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Process Models and their Representation

ÅBusiness process models are useful to
ÅObtain a common understanding of a company business by
ÅFacilitating documentation

ÅFacilitating communication

ÅEnable the discovery of improvement opportunities
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Process Models and their Representation

ÅBusiness process models are useful to
ÅObtain a common understanding of a company business by
ÅFacilitating documentation

ÅFacilitating communication

ÅEnable the discovery of improvement opportunities

ÅTo serve their purposes, models need to be understood properly
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The Secondary Notation

ÅThese two processes have exactly the same semantic:
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1st study: which layout features are perceived as meaningful

ÅTwo steps study: exploration + validation

ÅAim: identify candidate visual features of process models

ÅStructure of the questionnaire
Å5 pairs of BPMN models

ÅFor each pair
Å7-point Likert scale used to assess models similarity

Å2 open-ended questions about similarities and differences

ÅAfter the questionnaire, discussions with subject (recorded and transcribed) to 
gather additional information about the answers

Detection and quantification of flow consistency in business process models 5



1st study: which layout features are perceived as meaningful

ÅSubjects
ÅExploration: 15 undergraduate students
ÅAll subjects with similar knowledge (coming from same educational background)

ÅValidation: 7 modeling experts from different countries

ÅAnalysis and findings
ÅOnly open-ended questions were used to elicit categories/features

ÅWe manually mapped all statements into clusters

ÅOnly clusters with at least 2 items were considered

ÅSaturation reached by the fourth interview (no new categories after that)
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Edges-related features elicited
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Edges-related features elicited

ÅLength of edges
The length of the edges in the model. A model may vary 
consisting very short edges (creating a dense model) to very 
long edges (creating a widely spread model), or a mixture of 
lengths
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Edges-related features elicited

ÅLength of edges
The length of the edges in the model. A model may vary 
consisting very short edges (creating a dense model) to very 
long edges (creating a widely spread model), or a mixture of 
lengths

ÅCrossing edges
Edges that cross each other intersect with other edges. 
Intersecting edges might create confusion when following the 
flow of the model
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ÅEdges style: straight, curved, or with bending 
points

Edges can be straight or curved, or they may consist of one 
or more bending points, which divide the edge into two 
segments or more

ÅText on edges
Existence and amount of text annotations on edges. The 
text can either be descriptive or conditional
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ÅLength of edges
The length of the edges in the model. A model may vary 
consisting very short edges (creating a dense model) to very 
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lengths
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ÅNumber of ending points
The total number of ending points in the model. An ending 
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ÅPlacement of ending event
The location of ending points in the model in 
relation to the starting point of the model

ÅConsistency of flow
The flow of the model can be in one definite 
direction from the beginning till the end of the 
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throughout the model to different directions
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Validation with experts

ÅAll identified categories were supported by experts

ÅTwo additional categories were elicited
ÅFixed sizes of activity boxes

The possibility of having different sizes of the activity boxes for short and long textual descriptions 
of the activities

ÅImplicit versus explicit gateways
Aknown property associated with the pragmatic quality of BPMN models
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Validation with experts

ÅAll identified categories were supported by experts

ÅTwo additional categories were elicited
ÅFixed sizes of activity boxes

The possibility of having different sizes of the activity boxes for short and long textual descriptions 
of the activities

ÅImplicit versus explicit gateways
Aknown property associated with the pragmatic quality of BPMN models

ÅWe decided to focus on the flow consistency since
ÅLǘ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎƘŀƭƭŜƴƎƛƴƎ ǎƛƴŎŜ ƛǘ ƛƴǾƻƭǾŜǎ άƘƛƎƘ-ƭŜǾŜƭ ŎƻƴŎŜǇǘǎέ ŀƴŘ Ƙƻǿ ǎǳŎƘ 

concepts are represented

ÅSeveral ways of computing it, and it is not obvious which approach would most 
closely reflect human perception
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Our goal

ÅProvide a metric quantifying the consistency of the flow
Åά¢ƘŜ extent to which the layout of a process model reflects the temporal logical 

ordering of the ǇǊƻŎŜǎǎέ

ÅThe metric should mimic as much as possible human perception of the 
consistency of the flow
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Global approach
.ŀǎŜŘ ƻƴ Ǝƭƻōŀƭ ŦŜŀǘǳǊŜǎΣ ǎǳŎƘ ŀǎ άǘƘŜ 
ǘƘǊŜŜ ƭƛƴŜǎέ όŎŦΦ ƳƻŘŜƭ ƛƴ ǇǊŜǾƛƻǳǎ ǎƭƛŘŜύ

Pros
The consistency of 
ǘƘŜ Ŧƭƻǿ ƛǎ ŀ άƎƭƻōŀƭ 
ŦŜŀǘǳǊŜέ
More similar to 
human perception

Cons
Very difficult to 
capture global patters 
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ÅWe consider the graphical representation of BPMN models
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Assumptions made

ÅWe consider the graphical representation of BPMN models

ÅOnly start/end points of edges are considered

ÅFrom our point of view, these fragments are equivalent
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First two metric: M-E1 and M-E2

ÅThese metrics consider the direction of each edge
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First two metric: M-E1 and M-E2

ÅThese metrics consider the direction of each edge
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M-E1
Direction specification providing 1 direction per edge

M-E2
Direction specification providing 2 direction per edge



Metric M-BP

ÅThis approach is instead based on Behavioral Profiles
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ÅThis approach is instead based on Behavioral Profiles
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!ƴƎǳƭŀǊ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ άǎƻǳǘƘ-Ŝŀǎǘέ



Example of metric computations
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Example of metric computations

ÅM-E1
ÅEdge north: 1

ÅEdges east: 48

ÅEdges west: 2

ÅEdges south: 0

ÅFinal score: 48/51 = 0.941
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ÅEdge north: 28

ÅEdges east: 49

ÅEdges west: 2

ÅEdges south: 23

ÅFinal score: 49/51 = 0.960



Example of metric computations

ÅM-E1
ÅEdge north: 1

ÅEdges east: 48

ÅEdges west: 2

ÅEdges south: 0

ÅFinal score: 48/51 = 0.941

ÅM-BP
ÅStrict relations: 43

ÅPointing south-east: 40

ÅFinal score: 40/43 = 0.930

Detection and quantification of flow consistency in business process models 16

ÅM-E2
ÅEdge north: 28

ÅEdges east: 49

ÅEdges west: 2

ÅEdges south: 23

ÅFinal score: 49/51 = 0.960



Example of metric computations (cont.)
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Example of metric computations (cont.)

ÅM-E1
ÅEdge north: 1

ÅEdges east: 50

ÅEdges west: 2

ÅEdges south: 4

ÅFinal score: 50/59 = 0.847
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ÅFinal score: 54/59 = 0.915



Example of metric computations (cont.)

ÅM-E1
ÅEdge north: 1

ÅEdges east: 50

ÅEdges west: 2

ÅEdges south: 4

ÅFinal score: 50/59 = 0.847

ÅM-BP
ÅStrict relations: 38

ÅPointing south-east: 33

ÅFinal score: 33/38 = 0.868
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ÅM-E2
ÅEdge north: 28

ÅEdges east: 54

ÅEdges west: 5

ÅEdges south: 31

ÅFinal score: 54/59 = 0.915



Example of metric computations (cont.)
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Example of metric computations (cont.)

ÅM-E1
ÅEdge north: 5

ÅEdges east: 20

ÅEdges west: 17

ÅEdges south: 9

ÅFinal score: 20/51 = 0.392
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Example of metric computations (cont.)

ÅM-E1
ÅEdge north: 5

ÅEdges east: 20

ÅEdges west: 17

ÅEdges south: 9

ÅFinal score: 20/51 = 0.392
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ÅEdge north: 21

ÅEdges east: 27

ÅEdges west: 24

ÅEdges south: 30

ÅFinal score: 30/51 = 0.588



Example of metric computations (cont.)

ÅM-E1
ÅEdge north: 5

ÅEdges east: 20

ÅEdges west: 17

ÅEdges south: 9

ÅFinal score: 20/51 = 0.392

ÅM-BP
ÅStrict relations:  37

ÅPointing south-east: 23

ÅFinal score: 23/37 = 0.622
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ÅM-E2
ÅEdge north: 21

ÅEdges east: 27

ÅEdges west: 24

ÅEdges south: 30

ÅFinal score: 30/51 = 0.588



Intermediate results summary

ÅResults summary on sample models
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M-E1 M-E2 M-BP

Consistent model 0.941 0.960 0.930

Average model 0.847 0.915 0.868

Messy model 0.392 0.588 0.622



Intermediate results summary

ÅResults summary on sample models

ÅExperimental evaluation

Detection and quantification of flow consistency in business process models 19

M-E1 M-E2 M-BP

Consistent model 0.941 0.960 0.930

Average model 0.847 0.915 0.868

Messy model 0.392 0.588 0.622



Intermediate results summary

ÅResults summary on sample models

ÅExperimental evaluation

ÅDataset used to answer this question
Å125 models, all referring to the same process description

ÅData collection: December 2012 at the Eindhoven University of Technology

ÅSubjects: students  of
Åoperations management and logistics

Åbusiness information systems

Åinnovation management

Åhuman-technology interaction

ÅAim: how are these metrics performing with respect to human perception?
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M-E1 M-E2 M-BP

Consistent model 0.941 0.960 0.930

Average model 0.847 0.915 0.868

Messy model 0.392 0.588 0.622



First analysis: metrics agreement

ÅGoal: the extent to which our three metrics agree on the dataset
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First analysis: metrics agreement

ÅGoal: the extent to which our three metrics agree on the dataset
ÅNumber of models within a

consistency score interval

ÅStandard deviation of the
ranking / average ranking
(among the three metrics)
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