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Module 1 Module 2

Coupling

Measure coupling… Use coupling…
- predicting fault proneness
- change impact analysis
- software remodularization
- software reuse
- change propagation
- etc.
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Typical types of information:
Structural
Dynamic
Semantic
Logical
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by developers are more 
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Classes having 
inheritance relations are 
more likely to implement 

similar responsibility
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structural coupling

Dynamic coupling
is harder to generate than

structural coupling
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Remove common 
words

Remove common 
words

Split identifiers

Remove special 
characters



Compute textual 
similarity between 

documents“Textual” 
coupling…
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Source File
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B & C changed 
together often

Classes that often change together are likely to implement 
similar responsibility
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Empirical study with 76 developers
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ArgoUML

Trace 2

Trace 1

Trace i

No test cases available…



Size 200 KLOC 29 KLOC 28 KLOC
# of classes 1,889 289 245
Vocabulary 7,961 2,834 2,418

Historical 8 years 5 years 12 years

Execution 
Traces 

Coverage
66% 67% 86%
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5 with industrial experience
7 faculty

16 PhD students
33 MS students

3 undergraduates

6 3 3
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Developers 6 3 3
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Developers 64

6 3 3

64Original developers evaluated their own system



Developers 

External
Developers 6464

External developers evaluated all systems



Choosing Software Systems

Choosing Participants

Coupling Metrics





Structural Coupling:
ICP:  Information flow-based 
coupling [Lee et al.’95]

Dynamic Coupling:
IC_CD:  Import Coupling 
Class Dynamic Message 
[Arisholm et al.’04]

Semantic Coupling:
CCBC:  Conceptual 
Coupling Between Classes 
[Poshyvanyk et al.’08]

Logical Coupling:
Association rule-based 
Change Coupling [Ying et 
al.’04] [Zimmerman et al.’04]
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Choosing Participants

Coupling Metrics

Data Collection
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Structural

High Structural Coupling:
- Top 2 pairs



Structural

High Structural Coupling:
- Top 2 pairs

Low Structural Coupling:
- Bottom 2 pairs





1 2 3 4 5
Likert Scale

Highly coupledNo coupling
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Structural

Dynamic

Semantic

Logical

16 pairs of classes / system



Choosing Software Systems

Choosing Participants

Coupling Metrics

Data Collection

Results



Likert scale for 
coupling perceived 

by developers
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Types of high
coupling

If developers agree with 
high coupling, results 

should be here…



If developers agree with 
low coupling, results 

should be here…

Types of low
coupling
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Qualitative example…



Original developer:

“these classes have a very high coupling even if 
there is no cooperation between them”

ActionVisibilityPrivate ActionVisibilityProtected



Original developer:
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there is no cooperation between them”

Semantic measure is the only one 
capturing coupling between these classes
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Classes with low dynamic coupling, 
but ranked as strong coupled.



Original developer:

“even if indirectly, the two classes exhibit some form of 
coupling since they implement similar jobs and changes 
to the GUI are likely to involve both classes”

AboutBox FigCompartmentBox

Classes with low dynamic coupling, 
but ranked as strong coupled.
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Dynamic and semantic are the only ones that 
properly capture low coupling
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Structural produces strange results… Why?
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Classes with low coupling => perceived  as 
coupled

Original developer:

“these classes are peer features participating in the 
same context”



ZoomTool ZoomUpdateStrategy

Semantic measure captures this coupling 
(CCBC=0.52)

Classes with low coupling => perceived  as 
coupled

Original developer:

“these classes are peer features participating in the 
same context”



Semantic measure is not a silver 
bullet…

AWTCursor Locator

Not coupled, but semantic measure is high
(CCBC=0.41)
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Same trends as other systems…



How can these types of coupling affect 
the remodularization of a software 

system?
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D

MoJoFM
[Wen and Tzerpos’04]How many move and 

join operations are 
required to transform 

the produced 
modularization to the 

original one?



Median MoJoFM for 30 runs of Bunch 
(to account for randomness)
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Structural and semantic coupling produce better 
remodularity



Median MoJoFM for 30 runs of Bunch 
(to account for randomness)

Maybe not enough data?



Threats to Validity

• Metrics frequently used in the literature
• Performance of dynamic and logical metrics 
may have been impacted by insufficient data

• Pairs of classes may not be representative
• Remodularization task: use of current 
modularization of the system as oracle

• Choice of coupling measures



Conclusions

• Empirical study to assess the developer 
perception on software coupling
– 76 developers

• Investigate which type of information is more 
suitable for remodularization

• We need more studies to generalize the 
results



Future Work

• Consider systems with more dynamic and 
logical information

• Use different coupling measures
• Consider combinations of coupling metrics



Thank you! Questions?

http://www.distat.unimol.it/reports/coupling
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