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Black Swan (Taleb): An outlier event with severe consequences. Here used to 
denote a software project with large budget overrun or other severe problems.

How  to  identify  risky  IT  projects  and  
avoid  them  turning  into  black  swans
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A typical distribution of 
cost overrun in software projects

Right-­skewed distribution,  thick tail,
30%  with 100%  or  more  cost overrun,
Expected value (mean)  >  most  likely value
We tend to  under-­estimate the exptected value!

The  largest overrun:  25%  of total  overruns
10%  largest overrun:  50%  of total  overruns
20%  largest overruns:  80%  of total  overruns
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Even  when  more  than  50%  of  
the  tasks  are  over-­estimated  
(as  in  this  project),  the  total  
cost  may  be  under-­estimated  
when  there  are  many  ”black  

swan-­tasks”

(here  15%  too  low  total  
estimated  cost  in  spite  of  most  
tasks  being  under-­estimated)

Relative estimation error

Black swans (right-skewed, fat tail) are also 
relevant at task level

Higher  Rate  of  Black  Swans  in  IT  
Compared  to  Other  Project  Types

©  Bent  Flyvbjerg  and  Alexander  Budzier  2009-­2015
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Ø  duration   (years)

Cost  overrun 219%20% 36% 107%90%34% 45%

Benefits  
shortfall n/a10% n/a -­29%-­11%n/a -­51%

Frequency   of  
cost  overrun 10  of  109  of  10 6  of  10 5  of  107  of  109  of  10 9  of  10

Schedule  
overrun 0%38% 38% 37%44%23% 45%

Cost  
Black   Swans 6%7% 18%10%5% 9% 6%

5.3
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It is actually even worse than the data on
completed projects suggests: 

10-20% of all IT-projects are never completed 
or completed with no or little client benefits.

Consequences
• A  few  Black  Swan  projects  (large  cost  overruns)  will  
dominate  the  total  project  portfolio  performance
– It  is  the  expected  value  (mean),  not  the  median  or  the  most  likely  
cost  overruns  that  matters  for  the  total  performance

– In  addition  to  budget  problems,  a  few  Black  Swan  projects  may  
have  a  strong  negative  effect  on  market  reputation,  client  
relationship,  profit  ….

• Management  focus  should  be  strong  on  identifying  and  
managing  (learn  to  reduce  risks  and  how  to  react  on  
crisis)  projects  with  high  risk  of  becoming  Black  Swans.
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Example  from  how  a  large  international  company  
identifies  risky  projects  in  need  for  extra  attention

• Checklist  gives  the  project  a  risk  profile,  either:
– Full  alarm
– Reasons  for  concern  
– OK

• Example  of  factors  leading  to  ”Full  alarm”
– Building  something  ”new” (larger,  different,  …)
– Dependent  on  sub-­contractors  with  unknown  or  low  
relevant  experience

• Example  of  factors  leading  to  “Reasons  for  concerns”
– Many  changes  in  other  systems  required  /  much  integration  with  
other  systems

– Many  stakeholders
– Large  system

A evidence-based list of 
indicators of projects with high risk of failing

• Projects are substantially different from what done before.
– Risk is exponentially increasing with number of new factors

• Many interfaces to other systems and/or many stakeholders
• A substantial re-engineering of existing work processes is involved
• The problems to be solved are complex
• The project is large. Rule-of-thumb: Ten times larger, double the risk 

of failure
• Too high ambition level (too many changes simultaneously)
• Estimation situation stimulate to over-optimism (biases, vested 

interests, anchoring effects)
• Low competence of client
• Low competence of development team
• Bidding processes leading to ”winner’s curse”

and ”adverse selection”, especially together 
with “fixed price” contracts
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Failure factors from a study of >500.000 small projects

Regional  differences  in  failure  rate
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Reasons  for  too  low  cost  estimates
• Judgment  biases  
– Wishful  thinking
– Illusion  of  control
– Anchoring  effects
– Sequence  effects  +++

• Ignorance  of  an  uncertain  and  right-­skewed  world
– Ignorance  of  unknown  unknowns
– Ignorance  of  ”Black  Swan” (outlier)-­effects

• Selection  bias  
– Winner’s  curse  

• Deception  (”strategic” estimation)

JUDGMENT  BIASES
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Awareness  of  judgment  biases  helps  ...

McKinsey-­research  results  from  2010:
•Study  of  1048  strategic  decisions  in  several  companies.
•The  25%  companies  best  at  avoiding  and  reducing  
decision  biases  (=  better  use  of  evidence)  had  a  profit  
(Return  on  Investment)  seven  times  better  than  the  25%  
worst.  
•Avoiding  and  reducing  decision  biases  was  six  times  more  
important  for  the  profit  than  the  amount  of  or  level  of  detail  
of  analysis  preceding  the  decision.

Lovallo,   Dan,  and  Olivier  Sibony.   "The  case  for  behavioral   strategy." McKinsey  
Quarterly 2  (2010):   30-­43.www.edpiccolino.com/workspace/articles/mckinsey-­the-­case-­
for-­behavioral-­strategy.pdf)

Illusion  of  control  
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Wishful thinking

Estimated time = ideal time
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Anchoring effects
Experiment:
• HIGH (LOW) group: “The customer has indicated that he believes 

that 1000 (50) work-hours is a reasonable effort estimate for the 
specified system. However, the customer knows very little about the 
implications of his specification on the development effort and you 
shall not let the customer’s expectations impact your estimate. Your 
task is to provide a realistic effort estimate of a system that meets 
the requirements specification and has a sufficient quality.”

• Participants: Experienced software developers.

• All (HIGH, LOW, CONTROL) received the same requirement 
specification.

•18

Anchoring effects
• Results:

– HIGH group average: 555 work-hours
– CONTROL group (no anchor) average: 456 work-

hours
– LOW group average: 99 work-hours!!!

• None of the developers thought they were much affected 
by the client expectation. 

• Learning about and attention to the anchoring effect 
helps, but do not remove the effect. Avoidance is the 
only really effective strategy!
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Framing

New  functionalityMinor  extension
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Unitosity (Do you think work-hours or 
workdays gives higher estimates?)

Sequence effect (assimilation effect)

TS-TM: Estimation of small, then medium large task
TL-TM: Estimation of large, then medium large task
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Assimilation  effect  and  Tversky’s  
feature  matching  theory:
The  less  we  know  about  a  new  
project,  the  more  it  looks  like  the  
project  we  chose  to  compare  it  with!  
(e.g.,  our  last  project)

IGNORANCE  OF  
UNCERTAINTY   IN  AN  RIGHT-­
SKEWED  WORLD  HAS  
CONSEQUENCES
(=  IGNORANCE  OF  BLACK  SWAN-­
PROBABILITY)
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What is an estimate? A survey.
“You have just estimated the number of work-hours you think you need to develop 
and test four different software systems. Please select the description below that 
you think is closest to what you meant by your effort estimate in the previous four 
estimation tasks:

•Number of work-hours I will use given that I experience almost no problems.
•Number of work-hours I will use given that I experience no major problems.
•Number of work-hours I most likely will use.
•Number of work-hours where it is about just as likely that I will use more  as it is 
that I will use less effort than estimated.
•Number of work-hours where it is unlikely that I will use more effort than 
estimated.
•Number of work-hours based on my expert judgment/feeling of how many work-
hours I will use.  I find it difficult to decide about the exact meaning of the estimate.
•None of the above descriptions is close to what I typically mean by an effort 
estimate.”

Interpretation  of  ”effort  
estimate”
(as  claimed  in  
hindsight)

Frequency  of  
interpretation

Ideal  effort 37%

Most  likely  effort 27%

Median  effort  (p50) 5%

Risk  averse  effort 9%

Don’t  know/gut  
feeling/other

22%
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SOMETIMES  SOFTWARE  
COMPANIES  TRY  TO  INCLUDE  
UNCERTAINTY   IN  THEIR  
EFFORT  ESTIMATES  

Activity-­based  uncertainty  analysis:
Find  (at  least)  four  problems

Activity Minimum  
effort
(best  case)

Estimate Maximum  
effort  
(worst  
case)

Activity  A 15  work-­
hours

20  work-­
hours

25  work-­
hours

Activity  B 40  work-­
hours

60  work-­
hours

80  work-­
hours

Activity  C 45  work-­
hours

50  work-­
hours

55  work-­
hours

SUM  
effort

100  work-­
hours

130  
work-­
hours

160  work-­
hours

1. Not   communicating   of  what  is  
meant  by  minimum,   estimate  
(most  likely?)  and  maximum  

2. Too   symmetric  intervals.  The  
outcome  distribution  is  typically  
right-­skewed.

3. Too   narrow  intervals.  Strong  
tendency  towards  too  narrow  effort  
intervals  to  reflect,  for  example,  a  
90%  confidence  inerval.

4. Incorrect  additions.  It  is  only  the  
mean  values  that  can  be  safely  
added,  not  the  most  likely,  the  
minimum   or  the  maximum  effort.  
Adding  most  likely  estimates  leads  
to  underestimation  in  a  right-­
skewed  world.
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ADDING  ESTIMATES  IN  A  
RIGHT-­SKEWED  WORLD

Most likely cost = 50
Median cost = 60
Mean cost = 65

What is the most 
likely cost (sum) of 
100 times 
shopping?
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Most likely 
sum is 
6500!

The sum of most 
likely (50 x 100) = 
5000) or median (60 x 
100 = 6000) would 
lead to substantial 
underestimation!

A  few,  more  ”advanced” companies  do  the  uncertainty  
analysis  with  asymmetric  and  wider  intervals  (e.g.,  PERT).  

Still  problematic?

Activity Minimum  
effort  (p10)

Most   likely    
(ML)   effort

Maximum  
effort  (p90)

Mean   effort
PERT   effort  =
(Min+4ML+Max)
/6)

Variance  of  
effort  PERT  
(Max  – Min)2/36

A 15  hours 20  hours 40  hours 23  hours 17

B 50  hours 60  hours 100  hours 65  hours 69

C 45  hours 50  hours 150  hours 66  hours 306

Sum: 154  hours 392  
(stdev  =  ca.  20)

p85 (85%  conf.  not  to  exceed): 154  +  20  =  174  
hours
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Cost uncertainty in software projects

Types of project cost uncertainties:
•Activity uncertainty
•Known risks (manageable)
•Unforeseen events and activities 
•Risk of total failure (chaos, re-definition)

My studies find that most software projects’ cost estimation 
work:
•Include no or insufficient analysis of activity uncertainty
•Analyse known risks, but have no proper transfer of risk 
analysis to cost estimates
•Include no analysis of unknown risks
•Ignore the risk of total failure

What  to  do?  A  long  way  to  go  
…
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A  simple  approach  leading  to  more  
realistic  effort  uncertainty  asessments  
1. Estimate  the  most  likely  effort  of  the  new  project  or  task.
2. Identify  the  ”reference  class” (similarly  estimation  complexity  of  

projects  or  tasks).
3. Recall  the  estimation  error  distribution  of  the  reference  class.
4. Use  the  estimation  error  distribution  to  find  p10,  p50  (plan),  p80  

(budget),  p90  or  whatever  estimate  you  need.

Example:  
• You  estimate  the  most  likely  effort  a  new  project  to  be  1000  

work-­hours  and  want  to  find  the  p90-­estimate  (which  will  be  your  
maximum  effort).  

• In  the  reference  class  of  similar  projects  you  find  that  90%  of  the  
projects  had  an  effort  overrun  of  60%  of  less  (=  10%  had  more  
than  60%  overrun).    

• Your  p90-­estimate  should  consequently  be  1000  +  60%  of  1000  
=  1600  work-­hours.

Cost  uncertainty  assessment:  Summary

• Poor  communication  of  what  is  meant  by  effort  
estimates.

• Poor  use  of  uncertainty  assessment  methods.
• Too  narrow  and  symmetric  effort  intervals  gives  
”garbage  in  – garbage  out” to  uncertainty  
assessment  methods.

• Looking  back  on  previous  estimation  error  is  a  
”simple” and  effective  way  of  improvement.  

• This  requires  competence  and  mindset  based  on  
probabilities  and  distributions.

• A  long  way  to  go  ...
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Selection  bias
(winner’s  curse,  optimizer’s  curse,  
regression  towards  the  mean)

.... six out of ten 
affluent (rich) families 
will lose the family 
fortune by the end of 
the second 
generation. 
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Analyses of non-random samples (self-selected, 
the best 20% on a test, the projects with highest 
cost overrun, the developers with lowest 
estimates, etc.), will easily be misleading. 

The more extreme the 
sampling, the stronger the 
effect of regression 
effects.

“I  suspect  that  the  
regression  fallacy  is  the  
most  common  fallacy  in  
the  statistical  analysis  of  
economic  data”

Milton Friedman (Nobel prize 
winner in economy)
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Selection  bias  in  software  development
bidding  rounds

Potential explanation of why fixed price are less 
successful (percentage successful projects)

Contract   type Per  hour ”Agile” Risk  sharing Fixed  price

Benefit 59% 29% 22% 0%
Quality 24% 43% 22% 22%
Budget  control 31% 71% 22% 33%
Time  control 29% 43% 44% 11%
Efficiency 19% 29% 33% 0%
Prop.  contract 37% 14% 41% 18%

Agile is 
categorized as 
per hour and risk 
sharing as fixed 
price.
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M. Jørgensen. The Influence of Selection Bias on Effort Overruns in Software Development 
Projects, Information and Software Technology 55(9):1640-1650, 2013.

The lower the selected effort estimate, the 
higher the risk of effort overrun (the winner’s 
curse)

Study:
20 developers
estimating and 
completing the 
same five tasks

Degree of 
random 
variation

Variance 
shrinkage

Extremeness of 
value

The size of expected cost overrun caused
by the winner’s curse

M. Jørgensen. The Influence of Selection Bias on Effort Overruns in Software Development 
Projects, Information and Software Technology 55(9):1640-1650, 2013.
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Selection of provider 
with bid less than 25% 
of the average bid, led 
to a 9% increase in 
project failure for the 
same level of 
provider competence.

Analysis of nearly 800.000 
small projects at VWorker.com

Failure = Cancelled or 
completed with client 
satisfaction of “poor” or worse.

Competence = Average client 
satisfaction + failure frequency.

M. Jørgensen, A Strong Focus on Low Price When Selecting Software 
Providers Increases the Likelihood of Failure in Software Outsourcing Projects, 
EASE, Porto de Galinhas, 2013

Winner’s curse leads to client’s 
curse

WHAT  TO  DO?



24

Recommendations (1)
• Develop and use checklists for the identification of risky 

projects (those who may become “Black Swans”).
• Use the history of previous projects as input to 

realistically assess the risk of the new project.
– Important motivations for proper risk analysis are increased risk 

awareness and avoidance of over-ambitious projects
• Give high risk project extra attention, especially wrt:

– The business cases and benefit realization plan
– The risk analysis and cost estimation process
– The process of selection of provider (if client). Competence 

should be high and relevant. Fixed price increases the risk
– The existence of risk-reducing process elements (such as 

incremental delivery with evaluation)

Recommendations   (2)
• If possible, simplify and split into smaller deliveries. 

Avoid mega-projects, but not mega-investments.
• Ensure high competence on the client side

– Clients with less than 20% of the IT-budget on own resources 
has a substantially higher risk of Black Swans

– The most important client contributions during the projects are 
prioritization, benefit management and delivery evaluation. 
Ensure sufficient resources for that.

• Ensure process, requirements and budget flexibility so 
that changes (e.g., those based on learning and 
changed environment) are opportunities rather than 
threats.
– An example of good process: Agile development with frequent 

feedback on deliveries, per-hour contracts and requirements that 
are not 100% “must have”
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Recommendations   (3)
• Ensure benefit management from start to end

– Business cases (avoid that the project is an IT project)
– Benefit plan
– Benefit realization during and after the project completion

• Avoid the ”winner’s curse”
– Select the provider by realistic testing of competence 

(trialsourcing)
• Avoid cost estimates and risk analyses impact from 

irrelevant and misleading information
– If affected by anchors, let other estimate the project

• Avoid that people with vested interest, for example, 
those ”in love” with the project or those with large self-
interests, are those who estimate and analyse the risk.


