
20.09.13	  

1	  

Magne Jørgensen 
Simula Research Laboratory 

Content 

•  When and how much we can trust 
expert judgment 

•  Conditions for building and improving 
expertise 

•  When to use expert judgment and 
when to use other means 

•  How to study expert judgments 
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BUT FIRST! 
 
All of you who have a smartphone or a laptop (or 
can borrow one), please answer four questions  
(3-5 minutes) at:  

goo.gl/LBaLa 
The answers will be summarized as part of my 
keynote. 
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Domains where we 
find and do not find 
good expert 
performance 



20.09.13	  

5	  

What about software engineering activities? 
 
•  Requirement engineering 
•  Software design and architecture 
•  Programming 
•  Project management 
•  Verification and validation 
•  Safety assessment 
•  Usability design 
 
Can we expect expert performance here? 
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Example: Expert estimation of software cost 
Factors Expert performance impact/

association 
Stimuli: Importance of variables and their 
relationship with effort not stable 

Negative 

Decisions: About behaviour. Estimates impacts 
behaviour 

Negative (but self-fulfilling 
prophecies) 

Expert agreement: Relatively low Negative 

Predictability: Frequently low Negative 
Errors expected: Some errors expected Positive, but may require a 

probabilistic mindset 
Repetitive task: Medium/low Negative 
Feedback: Typically late (if any) and hard to 
related to the estimate 

Negative 

Analysis: Partly subjective Negative 
Decomposition of task: To some extent Positive 

Decisions aids: To some extent Positive (if used) 

CONCLUSION:  
 
We cannot expect good expert 
performance in many software cost 
estimation contexts! 

Does this mean that we should use 
estimation models instead? 
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Models and experts have different  
strengths and weaknesses 

Models give better opportunities to understand and 
improve the processes. Expert judgment is to a large 
extent unconscious.  

We tend to believe more in outcome of expert 
judgment, in spite of believing less in the process. 

Model output is typically more consistent.  
Experts can be incredible inconsistent (both between 
experts and within same expert) 

Expert judgment is typically more “flexible”, “effort-less” 
and can include very specific information. Models are 
typically based on stable relationships and a stable set 
of important indicators. 

Easy to mislead (bias) the experts. 
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Examples of expert biases 

Anchoring bias 
Confirmation bias 

Sequence bias 
Dilution effect 
Hindsight bias 
Priming bias 

Wishful thinking 
Above-average bias 

Let us have a look at your answers on 
the four questions. 
 
 
A simple report can be found at:  
 
goo.gl/wgfqqN 
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M. Jørgensen and S. Grimstad. The Impact of Irrelevant and Misleading Information on 
Software Development Effort Estimates: A Randomized Controlled Field Experiment, 
IEEE Transactions on Software Engineering, 37(5):695-707, 2011. 

Anchoring bias - study 
Companies instructed to support us with estimates for five projects: “The independent 
effort estimates will be applied to evaluate the realism of other software providers’ effort 
estimates of the projects.” 

46 offshoring companies accepted the paid work and estimated the required effort 
of the same five projects 

Project 4: “The preliminary budget of the new system is $10 000 [corresponding to about 
100 work-hours with typical pricing in the country in which it will be built]. The 
preliminary budget is not built on any knowledge about the actual cost of developing the 
new system, and will, if needed, be extended to cover the expenses necessary to build a 
quality system with the desired functionality.”   

Project 5: “[the client] expects that the system development starts February 3, 2008 and 
can be launched on February 23, 2008. This three-week period should include all 
development and testing.”  

Anchoring in preliminary (low) budget 
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Anchoring in short time period 

Example: Indicators of expertise 
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Indicators of estimation expertise"

•  Length of experience?"
•  Not a good indicator, except the first 1-2 years."

•  Experience from similar projects?"
•  Definitively yes, but expertise is much more narrow 

than typically assumed."
•  The best developer?"

•  Not a good indicator."
•  The best developer may not be suited for the estimation 

of work effort for novices. "
•  Novices sometimes compensate for lack of knowledge 

with better estimation strategies, e.g., “looking back” 
rather than ”step-by-step looking forward”."

22 

•  Highest confidence in his/her estimate?"
•  No. The most confident are typically the most over-optimistic."

•  Those historically most accurate?"
•  Yes, but not a very good indicator either. "
•  The software professional (out of two) most over-optimistic 

on previous estimate had a 70% probability of being the most 
over-optimistic on the next estimate."

•  Personality traits (optimistic life orientation, 
interdependence, “big five” traits, ...)?"
•  Seems not to be of of much help."

•  Slightly depressive people?"
•  On average more realistic regarding own abilities."

Indicators of estimation expertise"
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How to study expert judgment 

24 

The dual theory of cognition ... 
•  ”Both theory and a substantial body of evidence, some 

of it derived from neuro-imagining studies of the brain 
employing fMRI technology, support the view that humans 
employ at least two distinct systems to process 
information, a rational system and an intuitively-oriented 
experiential system” (Goel & Dolan, 2003) 

•  The “gut feeling” (intuitive) based system  
is probably the oldest and the one that feels  
most natural to follow. 

•  When our “gut feeling” (e.g., judgment- 
based estimation) says one thing, while  
your “head” (e.g., an analytic quantification  
step) says something else, we have a  
conflict between the two thinking systems. 
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Example of the two systems in work  
Are these lines parallel? 

Consequences of the unconscious 
part of expert judgment for empirical 
studies in software engineering 
•  We cannot ask the experts about their mental processes. 

They don’t know the answers (but will nevertheless 
answer). Think-aloud protocols does not help much. 

•  We cannot observe the experts to find out their mental 
processes. These processes are inside their heads. 

•  We need to combine theories/results on expert judgment 
with carefully designed experiments (or natural 
experiments) to find out more about the unconscious 
(intuition-based) part of expert judgment. 
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What I would like you to remember 
•  Expert judgment is essential in most software engineering 

activities  

•  We should know about experts limitations and biases in 
important software engineering contexts 

•  We should try to understand how to build expert 
performance in software engineering 

•  We should try to understand when and how expert 
judgment should be supported or replaced with models/
explicit methods/tools 

•  To do this we need to be updated on results from 
psychology and use proper methods to study expert 
judgment 
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Extra material ... 

30 

Example: Effort estimation cognitive conflicts 

•  Suppose that we have a simple estimation model, e.g., the rule that a 
medium complex “user story” takes 8 work-hours. 

•  Use of that model implies that a task with five medium complex user 
stories should take about 40 work-hours. 

•  The estimator, however, feels that 40 work-hours is too high, and, that 
30 work-hours should be sufficient. We now have a conflict between 
analysis and intuition. 

•  How is this conflict solved? 
•  A strongly analytical person: Trust the model 
•  A strongly intuitive person: Trust the intuition 
•  Conflict-averse person: Adjust the model input so that it gives the 

same as the intuition. Rationalize. 
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Indicators of expertise   

Large productivity differences 
•  First study in 1966, with 12 experienced programmers 

(Sackman, Erickson & Grant): 
•  Effort difference about 1:20 
•  Size difference about 1:5 

•  Summary of individual programming productivity from 61 
experiments (5-36 programmers) (Prechelt, 1999) 
•  Typical difference between best and worst about 1:15 
•  Typical difference between one in “slower quarter” and one in 

“faster quarter” about 1:5 

•  Four companies developing the same system (Anda, 
Sjøberg et al., 2009) 
•  Effort difference of about 1:3 (including client effort) 
•  Size difference of about 1:2 
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Study: The 6 best companies out of 16 
companies bidding for our project 

Comp. A Comp. B Comp. C Comp. D Comp. E Comp. F 
Price Very low Low (2x) Medium 

(3x) 
High (5x) Very high 

(12x) 
Very high 
(14x) 

Est. effort Very low Low 
(1.5x) 

Medium 
(3x) 

High (8x) Medium 
(4x) 

Very high 
(8x) 

CV OK OK Good Good Good OK 
Refs. Very 

good 
Very 
good 

Very 
good 

Very 
good 

Very 
good 

Very 
good 

Proposal OK OK Good OK OK OK 
Country Finland Malaysia India India Canada US 

Which	  company	  would	  you	  choose?	  They	  all	  have	  
good	  indicators	  of	  experEse	  

It is not easy to be a client. All companies 
look good and it is hard to know whether a 
low effort estimate indicates 

•  High productivity and skill (expert 
performance) 

•  Strong over-optimism, leading to unrealistic 
plans 

•  Low skill (the Dunning-Kruger effect, where 
those unskilled are less aware of their lack of 
skill) 

•  Lower expected quality of the product, or 
•  More problematic process with the provider 

(typical when fixed price projects and a 
bidder with low price is selected) 
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Here is how they performed 

Comp. 
A 

Comp. 
B 

Comp. C Comp. D Comp. E Comp. F 

Actual effort Very 
low 

Low 
(3x) 

High (6x) High (8x) Very high 
(18x) 

Very high 
(16x) 

Error fixing 
effort 

Very 
low 

High 
(4x) 

Medium 
(2.5x) 

High (4x) Very high 
(8x) 

Extr. high 
(20x) 

Maintenance 
effort 

Very 
low 

High 
(6x) 

Very high 
(11 x) 

High (8x) Extr. high 
(26x) 

Extr. high 
(20x) 

Lines of code Very 
low 

Low 
(2x) 

Low 
(1.5x) 

Medium 
(3x) 

High (4x) Low 
(1.5x) 

Company	  A	  had	  a	  great	  developer,	  but	  a	  client	  would	  probably	  
not	  have	  chosen	  that	  company	  in	  the	  normal	  case	  when	  
selecEng	  only	  one	  developer.	  Simply	  too	  risky	  without	  knowing	  
more	  about	  the	  experEse.	  Middle	  is	  more	  safe	  ...	  

36"

So, when should we believe that a 
software engineer has expert 
performance?"
•  Learning-friendly domain for achieving skill"

•  Documented expert performance on similar tasks"
•  Assessment of performance by skilled assessors, e.g., by 

inspecting the code"
•  Trialsourcing"
•  Skill testing"

"
•  Good work processes"

•  Processes should for example be robust towards human 
biases (dilution, anchoring, priming, wishful thinking)"
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Who is an expert? 
High performance? 

Certified? 

Self-proclaimed, expert-like behaviour? 
Other criteria include long experience, 
knowledgeable and, in domain where 
evaluation is difficult, those with 
judgments consistent with those of 
other expert or those good at  
discrimination between stimuli 
and consistent in judgment (CWS-test) 


