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BPMN is a standard for modeling business processes and provides meta model concepts for the design of extensions. Thus, domainspecific extensions of the BPMN are facilitated. This research article provides an overview of BPMN extension development by the descriptive analysis and classification of 30 BPMN extensions. An extensive literature review was conducted in order to find published extensions. Further, a classification framework was designed to enable a comprehensive analysis of each extension. The analysis showed, that four out of five extensions are not compliant with the BPMN standard. Also, we found several methodological shortcomings that should be tackled in further research.

Introduction and Motivation

The Business Process Model and Notation (BPMN) is an ISO standard for modeling business processes and a de-facto standard in professional practice [START_REF] Chinosi | Bpmn: An introduction to the standard[END_REF], [2]. BPMN provides a set of generic business process elements, independent from a specific domain. However, it is often necessary to extend BPMN with individual concepts in order to represent characteristics of a particular domain (e.g., health care or security management). On the one hand, such domain-specific aspects can be integrated within a dedicated domain-specific modeling language (DSML) [START_REF] Frank | Outline of a method for designing domain-specific modelling languages[END_REF], [START_REF] Mohagheghi | Evaluating domain-specific modelling solutions[END_REF]. On the other hand, BPMN can be extended with domain-specific concepts in order to reuse the modeling language, take advantage of its benefits (e.g., standardization, tool support) and avoid expensive development of a DSML from the scratch. This research article investigates the current state of the art of BPMN extension development. A BPMN extension is understood as the enhancement of functionality of the BPMN, following the extension mechanism defined in specification. In its own, the standard-conform BPMN extension is neither useful nor functional (referring to [START_REF] Lämmel | Software extension and integration with type classes[END_REF], [START_REF] Kopp | A classification of bpel extensions[END_REF]).

BPMN Extensibility

BPMN is one of very few modeling languages that provides generic extension elements within the meta model that enables the definition of domain-specific language extensions [START_REF]OMG: Business Process Model and Notation (BPMN) -Version 2.0[END_REF]. BPMN provides an extension by addition mechanism that ensures the validity of the BPMN core elements ( [START_REF] Stroppi | Extending bpmn 2.0: Method and tool support[END_REF], [START_REF]OMG: Business Process Model and Notation (BPMN) -Version 2.0[END_REF], p. 44). The following elements are defined for the specification of valid BPMN extensions: An Extension Definition is a named group of new attributes which can be used by BPMN elements. Thus, new elements can be built implicitly. An Extension Definition consists of several Extension Attribute Definitions that define the particular attributes. Values of these Extension Attribute Definitions can be defined by the Extension Attribute Value class. Therefore, primitive types from the Meta Object Facility can be used [START_REF]OMG: Business Process Model and Notation (BPMN) -Version 2.0[END_REF]. The element Extension binds the entire extension definition and its attributes to a BPMN model definition. By doing so, all extension elements are accessible for existing BPMN elements ( [START_REF]OMG: Business Process Model and Notation (BPMN) -Version 2.0[END_REF], p. 58). Further, external relationships can used for the integration of BPMN artifacts and UML elements, for instance (see [START_REF]OMG: Business Process Model and Notation (BPMN) -Version 2.0[END_REF], p. 62). Despite the fact that BPMN provides a well-defined extension interface, a process model for the straightforward development of extensions is missing. To the best of our knowledge, there is only one research article addressing this problem: [START_REF] Stroppi | Extending bpmn 2.0: Method and tool support[END_REF] defines a model-transformation based procedure model for the methodical development of valid BPMN extensions models based on conceptual domain models. However, the approach lacks in terms of a detailed analysis and consideration of the domain since it is a more engineering driven approach that aims to provide clear transformation rules. Therefore, [START_REF] Braun | Requirements-based development of bpmn extensionsthe case of clinical pathways[END_REF] extends the method with regard to the domain analysis and outline several preceded steps in order to conceptualize the domain and identify a reasoned need for extension.

Research Objective

As stated above, a detailed process model for the application of these extension elements is missing and the development of an extension remains more or less "ad hoc". Especially from a design science perspective, this lack of rigor is insufficient (e.g., [START_REF] Hevner | Design science research in information systems[END_REF]). For example, there is neither guidance in terms of the domain conceptualization nor a semantic analysis between a specific domain concept and BPMN elements. The mentioned approaches address this issue, but either lack in terms of domain analysis [START_REF] Stroppi | Extending bpmn 2.0: Method and tool support[END_REF] or level of detail and applicability [START_REF] Braun | Requirements-based development of bpmn extensionsthe case of clinical pathways[END_REF]. We argue, that it is crucial to evolve a holistic process model for BPMN extension development to ensure standard conformity, comprehensibility and falsifiability. Therefore, it is unavoidable to gain a comprehensive overview of the state of the art in the context of BPMN extensions. Thus, this research article aims to provide a systematic, descriptive analysis of BPMN extensions in order to give indications of both methodological and domain-specific aspects within BPMN extension development.

Research Method

In order to find published BPMN extensions, a systematic literature review was conducted. We have applied the method of [START_REF] Vom Brocke | Reconstructing the giant: on the importance of rigour in documenting the literature search process[END_REF] that was configured as follows: The scope of our review was a broad analysis of BPMN extensions. According to [START_REF] Cooper | Organizing knowledge syntheses: A taxonomy of literature reviews[END_REF] the review is conceptual, has a research outcome focus, aims to integrate existing results (to a classification schema), has an exhaustive coverage and addresses a general audience. Second, the topic was conceptualized by the definition of relevant search phrases and keywords (see [START_REF] Vom Brocke | Reconstructing the giant: on the importance of rigour in documenting the literature search process[END_REF]), such as "BPMN extension", "extend BPMN", "enhance BPMN", "extending BPMN", "domainspecifc BPMN" and "domain BPMN". Third, the literature search process was conducted [START_REF] Vom Brocke | Reconstructing the giant: on the importance of rigour in documenting the literature search process[END_REF]. Therefore, the journal and conference list of the german research organization WKWI was used [START_REF] Wkwi | Wi-orientierungslisten[END_REF]. Also, literature databases and search engines like Google Scholar, Springer Link, Science Direct, AIS Digital Library and the IEEE Xplore Digital Library were used. Besides, each found article was used for a backward search. This search procedure resulted in a set of 39 articles, whose content were reviewed. Publications, focusing on early BPMN extensions that are now part of the language (e.g., [START_REF] Decker | Extending bpmn for modeling complex choreographies[END_REF]) or articles that did not provide any conceptual advices on their extension (e.g., [START_REF] Gao | Extending bpmn 2.0 with sensor and smart device business functions[END_REF], [START_REF] Zor | Using bpmn for modeling manufacturing processes[END_REF]), were discarded and a set of 30 articles remain for in-detail analysis that was conducted subsequently. Therefore, a multi-perspective analysis framework has been designed in order to facilitate a comparison of the identified extensions. The systematization of all BPMN extensions and the derivation of the state of the art represent the synthesis of the review process. Finally, research gaps and aspects for further research were derived.

The structure of the article is as follows. Section 2 presents the extension analysis framework containing four main classes and all relevant criteria. In section 3, the results of the literature review are analyzed within the framework. Section 4 provides indications as a result of the classification. The article ends with a short summary.

BPMN Extension Analysis Framework

The reasonable analysis of BPMN extensions requires the definition of a description framework. In the context of BPMN, there are no comparable approaches, that could be leveraged for the derivation of such criteria. However, there are few research articles addressing a systematic overview or classification of extensions in the field of the workflow modeling language BPEL [START_REF] Kopp | A classification of bpel extensions[END_REF] and UML profiles [START_REF] Pardillo | A systematic review on the definition of uml profiles[END_REF]. [START_REF] Kopp | A classification of bpel extensions[END_REF] evolves a classification framework for BPEL extensions based on the analysis of 62 publications. Since their work focusses on workflow aspects, the reuse of the entire classification framework is not reasonable. Nevertheless, some criteria like standard conformity, extension purpose and basic characteristics are adapted in the context of BPMN. [START_REF] Pardillo | A systematic review on the definition of uml profiles[END_REF] provides a systematic review of UML profiles based on the analysis of 39 publications. Although the focus lies on the analysis of UML profiles, the consideration of extended meta classes (see [START_REF] Pardillo | A systematic review on the definition of uml profiles[END_REF], p. 413) is promising in the context of BPMN since both modeling languages are defined by the Meta Object Facility (MOF). Referring to the mentioned works and the research objective of this paper, the following classes for descriptive analysis of BPMN extensions were defined: "Basic attributes", "standard conformity", "applied method" and "extension". Each class, its containing criteria and all classification values are described in the tables subsequently. If necessary, detailed explanations of single criteria are given. The criterion Domain describes the affected domain, the application fields or the general area of discourse of the extension. During analysis, similar domains (e.g., Security Management and Risk Management) were merged to single domains (e.g., Risk Management) in order to consolidate them. Criterion Purpose stands for the primarily purpose of the extension. An extension was classified as "descriptive" (D) if its focus lies on the description of a domain. It was classified as "analytic" (A) if the main purpose consists in facilitating some kind of analysis of existing BPMN models. If the extension aims to support process execution (e.g., supporting domain-specific transformation to BPEL), the extension was classified as "execution" (E). The "Standard Conformity" class contains criteria regarding the syntactical and semantic correctness of the extension in the light of the BPMN standard (see section 1). Criterion Definition describes the way the extension is defined and explicated. "Valid Ext" stands for the definition as BPMN extension model. "Own Ext" outlines the application of a dedicated definition (e.g., UML model). "Own Ext Notation" stands for a solely graphical definition (e.g., by new icons).

Further, the definition of customized or new graphical elements is considered by the criterion Concrete Syntax. Also, we have analyzed whether a single extension contains obvious semantic conflicts. As stated at the beginning of the paper, the methodological development of BPMN extensions is important, but BPMN standard does not provide any guidance and only very few publications addressing this topic. Thus, both methodological and domain-analysis aspects are investigated within the class "Method". For instance, requirements analysis is perceived as essential for the development of artifacts. It might be reasonable to reuse existing domain artifacts for reasons of redundancy and communication with domain experts. Also, a discussion of the semantic fit with BPMN elements is necessary to constitute the need for extension elements. The class "Extension" describes all extensions and customizations for the integration of domain-specific aspects in BPMN. The first part contains all newly 

CS-Cu

Customization Customization of graphical elements (e.g., data objects).

CS-Co

Color Color highlighting of elements or parts with special semantics.

CS-Ah

Ad hoc Elusive definition of an extension by graphical icons, without any abstract syntax.

added elements, relations, properties and diagrams. Therefore, first of all it was analyzed whether the extension was defined by a meta model. If not, we have tried to identify new elements based on explanations in the research article. Even though these explanations were missing, we looked for new, solely graphically defined elements (see Graphical Custom.). Criterion Size Class is a simple parameter for the number of new elements 1 . Further, the so-called extension styles of an extension were analyzed in order to get a better understanding of the way an intended extension was implemented and expressed. Therefore, ten extension styles were derived from the set of all 30 extensions inductively. Each extension style is assigned to one of the following classes that were adapted from method engineering: Abstract syntax, semantics and concrete syntax. Table 5 presents and describes all styles in detail. Each analyzed extension can have multiple extension styles.

BPMN Extension Classification

The conducted literature review resulted in a set of 30 BPMN extensions. Each extension was analyzed with respect to the abovementioned framework. Figure 1 presents the results of the analysis regarding to basic attributes, conformity to the standard and the applied method. Figure 6 presents the results regarding to the syntactical definition of the extensions. 

Medium

Purpose Domain Fig. 2. Distribution of the observed extension attributes regarding the publication medium, the particular purpose and the addressd domain

Basic Extension Attributes

The majority of the considered extensions is related to BPMN version 2.0 (76,6%). Extensions are mainly published in conference proceedings (60,0%) or as research reports (16,7%). Only every fourth is published in a journal, which could be interpreted as a lack of maturity in BPMN extension research (see figure 2). Also, we could not find any advice for cumulated research on single extensions. More than half of the publications reveal a descriptive purpose (56,7%) that aims to describe some domain (e.g., sensor networks [START_REF] Sungur | Extending bpmn for wireless sensor networks[END_REF]). 30% of the extensions aim to enrich BPMN for specific analytical purposes such as process cost [START_REF] Korherr | Extending the epc and the bpmn with business process goals and performance measures[END_REF]. 13,3% focuses run-time or execution-oriented issues like resource allocation constraints [START_REF] Awad | Enabling resource assignment constraints in bpmn[END_REF]. The targeted domains of the extensions are very heterogenous; altogether 17 domains were identified. Five publications address performance measurement [START_REF] Bocciarelli | A bpmn extension for modeling non functional properties of business processes[END_REF], [START_REF] Friedenstab | Extending bpmn for business activity monitoring[END_REF], [START_REF] Korherr | Extending the epc and the bpmn with business process goals and performance measures[END_REF], [START_REF] Lodhi | An extension of bpmn meta-model for evaluation of business processes[END_REF], [START_REF] Magnani | Bpmn: How much does it cost? an incremental approach[END_REF], another five publications deal with issues related to risk management [START_REF] Altuhhov | An extension of business process model and notation for security risk management[END_REF], [START_REF] Brucker | Securebpmn: Modeling and enforcing access control requirements in business processes[END_REF], [START_REF] Marcinkowski | A business process modeling notation extension for risk handling[END_REF], [START_REF] Rodríguez | A bpmn extension for the modeling of security requirements in business processes[END_REF], [START_REF] Saleem | A domain-specific language for modelling security objectives in a business process models of soa applications[END_REF] and four extensions are designed for resource related issues [START_REF] Awad | Enabling resource assignment constraints in bpmn[END_REF], [START_REF] Braun | Extending bpmn for modeling resource aspects in the domain of machine tools[END_REF], [START_REF] Großkopf | An extended resource information layer for bpmn[END_REF], [START_REF] Stroppi | Extended resource perspective support for bpmn and bpel[END_REF].

Standard Conformity

It is remarkable, that only 16,7% of the extensions are defined by the BPMN extension mechanism (see the first piechart in figure 3). Thus, four out of five extensions are not compliant with the BPMN meta model! These extensions are either defined by a dedicated meta modeling approach (36,7%) using UML or OCL expressions (e.g., [START_REF] Friedenstab | Extending bpmn for business activity monitoring[END_REF], [START_REF] Bocciarelli | A bpmn extension for modeling non functional properties of business processes[END_REF], [START_REF] Rodríguez | A bpmn extension for the modeling of security requirements in business processes[END_REF]). Or these extensions do not have any meta model and are defined solely by new notation elements (10,0%) like [START_REF] Magnani | Bpdmn: A conservative extension of bpmn with enhanced data representation capabilities[END_REF]. 36,7% of the extensions do not present any definition! It has to be stated, that BPMN extension mechanism was introduced in version 2.0 in January 2011. Thus, actually all eleven extensions published before 2011 could not have any methodical support. However, the consideration of the 19 extensions published after 2011 reveals that only 21% were defined as BPMN extension meta models and still 32% do not provide any structured definition. It became obvious that the majority of extensions is not compliant with the BPMN standard.

Modeling language extensions generally requires the definition of customized or added notation elements (see [START_REF]OMG: Business Process Model and Notation (BPMN) -Version 2.0[END_REF], p. 44). 40% of the analyzed extensions present the extended concrete syntax be describing new graphics explicitly. Other 40% of the articles present new graphical elements implicitly within demonstration models. 20% of the extensions do not define or explicate any kind of graphical extension. Further, BPMN specification claims to not contradict the semantics of any BPMN element. Within the analysis process, not every part of each meta model was checked due to resource limitations and due to the fact that most of the articles were peer-reviewed before publication. However, we found semantic discrepancies in four extensions: [START_REF] Lodhi | An extension of bpmn meta-model for evaluation of business processes[END_REF] uses Pools and Lanes in order to express performances, although these elements are designated for organizational units, responsibilities or roles. [START_REF] Magnani | Bpdmn: A conservative extension of bpmn with enhanced data representation capabilities[END_REF] integrates data objects within the sequence flow, although they must not have any direct effect on it. In a similar way, [START_REF] Supulniece | Towards extending bpmn with the knowledge dimension[END_REF] integrates non-flow elements within the sequence flow what is not permitted. [START_REF] Zor | A proposal of bpmn extensions for the manufacturing domain[END_REF] specializes gateways to material gateways and use them for material transformations what is not the scope of gateways. Despite these few irregularities, the majority of the extensions do not contain semantical errors. 

Applied Method

As already shown in section 3.2, the BPMN extension mechanism is rarely applied. Nearly three out of four do not apply any method. These extensions are developed in an ad hoc manner, what impedes the assessment of the replicability and comprehensibility. 16,7% of the extensions were designed based on the BPMN extension model (five in total), whereby only two applied the process model of [START_REF] Stroppi | Extending bpmn 2.0: Method and tool support[END_REF]: [START_REF] Braun | Extending bpmn for modeling resource aspects in the domain of machine tools[END_REF] and [START_REF] Braun | Bpmn4cp: Design and implementation of a bpmn extension for clinical pathways[END_REF]. [START_REF] Braun | Bpmn4cp: Design and implementation of a bpmn extension for clinical pathways[END_REF] extends the process model concerning a semantic equivalence check to ensure the necessity of extension. Another two extensions were designed based on individually outlined procedures [START_REF] Bocciarelli | A bpmn extension for modeling non functional properties of business processes[END_REF], [39]. Regarding the criterion of requirements analysis, approximately one of two articles provide requirements to the extension. One third was stated explicitly (e.g., by a set of requirements R1 to Rn, [START_REF] Sungur | Extending bpmn for wireless sensor networks[END_REF]). The rest of these articles describe requirements implicitly within the introduction or the description of the application context (e.g., [START_REF] Gagne | Time-bpmn[END_REF]). Three of four articles designed the particular extension without any deep consideration of the question, whether each requirement or extension demand needs necessarily an extension concept (see the middle piechart in figure 3). 13,3% conducted a discussion for every concept [START_REF] Altuhhov | An extension of business process model and notation for security risk management[END_REF], [START_REF] Großkopf | An extended resource information layer for bpmn[END_REF], [START_REF] Braun | Extending bpmn for modeling resource aspects in the domain of machine tools[END_REF], [START_REF] Braun | Bpmn4cp: Design and implementation of a bpmn extension for clinical pathways[END_REF]. Further, nearly half of the extensions make use of existing domain artifacts. For instance, UML profiles [START_REF] Bocciarelli | A bpmn extension for modeling non functional properties of business processes[END_REF], [39], domain modeling concepts [START_REF] Altuhhov | An extension of business process model and notation for security risk management[END_REF], [START_REF] Braun | Extending bpmn for modeling resource aspects in the domain of machine tools[END_REF], [START_REF] Supulniece | Towards extending bpmn with the knowledge dimension[END_REF] or requirements [START_REF] Rodríguez | A bpmn extension for the modeling of security requirements in business processes[END_REF] are reused within the extension design. 

Domain-specific Extension

Within the extension analysis, only publications with at least one identifiable new element were considered. The number of new elements had a range between one and 35 elements; on an average of nearly eight elements (e.g., [START_REF] Charfi | Aspect-oriented business process modeling with ao4bpmn[END_REF], [START_REF] Friedenstab | Extending bpmn for business activity monitoring[END_REF]). Examples for particular new elements as well as the derived size classes can be found in figure 6. Although the definition of new diagram types is not considered within BPMN, some extensions also provide the definition of new diagrams like a Resource Structure Diagram [START_REF] Stroppi | Extended resource perspective support for bpmn and bpel[END_REF] or a Secure Business Process Diagram [START_REF] Rodríguez | A bpmn extension for the modeling of security requirements in business processes[END_REF], [START_REF] Saleem | A domain-specific language for modelling security objectives in a business process models of soa applications[END_REF]. Next to the definition of new elements, BPMN elements are also extended or customized. As figure 4 shows, primarily Data Objects, Tasks, Activities and Processes are extended. This fact is also emphasized by the presentation of the extended BPMN packages: Elements from the Activity package, the Process package, the Common package (e.g., Resource, Sequence Flow or Expression) and the Data package are extended mainly. It could be concluded, that these elements are predestinated for domain-specific extensions. Especially, Data Objects and Tasks are often specified within extensions (see figure 6, column "specialization"). The extension of standard BPMN elements is mainly realized by new relations (associations in the meta model) or specifications (inheritances). Generally, the new relations are passive. It means that they are not mandatory from the perspective of the extended element but rather optional; extending the dynamic range of the referencing element. New relations between standard elements are on rare occasions [START_REF] Friedenstab | Extending bpmn for business activity monitoring[END_REF]. Also, the extension by owned attributes is implemented rarely (e.g., [START_REF] Braun | Extending bpmn for modeling resource aspects in the domain of machine tools[END_REF], [START_REF] Friedenstab | Extending bpmn for business activity monitoring[END_REF], [START_REF] Gagne | Time-bpmn[END_REF]), whereas the specification of (generic) BPMN elements by new domain specific sub classes seems to be a common means (e.g., [START_REF] Brambilla | Combining social web and bpm for improving enterprise performances: the bpm4people approach to social bpm[END_REF], [START_REF] Kopp | Bpmn4tosca: A domainspecific language to model management plans for composite applications[END_REF], [START_REF] Lohmann | Artifact-centric modeling using bpmn[END_REF], [START_REF] Marcinkowski | A business process modeling notation extension for risk handling[END_REF], [START_REF] Wolter | Modeling of task-based authorization constraints in bpmn[END_REF]). Consequently, the distribution of the applied extension styles reveals that the AS-Sp style (specialization) is one of the most applied extension techniques (see figure 5). In total, 56 style applications could be identified within the extension definitions. 62,5% of them affect the abstract syntax (meta model), 30,4% are related to the graphical notation (concrete syntax) and 7,1% realize some extension by concrete or change some element's semantics. Unsurprisingly, the (more or less unspecific) AS-A style is applied the most. The enumeration technique (AS-En) for the domain-specific definition of ranges is used in more than 10% of all style applications. Within the area of graphical style, there is no dominating technique. Interestingly, CS-Co is not applied often, although BPMN explicitly emphasize this possibility for artifacts elements [START_REF]OMG: Business Process Model and Notation (BPMN) -Version 2.0[END_REF].

Implications

Several implications can be derived based on the analysis of existing BPMN extensions. We argue, that the following aspects should be considered in prospective research works on BPMN extensions.

Strict use of the BPMN extension mechanism: As shown, only very few extensions are designed by applying the BPMN extension mechanism. However, such an implementation is indispensable for reasons of standard conformity, comprehensibility, model exchange and tool support. For instance, model engineers fail in reusing the most BPMN extensions since they do not provide a valid BPMN extension model. Thus, it is necessary to transform the provided dedicated meta model into a BPMN conform model in order to integrate it within a BPMN tool. Also, the communication within the research community is hampered by this shortcoming. In the context of method engineering, it is also necessary to define the concrete syntax of each extension element explicitly to avoid misunderstandings. The semantics of a new element or its relations to BPMN elements should be described in detail in order to support its application.

Integrated methodological support is necessary: As stated at the beginning of this article, BPMN lacks in term of providing an extension process model. Thus, most of the considered BPMN extensions are not designed rigorously. There seems to be a gap between the domain-specific definition of extension requirements, their conceptualization and the implementation as valid meta model. The last aspect is successfully solved by [START_REF] Stroppi | Extending bpmn 2.0: Method and tool support[END_REF] and few extensions make use of its proclaimed transformation procedure. However, the early phases of extension planning and design are still not guided. Therefore, we see the need for an integrated process model for BPMN extension development that focuses the domain analysis and conceptualization phase. For example, there should be a systematic support for the decision whether any domain concept can be represented within the "semantic scope" of a standard element or not. We suppose, that more than a few BPMN extensions do not exploit the entire expressiveness of BPMN. Besides, research on the integration of domain-specific artifacts within BPMN extensions and DSMLs in general should be intensified, since such artifacts (e.g., ontologies, taxonomies) provide well-defined domain knowledge that could complement domain expert knowledge.

BPMN language and extension design: It became obvious, that specific aspects are often demanded. Especially, a better resource and data object modeling needs to be supported by BPMN, albeit BPMN will not be understood as any kind of a "data-flow language" ([7], p. 22). Referring to enterprise architecture frameworks, an extension of the BPMN regarding several views (e.g., resource perspective) is promising. Hereof, further research should consider the question, how to extend BPMN with new diagrams or views. Currently, such an extension is not designated. Also, based on our analysis of the so-called extension styles, a deeper analysis of extension patterns is necessary in order to provide specific patterns or guidelines for given extension purposes.

Conclusion

To the best of our knowledge, this is the first approach addressing the comparison and classification of BPMN extensions in order to present the current state of the art. Therefore, an extensive literature review of BPMN extensions was conducted that results in a set of 30 publications that were subjected an in-depth analysis. For the comparison and classification, a four-part extension analysis framework was designed containing criteria on the extension itself and the applied procedures. Based on the application of this framework, several implications were derived.

First, authors of BPMN extension should strictly use the BPMN extension mechanism in order to provide a valid extension and enable model exchangeability (currently less than 20% provide valid BPMN extensions). Second, we identified a need for an integrated methodological support of extension development, especially in terms of domain analysis and the comparison of domain elements with BPMN standard elements. Third, we have identified a recognizable need for the support of resource and data oriented modeling aspects within BPMN. In this context, especially the question of extending BPMN (or a modeling language in general) with new diagrams and views should be considered. Regarding to the identified extension styles, it might be promising to develop extension patterns (or at least guidelines) for specific extension needs in order to support the design process.
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Table 1 .

 1 Basic Attributes

	Criterion Description	Values
	Authors	Authors of the publication	(reference)
	Year	Year of publication	2007 -2014
	Version	Affected BPMN version	BPMN 1.x; BPMN 2.0 (since 2011)
	Medium	Publication medium	J (journal); P (proceedings); O (others)
	Title	Title of the extension	e.g., BPMN4WSN
	Domain	Affected domain or area of discourse	e.g., Artifacts or Resources
	Purpose	Derived purpose	D (descriptive); A (analytic); E (execu-
			tion)

Table 2 .

 2 Standard Conformity

	Criterion	Description	Values
	Definition	Type of extension definition	Valid Ext; Own Ext; Own Ext Nota-
			tion; None
	Abstract Syntax	Definition of the meta model	e.g., UML, Ext MM (BPMN exten-
			sion meta model)
	Concrete Syntax	Definition of new notations	explicit; implicit (by example); none
	Semantic Conflicts Are there any semantic conflicts with	no; yes
		the BPMN standard?	

Table 3 .

 3 Method

	Criterion	Description	Values
	Requirements Anal-	Is there any analysis or consideration of require-	explicit; implicit; no
	ysis	ments to the extension?	
	Semantic Fit Check Is there any discussion of the semantic fit of do-	yes; partly; no
		main concepts with BPMN elements for the iden-	
		tification of extension need?	
	Reuse of Artifacts Many domains already provide some artifacts	yes; partly; no
		such as ontologies. The reuse and integration of	
		them might be useful.	
	Process Model	Is any methodological approach applied (if yes,	Stroppi et al.; BPMN
		which one)?	ext; yes (own); no

Table 4 .

 4 Extension

	Criterion	Description	Values
		New elements	
	Elements	New elements and enumerations (up to three	(individual)
		example elements are stated)	
	Count	Number of new elements (if the number is	(individual)
		in brackets, a meta model is missing and the	
		elements are derived logically; e.g., [18], [19])	
	Size Class	Derived extension size class, based on the	Heavy (>17); large (11-17);
		number of extension elements	light (6-10); tiny (<6)
	Diagrams	Does the extension provide a new diagram? yes; no
		Extended or customized elements	
	Relations	Extending a BPMN element by new naviga-	BPMN element(s)
		ble relations to or from the element	
	Properties	New owned properties of a BPMN element BPMN element(s)
	Specialization	Adding new sub classes to a BPMN element BPMN element(s)
	Enhancement	Adding a new super class to a BPMN element BPMN element(s)
	Graphical Custom. Specifying a BPMN element by a new graph-	BPMN element(s)
		ical representation (see [7], p. 44)	
	Count	Number of extended elements	(individual)
	Extension Style	Identified extension styles	Codes from table 5

Table 5 .

 5 Extension Styles

	Code	Name	Description
			Abstract Syntax
	AS-Sp	Specialization	Specialization of elements by inheriting from the standard el-
			ement and extending it (e.g., by additional properties).
	AS-A	Additive (various)	Set of both new elements and new relations or properties
			(both optional and mandatory). Thus, the meta model ex-
			tension is largely integrated within the BPMN meta model.
	AS-A-B	Additive (block)	Set of new elements that is related to the BPMN core model by
			only one or two relationships. Thus, the meta model extension
			looks like a well definable extension block.
	AS-En	Enumeration	Domain-specific ranges in the form of enumeration elements.
			Semantics
	Sem-Co	Concretisation	Specification of under specified elements (e.g., Lanes [7]).
	Sem-Ch	Change	Dedicated change of some element's semantics, which is not
			permitted within BPMN.
			Concrete Syntax
	CS-Dg	Diagram, view	Adding a new diagram or view to BPMN (e.g., resource dia-
			gram as complement of the collaboration diagram).

Size classes were generated by the application of the k-means algorithm over all element counts (k=4; euclidean distance)

New elements

Extended or customized elements