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Abstract  

The roots of specific syntax errors in conceptual models are often not clear. Why do certain errors occur 

more than others? Is it possible to detect syntax errors during the creation of conceptual models? What causes 

them to linger in completed models? In this paper we propose preliminary answers to these questions, which 

will help to get a better understanding of when syntax errors emerge and of how to potentially prevent them. 

Initially, a classification framework is set up in order to be able to inspect potential syntax errors during 

modeling. Next, the framework is applied to an existing data set, consisting of data from 122 modeling sessions. 

Interesting results were obtained with regard to the origins and future states of different syntax errors. The 

detection of potential and future syntax errors during modeling appears to be very complex, because multiple 

factors, sometimes unrelated to syntax, can cause these errors. Therefore, some issues will have to be handled 

differently than others, for example when a modeling tool wants to offer syntax-supportive interventions. 
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1 Introduction 

Conceptual models are widely used in all kinds of organizations. Since modern society is becoming 

increasingly complex, these models provide a simplification of reality, making it easier for people to understand 

different aspects of a problem. A conceptual model is in fact any collection of specification statements that are 

applicable to a problem (Lindland, Sindre, & Sølvberg, 1994). Since these models can represent important 

parts of our world, it is at a modeler’s best interest to create conceptual models correctly. The correctness of a 

model is referred to as the level of quality it possesses. The higher the quality, the more precise the respective 

model is considered to be. As such, the quality of conceptual models as a whole determines the quality of the 

tasks that these models describe. Erroneous constructions can lead to a serious deterioration of the quality of a 

model. Most researchers only consider the final model, while others are trying to grasp a better understanding 

of modeling by investigating the process to create this final model as well. By examining the origin and 

evolution of these erroneous constructions, this preliminary research wants to give means for improving quality 

in conceptual models by tracking and preventing the construction of syntax errors. By taking a closer look at 

both their origin and evolution, insights can be gathered into the occurrence of certain errors, possibly 

discovering ideal times to intervene during modeling and thus improving the quality of the model (e.g. by 

syntax highlighting).  

In fact, there are three major types of quality in conceptual models, as introduced by Lindland et al. (1994). 

Syntactic quality refers to the model’s correct use of symbols and statements which are defined in the modeling 

language’s specifications. Next, the semantic quality includes the model’s conformity to reality, while the 

pragmatic quality concerns the ability of the model to be correctly interpreted by the audience it is intended 

for. Syntactic quality can be measured most accurately, since syntax errors are detected and evaluated more 

objectively (Krogstie, Sindre, & Jørgensen, 2006). Many researchers already contributed to a large body 

knowledge related to this type of quality. Most known quality frameworks (such as SEQUAL (Krogstie et al., 

2006), CMQF (Nelson, Poels, Genero, & Piattini, 2012) and BWW (Wand & Weber, 1990)) include the 

syntactic quality and most modeling tools contain warning mechanisms for syntactic errors (e.g. Signavio, 

Bizagi Process Modeler)1, when saving a model, for instance. Additionally, metrics exist that measure syntactic 

quality, such as the soundness of process models. Since most tools already can warn a modeler when syntax 

errors are present in the model to help avoiding them, this research does not focus solely on this practicality. 

This paper focuses on how and when these syntax errors are made, as well as what evolution they undergo 

once they are made. Hereby, the objective is to gain insights in certain syntax errors that occur more often than 

others, and potentially are the origin of other errors. Therefore, the practical value of this study lies in the 

extension of tool’s warning mechanisms (e.g. syntax highlighting), possibly adding warnings for current and/or 

                                                        
1 Download and info at https://www.signavio.com/ and https://www.bizagi.com/en/products/bpm-suite/modeler  
(dd. 19/05/2018) 
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future syntax issues. The goal is to prevent syntax errors by gaining insights in the occurrence of these errors, 

in order to obtain higher quality models.  

 

This exploratory research was performed in three stages. First, an extensive list including potential syntax 

errors was built, based on the specification of the chosen constructs (cf. Section 3). Next, a classification 

framework was composed, which categorizes syntax errors in a dimension of certainty and compliance. This 

framework enabled the inspection of syntax errors in incomplete models (i.e. models that are still being 

modeled). Ultimately, we took the opportunity to apply this classification framework to an existing data set 

containing 122 modeling sessions of students (cf. Section 4.1). This allowed tracking when and what kinds of 

errors are committed and whether they are resolved. During this last stage, an objective analysis was performed 

to report on the origin and evolution of the detected syntax errors, as well as a reflection to find out what may 

have caused a specific error to occur. 

 

Based on the method described above, this paper presents interesting insights based on a number of 

observations. It can be stated that particular issues related to syntax seem to consistently occur more than 

others, during and after modeling. On the one hand, potential causes for issues to remain in the final model 

may be due to increased complexity or other factors, such as incorrect knowledge about the modeling 

language’s syntax. On the other hand, causes for issues that often only appeared during modeling may be due 

to the necessity of creating these issues, when transitioning to a subsequent construction. Other influences may 

be carelessness of the modeler. Hence, it appears to be very complex to install proper syntax checkers during 

modeling. Nevertheless, these results could assist tool developers in creating dynamic syntax highlighting of 

particular constructions. Certain issues may be in need for less highlighting than expected, since most of them 

probably will disappear. Other issues may be in need of well-timed highlighting, since potentially none of them 

will disappear once nested definitely in a part of the model. As such, tools could induce prevention features, in 

order to decrease the number of erroneous constructions made. Besides tool features on the one hand, these 

results may also be relevant for teachers. By discovering the root cause of certain errors, enhanced teaching 

environments could be created. Both the tool features and these learning environments could lead to an 

increased quality of the resulting models.  

 

This paper is structured as follows. Section 2 discusses related work. In Section 3, we elaborate upon the 

used methodology to classify different syntax errors. Section 4 presents the obtained results, as well as short 

reflection notes. A discussion of these results is held in Section 5. Section 6 provides a conclusion.  
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2 Related work 

In recent years, researchers have done efforts to gain a better understanding of the process of creating 

conceptual models. These efforts are known as taking a process orientation towards conceptual modeling, 

rather than a product orientation (Hoppenbrouwers, Proper, & Van der Weide, 2005; Nelson et al., 2012). By 

taking this former, more subjective orientation towards modeling, Hoppenbrouwers et al. (2005) want to give 

a first insight in ways to increase the chances of creating successful (feasible, valid) models, by improving the 

process of conceptual modeling. This latter research was extended by introducing differences between 

individuals as a cognitive aspect in the process of creating conceptual models (Wilmont, Hengeveld, 

Barendsen, & Hoppenbrouwers, 2013). These individual differences are the basis for the variation of errors 

between different modeling processes.  

To understand the process of modeling, it made sense to start with conceptual models that describe processes 

(i.e. process models) in order to preliminary discover certain patterns. After all, taking a process orientation 

towards conceptual models implies some kind of sequence in which the model is created. It is widely known 

as the process of process modeling (PPM) (Soffer, Kaner, & Wand, 2012). This research stream is being 

extended considerably with several studies trying to gain profound insights in beneficial ways to create process 

models, by linking the process of process modeling with the creation of successful models (Claes et al., 2014; 

Claes, Vanderfeesten, Gailly, Grefen, & Poels, 2015, 2017; Pinggera et al., 2013).  

This paper aims to realize an extension of these studies in the following way. Firstly, it focuses on improving 

the quality of conceptual models, specifically the syntactic quality, since this type of quality can be measured 

most objectively. The higher the quality of a conceptual model, the better the preceding process of conceptual 

modeling is considered to be. Next, by looking in depth into the process of creating syntax errors as well as the 

subsequent evolution of these errors, the occurrence of quality deficits in processes of conceptual modeling 

may become clear. Since the process of process modeling already has a wide knowledge base, it was decided 

to focus on the origin and evolution of syntax errors in process models created in the common process modeling 

language BPMN 2.0. Therefore, the specification of BPMN 2.0 as well as studies regarding ontologies of 

BPMN 2.0 are also considered.  

2.1 Quality of conceptual models 

One of the oldest and most prominent frameworks about the quality of conceptual modeling is the SEQUAL 

framework (Lindland et al., 1994). Lindland et al. (1994, p. 44) borrowed the concept syntax from linguistic 

concepts and as such defined it as follows: “Syntax relates the model to the modeling language by describing 

relations among language constructs without considering their meaning”. Besides the syntax, the semantics 

and the pragmatics are also defined. The semantics on the one hand relates the model to the domain by 

considering not only syntax, but also relations among statements and their meaning. The pragmatics on the 

other hand relates the model to audience participation by considering not only syntax and semantics, but also 
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how the audience (anyone involved in the modeling) will interpret them. From these definitions it becomes 

intuitively clear that the syntax can be considered to be the least complex concept, since it only considers the 

correctness of the language. In case of this research, this language can be defined as BPMN 2.0 with the 

alphabet and the grammar being the symbols and BPMN 2.0 specification, respectively.  

The SEQUAL framework makes a distinction between three types of quality. First, it describes syntactic 

quality as the conformity of the symbols with the modeling language syntax and symbols. Second, it defines 

semantic quality as the accuracy of the model in representing the reality it is intended to represent. Third, 

pragmatic quality is defined as the ability of the users to understand the model. The latter type of quality is the 

only one that does not relate to the model construction. In scope of this research, only the syntactic quality will 

be taken into account. The closer the model conforms to the language rules, the higher the syntactic quality of 

the model will be. The syntactic quality of the conceptual representation (Model Externalization M) is assessed 

by comparing the set of statements in the representation to the set of statements in the Language Extension L. 

L is the set of all statements that are allowable given a modeling language’s vocabulary (e.g. the constructs of 

BPMN 2.0) and grammar (e.g. the BPMN 2.0 specification). The representation is syntactically correct if all 

the statements are part of the Language Extension L. The syntax errors that do occur, can be classified in two 

types of errors, according to Lindland et al. (1994): morphological errors (the model has symbols that are not 

defined in the BPMN 2.0 alphabet) and syntactic incompleteness (the model lacks constructs or data to obey 

the BPMN 2.0 specifications). However, in the process modeling language BPMN 2.0, wrong combinations of 

symbols can also occur. Three means to deal with syntax errors are described: error prevention, error detection 

and error correction. These means are ways for humans and/or tools to take care of syntax errors. Error 

correction is described as the most difficult to automate, since tools may not always know which (combinations 

of) symbols are needed to form the correct construction. Although most modelling tools (e.g. Signavio, Bizagi 

Process Modeler, Visio2) are able to detect syntax errors as they occur, only few to none can prevent syntax 

errors from being modeled. For instance, Signavio is able to give warnings about syntax errors that occur in 

the model, when the model is saved. However, it does not prevent these errors from being made, nor does it 

show potential future errors that may be caused by a specific error. Since the construction of conceptual models 

comprises a creativity component to reduce incompleteness (insert statements) (Feather, 1991) and creativity 

is hindered by constraints (Elam & Mead, 1990), a sufficient degree of flexibility to allow small or temporary 

syntax errors during modeling is necessary. Otherwise, the creativity needed to expand the model will be 

restrained. Tools must therefore allow temporary syntactic errors. For this reason, we ought it useful to have a 

detailed look into the modeling process to examine whether certain relations can be found in order to detect, 

correct and/or prevent syntax errors dynamically (i.e. during the creation of conceptual models). 

 

The SEQUAL framework formed a solid basis for understanding quality in conceptual modeling and several 

researchers have adapted and extended this framework since. Krogstie et al. (2006) makes a distinction between 

                                                        
2 Download and info at https://products.office.com/nl-nl/visio/flowchart-software?tab=tabs-1 (dd. 19/05/2018) 
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10 types of quality. They propose a more dynamic view on the SEQUAL framework and have a specific 

orientation towards (interactive) process models. Syntactic quality is also described as the only quality type 

with the hope of being objectively measured, since it does not involve meaning or other subjective factors (such 

as the understanding of the audience). Another, more recent framework is the Conceptual Modeling Quality 

Framework (CMQF) which builds further on the frameworks mentioned above (Nelson et al., 2012). It 

synthesizes the extension of the SEQUAL framework (Krogstie et al., 2006) and the Bunge-Wand-Weber 

(BWW) framework, which comprises dynamic properties of information systems (Wand & Weber, 1990). 

Nelson et al. (2012) describe the notion of quality in conceptual modeling as still immature, despite the different 

efforts to capture it as a whole. A clear distinction is recognized between the two frameworks. The LSS 

framework focuses on the product of conceptual modeling, whereas the BWW framework focuses on the 

process of conceptual modeling. With the ‘product’ is meant the final model, whereas the ‘process’ represents 

the necessary steps towards the construction of the final model. In their research, it is indicated that many 

modeling tools will show syntactic errors and sometimes the model even cannot be saved when it is 

syntactically incorrect. However, these tools cannot give insight in the modeler’s process of perhaps 

deliberately making certain errors, in order for him or her to obtain the final model. For instance, a modeler 

could leave out a certain construct to add it in the end or he/she could add more constructs than necessary to 

eliminate a part of them when he/she nearly finishes the model. Nelson et al. (2012) also indicate that few 

studies focus on the modelers’ knowledge of the conceptual model and even fewer on the process of conceptual 

modeling, but many only focus on the product quality. This paper focusses on finding possible explanations 

for syntax issues occurring during the process of modeling in the BPMN 2.0 language.  

2.2 Conceptual modeling with process orientation  

Hoppenbrouwers et al. (2005) take a process orientation towards conceptual modeling, to understand 

conceptual models at a fundamental level. This means that they are mainly interested in the process of creating 

conceptual models rather than the outcome of that process (i.e. the final model). Conceptual models are 

depicted as a manner to communicate. It is described that the final model can only give information about the 

outcome, while during the process itself many questions are asked and answered as well. To understand the 

goal of modeling and the means to link the goals together, comes down to understanding the questions that are 

asked and answered during the process of modeling. With these dialogues different modeling strategies can 

become clear. 

Wilmont et al. (2013) builds upon this study by adding a cognitive aspect to the process of conceptual 

modeling. Since the creation of conceptual models is in need of some form of abstraction, there are differences 

in the processes of making these abstractions between individual modelers. These individual differences are 

the cause of the variation of errors between modeling processes. The quality of these abstractions potentially 

determines the quality of the process. The goal of their research is to improve the modeling process, by gaining 
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a better understanding of the creation of models, so they can tailor interventions to different kinds of modelers. 

Although these abstractions are mainly made in the domain of semantics, our study tries to discover potential 

origins of syntax errors. The modeler’s reasoning of the used constructs may be an important factor of making 

syntax errors as well. As such, insights in these origins and evolutions of syntactic errors may reveal an 

appropriate moment for interventions to inform the modeler about current and potential future syntax issues.  

2.2.1 The process of process modeling  

The process of process modeling is a popular research stream initiated by Soffer et al. (2012). It is suggested 

that an increased understanding of the process of creating process models can help improve both the semantic 

and syntactic quality of these models, leading to a potentially increased pragmatic quality as well. A distinction 

is made between two phases in creating a process model. First, a mental model is created by the modeler to 

solve the problem (for which the final model will be the solution). This cognitive phase reflects on the 

semantics. Then, the modeler translates the mental model to modeling constructs. This second phase reflects 

on the semantics as well as the syntax of the modeling language. Due to the limitation of short term memory, 

the problem is broken down into several subsequent steps during this latter phase. Depending on the process 

modeling language, there might be construct overload. This is the case when a modeler can choose between 

more than one construct to model a certain construction. For instance, in BPMN 2.0, a modeler can choose 

between a pool and a lane to represent an organizational unit. When there is construct overload, the mapping 

of the mental model into the actual model is considered to be more difficult, especially because the problem is 

divided into more sub problems rather than being considered as a whole. Modeling practices have been 

developed in order to form well-structured processes to reduce the complexity of mapping the mental model. 

It is shown that, as one could expect, improvement of the mental model leads to an improved semantic quality. 

However, the actual mapping to modeling constructs (which is mainly associated with syntactic quality), is 

what this paper tries to address. Finding the roots of syntax errors could help avoid syntax errors, thus 

improving the syntactic quality of the final model as well as the process preceding it.  

 

The process of process modeling has been further examined several times ever since. Pinggera et al. (2013) 

discuss different modeling styles in business process modeling. In order to grasp a better understanding of the 

process of process modeling, it is questioned whether different styles exist in creating process models. 

Knowledge about different modeling styles could help create more fruitful environments for modelers to create 

higher quality models. Three major process modeling styles are identified. The least goal-oriented style shows 

that the respective modelers take a greater amount of time on comprehension. These modelers add relatively 

more (compared to the other two styles) constructs to the model and subsequently remove a smaller number of 

constructs. They also pay a large amount of attention to the lay-out of the model. In the second style, modelers 

immediately start with creating the process model. They are much more goal-oriented and spend less time on 

comprehension, compared to the other two modeling styles. These modelers quickly make decisions and take 
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less time for reconciliation. The third style is comparable to the second style. However, these modelers 

continuously take time for reconciliation of the model, and hence have shorter reconciliation breaks in 

comparison with the second style. In light of our research, the same tracking tool (the Cheetah Experimental 

Platform)3 was used as proposed by Pinggera et al. (2013). How the existence of these three modeling styles 

impacts our method for detecting syntax errors during modeling is briefly discussed in Section 3. 

 

Other studies extend the work of Soffer et al. (2012) and Pinggera et al. (2013), by analyzing best practices 

to create process models, such as the ‘Structured Process Modeling Theory’, which proposes reasons for 

structuring the process of process modeling. By doing so, it can lead to less cognitive failures and ultimately 

result in higher quality models (Claes et al., 2015, 2017). Furthermore, in order to visualize a process of process 

modeling, tools (e.g. ProM4) can show a dotted chart, with a dot representing an action of the modeler. 

Extensions to this dotted chart exist as well, such as the PPM-chart (Claes et al., 2014). Another recent work 

even specifies 15 anti-patterns which similar modelers make the most (Rozman, Tomislav Polančič & Vajde 

Horvat, 2007). An anti-pattern can be seen as a combination of a wrong understanding (semantics), 

interpretation (pragmatics) and combination of symbols (syntax). Applications of these features go beyond the 

scope of this paper.  

2.3 Research on the BPMN 2.0 specification 

The BPMN 2.0 specification spans over 500 pages and define certain constructions several times, both in 

text as in meta-models (Natschläger, 2011). The toughness of creating syntax checkers for this modeling 

language is pointed out. Therefore, an ontology for BPMN 2.0 is proposed. As stated by Natschläger (2011, p. 

1): “An ontology is a formal representation of knowledge and consists of statements that define concepts, 

relationships, and constraints. An ontology is, therefore, suited to represent the BPMN meta-model.”. The 

BPMN 2.0 Ontology is presented as a knowledge base, existing of two sub-ontologies: the bpmn20base 

ontology and the bpmn20 ontology. The former is derived from the specification of the BPMN meta-model, 

class diagrams, tables, model associations and the XML schemas. The latter is an extension of the previous 

one and contains further syntactical requirements taken from the natural text of the BPMN 2.0 specification. 

The bpmn20 ontology is interesting in scope of this research. The goal of the BPMN 2.0 Ontology is that it 

serves as a knowledge base for almost all syntactical rules of the BPMN specification (however, certain 

contradictions within the specifications still remain). In this way, a syntax checker is created, but only for 

completed models. As an example, a gateway with a single incoming and single outgoing sequence flow could 

be detected to be inconsistent. However, this does not indicate when in the process of modelling this 

inconsistency is made, from which construction it originates or what evolutions it has gone through.  

                                                        
3 Download and info at http://bpm.q-e.at/?page_id=56 (dd. 06/05/0218) 
4 Download and info at http://www.promtools.org/doku.php (dd. 19/05/2018) 
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Another ontology, the BPMN Ontology, also tries to represent BPMN 2.0 as accurately as possible according 

to the specification (Rospocher, Ghidini, & Serafini, 2014). For instance, one of the intended uses of the 

proposed ontology by Rospocher et al. (2014, p. 4)  is “checking the compliance of a process against the BPMN 

specification, i.e., to verify that a given process has been specified correctly according to the BPMN guidelines 

(e.g., the process has at least one starting event and one end event, constructs are combined in the correct 

way)”. Rospocher et al. (2014), in contrast with Natschläger (2011), do not question the specification.  

 

These ontologies try to give a clear representation of the different constructs in BPMN 2.0, based on the 

specification. However, they do not interpret the meaning of certain constructions which are ambiguously 

defined in the specification. As a result, this research tries to find a preliminary solution for this ambiguity and 

builds a framework as a first step towards a potential unambiguous and dynamic syntax checker. A second step 

is to look at erroneous constructions in detail during different timestamps. This way, one can potentially reveal 

certain relations, evolutions or origins of different syntax errors during modeling. 

  
  



       Dynamic measurement of syntactic errors 
 
 
 

 

9 

3 Methodology 

As described above (cf. Section 2), the notion of quality in conceptual modeling is a complex field of study, 

since there exist multiple types of quality, each influenced by different factors (e.g. the audience, the modeling 

language, the knowledge of the modeler). Therefore, the scope of this research was narrowed down to the 

syntactic quality (since this type can be measured most objectively) in process models made with the modeling 

language BPMN 2.0. To facilitate a focus on depth rather than breadth, it was decided to limit the number of 

constructs in the modeling language. Six constructs were chosen: (1) start event, (2) end event, (3) XOR (split 

or join) gateway, (4) AND (split or join) gateway, (5) activity, and (6) sequence flow. These constructs are 

essential for sequence flow modeling and they were selected because they are among the most used constructs 

in BPMN 2.0 models (Zur Muehlen & Recker, 2008). Signavio and Bizagi Process Modeler are two of the 

most widely used BPMN tools (Snoeck, Moreno-Montes de Oca, Haegemans, Scheldeman, & Hoste, 2015). 

These tools also define the aforementioned constructs (flow objects and sequence flows) as the BPMN 

descriptive elements or basic elements. Therefore, we can state that these are crucial elements for constructing 

a process model. The definition of each element is given in Table 3 in Appendix A, as defined by the BPMN 

2.0 specification (Jan Mendling & Weidlich, 2012).  

 

This exploratory research was performed in three phases. First, an exhaustive list (comprising potential 

syntax errors) was built, based on the specifications of the six constructs described above. Next, a classification 

framework was set up in order to inspect the aforementioned syntax errors in this list in incomplete models 

(i.e. models that are still being modeled). This framework consists of an approach to classify syntax errors 

according to their certainty and compliance (cf. Section 3.2). Finally, we took the opportunity to apply this 

classification framework to an existing data set (cf. Section 4.1). The application of the framework enabled an 

inspection of the number, origins and evolutions of the logged syntax errors. During this last phase, an objective 

analysis was conducted to report on the investigated syntax errors, as well as a reflection to potentially find out 

what may have caused a specific error to occur.   

3.1 Construction of the list of potential syntax errors   

Based on the specification of these six constructs, a list containing potential syntax errors (i.e., symbol usage 

is incorrect/missing constructs) was constructed. Next, other syntax issues were added to the list, which are not 

unambiguously defined in the specification or might hinder the (ease of) understanding (cf. Section 3.2). 

3.1.1 Results 

The list is given below, in Table 1. It is composed similarly as by De Bock and Claes (2018). Based on the 

specification, a distinction is made between syntax errors and syntax issues. The former are potentially defined 
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as erroneous in the specification. The latter are not erroneous, but are possibly considered to be a bad practice 

(cf. Section 3.2.3). From here on, all issues in this list will be referred to as syntax issues and the ones not 

marked in grey as syntax errors. For every syntax issue, a part of the definition or an explanation, as well as 

the page(s) where it is described in the specifications are listed. The proposed list is not mutually exclusive, 

since syntax issues can be related to one another. 

 
Table 1: List of potential syntax issues 

Definition  Page  Description  
 

Code  

A Start Event is OPTIONAL:[…]. 238-239 Contains no start event (and no end event)  0s (0 start events) 
An End Event is OPTIONAL. 246 Contains no end event (and no start event)  0e (0 end events) 
If there is an End Event, then there MUST 
be at least one Start Event. 

238 Implicit start event without implicit end 
event  

0se (0 start and >1 end events) 

If there is a Start Event, then there MUST 
be at least one End Event. 

246 Implicit end event without implicit start 
event 

0es (>1 start and 0 end events) 

The conditionExpression attribute for all 
outgoing Sequence Flows MUST be set to 
None. 

244 Condition at sequence flow originating 
from start event  

Ls (Label start event) 

Follows from 0se and 0es.  Not all of the paths are closed (missing 
sequence flows between flow objects) 

P (missing edges) 

There MAY be multiple Start Events for a 
given Process level.[…]. 

238-239 Contains multiple start events  S (multiple starts) 

There MAY be multiple End Events within a 
single level of a Process. 

245, 249 Contains multiple end events  E (multiple ends) 

A Start Event MUST NOT be a target for 
Sequence Flows; it MUST NOT have 
incoming Sequence Flows. 

42, 238, 
244 

Sequence flow to start event  Bs (edge to start) 

An End Event MUST NOT be a source for 
Sequence Flows; that is, there MUST NOT 
be outgoing Sequence Flows. 

42, 246, 
248 

Sequence flow from end event  Be (edge from end) 

A Start Event MUST be a source for a 
Sequence Flow. 

244 Sequence flow from start event missing  Ms (missing edges) 

An End Event MUST be a target for a 
Sequence Flow. 

248 Sequence flow to end event missing  Me (missing edges) 

Multiple Outgoing Sequence Flows can be 
used. This represents “uncontrolled”flow. 

34 Multiple parallel sequence flows from 
non-gateway  

Sa (missing AND split) 

Optional sequence flows only permitted 
with XOR-gateway.  

34 Multiple optional sequence flows from 
activity  

Sx (missing XOR split) 

A Parallel Gateways is used to show the 
joining of multiple Sequence Flows. 

36 Multiple parallel sequence flows towards 
activity  

Ja (missing AND join) 

If all the incoming flow is alternative, then 
a Gateway is not needed. 

36 Multiple optional sequence flows towards 
non-gateway   

Jx (missing XOR join) 

Following the definitions of Jx, Ja, Sx and 
Sa, it is not possible to have a feasible 
model with multiple paths, without any 
gateways. 

 Contains no gateways at all (but contains 
multiple paths)  

G (no gateways) 

[…] a single Gateway could have multiple 
input and multiple output flows.  

287 One gateway combines a join and split 
feature  

C (combination) 

Alternative tokens will arrive and merge to 
one in AND gateway, remain alternative in 
XOR (or vice versa). 

 Wrong type of join combined with a 
certain split  

W (wrong type) 

A Gateway MUST have either multiple 
incoming Sequence Flows or multiple 
outgoing Sequence Flows. 

289 Gateway with only one incoming and one 
outgoing sequence flow  

1e (1 edge in/out) 

Deadlocks and livelocks (cf. (Kherbouche, 
Ahmad, & Basson, 2013)). 

 Wrong nesting of gateways  N (wrong nesting) 

Gateway will have to merge uncontrolled 
flow/alternative flow as well as splitting 
alternative flow/uncontrolled flow 
simultaneously. 

 AND and XOR are joined together in one 
join gateway  

T (joined together) 

Cf. Table 3 in Appendix A. 30 No label for task  La (missing label) 
[…] a diagram SHOULD NOT have some 
Gateways with an indicator and other 
Gateways without an indicator […]. 

289 Some XOR-gateways with X-marker, 
some without marker  

Xm (X marker) 

Not clear which direction to follow.  Sequence flow with arrow at each side DS (double sequence flow) 
Hinders ease of understanding  No label for edge departing from 

exclusive splits  
Lx (missing label) 
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3.2 Construction of the classification framework 

The classification framework of De Bock and Claes (2018) was applied and extended to categorize the 

different syntax issues in Table 1 according to their certainty of occurring and the compliance of the issue.  

3.2.1 Approach  

When monitoring the evolution of syntactic errors (and other issues) during modeling, a difficulty arises in 

assessing syntax issues in incomplete models (i.e. models that are still being created). In the evaluated sequence 

flow models, all constructs in the model should be connected in order to illustrate the sequence in which they 

need to be considered (i.e. the sequence flow). In the modeling tool used for the inspection of the data set (cf. 

section 4.1) and others as well, a sequence flow construct can be placed only between two existing flow objects. 

These flow objects will thus have to be created first, before the sequence flow arrow can be connected. 

However, making these connections with the sequence flow arrows can be delayed, because the modeler for 

instance opts to model all flow objects first. This makes the assessment more difficult, since we cannot know 

whether the modeler does this on purpose. The difference between this planned delay and a true syntax issue 

creates the necessity of a certainty dimension for syntax issues in partial or complete models.  

Based on the specification of the BPMN 2.0 language (Jan Mendling & Weidlich, 2012), a second dimension 

for syntax issues is derived. Since the specification is not always unambiguous, it is considered to be 

inconsistent. An example is found on p. 287, where it states that “a single Gateway could have multiple input 

and multiple output flows. Modelers and modeling tools might want to enforce a best practice of a Gateway 

only performing one of these functions […]”. This causes some doubt whether it is better to model or not to 

model this kind of construction. Furthermore, best practices by modeling experts (such as 7PMG (J. Mendling, 

Reijers, & van der Aalst, 2010)) exist that prohibit or strongly advice against forming particular combinations 

of symbols (e.g. multiple start events). For this reason, the second dimension of the classification framework 

is the compliance of syntax issues in partial or complete models.  

3.2.2 Certainty dimension 

In order to be able to assess a model that is still being created, a distinction needs to be made between wrong 

(combinations of) symbols on the one hand and missing symbols on the other hand. The first one can be 

resolved only by changing (reconnecting a sequence flow) or removing constructs in the model. The second 

one can be resolved only by adding constructs to the model. Therefore, in the former case, it is certain that a 

syntax issue exists in the incomplete model. Regarding the latter case, the difference between deliberate 

incompleteness by the modeler and unconsciously missing constructs cannot be made, solely on the assessment 

of an incomplete model. For this reason, partial completeness is introduced in order to be able to assess the 

certainty of syntax issues in incomplete models. Every part that is defined as complete, will only contain 
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definite syntax issues. All other parts of the model that are defined as incomplete, will only contain uncertain 

syntax issues. These latter ones are missing symbols or wrong combination(s) of symbols in incomplete parts 

of the model.  

Completed parts of an incomplete sequence flow model are defined as: 

• the parts of the model between an opened split gateway that has been closed again by a join gateway 

(in the direction of the sequence flows), AND 

• the parts of the model that are connected to a split-join construction with gateways as described above 

(in the direction of the sequence flows), AND  

• the parts of the model that are connected to an end event (in the direction of the sequence flows). 

Thus, incomplete parts of an unfinished sequence flow model are: 

• the parts of the model that are not connected to an end event (in the direction of the sequence flows), 

AND 

• the parts of the model that are not connected to a split-join construction with gateways (in the direction 

of the sequence flows), AND 

• the parts of the model connected after an open split-gateway (in the direction of the sequence flows) 

that have not been closed by a join gateway, that have not been connected to a split-join construction 

with gateways and that have not been connected to an end event. 

Five remarks still need to be made. (1) After a modeling session, the corresponding model is considered to 

be complete and all parts are considered complete (even if there still exists partial incompleteness, as described 

above). (2) This implies the absence of uncertain issues in complete models. Every syntax issue in such a 

completed model is assessed as a definite issue. (3) Hence, all uncertain issues will eventually evolve into 

definite issues unless the modeler adds the missing symbol(s) or changes the erroneous construction. If a 

modeler ends the modeling session while there is still an open path this will result in the definite P-issue. This 

indicates that not all paths were closed at the end of the modeling session, implying that it could not be known 

which sequence flow is missing. It also implies that an uncertain P-issue cannot exist. (4) As a result of our 

tool only allowing to place sequence flow arrows between two existing components, a small relaxation of the 

certainty dimension needs to be made. An uncertain issue will only be noted one step after the modeler made 

this issue, because often the modeler needs to make two or more subsequent steps to alter a construction 

properly. For example, when the modeler creates a gateway. First, it is connected to an activity with an 

incoming sequence flow, then with an outgoing sequence flow to another activity. This will not yet be regarded 

as an uncertain issue. Only in the next step, if the modeler does not create the second incoming or outgoing 

sequence flow, it will be an uncertain issue, indicating a gateway with a single incoming and outgoing sequence 

flow. If the modeler did connect this second arrow first, there would have been no issue. Perhaps one could 

argue to also take into account these actions and thus disregarding the subsequent step. However, these 

potential issues would be too trivial to measure, since the assumption was made that in this way the modeler 



       Dynamic measurement of syntactic errors 
 
 
 

 

13 

would not get the freedom to model in consecutive steps, which is crucial for creating process models. (5) In 

light of different process modeling styles (cf. 2.2.1), another restriction is needed. When no sequence flows 

exist in the model, no issues can exist. Modelers may first create all necessary components, before introducing 

the order in which they need to be considered (with the use of sequence flows). Once the modeler connects a 

sequence flow between two constructs, issues may emerge.   

3.2.3 Compliance dimension 

Here, three categories of syntax issues are defined, based on the answer of the question: is this construction 

without any doubt a real error? Since the specifications are sometimes inconsistent, a discussion can be held 

over certain constructions. Therefore, the second dimension of syntax issues is the compliance or ‘agreement’ 

that it is an error. Three compliance levels of syntax issues are defined.  

 

• First, an error is when the syntax issue is clearly defined as erroneous in the specification. The 

specification indicates that a modeler may not model these constructions. An example can be found 

on p. 239 of the BPMN 2.0 specification: “If there is an End Event, then there MUST be at least one 

Start Event”. Therefore, 0se in the list (cf. Table 1) is considered to be an error. Are regarded as an 

error: 0se, 0es, Ls, Bs, Be, Ms, Me, Sx, Ja, G, 1e and Xm.  

• Second, an irresolution is when the specification is not fully clear or inconsistent regarding a certain 

construction and there might be conflicting opinions among experts. Even for a particular 

construction, the specification is clear, but it refers to certain tools or best practices that will not allow 

or advise against modeling the construction. It is the same construction on p. 287 of the BPMN 2.0 

specification as mentioned above (cf. Section 3.2.1), where a single gateway has multiple incoming 

and outgoing sequence flows. As a result, it cannot be seen as a true error, but C in this list is seen as 

an irresolution. Are regarded as an irresolution: P, C, W, N, T, La and DS.  

• Third, a confusion is when the syntax issue is clearly correct according to the specification, but 

nevertheless it can be considered a bad practice because it might hinder the (ease of) understanding. 

An example can be found on p. 238-239 of the BPMN 2.0 specification: “If a Process is complex 

and/or the starting conditions are not obvious, then it is RECOMMENDED that a Start Event is used”. 

In this definition the terms ‘complex’ and ‘not obvious’ are not concrete, making the assessment more 

difficult. Therefore, 0s is seen as a confusion. Are regarded as a confusion: 0s, 0e, S, E, Sa, Jx, Lx.  

 

This dimension is introduced for qualitative insights as well. We want to investigate whether a particular 

construction, which is not strictly erroneous (confusion or perhaps a certain irresolution), can lead to a real 

error (i.e. error in the compliance dimension). If this is the case, a ‘harmful’ construction may lead to 

dysfunctions in the final model. Also, the notion of compliance is introduced to examine whether one of the 

three levels of compliance occurs more than the other two levels of compliance during a modeling session.  
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3.2.4 Transformations 

Table 2 shows which transformations between the different types of syntax issues are possible, given the 

two dimensions of syntax issues. ‘No issue’ is referred to as ‘/’. Six combinations can be made, knowing that 

the certainty and the compliance dimension comprises two and three levels, respectively: uncertain error (UE), 

uncertain irresolution (UI), uncertain confusion (UC), definite error (DE), definite irresolution (DI) and 

definite confusion (DC). For practical reasons, a restriction is set on the transformation of definite issues. Once 

a definite issue has been initiated, it cannot transform back into an uncertain issue. The transformations are 

thus only possible in a forward stream between uncertain and definite issues, going from uncertain issues to 

definite issues. Therefore, the uncertain issues can evolve into definite issues (e.g. when a part of the model is 

completed without correcting the issue) or they can be resolved by the modeler. Rarely, they can evolve into 

other uncertain issues. Likewise, definite issues can transform into other definite issues or they can be resolved. 

However, they cannot transform (again) into uncertain issues. 

Table 2: Possible transformations between the types of syntax issues (marked with an “X”) 

From To UE UI UC DE DI DC / 
UE   - X X X X X X 
UI  X - X X X X X 
UC  X X - X X X X 
DE     - X X X 
DI     X - X X 
DC     X X - X 
/  X X X X X X - 

 

In detail, each compliance level categorizes different kinds of syntax issues given in the comprehensive list 

(cf. Table 1). Mathematically, the two levels of certainty – uncertain (U) and definite (D) – and the 26 syntax 

issues can provide a total of 19515 combinations. This indicates a certain complexity towards the inspection of 

these transformations. However, in theory, not every transition between each syntax issue in the list can be 

made. For instance, a missing start event (0se) cannot directly result in multiple start events (S). In practice, a 

smaller number of exceptional combinations (i.e. combinations in which a syntax issue transforms into another 

kind of syntax issue) is found (cf. Section 4).   

                                                        
5 25 uncertain/definite issues can transform into 24 other uncertain/definite issues, can be initiated or can disappear (+P-issue can also 

be initiated). 25 uncertain issues also can transform into 26 definite issues. This leads to [(25*24)+(25*24)+(25*26)+25+26+25+25] 
or 1951 combinations.  
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4 Investigation of the origin and evolution of syntax issues  

In this section, an application of the classification framework to inspect syntax issues dynamically (i.e. 

during the process of process modeling) is shown. Also, an analysis of the obtained results as well as a 

reflection note is given, in order to gain insights in the origin and evolution of the different syntax issues. In 

Section 5, the main aspects of each of these reflection notes are discussed.  

4.1 Approach 

An existing data set containing a modeling experiment in which 122 students created a sequence flow model, 

after been handed a written description of a process, was used (same data set as Claes et al. (2017)). Each of 

these students were Master students of Business Engineering at Ghent University, who were enrolled in a 

Business Process Management course. During this course, they learned the key concepts of the BPMN 2.0 

modeling language, as well as creating process models with this language. The Cheetah Experimental Platform 

(CEP) was used as a tool to create the respective model. It consists of a simplified BPMN modeling editor 

offering the same six constructs as described above (cf. Section 3), as well as a feature to log every action of 

the modeler. As a result, it can replay every operation of creating, changing or deleting a construct, from the 

beginning of the modeling session until the same modelling session is finished. The ability of CEP to reproduce 

the model in different steps made it possible to log every issue that was created during modeling, besides their 

timestamps. Accordingly, an aggregate could be made of all issues appearing throughout the data set. As a 

result, analyses could be performed on these issues. 

 

Note that from here on, definite issues are referred to with their corresponding codes in the list (cf. Table 1), 

while the uncertain issues are denoted with a ‘U’ before the corresponding code (e.g. a gateway with a single 

incoming and outgoing sequence flow in an incomplete part of the partial model is denoted as ‘U1e’).  

4.2 Syntax issues during and after modeling 

Results: How many times each syntax issue was present during modeling in the 122 modeling sessions is 

given in Figure 1. The orange line displays their cumulative frequencies. The most common definite issue was 

a gateway with a single incoming and outgoing sequence flow (1e). On average, each modeling session 

contained 2.66 syntax issues of this kind (which is an error). The second and third most recurring definite issues 

during modeling were no text at an exclusive split (Lx, which is a confusion) with an average of 2.32 and an 

activity joining alternative flows (Jx, which also is a confusion) with an average of 1.93, respectively.  

 



 Joshua De Bock  
 
 
 

16 

 

A completed model contains (by definition) only definite issues. The most common syntax issue after 

modeling was an activity joining alternative flows (Jx) with an average of 1.78 (cf. Figure 2). The second and 

third most recurring issues after modeling were a gateway combining a join and split feature (C, which is an 

irresolution) with an average of 1.25 and no text at an exclusive split (Lx) with an average of 0.76, respectively. 

After modeling, an individual model contained (on average) only 0.19 gateways with a single incoming and 

outgoing sequence flow (1e). This indicates that most of these issues got resolved before ending the modeling 

session.  

 

 

As can be seen in both Figure 1 and Figure 2, 7 out of 26 potential syntax issues in the constructed list (cf. 

Table 1) never appeared throughout the data set. Note that the inconsistent usage of X-markers in XOR-

gateways (Xm) was not present, since a XOR-gateway in the modeling editor of the Cheetah Experimental 

Platform always had an X-marker. 

 

Reflection: During and after modeling, mostly confusions occurred. This is probably due to the modeler 

not knowing about existing best practices, such as joining with a XOR-gateway instead of an activity (or just 

ignoring them). Also, since the difference in number of gateways with a single incoming and outgoing sequence 

flow during and after modeling is considerable, this could indicate that it is an issue that needs to be made, 

Figure 2: syntax issues after modeling 

Figure 1: uncertain and definite issues during modeling 
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before being able to shift to another construction. This is sound knowing that a modeler may want to first finish 

one path of a split-gateway before proceeding with the next. Finally, during and after modeling, a gateway 

combining a join and split feature occurred more frequently than most other issues. It is the irresolution that is 

present the most. This suggests the unawareness of modelers that a discussion can be held over this particular 

construction.  

4.3 The origin of syntax issues during modeling 

To investigate the origin of syntax issues, it was examined what happened at the time of the operation that 

caused the specific issue. If another issue disappeared at the same time, it was investigated whether the 

operation had transformed one issue into another, with respect to the possible transformations (cf. Table 2). If 

no other issues were caused by the operation or were transformed into new issues, the issue was initiated at the 

time of the operation (denoted with origin ‘/’). Illustrations in BPMN 2.0 of the transformation of issues (that 

were present in the data set) into other issues, are given in Table 4 in Appendix B. 

 

Results: Figure 3 shows the origins of the different syntax issues that were present in the examined data set. 

Certain issues are not included (cf. below), since they all found their origin in their corresponding uncertain 

issue (represented by the orange slices) or were initiated directly (‘/’, represented by the green slices).   

 

• Almost every uncertain issue that was present in the data set was initiated directly (cf. below for 

exceptions). A task without a name (La) was the only definite issue that always had ‘/’ as origin (note: 

it occurred only one time). This means that this irresolution never could be detected in incomplete parts 

of a partial model (this could occur when a modeler deletes the name of a task in a completed part of 

the model). We define this as having no early detection rate (in this data set, that is). 

• Syntax issues, whose origins always laid in their corresponding uncertain issue, were related to events 

(the error 0se, which is the absence of a start event, while there is an end event, and the confusions S 

and E which are multiple start and end events, respectively). These definite issues could thus 

consistently be detected in incomplete parts of a partial model. This is defined as having an early 

detection rate of 100 %. Hence, the early detection rate of an issue is defined as the ability to detect the 

definite syntax issue in incomplete parts of a partial model, by its corresponding uncertain issue (in % 

of cases it appeared).  

 

Definite issues often had a high early detection rate (higher than 40%). Exceptions exist, such as a gateway 

combining a join and split feature (C, with the lowest early detection rate of 13%). Five uncertain issues rarely 

(in less than 10% of the cases in which they appeared) were initiated by other uncertain issues, except for two, 

whose origins laid in a gateway with a single incoming and outgoing sequence flow in an incomplete part of 
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the model (U1e) in approximately 20% of the cases in which they appeared. A definite issue whose origin did 

not lie in their corresponding uncertain issue, was often created directly. However, seven definite issues were 

initiated by other definite or uncertain issues. Most of these issues sometimes (1-10% of the number of times 

they appeared) were preceded by an uncertain or definite gateway with a single incoming and outgoing 

sequence flow (U1e or 1e). Additionally, 2% of the issues of a gateway combining a join and split feature (C) 

had an activity joining alternative flows (Jx) as origin in a few. A single gateway representing both an AND- 

and XOR-gateway (T) sometimes (8% of the respective issues) was initiated by a split-join construction with 

non-corresponding gateways (W) and the wrong nesting of gateways (N) resulted from an exclusive split out 

of an activity (Sx) in 9% of the cases in which appeared. 

 

Reflection: As expected, most uncertain issues were initiated directly, rather than initiated by other 

uncertain issues. This emerges from our approach on how to handle incomplete parts of partial models. 

Nevertheless, these uncertain issues represent the detection of a preliminary issue, since most definite issues 

can (partially) be detected by their corresponding uncertain issue. Since events always have to be created first, 

before they can be connected to other components, the early detection rate of 100 % for issues related to events 

is also due to our approach.  

 

A gateway with a single incoming and outgoing sequence flow is the issue that caused most of the other 

issues. As already stated, it may be a necessary construction for particular modelers to continue creating one 

path, before going to the other one. Potentially, it leads to other issues when connecting the second outgoing 

or incoming sequence flow.  

 

What might be more surprising is that modelers shifted from certainly no error (an activity joining alternative 

flows, which is a confusion), to one gateway combining both the split and join functions in 2% of the cases it 

appeared, which could be interpreted as erroneous to some model readers (since it is an irresolution). In our 

opinion, we expect that these modelers do not realize the existence of the discussion mentioned in Section 

3.2.3.  

The fact that a single gateway representing both an AND- and XOR-gateway sometimes had its origin in a 

split-join construction with non-corresponding gateways (for instance, an AND-split with a XOR-join) may be 

caused by a modeler forgetting to place an AND-join gateway in between, rather than not knowing that it may 

not be correct.  

Certain issues may also be initiated by other issues because of increasing complexity, such as the wrong 

nesting of gateways. It is possible that a modeler wants to remove the error of modeling an exclusive split 

function out of an activity (thus knowing that he or she made a mistake), but mistakenly reconnects the 

sequence flow to a wrong gateway (creating the wrong nesting). However, this transformation occurred only 

one time, so it can be negligible.  
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Figure 3: origin of uncertain and definite issues during modeling 



 Joshua De Bock  
 
 
 

20 

4.4 The evolution of syntax issues during modeling 

As elaborated in the previous section (cf. Section 4.3), not all definite issues had a high early detection rate. 

This means that they did not have their corresponding uncertain issue as origin. Therefore, it is interesting to 

look at the evolution of uncertain and definite issues into other issues, as well as their evolution towards ‘/’, 

meaning that they have disappeared throughout the modeling session. As stated in Section 3.2.4, numerous 

evolutions are possible. However, not all of these transformations were present in the inspected data set.  

 

Results: Figure 4 presents the evolutions of every syntax issue that existed throughout the studied modeling 

sessions. Eight issues are not included, since three of them always evolved into their corresponding definite 

issue (regarding uncertain issues), four consistently remained present during modeling and one disappeared 

each time. Uncertain issues that always evolved into their corresponding definite issue are an end event with 

an outgoing sequence flow (UBe), multiple start events (US) and a single gateway representing both an AND- 

and XOR-gateway (UT). Four syntax issues never evolved during modeling and hence were present in the 

resulting final model. These issues were the absence of an end event, while there is a start event (0es), a 

sequence flow to a start event (Bs), a sequence flow from an end event (Be) and an activity without a name 

(La). One issue disappeared every time (two times) during modeling, namely an activity without a name in an 

incomplete part of the partial model (ULa).  

 

All definite issues in Figure 4 that did not disappear (green slices) during the modeling sessions, remained 

present in the final model (red slices). Most uncertain issues evolved only into their corresponding definite 

issues (red slices) or disappeared. Rarely, uncertain issues evolved into other uncertain or definite issues. These 

uncertain issues mainly were a double sequence flow (UDS) and a gateway with a single incoming and 

outgoing sequence flow (U1e). In more frequent cases than the aforementioned, definite issues evolved into 

other definite issues (per definition they are restricted to evolve into uncertain issues), instead of lingering or 

otherwise disappearing throughout the modeling session. For instance, an exclusive split out of an activity 

evolved into three other definite issues, in 7% of the cases it appeared. A gateway with a single incoming and 

outgoing sequence flow (1e) is a definite issue that evolved into other issues relatively more. 24% of these 

issues into other issues. A parallel path out of an activity (Sa) is the issue that evolved into another kind 

relatively the most. In 25% of its appearances it resulted in a path that was not closed (P), due to a modeler 

deleting or reconnecting an outgoing sequence flow with a last action (however, it was present in much smaller 

numbers than most other issues, which can be seen in Figure 1).  

 

Reflection: The evolution of particular syntax issues (e.g. multiple start events in incomplete parts of the 

partial model) also emerges from our proposed approach of inspecting incomplete parts of a partial model, as 

mentioned in the previous reflection note (cf. Section 4.3).  
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Figure 4: evolution of uncertain and definite issues during modeling 
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As outlined above, issues existed that never evolved during modeling. Regarding the absence of an end 

event while there is an explicit start event, there may be two reasons causing this error to linger. Foremost, it 

is possible that a modeler just forgets to create and subsequently connect an end event, before sending the 

model to the reader. This points in the direction of carelessness of the modeler. Another, more severe reason 

may be that the modeler not knows he or she needs to connect an end event when there is a start event connected 

to the model. The former reason may be an explanation why an activity without a name never disappeared as 

well (however, it appeared in only one modeling session). The latter reason may also hold for sequence flows 

to and from a start and end event, respectively, implying a modeler’s lack of knowledge. 

 

When comparing the evolution of an activity joining parallel paths (error) in incomplete and completed parts 

of the partial model, Figure 4 shows that 25 % of these uncertain issues disappeared, while only 14 % of these 

definite issues were resolved. It is possible that in completed parts of the model, it is more difficult to eliminate 

this issue, as a result of increased complexity. For certain confusions such as an activity joining exclusive paths, 

an irresolution such as a gateway combining both the split and join function and an error such as a sequence 

flow to a start event, this was also the case.  

 

A gateway with a single incoming and outgoing sequence flow has evolved more than other issues, both in 

completed and incomplete parts of a model. As previously stated, this is probably because most modelers want 

to finish one branch first before going to a second one, and that creating the second one can lead to another 

issue. 

4.5 Transition paths 

Given the previous results, it is useful to look at the different paths that issues followed before reaching their 

final state, being a definite issue or disappearing. By doing so, a better view on what issue really caused an 

error, irresolution or confusion in the final model may be obtained. Since these analyses are complex and hence 

difficult to capture in an overview, an arbitrary process mining tool6 was used to display a visualization of the 

different evolutions a certain issue had. The outliers, 66 paths that occurred only one time out of 1415 

observations, were excluded from this analysis, since this could substantially simplify the examination of these 

observed paths. 

 

 

 

 

                                                        
6 Disco, download and info at https://fluxicon.com/disco/ (dd. 14/05/2018), was used because of its functionalities to 

show the paths and filter them in a simple and user-friendly manner. 
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Results: Table 5 in Appendix C gives an overview of the various paths that were present in the data set, as 

well as their absolute and relative frequencies. Most paths are evident, given the previous sections (cf. Section 

4.3 and 4.4). However, interesting paths can be determined based on this table as well. The five paths that 

occurred the most in the data set are:  

 

• A no text at an exclusive split in an incomplete part of the partial model (ULx) that was initiated 

directly, evolving into a definite no text at an exclusive split (Lx), to disappear afterwards. This 

path occurred the most, with a relative frequency of 9,41 %.  

• A gateway with a single incoming and outgoing sequence flow in a completed part of the partial 

model (1e) that was initiated directly, which disappeared afterwards. This path occurred in 8,97 % 

of the total number of paths.    

• An activity joining alternative flows in a completed part of the partial model (Jx) that was initiated 

directly, which did not disappear afterwards. This path has a relative frequency of 7,86 %.  

• A gateway with a single incoming and outgoing sequence flow in an incomplete part of the partial 

model (U1e) that was initiated directly, transforming into its corresponding definite issue (1e), to 

disappear eventually. This sequence occurred in 7,78 % of the total number of paths.  

• A gateway combining a join and split feature in a completed part of the partial model (C) that was 

initiated directly and did not disappear afterwards, occurred in 7,64 % of the total number of paths. 

 

Paths that contain multiple non-corresponding uncertain and/or definite syntax issues were present as well. 

For instance, in 17 out of 160 paths (10,63%) containing a gateway combining a join and split feature (C), this 

issue was preceded by a gateway with a single incoming and outgoing sequence flow in a completed part of 

the partial model (1e). This latter definite issue in turn was preceded by its corresponding uncertain issue.  

 

Figure 5 exposes a visualization of the different paths surrounding the issues mentioned above. This way, it 

is possible to get a better view on how much syntax issues of each kind were present, what issues preceded 

them and into which issues they evolved. For instance, it is clear that a gateway combining a join and split 

feature (C) mainly was initiated directly and hardly disappeared. When it was not initiated directly, it was 

preceded by its corresponding uncertain issue (UC), by an activity joining alternative flows (Jx) or by a 

gateway with a single incoming and outgoing sequence flow (1e) that often (70,83 %) was preceded by its 

corresponding uncertain issue. Appendix D shows the transition paths of each kind of  syntax issue that 

occurred in the data set. 
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Figure 5: transition paths of C, Jx, 1e and Lx  
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Reflection: Together, the five most occurring paths represented approximately 42% of the paths that were 

present in the examined data set, meaning they are fairly generic. Based on these paths, we conclude that both 

a no text at split and a gateway with a single incoming and outgoing sequence flow are issues that deliberately 

are created by modelers. They first may want to continue modeling and only afterwards add texts at splits, or 

finish the other branch of a gateway. Therefore, these issues disappear most of the time. When they do not 

disappear, a likely reasoning may be that the modeler forgets to add the text or branch rather than not knowing 

a gateway must have more than one incoming and outgoing sequence flow. Regarding a no text at an exclusive 

split, it may also be possible that a modeler deliberately leaves out the texts, not knowing that it might hinder 

ease of understanding.  

 

Another conclusion that can be drawn based on Table 5 and Figure 5 is that a gateway combining a join and 

split feature only disappeared if it is initiated directly, not if any other issues preceded it. Also, it was eliminated 

almost four times more in incomplete parts of a partial model than in completed parts. A potential 

argumentation is that in incomplete parts, the modeler corrects this uncertain issue more often, because it is 

easier to maintain an overview of the partial model. Alternatively, he or she may find it more complex to alter 

the construction in completed parts of the model. Correspondingly, the comparison between an activity joining 

alternative flows in incomplete and completed parts of the partial model may also follow this logic.  
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5 Discussion  

This section briefly summarizes the potential causes of syntax issues as given in the previous section (cf. 

Section 4). Additionally, propositions are made containing an overall explanation why certain issues may arise.  

5.1 Complexity  

It can be stated that uncertain issues were generally initiated directly. This is mainly due to the proposed 

approach of inspecting partial models. Nevertheless, it yields interesting results when looking at the evolution 

of these particular issues. When comparing these uncertain issues to definite issues, certain issues (such as an 

activity joining parallel paths) are possibly easier to remove in incomplete parts of a partial model, because of 

a lower complexity. Once parts are considered complete, a modeler may find it more difficult to alter certain 

constructions, as a result of increased complexity (due to the size of the model or number of constructs), 

cognitive overload or other potential causes. 7PMG also indicates that larger models increase the probability 

of making mistakes (J. Mendling et al., 2010).  

Particular issues, such as a gateway with a single incoming and outgoing sequence flow, were at the root of 

multiple issues. A feasible answer may also be situated in the complexity of the model. For example, if this 

issue is to be eliminated, not by adding a second branch of subsequent activities, but rather by having the 

gateway join a second sequence flow, difficulties may appear. The modeler may connect the second sequence 

flow from an unintended flow object, because he or she finds it difficult to preserve a clear picture of the total 

model, which leads to particular issues.  

5.2 Necessity  

Likewise, certain issues were present more during modeling, such as no text at an exclusive split and a 

gateway with a single incoming and outgoing sequence flow. These particular constructions were seemingly 

modeled more, because of their inherent nature. When forming constructions with gateways, most modelers 

may want to first finish an option or branch before continuing with the other one. The reason being that process 

modeling often is performed in successive steps, thus making it not logical to go back and forth between two 

branches. As a result, these constructions may disappear most of the time, just after the modeler advances to 

the other path.  

5.3 Inattention  

When the issues created as a necessity to shift to other constructions remain, it is presumably because of 

carelessness rather than lack of knowledge or other causes. As outlined in Section 4, other issues may be caused 

by inattention as well, such as a modeler modeling an XOR-split gateway to join parallel paths, possibly 

forgetting to first place an AND-join gateway in between. However, more serious, so-called semantic problems 

may also be a source of erroneous constructions.  
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5.4 Semantic problems 

The absence of proper syntactic rules in the reasoning of the modeler can induce issues (e.g. related to 

events) to never disappear (e.g. a sequence flow with a start event as a target).  

For most confusions (e.g. an activity joining alternative flows), the main reason why they stayed present in 

the final model may be because of the different ways to model a particular construction in the BPMN 2.0 

modeling language (e.g. joining alternative flows with an activity instead of with a XOR-gateway). Since a 

modeler may choose whether he or she merges alternative flows with or without an XOR-join, this issue may 

not get resolved. Potentially, these modelers are not aware of existing best practices (e.g. for lay-out). 

An interesting issue is a gateway combining a join and split feature (thus having multiple incoming and 

outgoing sequence flows). When this irresolution occurred in completed parts of the models, it did not 

disappear in more than 90 % of the investigated sessions. Semantic reasons may have caused this issue as well. 

To the best of our knowledge, proper guidelines surrounding this issue do not exist. The specification of BPMN 

2.0 does state that it is allowed, nevertheless it also states that some tools or practitioners will not allow it. 

What is the reasoning behind this? Is the specification implying that one should not form such a construction? 

Is it perhaps seen as a bad practice? This lack of clear guidelines can be the cause of certain issues as well.  

 

These semantic problems, such as a modeler’s lack of knowledge, along with the complexity of the model, 

the necessity of forming particular constructions and inattention of the modeler are possibly causing syntax 

issues to emerge.  
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6 Conclusion 

This paper takes on the challenge of providing initial insights in the occurrence of syntax errors during 

modeling. Based on the specifications of the widely known modeling language BPMN 2.0, a comprehensive 

list was composed, containing possible syntax issues that modelers can create when constructing sequence flow 

models with a proposed set of six constructs. In order to inspect incomplete (parts of) models a classification 

framework was built which applies this list (specifying the kind of syntax issues) in a dimension of certainty 

on the one hand and compliance on the other hand (i.e. the type of a syntax issue). Next, the framework was 

applied to an existing data set of 122 modeling sessions of students. After thoroughly extending this data set 

by classifying the different issues, it provided insights in how much issues of each type and kind were present. 

Additionally, it was revealed when they took place, which other issues caused them to occur and why they may 

have appeared.  

 

In the examined data set, 19 out of 26 potential issues were present. Confusions occurred relatively more 

than other issues. However, the issue that had the highest occurrence during modeling was a syntax error, 

namely a gateway with a single incoming and outgoing sequence flow. After modeling, this error had a much 

lower occurrence and the largest part of the remaining issues were confusions. When looking at the origins, 

most definite issues were initiated directly in completed parts of the model, or were preceded by their 

corresponding uncertain issue in incomplete parts of the model. However, the uncertain or definite gateway 

with a single incoming and outgoing sequence flow often was at the origin of other issues as well. As mentioned 

in Section 5, this occurs probably because it is a necessary issue needed to form other constructions. Others 

often remained present in the final model, such as a gateway combining a join and split feature. Based on these 

results, we were able to look into potential causes of these issues. Most of the issues seem to appear due to one 

of four reasons. First, inattention or carelessness of the modeler may cause particular issues to emerge. Second, 

the level of complexity in the model could increase the chance of creating more issues, potentially when trying 

to solve other issues. Next, specific issues seem to be created as a necessity to shift from one construction to 

another. Finally, semantic reasons (such as a modeler’s lack of knowledge) may induce issues as well. 

 

Being an exploratory study, these results provide a first detailed insight into the origin and evolution of 

different syntax issues, to gain a better understanding of the occurrence of these errors in the process of process 

modeling. Since these issues went through numerous paths, before reaching their final state (i.e. either 

disappearing or lingering), it appears to be very complex to apply syntax checkers during modeling. However, 

it could be interesting for tool developers to examine whether the proposed method is in favor of syntax 

highlighting (i.e. provisionally indicating where syntax errors could occur). For instance, a gateway with a 

single incoming and outgoing sequence flow in an incomplete part of the partial model would need less 

highlighting, since almost all issues stemming from this issue will disappear (based on these preliminary 
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results). While other issues, such as a gateway combining a join and split feature, are in need of agile and well-

timed highlighting for them to be adjusted and corrected by the modeler. Consequently, modeling tools can 

assist the modeler dynamically, in order to decrease the number of errors made during and after modeling. 

Besides being relevant for these tool features on the one hand, our research could also support teachers of 

BPMN 2.0 on the other hand. By searching for the root cause of certain errors, they could create more 

stimulating teaching environments, leading to an increased quality of the resulting models (i.e. models created 

by their students).  

6.1 Limitations 

A number of remarks have to be made about the limitations of this research in its initial phase. First of all, 

the used data set was an arbitrary one, containing 122 modeling sessions performed by students. Therefore, 

this data set is not generic for all modelers. Also, the created models are based on a single textual description 

of a process. As such, it may cause specific issues to occur more than others, in comparison with modeling 

sessions based on other written assignments. Next, narrowing down the BPMN 2.0 language to the used set of 

six constructs also leads to a decreased internal and external validity. Further, the composed list and applied 

classification framework were not evaluated. There exists a chance that they are not commonly exhaustive. 

Lastly, the logging and encoding of syntax issues was a very labor-intensive process, performed by one person. 

Although the instances have been thoroughly checked, a small probability of mistakes is real. Nonetheless, the 

sample is considered to be sufficiently big to bring about reliable results.  

6.2 Future work 

In light of further investigations into the origin and evolution of syntax errors, we propose several future 

directions that can be interesting with respect to diminishing the limitations of this study on the one hand and 

broadening the scope of this research (e.g. focusing on other types of quality as well) on the other hand. Firstly, 

future work may expand this research to other modeling languages, such as the full BPMN 2.0 syntax or Petri 

Nets. Next, it could be investigated whether particular issues in this broadened scope consistently lead to a 

specific (kind of) error, making this error predictable to a certain extent. Second, a more thorough research on 

the semantic problems causing syntax errors to emerge could be performed. We briefly touched upon this 

subject in Section 5, when searching for potential causes of the detected syntax issues. Finally, as indicated in 

Section 3, ambiguities exist regarding certain constructions in the BPMN 2.0 modeling language. This work 

could be extended by verifying the composed list Table 1, as well as the introduced compliance dimension, 

with existing ontologies (Natschläger, 2011; Rospocher et al., 2014; Sanfilippo, Borgo, & Masolo, 2014). 

Then, if ambiguities remain (such as the irresolution-issues), this might confirm that certain aspects of the 

BPMN 2.0 language are becoming increasingly incomprehensible due to misinterpretations.  
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Yet, future work could also focus on examining whether correlations can be found between certain syntax 

issues and process modeling styles (Pinggera et al., 2013). It is possible that some modeling styles lead to more 

issues in comparison with others, making them less efficient or effective, hence yielding lower quality models. 
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Appendices 

Appendix A 

Table 3: Description of six constructs in BPMN 2.0 

Element  Description  Notation  
Start Event A Start event is triggered by the start of the process.  

 
 

End Event  An End event yields a result, namely the end of the process.  
 

 
Task A Task is an atomic Activity that is included within a Process. A task is 

used when the work in the Process is not broken down to a finer level of 
Process detail. 

 
 

 
AND - Gateway A Parallel Gateway is used to synchronize (combine) parallel flows and 

to create parallel flows. 
• The Parallel Gateway MUST use a marker that is in the shape of a 

plus sign and is placed within the Gateway diamond to distinguish it from 
other Gateways. 
 

 
 
 

 

XOR - Gateway This Decision represents a branching point where Alternatives are based 
on conditional Expressions contained within the outgoing Sequence 
Flows. Only one of the Alternatives will be chosen. 

 
 

 
 

Appendix B 

Table 4: Illustrations of transformations 

Transformation  From  To  
U0se à 0se  

  
UBs à Bs 

  
UBe à Be  

  



 
 

 
 

ii 

Transformation  From  To  
USx à Sx  

  
Sx à Lx  

  
Sx à 1e  

 

 

Sx à N  

  
U1e à 1e  

  
U1e à UJx  

  
U1e à ULx  

  
U1e à Lx  
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Transformation  From  To  
U1e à Jx  

  
U1e à Bs  

  
U1e à UN  

  
U1e à C  

  
1e à T 

  
1e à P  
(last action) 

  
1e à Lx 

  
1e à Jx 

  



 
 

 
 

iv 

Transformation  From  To  
1e à C  

 
 

UJa à Ja 

  
UW à W 

  
W à T  

  
W à Lx  

  
UN à N  
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Transformation  From  To  
UT à T  

  
UDS à DS  

  
UDS à UJx  

  
DS à Jx  

  
UC à C  

  
C à 1e  

  
ULx à Lx  

  
ULx à U1e  

  



 
 

 
 

vi 

Transformation  From  To  
USa à Sa  

  
Sa à P  
(last action) 

  
US à S  

  
UE à E  

  
UJx à Jx  

  
Jx à C  
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Appendix C  

Table 5: Transition path frequencies7 

Syntax issue Type  Path 

 

Absolute frequency Relative frequency 

(%) 

0se Error / à U0se à 0se 4 0.30 
  / à U0se à / 11 0.82 
  / à U0se à 0se à / 6 0.44 
Bs Error / à UBs à Bs 3 0.22 
  / à Bs 4 0.30 
Be Error / à Be 2 0.15 
P Error / à P 16 1.19 
  / à U1e à 1e à P* 3* 0.22* 
  / à USa à Sa à P* 2* 0.15* 
Sx Error / à USx à Sx 42 3.11 
  / à USx à / 12 0.89 
  / à Sx à / 15 1.11 
  / à Sx 26 1.93 
1e Error / à U1e à / 42 3.11 
  / à U1e à 1e 8 0.59 
  / à U1e à 1e à / 105 7.78 
  / à 1e 11 0.82 
  / à 1e à / 121 8.97 
  / à U1e à ULx à /* 3* 0.22* 
  / à U1e à ULx à Lx à /* 5* 0.37* 
  / à U1e à ULx à Lx* 12* 0.89* 
  / à U1e à Lx* 2* 0.15* 
  / à U1e à UJx à Jx* 3* 0.22* 
  / à U1e à 1e à P* 3* 0.22* 
  / à 1e à Jx* 7* 0.52* 
  / à U1e à 1e à Jx* 9* 0.67* 
  / à U1e à 1e à C* 17* 1.26* 
  / à 1e à C* 7* 0.52* 
  / à U1e à 1e à Lx à /* 12* 0.89* 
  / à 1e à Lx à /* 11* 0.82* 
  / à 1e à Lx* 3* 0.22* 
Ja Error / à Ja 4 0.30 
  / à UJa à Ja 2 0.15 
La Irresolution / à ULa à / 2 0.15 
W Irresolution / à UW à W 4 0.30 
  / à W à / 4 0.30 
  / à W 13 0.96 
N Irresolution / à UN à N 5 0.37 
  / à UN à N à / 2 0.15 
T Irresolution / à UT à T 4 0.30 
  / à T 7 0.52 
DS Irresolution / à UDS à / 4 0.30 
  / à UDS à DS 11 0.82 
  / à UDS à UJx à Jx* 3* 0.22* 
C Irresolution / à UC à / 4 0.30 
  / à UC à C 19 1.41 
  / à C 103 7.64 
  / à C à / 7 0.52 
  / à U1e à 1e à C* 17* 1.26* 
  / à 1e à C* 7* 0.52* 
  / à Jx à C* 3* 0.22* 
Lx Confusion / à ULx à Lx 52 3.85 
  / à ULx à Lx à / 127 9.41 
  / à ULx à / 76 5.63 
  / à Lx 19 1.41 

                                                        
7 * contains non-corresponding uncertain and/or definite issues.  



 
 

 
 

viii 

Syntax issue Type  Path 

 

Absolute frequency Relative frequency 

(%) 
  / à Lx à / 34 2.52 
  / à U1e à ULx à /* 3* 0.22* 
  / à U1e à ULx à Lx à /* 5* 0.37* 
  / à U1e à ULx à Lx* 12* 0.89* 
  / à U1e à Lx* 2* 0.15* 
  / à U1e à 1e à Lx à /* 12* 0.89* 
  / à 1e à Lx à /* 11* 0.82* 
  / à 1e à Lx* 3* 0.22* 
Sa Confusion / à USa à / 3 0.22 
  / à USa à Sa 4 0.30 
  / à USa à Sa à P* 2* 0.15* 
S Confusion / à US à S 3 0.22 
E Confusion / à UE à E à / 9 0.67 
  / à UE à E 78 5.78 
Jx Confusion / à UJx à / 16 1.19 
  / à UJx à Jx 84 6.23 
  / à UJx à Jx à / 4 0.30 
  / à UDS à UJx à Jx* 3* 0.22* 
  / à U1e à UJx à Jx* 3* 0.22* 
  / à Jx 106 7.86 
  / à Jx à / 9 0.67 
  / à Jx à C* 3* 0.22* 
  / à 1e à Jx* 7* 0.52* 
  / à U1e à 1e à Jx* 9* 0.67* 
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Appendix D 

 
 

Figure 6: transition paths of 0se, Bs, Be and P 
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Figure 7: transition paths of Sx, 1e, Ja, La, W and N 
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Figure 8: transition paths of DS, C, T, Sa, S and E 
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Figure 9: transition paths of Jx and Lx 


