequences across the system of problems and decisions, and reduced the 

quality of communication across divisions. Decisions that are competent and well grounded from an 

individual or group standpoint may have negative consequences at a distance. 

 

The nuclear power plants, regulatory processes, political processes, and environmental events and the 

relations among them are increasingly seen as complex rather than mere complicated systems.  In 

complicated systems, many interacting elements may exist but studying the parts often allows casual 

analysis of past events and prediction of the future. They are determined and, with sufficient effort, 

knowable.  Complex systems by contrast have many interacting agents where the interaction is 

unpredictable, resulting in surprising outcomes.  Causality is impossible to determine since factors are 

emergent, timing matters, and elements have multiple and mutual causal relations. 

 

 

The Concept of Systemic 
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Discussions of systemic approaches among diverse participants get quickly convoluted. Conceptions 

of systems and systemic are very elastic and have been developed in many different ways in different 

arenas. Frequently different groups take their own conceptions as correct and exhaustive and are hence 

unaware or dismissive of other usages.  This is usually made worse by trying to clean up the 

discussion by giving a simple definition.  A definition for such a contested term favors one 

community’s usage and loses careful discussion of others and their unique contribution.    

 

Use of a systemic approach will need to respectfully acknowledge the variety of usages and carefully 

develop a coherent perspective that is not simply a mash-up.  The focus here will be on what this 

particular perspective allows us to see and do. The matching of the perspective to the problems being 

addressed is central. 

 

The variety of uses on the term systemic is not surprising given the history of “systems” thinking.  

While the roots go far back in Western, Eastern, and various native peoples’ conceptions, the modern 

forms largely arose in the 1950’s lead by three very different groups and conceptions: open systems 

(the dynamic relate of organisms to environments) coming largely from biologists, cybernetics coming 

largely from information science and engineers, and structural functionalism (the relation of 

institutional forms to environments) coming from sociologists.  

 

Remnants of each of these still exist and most current conceptions reflect aspects drawn from each.  

Much of the work in operations research, management control systems, and system engineering tend 

to rely more on the cybernetic tradition treating human behavior more mechanistically, while much of 

human systems and organizational dynamics work have tended to draw more from the open systems 

tradition with a much more organismic understanding of human behavior.  Many of the same terms are 

used by these different groups.  Scott Poole (2014) has provided a useful overview and I attached his 

summary of basic terms/conceptions. 

 

Wikipedia’s entry on system science gives a good sense (and quick understandable read) of the variety 

and general issues that make all of these different from the “systematic,” piecemeal and incremental, 

and often linear ways of thinking that systems thinking tries to replace. “Systems science covers 

formal sciences such as complex systems, cybernetics, dynamical systems theory, and systems theory, 

and applications in the field of the natural and social sciences and engineering, such as control theory, 

operations research, social systems theory, systems biology, systems dynamics, human factors, 

systems ecology, systems engineering and systems psychology. Themes commonly stressed in system 

science are (a) holistic view, (b) interaction between a system and its embedding environment, and (c) 

complex (often subtle) trajectories of dynamic behavior that sometimes are stable (and thus 

reinforcing), while at various 'boundary conditions' can become wildly unstable (and thus 

destructive).” 
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IAEA materials emphasizing a systemic approach (e.g., SF-1, , GS-R-3, DS-456 (draft of GSR Part 2, 

replacing GS-R-3), GS-G-3.5) have tended to emphasize holism and breaking down silos especially by 

focusing on the relations among human, technical and organizational systems (ITO,HTO) and the need 

for better communication among different divisions of a NPP. Less seems to have been done with the 

relation to environments and system dynamics.  Much of the work today aims at this further 

development. 

 

Most Useful System Conception? 

 

The systemic workshop hopes to add to middle managers’ understanding and capacity to respond 

effectively in the complex environments in which they are placed.  The approach is pragmatic, 

introducing concepts and experience that contribute directly to the capacity to act in response to 

emergent events and often conflicting demands. The workshop builds its conception base out of a 

combination of systemic perspectives going under the titles of complexity science, actor network 

theory, and Peter Senge’s conception of a learning organization (systems as the Fifth Discipline). 

These perspectives conceptually relate to culture concepts generally and safety culture materials 

specifically.  This would then complement, though not replace, operations research, management 

systems research, etc., that are more linked to engineering and cybernetics. 

 

The systemic perspective developed in the workshop focuses on 1) the interdependency of 

components, 2) the forms of interaction between parts, 3) the relation to the environment, and 4) the 

way statements and knowledge function/are make sense of/are used by different individuals, division 

and stakeholders. Understanding the complexity of these interactions in systems improves the ability 

to 1) intervene in organizations, 2) make various incidents and accidents less likely and 3) improve the 

complex responses often need to complex events and accidents. 

 

Core system assumptions/conceptions relevant for our purposes include (this is the theory stuff that 

backgrounds the analysis and applications developed for the workshop): 

 

Interdependence:  Anything done at any place in a system has consequences for everything else.  This 

is the area in which complexity science has offered the most.  This is shown best in systems 

mapping.  The COIN map developed for the US military counter insurgence in Afghanistan is often 

used as an example of the levels of system interdependence.  INPO has used similar mappings of 

NPPs with success. 

 

Interconnected:  An interest in how different parts of the organization connect with/talk to each 

other.  Various forms of network analyses have been useful for this. 

 

Relation to the environment:  How does the organization internally reorganize and “learn” in response 

to changes in its environment?  This conception has the most affinity to open systems theory.  Karl 

Weick has deeply incorporated this into sense-making processes in organizations and the system 

dynamics it creates.  In Europe Niklas Luhmann's work is often cited for this.  Peter Senge’s work on 
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the system’s perspective in learning organizations is being widely used and often embedded in the 

work of others.  Actor Network Theory coming out of attempt to model knowledge production builds 

on this even further showing the affordances and biases in technical and organizational systems. Most 

of this work includes some development of the important issue of "autopoiesis", describing the 

capacity of the system to reproduce itself limiting adaptation to events and occurrences from which 

learning could occur. The outcomes of such self-organizing processes are both uncertain and 

irreversible.  

 

Emergence: Systems have emergent properties that are derived from its component activities and their 

structure but are unable to be reduced to these (Checkland, 1981).  This concept has been core to 

complexity science and is the central reason linear modeling and casual analyses can never fully 

explain nor predict how a system will operate in a specific situation. 

  

Recursivity, virtuous and vicious cycles:  Since systems have potential self-reinforcing dynamics and 

multi-directional causality they can fall into a number self-reproducing cycles.  Systems have a quality 

of self-reproduction.  TEPCO's system map organizing their change process is an example of this.  

 

Systemic production of meaning:  The meaning of events is produced out of larger systems of 

meaning. Therefore, how things function for any part of the organization can be different for others at 

other times and places.  Most researchers turn to the systemic family therapy literature for conceptions 

with the applications to organizations done best by the Milan group and Kensington group in 

England. The Kevin Barge references show example of use 

 

Complexity Theory, Actor Network Theory and Learning Organizations 

 

Both complexity and actor network theories are often aligned ways of trying to provide detailed 

descriptions of system qualities of self-organization, holism, emergence, and system reproduction 

within highly complex systems by examining the various networks of human actors and material 

structures.  The focus is on seeing interrelationships rather than people and events and seeing dynamic 

patterns of change rather than providing static snapshots.  They include both methods of network 

analysis and conceptual modeling. Anthony Masys (2015) and others at the University of Leicester 

have carefully developed processes looking at issues of safety, security, and resilience. 

 

This descriptive work is nicely complemented by Peter Senge’s more normative treatment of systems 

thinking as a part of a learning organization.  His five “disciplines” is presented below. Senge’s frame 

itself will not be considered in the workshop, but the workshop’s treatment of leadership, basic 

assumptions, shared space and capacity building as well as systemic thinking, fits his framing well. 
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Soft Systems Methodology 

 

Soft Systems methodology (SSM) is often a conceptual framework used to identify and solve 

problems through following basic descriptions made possible by complexity theory.  Many types of 

SSM exist, many in the nuclear industry use “mind mapping” for example. Mind mapping gets at the 

conceptual issues well but tends to leave out the impact of various social networks and intersections 

with materials systems that are highlighted so well by actor network theories.  

 

SSM is an established systems-based approach developed as a way to use system concepts in 

organizations for making interventions and understanding their effects.  “Hard” systems thinking sees 

the world as a set of inter-relating systems which can be reengineered in order to be improved. “Soft” 

systems thinking, in contrast, sees the world as often a complex and confusing entity, that can be 

explored through a systemic process, organized as a learning system.  SSM is concerned with 

unstructured or ill-structured problematic situations where there is no consensus among stakeholders, 

even for what the actual problem is. 

  

SSM aims at accommodating different perspectives through conceptual models of human activity 

systems. These models are then used to decide on interventions for the resolution, or improvement, of 

the situation. One of the challenges, that decision makers face, is the broad context under which safety 

performance evaluation takes place.  It is more convenient, and usually occurs, to perform an 

evaluation in a specific problematic area, which requires immediate management involvement.  

However, according to systems thinking, technical, organizational, human and external factors related 

to safety performance are all interacting; a problem in one area may have its origin in another area of 

Learning 
Organization 
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the system. A single evaluation of a group of factors will leave out crucial information for decision 

making. 

 

System mapping can be done in many different ways depending on the type of problem and type of 

outcome desired.  Usually it is done to solve a particular reoccurring problem.  In the systemic 

workshop the desire is more to learn skills and how to thinksystemically. Therefore the stages are a bit 

different, with special attention to step 2 below.  With care, the process can incorporate a number of 

learning exercises, all of which are seen as a part of a larger process/system rather than standing alone. 

 

Step 1:  Identify routine problems, especially the ones that seem to be reoccurring even after normal 

attempts to change or solve them.  These are the ones that often are involved directly in larger systems.  

Questions might focus on when and where the problem occurs and how it is normally addressed. They 

also look at the boundaries assumed, i.e., who and what is part of the problem and what not. What self-

reproducing cycles seem to exist?  How are they justified? 

 

Step 2:  Identify and represent system complexity.  Identify key actors and their “perspective.” 

Perspective here means what they hope to achieve (their objectives), what their concerns are (what 

they feel they may lose or be hurt by), and their understanding of the circumstances (what the facts 

and events really are).  Basically, how are they sense-making, how do these processes of sense-making 

arise in the organization and how do they become institutionalized? Attempts can be made to identify 

where personal and group objectives may be at odds with the goals of the organization or might clash 

with those of other persons or groups.  How are the concerns of these different stakeholders accounted 

for in this circumstance?  And, where do individuals differ in their understanding of the circumstances 

they are in?   

 

Well-designed games that focus on role-playing and other attempts to experience first hand what 

others’ experience is important to working systemically.  Debriefing helps make clear sense-making 

and the various alignments and non-alignments in the organization. Attempts can be made to identify 

who benefits from the problem not being solved and how normal solutions intersect with objectives 

and concerns.  

 

Finally the system is enlarged by removing the assumed boundaries.  Questions are asked as to the 

relation of the problem to larger organizational processes and technical systems.  Interdependencies 

are identified in terms of implications of the problem and potential solutions for remote parts of the 

organization and other stakeholders. Recalling that the system in many ways is designed to have this 

problem and that a potential absence of the problem changes the system, this includes looking at the 

processes by which self-maintenance and emergence occur when a problem solution is introduced and 

reverberates through the system.  
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Step 3: Build scenarios.  Once the system is understood in its complexity, scenarios can be built to 

exemplify how the system works under different conditions.  Changing elements gives a chance to see 

system adjustments, reproductions and learning. The aim is to make the system dynamics concrete and 

visible. 

 

Step 4: Create options.  Based on what is learned by understanding how the system works, 

sophisticated options can be developed that account for the various system interdependencies and 

dynamic internal processes.  Basically the attempt is to identify desirable, feasible, and sustainable 

changes. 

 

Step 5:  Learn adjustments.  Complex systems are by their nature unpredictable.  The same option may 

well give different results at different times.  Frequently thus the system of adjustments is as important 

as the plan.  Indicators and assessments are essential but often different from how they are normally 

used.  The point is not to evaluate the option but to do additional tweaks to return the system closer to 

a positive path forward. 

 

Step 6: Devise the change process.  Implementation planning in some ways follows routine change 

directives around vision, collaboration, etc., but differs in the extent that attention is to how this 

particular system will work with what is done.  

  

The End Desired 

 

The goal of the workshop is to create a real-time capacity-building lab that brings together people with 

diverse reasoning and relating styles in order to develop a realistic comprehension of the complexity 

inherent in nuclear safety. Through building an understanding of individual strengths as well as 

openness and appreciation for complementary talents in others, the participants are gaining hands-on 

experience working with a systemic approach to safety to enhance nuclear safety. They are sensitized 

to the power of diversified competencies and collaboration and empowered to embrace and work with 

the complexity of nuclear safety and generate potential solutions to real-life challenges within their 

own organizations. 
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