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Abstract. The purpose of this article is to present the most common patterns of mistakes
and misunderstandings together with proposed solutions, which resulted from the
analysis of more than two thousand process models designed using BPMN notation.

The approach, used in our research was a multiple case study of graphical process
models drawn using Business Process Modelling Notation (BPMN), created by students
of information systems study programme. Most important finding of our research is that
we have identified 15 most common BPMN process model anti-patterns. Most of them
represent wrong usage of BPMN's connecting objects. Less notable is wrong usage of
other BPMN's objects.

Results of our research could have direct positive implications on learning habits of
process analysts and on faster learning of correct process modelling. Findings could also
be used for the improvement of process modelling tools and finally to improve the
students skills. The findings are useful for all types of stakeholders in education and
businesses, who deal with business process management.
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Introduction

Business process modelling is becoming increasingly important activity in all types of organisations,
especially as a part of larger initiatives - Business Process Management. One of main purposes of
process modelling is to ensure at least repeatability of organisation's processes [1].

Process modelling is especially valuable and unavoidable when implementing quality management
systems in organisations. In addition, it can be extremely useful as a part of software development
cycle, especially in early phases of software development projects, where behaviour of target domain
is analysed and requirements are being gathered.

Latest information technology evolution is heading towards process models as the core drivers of the
distributed computing [2]. In addition, the web services technologies stack contains process modelling
and synchronisation (choreography) languages on its highest level [3].

Until now, the business process modelling was often neglected, mainly due to the gap between
business requirements for information systems (process models) and inability of automated execution
of the process models. The development of the latest XML based languages for process description
[4] and execution [5] and process engines is enabling the execution of the business process models
already.

Nevertheless, information system developers and business analysts do not have sufficient knowledge
about the detailed process modelling, because in the last decades, there was the need only for rough
process models, which were performed manually.
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It is well known, that poor quality of process models can cause poor quality software requirements
resulting in a poor information system. Therefore, greater emphasis on the business process
modelling education should be put.

In the recent years, many modelling techniques were used for process modelling and many of them
were not appropriate as a teaching method for process modelling. The process modelling technique,
which is appropriate for students, should be easy to learn, it should hide the unnecessary details of
process model and it should be broadly accepted. At University of Maribor, newer process modelling
technigues such as BPMN [6] were introduced in the curriculum of Information Systems course [7].
Students at the Faculty of Electrical Engineering and Computer Science are taught how to model
business and software processes. The goal of practical lectures of process modelling is to teach
students how to design business and software development process models. In the last six years,
many experiences about process modelling were gathered.

The BPMN notation was chosen for theoretical and practical lectures for classes "Standards and
quality" and “Organisation and management of information systems projects”, because it offers a
graphical notation with the support of all important process concepts (process, activity, event, routing,
merging, synchronisation, messages, roles and so on), which can be used to model various kinds of
discrete processes. Another reason for choosing this notation was that the specification of the notation
defines standardised mappings to the process execution languages, currently for BPEL4WS [5] and
XPDL [4].

Currently, there are many commercial tools being developed, which shows the overall adoption of the
notation in the industry is increasing. Although BPMN notation is ontologically most complete notation
currently available [8,9], it does not prevent us to design bad process models, including syntactical,
semantic and pragmatically errors. During last six years, we were gathering most frequent mistakes,
which were created by students. We have analysed over two thousand process models and extracted
15 most important and frequent process anti-patterns and proposed solutions for them.

Similar work

The term anti-pattern is not new. It is often called a pitfall, or, set of classes of commonly-reinvented
bad solutions to problems. They are studied as a category so they can be avoided in the future, and
so instances of them may be recognized when investigating non-working systems [10].

Similar definition has been used in a book [11]: Anti-patterns are commonly repeated bad practices,
or, roadblocks, which prevent successful delivery and are directly caused by lack of understanding of
the problem.

To our knowledge, currently no such work described here can be found in accessible literature. Other
researchers describe process patterns from different contextual and abstraction levels.

For example, a great work of authors [12] identifies a set of generic workflow patterns, which can be
used to test the capability and completeness of process modelling languages or tools regardless of the
notation used. Those patterns are grouped as control flow patterns, resource patterns, data patterns
and exception handling patterns.

Our work differs from mentioned that we identified process modelling anti-patterns, which are specific
to the BPMN notation and often occur when an inexperienced analyst uses a tool without the
verification capabilities.

Nevertheless, our anti-patterns are somehow similar to control-flow and data patterns [12], because
most of our anti-patterns describe incorrect connectedness of activities, events and organizational
structures.

Other authors, such as [13,14] describe possible process management pitfalls, which should be
avoided. In the context of process modelling, the author warns the analysts not to exaggerate with the
details and completeness of the process models. Author's work describes pitfalls from the human
resources point of view and does not identify mistakes in the process models.

Other patterns, found in the literature, such as design patterns [10], are not directly related to our
work.

1.22 - EuroSPI1 2007



Session I: SPI and Processes

Research method

In order to answer the stated research question "What are the most common mistakes when modelling
business process diagrams using BPMN notation?", we decided to perform a multiple case study
research based on data collected during the curriculum. The process models, designed by students
were gathered and systematically analysed from 2002 to 2007. Corresponding to data collection and
data analysis, exploratory research approach was chosen, which allows collecting the data prior to the
definition of the research question [15-17].

Within the curriculum, the process models are designed during practical lectures by students of fifth
(higher programme) and eighth semester (university programme) of information systems study
programme. Total duration of Information systems study programme is six (higher programme) or nine
semesters (university programme). Students in both groups receive equal knowledge about the BPMN
topic. The learning process of BPMN includes the following steps.

Students learn about the theory of process modelling during theoretical classes. The practical lectures
take 45 hours. Based on textual requirements, each student designs five process models using
computer aided software engineering tool. This tool (Microsoft Visio or Dia plug-in) allows students to
design process model. However, neither of the tools syntactical or semantically validate created
models. Additionally, students design process models during the exam. The models are stored in a
configuration management system, which simplifies evolution of models and identification of
plagiarism. The quality of designed models is validated by teaching assistants using rules defined in
BPMN 1.0 specification. Finally, the validated and updated versions of process models are committed
back in configuration management system. There are roughly 30 students for each class for each
year, which makes totally around two thousand process models designed in last six years.

To ensure validity of the case study, the triangulation principle [15-17] should be used: The case
should be examined by multiple observers, data sources and theories or methods. Corresponding to
the triangulation principle, process models were analysed by two teaching assistants and one
assistant professor. Additional, multiple process models were analysed, which ensures data sources
validity. The study (analysis of process models) was repeated multiple times in each study year, after
each process model finished by students.

The validity of our case study could only be threatened by the fact that the case should be observed
from different viewpoints (theories or methods) and we are fully aware of this issue.

The study followed the procedure: After each process model designed by students, the process model
was inspected and problematic patterns were identified and recorded. This step was repeated for each
process model.

Wrong usages of the BPMN notation were classified as syntactical mistakes. Process models with
wrong meaning were classified as semantically mistakes. Process models, which were not
understandable or ambiguous, were classified as pragmatic mistakes. 'Anti-Patterns’ evolved when
similar mistakes repeated over multiple cases of process models. Those patterns were incrementally
added to the 'Most common process modelling mistakes' document, which will be used in next year's
curriculum to prevent most common mistakes.

Findings - Most common anti-patterns of process modelling and
proposed solutions

Improper use of BPMN syntax rules and general modelling principles can cause low process
modelling performance in the sense of correctness.

During the practical lessons of process modelling we noticed that some process model patterns cause
problems and are not used in the right way. Most frequent patterns of such mistakes were gathered
and are presented in this chapter.

Each process pattern is described in the following way: first, problem is formulated in a form of
process anti-pattern and classified according to the type of mistake. Type of mistake can be
syntactical, semantic or pragmatic. Second, the severity and implications are discussed. Implications
can be deadlocks, un-reachability of some process parts, unnecessary complications and so on. Third,
the solution is proposed in a form of correct process pattern.

Examples are drawn using BPMN notation. Patterns represent only parts of process models. Dots (...)
represent hidden parts of the process models, which are not necessary for pattern understandability.
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Patterns from 1 to 8 represent improper use of BPMN's connecting elements. Patterns from 9 to 15
represent improper use of other BPMN's elements, such as events and activities.

Pattern 1. Activities in one pool are not connected

Problem: A common mistake in this case is that activities in one pool are not connected with sequence
flow (see Pool B on Fig. 1). When multiple pools are modelled, only message flows can be used to
connect different pools. Within each pool a separate flow should be defined. Most frequent reason for
this type of mistake is that students perceive multiple pools as one process or dependent processes
and think that message flows between pools can be used instead of sequence flows.

Possible practical impacts: In the organization, which is represented by Pool B (Fig. 1) the
dependency of the activities is not defined. These could lead to non-performing of the task D. In case
that there are several non-connected activities, the sequence of performing them is also unknown.

O[O
O O[O0

Fig. 1. Anti-pattern: Activities in one pool Fig. 2. Correct pattern
are not connected

Type of error; This is a syntactical error and pragmatic error; students think that sequence flow
between task C and task D is not required.

Implications: Process model is not valid. Direct implication of this mistake is that part of the process
model is not reachable (Activity D).

Proposed solution: The modelling should be performed in a way that pools are modelled
independently, without thinking about the connection between pools. All process elements in one pool
should be fully connected using sequence flow, according to the BPMN specification. This step should
be repeated for all pools.

Lastly, message flows, intermediate message events and data objects should be added. Example of
the solution is presented below (Fig. 2).

Task A Task B
Pattern 2. Process does not contain a start event

Problem: Althougi start event is optional (according to BPMN specification), its usage is
recommended, esgecially for complex processes, where it is difficult to localize process starts (Fig. 3).8
Possible practical9mpacts: If the starting event is missing most probably in an organization it will b€
unclear when or where to start performing the process. It could happen that the process is not
performed at all.

I [ eel -
5 e q @]

Fig. 3. Anti-patter@g Process does not Fig. 4. Correct pattern
contain a start event-

Pool B

Type of error: This is pragmatic error, not syntax error, according to the BPMN specification.
Implications: The understandability of the process model is lowered, because it is not clear where the
process starts.
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Proposed solution: The start event should be added (Fig. 4), to make the understanding of the process
model easier. If necessary, a combination of routing elements should be added also. If the pool
contains sequential and simple process then the start event is not needed.

Pattern 3. Process does not contain an end event

Problem: If the process doesn't contain an end event, it is not clear when the process ends, for
example: Does the process on (Fig. 5) ends when Task B and C are finished? The answer is
“probably, but not necessary”.

Possible practical impacts: In an organization, process performers’ work may stall, because they don’t
know how to react when tasks B and C (Fig. 5) are finished. Other dependent processes may be
delayed also.

) (e o
e

Fig. 5. Anti-pattern: Process does Fig. 6. Correct pattern
not contain an end event

Pool A

Type of error: This is a pragmatic error, because it is not clear when the process in Pool A ends.
Implications: The understandability of the process model is lowered, because it is not clear when the
process ends.

Proposed solution: Process ends should be explicitly modelled to specify when the process ends. For
example, the whole process on (Fig. 6) ends when the task C is finished (see terminate event).

Pattern 4. Sequence flow crosses process boundary

Problem: The sequence flow crosses sub-process boundary. Inexperienced analysts often don't
perceive sub-processes as independent units.

Possible practical impacts: In an organization, sub-process is often treated as ‘batch of activities’,
which is started at the first activity, which is treated as the beginning, not in the middle of the sub-
process. In case of following incorrect sequence flow, process performers might skip the task C (Fig.

7 Task A Task E
: e -
Task C
Fig. 7. Anti-pattern: gequence flow Fig. 8. Correct pattern

crosses process boundary

Type of error: This is a syntax error, according to the BPMN specification.

Implications: Process model is not valid. There are no other serious implications, but understandability
is lowered and process model does not conform to the specification.

Proposed solution: Re-combine activities and connect wrong sequence flow to the boundary of sub-
process (Process X Fig. 8). When teaching students process modelling, comparison with Java
programming language methods is useful and helps students to understand the proposed solution.
When programming in java, calls of the statements within the class’ methods are not allowed also,
only calls to the whole objects’ methods.
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Pattern 5. Sequence flow crosses pool boundary

Problem: Improper use of flow objects often occurs in combination with pattern 1. In this case (Fig. 9),
activities from different pools are connected with the sequence flow, which is not allowed in this case.
Interaction between pools should be designed using message flows only.

Possible practical impacts: The process performer from the Pool A might think that for passing the
control to the organization B, no action is needed, for example sending documents, emails, contracts
and so on. This situation can cause the Task F is not performed at all.

ol [ {J ||®0{1 e

[ O P o e P

Fig. 9. Anti-pattern: Sequence flow Fig. 10. Correct pattern
crosses pool boundary

Type of error: This is a syntax error, according to the BPMN specification.

Implications: Process model is not valid. Two independent processes are being made dependent
using sequence flow.

Proposed solution: The message flow should be used instead of sequence flow (Fig. 10).

<

Pattern 6. Gatew8y receives; evalités or sendsT@¥&ssage TaskE

o Start Event Start Evefit
Problem: A common mistake when using gateways is that a gateway receives or sends a message
(Fig. 11). The most common cause for this type of error is that it is wrongly assumed that the incoming
message influences the decision and that a gateway alternative or output can directly result in a
message flow. However a gMénragedaNAHmesesyeraonivicor evaluate data, which is also evident
from BPMN's Message flow rules. A similar mistake appears when association flows are used.
Possible practical impacts: Process performers may think that messages can trigger the decisions or
can be result of the decision, which is wrong. Direct impact could be unwanted waiting for the
message before the decision is taken during the process execution.

Task B Task C Task F

Dg [ D D D Start Event

Task

Pool A

Message

Task

Pool B

‘4D+

Fig. 11. Anti-pattern: Gateway Fig. 12. Correct pattern

receives, evaluates or sends a
message

Type of error: This is syntactical error and semantic error; students think a gateway can receive and
produce messages.

Implications: The most critical implications of this anti-pattern are missing activities which should
receive or produce messages. Beside, while gateway alternatives are not modelled correctly this
usually implies further sequence flows.
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Proposed solution: New activities should be included in the model, which receive, evaluate or produce
messages (Fig. 12).

Pattern 7. Intermediate events are placed on the edge of the pool

Problem: Students often model pool interfaces as intermediate events placed on the pool’s boundary,
which is not correct (Fig. 13).

Possible practical impacts: Process performers may think the intermediate message events can be
triggered anytime during the process, which can cause unwanted execution of the activities in the
process.

® &)

Fig. 13. Anti-pattern: Intermediate Fig. 14. Correct pattern
events are placed on the edge of the
pool

Type of error: Syntactical error.

Implications: Event is not reachable within the pool.

Proposed solution: Intermediate events should be modelled within the pool and fully connected (in and
out sequence flows). Only then they are reachable and represent delays in the process (Fig. 14).

Pattern 8. Hanging intermediate events or activities
Problem: Activities or events within the pool do not contain incoming sequence flows (Fig. 15).

Possible practical impacts: Some activities in the organization may never be performed. Triggering of
the intermediate evgnts rfan caL*se unwanted performing of activities.
tart even

Start event
d event
m .
S Intemediate
Fig. 15. Anti-pattern: Hanging | Fig, 16. Correct paRi) diate DC_) event M

intermediate events or activities "/ event N2
Type of error: This semantic mistake leads to the non-reachability of the activities.

Implications: Activity is not reachable.

Proposed solution: The process model should be rearranged and fully connected (Fig. 16). The
meaning of the process should be examined when rearranging sequence flows.

Pattern 9. Each lane in the pool contains start event
Problem: Although this situation is allowed (according to BPMN), we've found that it can cause a lot of
ambiguity when reading the process model (Fig. 17).

Possible practical impacts: Process performers may think the processes in the organization are
independent, which may not be true. The processes can also be started at the wrong time.
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Fig. 17. Anti-pattern: Each lane in the pool contains start event

o Tas
. . g Startevent”
Type of error: This is a pragmatic error. =
Implications: The model is ambiguous.
Proposed solutions: There are more possibilities how to resolve this case. First possibility (Fig. 18 -
left) is that the process includes only one start event and sequence the activities. Second pessibility Tas
(Fig. 18 — right) is that the process includes one start event, event based decision, mtermedlat% eyaats event 2
and parallel activities. Or, the processes in lanes can be modelled as processes in sepa#ate and
independent pools. The correct solution depends on semantics of the process model.
<_E Z Tas
© Q ? {H@_’D O 08_ ‘j“ Start event 3
) © ) o
) O —@-()©
Fig. 18. Two possibilities of correct patterns
Pattern 10. Incorrect use of time events
Problem: Intermediate time events have two basic purposes - acting as a delay mechanism when
used between sequence flows and acting as an exception (duration) when attached to the boundary of
task or sub-process (Fig. 19). These two purposes are often interchanged.
Possible practical impacts: Process performers may interrupt the execution of the activity at the wrong
time, or, the execution of the next activity may be delayed.
P
Qe
o [ Task A
® C ™ Start event
S Start eve > @
- = Stai

Fig. 19. : Anti-pattern: Incorrect use of time events

Type of error: This is a pr%matlc error; students™&d to model a duration mechanism, but they deeI

a delay instead; and oppo&te. g

Implications: The most critital implication of this anti-pattern is unwanted delay in a business process Sta
Proposed solution: There is no recipe for solving this type of problem because both types of models

are syntactically correct. The students should learn how does the meaning of the intermediate event

changes when usﬁg in dlffﬂrent locations in the proce&skfodel.

<€ &~ y
S = End event e 2 St
o i & =
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Pattern 11. Sequence and message event represent data flow

Problem: Similar to time events, intermediate message events are used as delay or synchronisation
mechanism. When an intermediate message event is placed within a sequence flow it will continue
when a message (explicit or implicit) arrives from a participant and triggers the event. However,
students often wrongly use intermediate message event as a mechanism for sending messages (data)
from previous task to following task (Fig. 20).

Possible practical impacts: In the organization, if process performer follows wrong process model, the
execution of some activities may be delayed and document, which should flow between the activities
may not be created at all.

m
o
Fig. 20. Anti-pattern: Sequence and - D—C} -

message event represent data flow

Fig. 21. Correct pattern

Type of error: This is a semantic error; students think to model a message or data flow. Instead, they
model a delay mechanism.

Implications: The process if forced to stop. Therefore a part of the process will not be able to execute
until the message arrives.

Proposed solution: Instead of using intermediate message event, the document or data flow as
presented below (Fig. 21) should be used.

Pattern 12. Event is used as a message flow source

Problem: Events are often used as sources of message flows. According to BPMN message flow rules
this is wrong and can be explained with the fact that only activities can produce messages (Fig. 22).
Possible practical impagts: In thd asgaAization, the process performérgk® follows .the incorrect
process model may think that he or she should produce a document at some point in the process,
instead of waiting for the message. The situation cafieggag@mbiguity and unnecessary work of the
process performer. AB

b b
-

Fig. 22. Anti-pattern: Event is used Fig. 23. Correct pattern
as a message flow source

Type of error: According to BPMN specification, this is a syntactical error.

Implications: Missing activities which actually produce messages.

Proposed solution: If message event is placed on the activity boundary it should be deleted. The
message should be connected directly to the activity. If message event is placed between the
sequence flows it should be replaced with an activity (Fig. 23).

Pattern 13. Improper use of flow elements

Problem: Different states of the activity are often incorrectly modelled as separate activities. This
includes the receiving of the messages. However these types of activities usually complicate the
process (Fig. 24).

Possible practical impacts: In the organization, the process performer who follows the incorrect
process model may be confused, because states of the activity are represented as separate activities.
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s 0
L) e -

Fig. 24. Anti-pattern: Improper use of flow
elements

Fig. 25. Correct pattern

Type of error: The anti-pattern represents semantic and pragmatic errors. The models are often
confusing and complex. Document

Implications: Non-understandable models. X

Proposed solution: The states of an activity are not required because the sequence flow indicates if an
activity starts (incoming seguence {Iog\ﬁ or ends (outgoing .sequence flow). To model intermediate
message events explicitly T ARG ution. In cas%%‘??&'lﬂﬁle incoming mef : 'ﬁows the event

based gateway and the appropride combination of iHR@FHERIM &vents should JEURBEYFig. 25).

Pattern 14. Starting timer placed instead of intermediate timer

Problem: This is a small but very frequent mistake using starting timer instead of intermediate one.
We believe that time events are often misused because of the inner circle which represents the clock
symbol (Fig. 26).

Possible practical impacts: Because this is syntactical error, we think that it would not cause any
significant problems during process execution.

T ¢ . -

Fig. 26. Anti-pattern: Starting timer Fig. 27. Correct pattern
placed instead of intermediate timer

Type of error: This is a syntactic error.

Implications: Syntactically wrong model.

Proposed solution: Start timer should be replaced with intermediate timer event as presented on Fig.
27.

Pattern 15. Exception flow is not connected to the exception

Problem: Analysts often model task exception using intermediate event, but the sequence flow
remains connected to the task, which is syntactically correct, but semantically wrong, if we want to
represent the activity, which is performed after the exception is triggered.

Possible practical impacts: This type of process model mistake could cause serious problems in the
organization. If the activity which is currently performed is interrupted, no compensation activity would
be performed because of wrong connections.

L6 (4

Fig. 28. Anti-pattern: Exception flow , L
is not connected to the exception Fig. 29. Correct pattern

Type of error: This is a semantic error.

Implications: Wrong meaning of the process model, especially if read by other person than original
author. Also, it is not clear if a sequence flow is missing or it is just wrongly connected directly to the
activity.

Proposed solution: Correct flow should be F‘q%%?%j If the analyst wants to represent the exception
flow, then the sequence flow shoudld be connected to the intermediate event (Fig. 29).

Duration
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Conclusions

In this paper we presented unique collection of most common process modelling mistakes or anti-patterns which
occurred most often within the process models designed by a large group of information system students.

If the process models with identified anti-patterns would be performed in the organizations, several implications
could occur. These practical implications include unwanted delays in the process performance, non-execution of
the activities or simply ambiguity which could hinder the process performers at their work. Therefore, process
modellers should have knowledge about anti-patterns, which would prevent their appearance in the process
models.

Results of our research leaded to the following activities. Firstly, the learning materials for students are being
improved, where examples of mistakes in process models are emphasized. A one page (A2) poster, containing
BPMN symbols and anti-patterns has already been designed?, as a kind of student’s ‘cheat sheet’, to prevent the
process modelling mistakes in the first place. Second, the results of our research can also indicate how
inexperienced process analysts perceive BPMN notation and process modelling principles. This could lead to
further improvements of the BPMN and other business process modelling notations.

Another insight that we gained is that the anti-patterns should be implemented in the process modelling tool as
‘on-the fly’ verification and validation mechanism of process models. Verification of syntax-checking
mechanisms is not difficult and it is implemented in many existing modelling tools. Bigger problem, which
remains still an open issue in the research domain is, how to check the semantics and understandability of
process models.
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