
 

Expert methods 

in risk analysis 



Delphi method 

 RAND Corporation  -  Research ANd Development 

 think tank 

Studies into the effects of thermonuclear war and civil defence for the 

U.S. Air Force.  

By 1974 Delphi method used in over 10,000 studies. Most 

applications were concerned with technology forecasting. The 

method has also been applied to many types of policy analysis. 

 

A method for eliciting and synthesizing expert opinion 





Self-rating of experts 



The questions 



Comparison of  Delphi results 

Question RAND 
Conference 

forecast 

Electric autos 

50% 
1988 1997 

Home computer 

consoles 
2002 2010 

Economical 

fusion power 
1990 1988 



Subjective data: spread 

Used value 10-10   

 (3·10-12 ÷ 3·10-9 ) 

8 responses fall 

above the upper 

confidence 

bound! 

A section of pipe 

about 10 meters long 



Heuristics and biases 

Using simple rules from everyday life (rules of thumb) 

Biases due to: 

• Distortions of judgement through ideology 

• Wilful distortions of judgement (in lying) 

• Misperceptions of probabilities 



Availability 



Anchoring 

8 x 7 x 6 x 5 x 4 x 3 x 2          2 x 3 x 4 x 5 x 6 x 7 x 8 

Median estimate 

 2250     512 

Correct answer 40320 

Estimate the result in 5 seconds 



Overconfidence  

Control 



Representativeness 

   Bill is 34 years old. He is intelligent, but unimaginative, 

compulsive and generally lifeless. In school, he was strong in 

mathematics but week in social studies and humanities. 

 A   Bill is an accountant 

 B   Bill plays jazz for a hobby 

 C   Bill surfs for a hobby 

 D   Bill is an accountant and plays jazz for a hobby 
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Expert calibration 



The Zeebrugge disaster 

Herald of Free Enterprise  



The ferry construction 

ro-ro – roll-on roll-off car ferries  





 

The methods for 

probability assessment 



Direct method 

e.g. a question 

How often occurs the event A(k)? 

Possible answers:  

everyday, once a week, once per month, once per year,  

once in a lifetime, very rarely 

APJ – Absolute Probability Judgement 



Procedure for the direct method 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

1.   Select expert group   

  

2.   Prepare description of estimated values   
  

3.   Prepare questionnaires for the experts   

  
4.   Obtain judgements from every expert   
  
5.   Check agreement of expert opinions   
  

6.   Combine expert opinions   

  
7.   Estimate confidence bounds   



Expert group 

 safety engineers 

 workers 

 supervisiors 

 constructors 



The ranking method 

In the Ranking Method the undesirable events are 

positioned in an order by every member of the expert group.  

The events A(k) are placed in the ranking list, starting from 

the least likely to occur and ending with the most likely to 

occur. 



Calibration method  

b a Q 
l (l) +   ) scale (   (1) log 
) ( 



Paired comparisons method  

PC Method 

   

n                events 

n(n-1)/2    possible pairs 

 

 calibration: 

   log [Q(1)] = a(scale) + b 

  

 Advantages – good results are obtained, easy task for experts 

 Disadvantages – calibration, complexity, requires many experts 

 



 

Example  

The ranking method 

application 



EXAMPLE  

work on a machine tool 

0,99 

 

0,01  

  

 

 

0,001  

  

 

 

0,999 
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error 

 

error 

 
error 

 

error 

 
error 

 

 

 

Human  

action 

clamps  

machined  

part 

determines  

machining  

parameters  

sets  

transmission  

ratio  

reads and  

sets depth        

of cut 

controls   

the turning   

process  

Event  

number 
B1 B2 B3 B4 B5 



Expert ranking  

Expert 1 

 

B1 

 

B5 

 

B3 

 

B2 

 

B4 

 
Expert 2 

 

B1 

 

B3 

 

B5 

 

B2 

 

B4 

 
Expert 3 

 

B1 

 

B5 

 

B3 

 

B2 

 

B4 

 
Expert 4 

 

B1 

 

B5 

 

B3 

 

B4 

 

B2 

 
Expert 5 

 

B1 

 

B3 

 

B5 

 

B4 

 

B2 

 



Average position of events  

B1 B2 B3 B4 B5 

Expert 1 1 4 3 5 2 

Expert 2 1 4 2 5 3 

Expert 3 1 4 3 5 2 

Expert 4 1 5 3 4 2 

Expert 5 1 5 2 4 3 

Sum of positions 5 22 13 23 12 
average position 

( Sum of positions /5) 

Event number 

1 4.4 2.6 4.6 2.4 



Probabilities of two events 

occurrence 

Probabilities of occurrence for B1 and B2 are known: 

                         Q1 = 10-3, Q2 = 10-2  



Error probability estimation  

based on statistical data 

The probability Q(1) of an event  A occurrence  

in one year per one employee 

Wj() –  the number of accidents due to occurrence of the 

event A, that caused loss not less then cj ,  j = 1÷5  

    –     the number of data collection years 

   N  –     the number of concerned workers  

Z(cj) –  the probability that occurrence of the event A  
causes a loss in category at least cj 

[1/year] 
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Calculations  

 log[10-3] = a(1) + b 

 log[10-2] = a(4,4) + b 

or 

 -3 = 1a + b 

 -2 = 4,4a + b 

 

calculated values are: 

a = 0,29412; b = -3,294 
 



Results  

log Q = 0,29412·(scale) – 3,294 

Formula to calculate the unknown probabilities of occurrence 

for the events B3÷B5  

log Q3 = 0,29412·2,6 – 3,294 = -2,529 Q3 =10-2,529   0,0030 

log Q4 = 0,29412·4,6 – 3,294 = -1,941 Q4 =10-1,941   0,011 

log Q5 = 0,29412·2,4 – 3,294 = -2,588 Q5 =10-2,588   0,0026 

 



Calibration 
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The final event tree  

0,998 

 

0,997 

 

0,99 

 

0,002  

  

EF=5 

 

0,99 

 
0,01  

  

EF=3 

 

0,003  

  

EF=3 

 
0,01  

  

EF=3 

 

0,001  

  

EF=5 

 

R = 0,974 

 

Task error probability   Q = 1- 0,974=0,026 
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Human  

action 

clamps  

machined  

part 

determines  

machining  
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sets  
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reads and  

sets depth        

of cut 
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the turning   
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Human reaction time 



The reaction time 



The influence of speed 

on the stopping distance 

1 

 

60 

km/h 

 50 

km/h 

 

Braking 

start 

13.9 m 

 

16.7 m 

 
27.6 m 

 

Stopping line 

 car 1 

 
car 2 

 

36.4 m 
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       driver reaction time  1s 

   car deceleration = 7m/s2  



The influence of speed 

on the stopping distance 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

car 1 in the distance of 10,9 meters decelerates by 19.7 km/h 

car 1 passes the stopping line of car 2 with the speed over 40 km/h 



 


