
 

 

The Way Forward 
Personal Reflections and a few (engineering) ideas…  
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Culture and Accident Causation  

Human-Machine System 



Human Error 

“Human error can be considered 

as either  

human-machine or  

human-task mismatches.” 
 

Professor Jens Rasmussen 

 

 

 
1992, Los Angeles 
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A Model for Nuclear Power Plant Operators’ Responses to Disturbances 

 (Based on Prof. Jens Rasmussen’s SRK Framework, personal communication 1992) 



Human-Machine System  

Operator 
A 

Operator 
B 

M 
A 
C 
H 
I 
N 
E  

Interface Level  
Machine Human  

Input Output 



ATC 

Aircraft X Aircraft Y 

Primary 

Interactions  

Secondary  

Interactions 

Situational 

awareness   



Control Rooms of Nuclear Power Plants  



Cultural Factors and Automation 

in Aviation 

 

with direct implications for 
Nuclear Power  

 

Food for thought… 



Teaching and Conducting Research on 

Human Factors in Aviation Safety 
since 1989 



An example of a control room 

operations 

Crew coordination, communication, 

power distance, questioning attitude, 

workstation design, wrong switch etc. 
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Cultural Factors and Automation 
 

This (FAA) team identified several 

“vulnerabilities” in flightcrew management of 

automation and situation awareness which are 

caused by a number of interrelated deficiencies 

in the current aviation system, such as:  

• “Insufficient understanding and 
consideration of cultural differences in 
design, training, operations, and 
evaluation” (p. 4) 

 



The FAA’s Human Factors Study’s 

recommendations for further studies 

(under the title of “Cultural and 

Language Differences”) on: 

 
 

• Pilots’ understanding of automation capabilities 
and limitations; 

• Differences in pilot decision regarding when and 
whether to use different automation capabilities; 
and 

• The effects of training, and the influence of 
organizational and national cultural background 
on decisions to use automation. 
  

 

 

 

 



Sherman and Helmreich (1998), in their study of 

national culture and flightdeck automation, surveyed 

5705 pilots across 11 nations and have reported that: 

 

• “The lack of consensus in automation attitudes, both 

within and between nations, is disturbing” (p. 14)  

• They have concluded that there is a need for clear 

explication of the philosophy governing the design of 

automation. 

 

Cultural Factors, Pilots and 

Automation 
 



The Way Forward…. 
Proposed ideas/Food for thought 

• Culture (cultural factors) and automation 

• Culture and “shared mental model”/ “shared 
space” 

• Culture and risk perception 

• Culture and population stereotype (e.g., color 
association, direction of movement, 
compatibility) 

• Culture and design (Design for Adjustability) – 
Anthropometric considerations – 
“accommodating 5th to 95th percentile”  

 



An idea: 

Design for Cultural Adjustability 

• Power Distance   Questioning attitude 

•  Why put the onus on the operators/pilots? 

• Why not be proactive and turn the table:  Design a 
“system” to elicit/extract/invite questions form 
operators and presents them anonymously? 
e.g.,  a  “Clicker” type mechanism 

e.g., a  decision support system 

e.g., Predictive Analytics (Amazon’s pending patent for 
“method and system for anticipatory package 
shipping”) 

• Other ideas? 

 

 



An idea: 

Design for Cultural Adjustability 

• Uncertainty Avoidance  

•  Why not be proactive? 

 e.g., Design predictive interface/display  

 e.g., More procedures aligned with “better” 

feedback 

 e.g., Incorporate more feedback, increase the 

 immediacy and expedite the feedack 

 process  

 e.g., Design more structured jobs/tasks 

• Other ideas? 

  

 

  

 

  



An observation, 

implications for “new 

builds” and…. 



IAEA Safety Culture in Pre-Operational Phases of Nuclear Power Projects, 

2012, P. 14 

Characteristics of a Strong Safety Culture 



IAEA Safety Culture in Pre-Operational Phases of Nuclear Power Projects, 2012, P. 16 

A Three Element Model for Working with 

the Safety Culture  

The central ‘triangle’ of the stack, if aligned 

through all organizations, is similar to a spinal 

column in anatomy.  



“Any organization that shifts from the stack acts as a 

slipped disc that pinches a nerve or constrains the entire 

system.” (IAEA, Pre-Operational…., P. 17) 



Adapted from IAEA Safety Culture in Pre-Operational Phases of Nuclear Power Projects, 2012, P. 16 

The “Pain” of multiple contractors/orgs with 

national different cultures  

Culture 3’s pulling force 

Culture 1’s pulling force 
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Maximum tension 

“Pain” center 

What do you think? 



Last words and a 

sobering thought…. 



1979 

Three Mile 

Island  

1984 1986 

Bhopal  

2011 

Chernobyl Fukushima 

20XY 

TMI… “The train of events 

at Chernobyl NPS, which led 

to the tragedy, was in no way 

reminiscent of even one of 

the emergency situations at 

other nuclear power stations, 

but was very, very similar, 

right down to the last details, 

to what happened at the 

chemical works at Bhopal in 

1984.  

The lesson of Bhopal went 

unheeded....” 
 

Dr. Valery Legasov, 1986 

“Japan’s nuclear 

industry managed to 

avoid absorbing the 

critical lessons 

learned from Three 

Mile Island (TMI) 

and Chernobyl” 
 

Dr. Kiyoshi 

Kurokawa, 2012 

We should have 

learned from SL1, 

TMI, Bhopal, 

Chernobyl and 

Fukushima 

Nuclear 

Accident … ? 

SL1 Accident, January 1961 

(Stationary Low Power 

Reactor No. 1)  “Most 

accidents involve design 

errors, instrumentation errors, 

and operator or supervisor 

errors... The SL1 accident is 

an object lesson on all of 

these... There has been much 

discussion of this accident, its 

causes, and its lessons, but 

little attention has been paid 

to the human aspects of its 

causes…” 

Safety Culture – Consequences of its unlearned lessons ! 



Conclusion 

Necessary conditions for creating and nourishing safety culture in 

a nuclear installation include (but are not limited to): 

  

1. A thorough understanding of the dimensions of local national 

culture; 

2. Determination of the extent of their match with those of 

organizational culture of the installation;  

3. Their compatibility with the prescribed requirements for 

safety culture; and 

4. Further understanding of effects of cultural variables on the 

interactions between human operators and automation (trust) 

in control rooms. 

 

 


