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Decision making



Decision 
support



Cross-functional tasks

Quality assurance Configuration management

Project management

Project phases

Requirements

Design

Implementation

Test

Maintenance



Academics (Consultants)

Inter-company
In-depth
Exploratory
Aiming at publication (next contract)

Practicioners

Intra-company
Only what is necessary
Existing metrics and methods
Aiming at application



Outline

Empirical studies for decision support 
by example
1) Academic studies
2) Hands-on: Design your own study
3) Practical studies



1) Academic studies



Methods

Analyse field data
Case studies
Experiments
Surveys, interviews
Literature reviews



Example: Code cloning

Decision: 
Do I need to avoid and therefore 
control code cloning?

Questions: 
Does cloning increase maintenance 
costs?
Does cloning lead to defects?



Class A Class B

Code cloning



Code clone example



Unnecessary size increase

Class A Class C Class D

Class E

Class G

Class F

Class H



Inconsistent clones



Study objects



Class A Class B



Class A Class B

Inconsistent?

Unaware?

Defect?



Procedure

Source
code

Clone
candidates

Clones
Unaware,

faults

Researcher Developer



Class B Inconsistent: 52%

Unaware: 28%

Defect: 50%



Example: Requirements 
cloning

Decision: 
Do I also need to avoid and 
therefore control code cloning?

Questions: 
Does cloning exist in specifications?
Is it harmful there?



"Redundancy [in requirements specifications] 
causes good engineers to suffer 
and the resulting systems 
will probably suffer, too."

–Matthias Weber, 
  Joachim Weisbrod



Modifiability generally requires a 
requirements specification to […] 
not be redundant.

–IEEE 830-1998



Terms

Requirements specification
“specification for a particular software product, program, or set of 

programs that performs certain functions in a specific 
environment.” [IEEE 830-1998]

Clone
• Duplicated specification text of at least 20 words

• Small differences (e.g., declination) are tolerated

• Must refer to specified system

• False positives: e.g., page footers with copyright information



Research questions

1.How much cloning do real-world requirements 
specifications contain?

2.What kind of information is cloned in 
requirements specifications?

3.What consequences does cloning in 
requirements specifications have?

4.Can cloning in requirements specifications be 
detected accurately using existing clone 
detectors?



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



8 participants
4 pairs
1 room
1 day

Random assignment of specifications



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



Time measurement
High number of clones

Detection tool execution



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



Inspection of detected clones



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



Regular expressions
Removal of clones
Improvement in precision
Categorisation of the types of false positives

Adding of filters



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



• Qualitative analysis: content analysis
• Sample is categorised
• Mix of theory-based and Grounded Theory
• 4+8 categories
• Documentation of additional information (mostly 

inconsistencies between clones)

Categorisation of clones



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



2 raters
Sample: 5 specifications
Sample: 5 clone groups
Analysis of inter rater agreement

Independent re-categorisation



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



• Qualitative analysis: content analysis
• Explorative

Analysis of corresp. source code



Study design
Random assignment of specifications

Detection tool execution

Inspection of detected clones Adding of filters

False positives?

Categorisation of clones

Independent re-categorisation Analysis of corresp. source code

Data analysis & interpretation

Yes

No



Study objects

28 specifications
11 organisations
8,667 pages
over 1.2 Mio. words
English & German

Domains:
automotive
avionics
finance
telecommunication
transport



“The contracts with the clients describe the conditions regarding 
obligatory liabilities that the clients have agreed on with X. The 
liabilities are calculated from the exposures from Y and the 
contract conditions from X. The liability-relevant parts of the 
contracts thus need to be managed in system Z.”

“The contracts with the clients describe the conditions regarding 
obligatory liabilities that the clients have agreed on with X. The 
liabilities are calculated from the exposures from Y and the 
contract conditions from X. The liability-relevant parts of the 
contracts thus need to be managed in system Z.”

“The contracts with the clients describe the conditions regarding 
obligatory liabilities that the clients have agreed on with X. The 
liabilities are calculated from the exposures from Y and the 
contract conditions from X. The liability-relevant parts of the 
contracts thus need to be managed in system Z.”

Typical Clones
• Entire use cases copied (create / edit XY)

• Similar combinations of pre and post conditions copied

• Descriptions of terms or roles copied

Example*
42 instances (61 words, 13 instances with > 100 words)

*Translated from German

“The contracts with the clients describe the conditions regarding 
obligatory liabilities that the clients have agreed on with X. The 
liabilities are calculated from the exposures from Y and the 
contract conditions from X. The liability-relevant parts of the 
contracts thus need to be managed in system Z.”

“The contracts with the clients describe the conditions regarding 
obligatory liabilities that the clients have agreed on with X. The 
liabilities are calculated from the exposures from Y and the 
contract conditions from X. The liability-relevant parts of the 
contracts thus need to be managed in system Z.”

…



1.How much cloning do real-world 
requirements specifications contain?

H F A G Y Z L C K U X AB V B D N AC I P W O S M J E R Q T

000,70,911,21,61,92
5,85,55,4

8,28,18,9
11,212,112,4

15,5
18,118,5

20,519,6
21,922,1

35

51,1

71,6

Clone coverage in percentage

Mean 13.6%



2.What kind of information is cloned?

Use case step

Reference

UI

Domain knowledge

Interface description

Precondition

Side condition

Configuration

Feature

Techn. domain knowlege

Postcondition

Rationale 1

3

3

5

6

7

10

13

14

15

15

24

Percentage of clones, more than one category possible



3.What consequences does cloning have?

AB H L A Y B V N U F AC D C Z G X K W M S I P O E R J Q T

0000,10,30,30,30,30,40,50,61,22,12,82,93,24,14,24,8
7

8,2
10,311,1

12,7

1717,5
18,5

36,7

Additional effort in hours per inspector

Mean 6



Modification
• Multiple inconsistent specification clones identified

• Differences suspected to be unintentional
⇒ Indication that inconsistent updates happen in practice

Implementation
Traced specification clone groups to implementation. 3 cases:

• Shared abstraction

• Cloned code

• Independent reimplementation of similar functionality
⇒ Indication that spec. cloning causes redundancy in implementation



4.Can cloning be detected accurately using 
existing clone detectors?

E F G J N S W Z Y X I V B L AC P C M R AB A O D H K U

85

969799100100100100100100100100100100100100100100100100100100100100100100

85969799227304044454848525859719697100100100100100100100100

Precision in percentage
Before tailoring
After tailoring



Threats to validity

Internal
• Pairs of researchers to reduce errors during manual steps

• Reading speeds for cloned vs non-cloned text? Assumed 
similar. Further research required

• Recall unclear. But: does not affect study results

External
• Substantial differences between requirements specifications 

(format, organization, language, …)

But: large amount of study objects from different companies, 
domains



Conclusion
Lessons Learned
• Many specs contain cloning

• Negative impact on reading and inspection effort

• Indication for corresponding redundancy in source code

• Cloning not necessary – many specs contain none

• Tailoring required but feasible: effort small w.r.t. inspection 
overhead

Future Work
• How can cloning be avoided or removed?

• What are the causes for cloning? Different than for code clones?

• Further studies on consequences for implementation



2) Hands on



Design your own study!

Form groups of 3–5 people
Find a relevant SE decision
Derive questions for a study
Design the study
Prepare a short summary to present

15 Minutes



Example decisions

How many people do I need in which role?
Do I need to improve the maintainability of 
my system?
Will my project be finished on time?



3) Practical
studies



Methods

Usually only collecting and analysing data 
from projects
Sometimes surveys



Example: When to stop 
testing?

Decision: 
How long does it make sense to run 
a field test?

Questions: 
What is the failure distribution?
Can we predict reliability?
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Example: Inspection 
efficiency

Decision: 
Should I use inspections and if yes, 
for which documents?

Question: 
How efficient are inspections on 
different documents?



Inspection data analysis

67 

 
Tabelle 4-21: Häufigste Dokumenttypen 

hinsichtlich Effizienz 

 
Tabelle 4-22: Häufigste Dokumenttypen 

hinsichtlich Effizienz bereinigt 
 

Im Gegensatz zu der Subgruppe Reviewtyp erkennt man hier beim Ausschluss der Reviews ohne 

Kommentare keine besonderen Auffälligkeiten. Während im Fall des Reviewtyps „4-Augen-

Review“ eine hohe Ausschlussrate von etwa 33,7% vorlag, besteht die größte Ausschlussrate 

innerhalb der Subgruppe Dokumenttyp bei Plandokumenten mit 15,5%. In der Regel liegt der 

Wert aber unter 6% und bei Betrachtung aller 11 häufigsten Dokumenttypen bei insgesamt 5,4%. 

 

Eine optische Verdeutlichung dieses Sachverhalts bietet erneut die Anwendung von Boxplots. 

Die Boxplots bezüglich Review Effort und der Anzahl von kritischen Kommentaren sind in 

Anhang A.6 aufgelistet, da hier nur der direkt im Zentrum des Interesses stehende 

Effizienzquotient „Sum FIO / Review Effort“ betrachtet wird. Folgende Boxplots (Abbildung 

4-17, Abbildung 4-18) zeigen die Veränderung diesbezüglich vor und nach Ausschluss der Fälle, 

in denen keine kritischen Kommentare dokumentiert wurden. 

 
Abbildung 4-17: Boxplot Effizienz nach 

Dokumenttypen 
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Abbildung 4-18: Boxplot Effizienz nach 
Dokumenttypen bereinigt 

 

Wie schon angeführt, zeigen beide Boxplots kaum Unterschiede. Lediglich die Lage der Box im 

Dokumenttyp (Plan) ist durch den Ausschluss der kommentarlosen Datensätze etwas erhöht. Im 

Vergleich zu der Subgruppe Reviewtyp liegen jedoch bei der Subgruppe Dokumenttyp 
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Report

SUM FIO /Review Effort

1,66862 58 1,552308
1,61697 190 1,595039
2,71946 39 2,661956
2,32277 29 2,211937
1,86291 30 2,245196
2,54443 104 2,367547
4,12760 16 2,801254
2,60376 77 3,632332
2,99083 93 4,106602
3,03131 29 3,817938
2,20060 89 1,942690
2,28962 754 2,680909

Document Type
AnfS
Code
KAnfS
ModD
ModD+S
ModS
ModTP
ModTS
Plan
SysD
SysTS
Total

Mean N Std. Deviation

Report

SUM FIO /Review Effort

1,58656 61 1,556132
1,52091 202 1,593450
2,71946 39 2,661956
2,24534 30 2,214451
1,86291 30 2,245196
2,47309 107 2,371652
4,12760 16 2,801254
2,53785 79 3,609012
2,52861 110 3,926001
2,83574 31 3,765361
2,12884 92 1,950402
2,16609 797 2,658369

Document Type
AnfS
Code
KAnfS
ModD
ModD+S
ModS
ModTP
ModTS
Plan
SysD
SysTS
Total

Mean N Std. Deviation



Example: Maintenance 
types

Decision: 
Is my maintenance budget well 
spent?

Question: 
What kind of CRs have we had?





Outline

Empirical studies for decision support 
by example
1) Academic studies
2) Hands-on: Design your own study
3) Practical studies



A good decision 
is based on knowledge 
and not on numbers. 

Plato

http://www.brainyquote.com/quotes/quotes/p/plato400440.html
http://www.brainyquote.com/quotes/quotes/p/plato400440.html


In my house I‘m the boss,
my wife is just
the decision maker.
Woody Allen

http://www.brainyquote.com/quotes/quotes/p/plato400440.html
http://www.brainyquote.com/quotes/quotes/p/plato400440.html

