
Vol.:(0123456789)

 Discover Applied Sciences             (2024) 6:2  | https://doi.org/10.1007/s42452-024-05651-5

Discover Applied Sciences

Research

A fundamental concept for linking methods, system models, 
and specific models

Philipp Kranabitl1 · Clemens Faustmann1 · Matthias Bajzek1 · Stefan Kollegger1 · Hannes Hick1

Received: 9 November 2023 / Accepted: 2 January 2024

© The Author(s) 2024  OPEN

Abstract
In the field of model-based development, and especially model-based systems engineering, the efficient and effective 
use of system models and specific models is of great interest. However, models strongly depend on the method they 
are linked to. Methods require models as input and associated models that are part of the method itself. Subsequent, 
methods are applied to adapt, enhance or generate output models. If a model is analyzed regarding its fidelity, level 
of detail, or maturity, only a combined consideration of methods and models in the development approach leads to a 
valid assessment. Therefore, the principle link of methods, system models, and specific models is defined and a concept 
for the application in product development is presented. It is stated, that a combined view on methods and models 
leads to improved accuracy of information interpretation and therefore optimizes efficiency and effectiveness during 
the product development.

Highlights

• Basis for method-model landscape modeling that provides a more efficient and target-oriented documentation and 
management of models and methods

• Fundamental concept that defines the terms models and methods for system development
• Examples for methods and models in system development are described including their interactions

1 Introduction

In order for a company to survive, it has to stay competitive on the market. For this purpose, the company continuously 
develops/produces products that attract customers on the market who are willing to pay more for the product than the 
company spends on creating the product. [1] To reach this goal, companies have to work effective and efficient towards 
the company’s goals. 

One of the biggest challenges of projects is to harmonize project costs, time and quality. The movement of one of 
these criteria may put pressure on the other criteria. This interdependence is called the ‘iron triangle’ and is one of the 
most widely accepted success criteria in project management [2]. For example if the time to bring a product to market 
is shortened because of the pressure of a competitor, the quality might suffer due to less time for extensive verification 
and validation activities. Additionally, supplier have to meet shorter delivery times which might increase the costs. Van 
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Wyngaard puts it like this: “good, fast or cheap—pick two” [3] Due to globalization and the competitiveness of the mar-
kets, the concept stated by Wyngaard [3] is not satisfying for companies. To maximize all three of the aspects of the ‘iron 
triangle’, it is of critical importance to focus on which information is available in what level of detail to a certain point in 
the development process.

The available information at the beginning of a project heavily depends of what kind of development it is. There are 
three types of development namely variant, adaption and new development [4]. If the system under development is 
new, which means that there is no system knowledge available in the company as well as on the market from competi-
tors, system understanding needs to be build up from scratch. This often results in longer research and development 
time. In comparison, variant and adaption development is characterized by the availability of a certain basis of informa-
tion about the system, which is available from the beginning of development. In variant and adaption development, 
requirements from a previous development can be partly reused and is changed by one or more stakeholder to meet 
the variants requirements. The critical aspect in these development types is to understand what information from the 
previous projects is still valid in the current one, and what type of information is not useful anymore due to the change 
of requirements. To get the best out of technology for a business, the understanding of the importance of information 
and the consequent steps are key. Lawyers, journalists, engineers, logisticians and many more are heavily dependent on 
sound information about their subject for professional success [5].

The information over the development process about the system is primarily generated and refined by methods. There-
fore, methods, besides some other influencing factors, define the quality of available information [6]. In a model-based 
systems engineering (MBSE) related development approach, the information generated by methods are contained within 
models. MBSE is an approach that relies on the principles and best practices of systems engineering and is characterized 
by the formalized application of modeling to support system development [7]. The core of every MBSE approach is the 
system model. The system model provides the basis for interdisciplinary collaboration and therefore the selection of 
appropriate methods, specific models, and tools. The use of methods, system and specific models in general is a measure 
to increase the effectiveness (doing the right things) and the efficiency (doing things right) of product development as 
well as to ensure the quality of the results throughout the entire product life cycle [8]. The model itself cannot conclude 
statements based on the information contained. Only in combination with the method which generated the information, 
an adequate interpretation of the information is possible. Consequently, this paper focuses on the interdependence of 
methods and models to gain development relevant statements.

The central statement of this contribution is, that only with a landscape considering both, methods as well as models, 
it is possible to provide traceability and to assess the quality of information regarding fidelity, level of detail and maturity. 
The following sections define the relevant terms and principle concepts regarding the linking of methods and models. 
Based on that, a generic concept is illustrated to visualize these links, which is explained based on an example of a shaft 
in an automotive powertrain development. Finally, this generic concept is used to connect multiple methods and models 
of a development approach, in order to show the relevance of this concept for practical application.

2  Methods and models in system development

According to Orloff [9] the human brain as a biological object has not changed for thousands of years. The structure, 
as well as the principles of the way the brain works, are still the same as they were 50.000 years ago [9]. Nevertheless, 
changes in the economy have developed at such a speed and diversity in recent years. This development affects what 
the human brain has to deliver and what human system such as societies or companies have to cope with. It can be 
observed, that it became difficult for companies to cope with this speed of changing and evolving technologies, for 
example. Companies will have to come to terms with the fact that the environment is becoming more turbulent, events 
are following each other ever more quickly and the boundary conditions are becoming less and less reliable. All these 
influences ultimately lead to the fact that product development processes, for example, are becoming increasingly dif-
ficult to control. Since our brain is evolutionary not able to cope with this fast-changing situation, methods exist that 
help in individual phases of these difficult and complicated processes. These methods support the user to systematically 
analyze the current problem, to work on and find a consistent and logical solution for it [10].

Based on the requirements defined by the stakeholders, engineers have to transfer the specific development problem 
into a solution which is at least acceptable, if not succeeds the expectations of the stakeholders. In addition to the techni-
cal and functional requirements, the engineers also have to take production and assembly into account [8]. The key to 
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develop the product or system in the required time, with a certain quality and not exceeding a cost target, is to apply 
appropriate methods. The term “method “according to VDI 2223 [11] describes a well-planned procedure for achieving 
a defined objective. Lindemann states that methods provide a sequence of certain steps and how these steps are to be 
carried out. Methods are additionally characterized by a strong operational character [12]. There is a wide variety of meth-
ods available for companies. On a high level, methods can be distinguished between development, organizational, and 
generally applicable methods. The focus in this paper is on development methods which aim to achieve a given objec-
tive, e.g., a document or object [13]. Consequently, they differ from organizational methods, whose goal is the design of 
a process, and from generally applicable methods which can be applied to various situations with different objectives.

Choosing the right methods for the development of a certain project is critical for the success of the project. Bound-
ary conditions like what time is required to execute the method, the costs for applying the method in the project, the 
required knowledge and experience of employees who work with the method, the required tools which support the 
method execution and many more influence the selection and of course the successful application of methods [14]. One 
aspect which has been neglected in the past as an important aspect for method selection is the system model. Besides 
all the aspects which Weevers [14] argues, the system model provides a structured view on the mechatronic system and 
therefore accurately points out all the system aspects which need to be developed in detail.

The main reason why a method is chosen to be applied is because it delivers a certain output information which is 
needed to further proceed with the development. There are many different methods which deliver the same type of 
output information but on a different level of quality. For example, you can calculate the needed diameter of the gearbox 
shaft by a simple calculation by hand or by a very precise finite element simulation. Just because the one method is more 
accurate, does not mean that the other one cannot be beneficially applied. In an early stage of the development of an 
automotive powertrain, a rough diameter is needed in order to gain first estimations. In this phase of the development, 
the less accurate method would be suitable because the required level of detail of the output is low (in this case the 
geometrical information in form of a diameter). The key is to know which information is required and how accurate the 
output of the applied method has to be and to act accordingly.

In the context of MBSE the output information of methods is contained within models. Therefore, the understanding 
of the term ‘model’ has to be discussed on a general basis and elaborated for the context of this contribution. Generally 
speaking, models represent certain aspects of a system under consideration [15]. From a theoretical viewpoint, models 
can be defined by considering three elementary properties. First, the mapping property describe that models always 
represent a certain system—an original entity—or parts of it. Secondly, models reflect pragmatism, as models have 
the purpose to enable further investigations of the system of interest by replacing the artificial system or the reality. 
And thirdly, models do not represent all aspects and properties of their original counterpart, rather they are simplified 
representations that focus on defined aspects [15, 16].

These elementary properties define the general term model, but allow space for interpretation and ambiguity. There-
fore, different types of models have to be discussed in order to limit the focus of this contribution regarding models. 
There are several ways to classify and differentiate models. For example, system models and specific models can be 
distinguished depending on their focus regarding the system hierarchy [17]. Moreover, regarding its nature, models are 
classified in physical and empirical models [18] or depending on the type of information representation in graphical, 
technical, semantic and semantic-scientific [19]. Depending on the purpose of the model for development activities, the 
following types are distinguished: models for specification, models for design exploration, models for documentation, 
and models for communication [16]. The following sections focuses on development models. This term is defined as all 
models, that are developed, utilized, and purposefully generated in the course of system development. Development 
models are not limited to a certain model type. For example, a system model (digital, descriptive, high level of simpli-
fication) in SysML [20], a specific simulation model (digital, quantitative, low to high level of simplification) and even a 
rig for engine testing (physically manifested/hardware-based, quantitative, low level of simplification) are referred to 
as development models.

In the context of system development, models are not an end in itself. Models are embedded in a development 
framework consisting of processes, methods, organizations and tools in order to provide an added value [21]. The focus 
of this contribution is the interaction of models and methods. Processes, organization and tools are of course impor-
tant to implement a model-based development approach within a company as well but are not the focus of this paper. 
Nevertheless, it is important for the understanding of the links between methods and models to briefly discuss the 
elementary links between methods and processes on which this paper is based. A process in general is a logical sequence 
of tasks that need to be performed in order to meet a particular objective. Following, a process defines “WHAT” is to be 
done, without answering in detail “HOW” it is executed [22]. A method in comparison refers to a rule-based and planned 
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procedure for executing a task in order to achieve the defined goal. In other words, it defines “HOW” the task has to be 
performed [12]. From a system development standpoint it can be stated that the process is in the lead and logically aligns 
the methods which perform the tasks.

Development models represent a certain value in the project, as they describe and specify the system, and are used 
to proof that the system characteristics meet the requirements and required functions can be fulfilled. Friedenthal et al. 
[20] state, that the purpose of the generation and use of models should therefore be specified in this regard. This purpose 
is determined by model breadth, depth, and fidelity and should be balanced with the available schedule, budget, skill 
levels, and other resources [16, 20, 23].

3  Fundamental connection between methods, system models and specific models

As mentioned in the introduction, product development is a knowledge-intensive process. Simplified, it can be seen as 
a systematic process of knowledge and information generation, selection and transfer. However, this is often difficult 
because product development is not a very rigid process to a certain extent [24]. The necessary change of methods, 
models, tools and people in development phases inevitably leads to challenges in information continuity. In conse-
quence, the project success heavily depends on the quality of available information at any given time during the product 
development process. At this point, the principal differentiation of data, information and knowledge has to be discussed. 
In literature, information is seen as data with meaning. This can be illustrated with an example of measurement data: a 
signal of a sensor is considered as data while the type of sensor and the measured medium define the meaning and lead 
to information (e.g., sensor voltage signal corresponds to fluid temperature). The information is contextualized within 
a model structure. For example, the model cube structure proposed by Hick et al. [17] is used to classify and structure 
models in order to define the context, e.g., the sensor data reflects the temperature of a cooling liquid within a vehicle 
at a specified position [17, 25, 26].

The quality of information within a model is essential for a successful development. By simply viewing a model, the 
user is not able to assess the information quality according to fidelity, level of detail and maturity. Model fidelity can be 
interpreted as the preciseness of the representation of a specific system aspect and how well impact parameters are 
considered, e.g., the derivation of a simulated temperature from the measured temperature in reality [27]. The level of 
detail of a model is related to the extent of the model and its content. However, it does not necessarily imply the fidelity, 
as also simple models can describe a system aspect in an appropriate quality. For instance, a linear function represents 
a linear behavior as good as a square model, even though the square model includes more parameters. The maturity of 
a model reflects how well the model is implemented and verified. For example, a model that predicted the temperature 
at a certain operating point with low derivation several times, has higher maturity compared to a model which has not 
been applied previously.

Without the declaration of fidelity, level of detail and maturity of the model, it is not possible to make beneficial 
decisions since the information basis is not clearly declared. However, the quality of a model is not the only factor to be 
considered. If it is not transparent how the information was generated and what the purpose of the model initially was, 
the information in the model cannot be interpreted in a proper manner. Therefore, only the combination of development 
methods and the corresponding models provides all information that is necessary to maximize development success.

In Fig. 1 the basic interdependence of a method and models is defined. The figure sets the spotlight on the methods 
and the models to emphasize the connection between them. Nevertheless, the link between the method and the devel-
opment process is essential as well but is discussed in later sections. One important aspect that is shown is that a method 
is typically linked to several models. As described in previous sections, the input and the output of methods have to be 
considered. The input information could be a model or parts of a model, the same counts for the output of the method. 
Especially in model-based development approaches such as MBSE [20], models are preferred as information carrier or 
container because of the advantages described previously. Furthermore, there are also models that are essential for the 
processing of the method itself. For example, if the method relies on a numerical calculation, the model describing the 
physical effect as well as the model that describes the numerical discretization are an essential basis for the method, 
or in other words, they are integral parts of the method itself. These models that are integral parts of the method, are 
referred to as associated models.

Additionally, the application of methods may be supported by hardware or software tools [21]. The prerequisite for 
using a tool is a compatibility with the corresponding method (e.g. FMEA with the support of a spreadsheet program) or 
the method itself is partly integrated within the tool. In general, the tool follows the method. Therefore, the engineer has 
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to define the method that has to be applied first, followed by the decision which tool could support this method appli-
cation. However, the available tool landscape within an organization, the experience with a tool, or customer demands 
could be boundary conditions for decisions regarding method and tool selection.

As already stated, on the one hand an isolated review of a model does not provide all relevant information in order to 
assess its content regarding quality. On the other hand, the method application and the development strategy (which 
method should be applied, when and by whom in order to fulfill development objectives) is strongly influenced by related 
models. To emphasize this statement and to show the value of the generic concept in Fig. 1, an example is considered. 
As illustrated in Fig. 2, the method ‘strength analysis of shaft with FEM (finite element method)’ is considered as part of 
a system development. The objective of this method is to generate an output, namely a ‘model of elastic deformation 
and stresses ‘of the shaft.

In order to assess the quality of the generated output, the aspects fidelity, level of detail and maturity are considered. 
The fidelity of the output model can be described in this case as how well the output model reflects the real behavior 
of the shaft under load with focus on elastic deformations and stresses. Firstly, this depends on the way how the output 
model was generated, in this case the method and the associated calculation model, and secondly on the input models 
of the method, e.g., how well is the geometry of the real shaft described with the input model’ geometry model’. To 
prove a certain fidelity, the model has to be verified by other methods such as a hardware test on a testbed with the real 
shaft loaded according to the load model. When moving forward to hardware tests, the production of the prototype is 
of utmost importance. There may be major differences between single prototype production and series line production 
shafts. The production process therefore needs to be considered in detail when assessing the model. Considering the 
level of detail of the output model, the method plays an essential role once again. The method and its applicant define 
if behavior regarding mechanical deformation and stresses is modeled for the whole shaft or if only certain critical 
(previously defined) areas are investigated in detail. This depends on the purpose of the output model and is heavily 
influenced by the development approach. Finally, the maturity of the output model depends on several influencing 
factors. Of course, the method application and the maturity of related input models and associated models influence 
the maturity of the output. For example, is the geometry model based on a first draft of the shaft geometry or is it the 
final shaft geometry model in CAD (computer aided design) that is used for production as well? Are loads on the shaft, 
described in the input ‘load model’, rough assumptions or are they measured in real life in a previously developed similar 
system? Furthermore, the method applicant or development team, with its experience and knowledge strongly influence 

Fig. 1  Generic links between 
models and methods

Fig. 2  Example for links 
between models and meth-
ods



Vol:.(1234567890)

Research Discover Applied Sciences             (2024) 6:2  | https://doi.org/10.1007/s42452-024-05651-5

the outcome of the method as well as the tool that was used to apply the method. Concluding, the model fidelity, level 
of detail and maturity are relative ratings and it is not feasible to define an exact quantitative value for them.

The generic concept to illustrate a method and its relations to models can be applied for several types of methods in 
system development. It has to be stated, that this concept emerged out of the principles of MBSE but is not limited to 
digital models. Generally, also hardware models (e.g., an engine testbed that represents parts of the powertrain of the 
vehicle and reflects relevant aspects of the powertrain to enable tests of an engine) can be linked to methods based on 
this concept.

The question which model should be selected is a difficult one and is not the focus of this contribution. However, in 
accordance with the goal of modeling, the models are shortened to application-oriented views, i.e. only the information 
is represented which is required [15]. The individual perception of humans additionally affects the work with the model. 
If a common model is used by several individuals, ultimately not the model creator, but the model users define whether 
the model is beneficial for the development process or not [28]. In summary, the selection of the most appropriate mod-
els as input for a method or also the selection of the associated models (e.g., different equations for the same physical 
phenomenon) heavily depends on the development approach and related involved stakeholders.

4  Methods and models in the context of a development approach

The concept of the elementary connection between methods and models will only provide substantial benefits if applied 
to the whole development process. The dependencies on a micro level are the basis for development relevant statements 
over multiple phases. To work efficiently on reaching the development goal and utilize on all the developed models, it is 
critical to plan right at the beginning what methods are going to be applied and what models should be developed. This 
is important since there are different strategies possible for every development. One company might focus on extensive 
virtual verification methods and tries to reduce hardware testing to a minimum. Another company may argue that with 
virtual testing methods a certain model fidelity is not reachable. Thus, virtual testing is done to a certain extent, but 
extensive hardware testing is additionally necessary. Generally, it cannot be said that one approach is better than the 
other, but it is critical to know and understand if (like in this example) the information provided in models is based on 
virtual or hardware tests.

Based on the requirements defined by the stakeholders, a rough “path” with aligned methods and models to fulfill 
those requirements needs to be defined, which has to go in line with the development approach. Processes and related 
activities and methods are distinguished as follows: In general, the process defines the ‘what’ while the methods define 
the ‘how’. Consequently, the process defines phases and activities with corresponding milestones and quality gates. 
Furthermore, inputs, outputs and assigned people (responsible, accountable, supportive and informative) are defined 
within processes. In contrast, methods are described in a more neutral way, which means that they can be applied for 
several process activities. Methods describe the structured step-wise approach to come from an input to an output, but 
they have to be assigned to a process, its phases and activities in order to define when the method has to be carried out 
and by whom [29].

In the considered example, a first draft of a set of methods and models can be derived based on the mentioned 
requirements, the involved stakeholder and the system model, which represents a generic system architecture (for 
example modeled with SysML or Capella). This first draft should serve as a kind of landscape for all people involved in 
the process. Following, engineers who are specialist and/or responsible for one method, can align themselves with the 
methods which are performed before and after their own to maximize the output. The engineer is also able to interpret 
the models accordingly, since it is known how the data from the models was developed. Of course, this first rough “path” 
is being adjusted along the development process and must not be seen as set in stone. Lower level requirements for 
example cannot be defined in detail at the beginning since they depend on higher level system solutions. Therefore, 
this path needs to be substantiated over the course of the development process.

For the information to be available over the course of the development process for the method responsible, a model 
management system needs to be in place. Every model has to be equipped with certain attributes like ID, creation date, 
creator, method/s used and many others to ensure traceability. Since many models are being improved and changed 
over time, version management is also a big topic. If these aspects are not considered, it is difficult to interpret the model 
in a right way or worse, the required model cannot be found at all. This becomes even more important if not all models 
are developed from scratch but are also used from previous projects. In this case, which is the most common in industry, 
the requirements for which the previous model was developed need to be compared precisely to the requirements of 
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the current one. If there are differences in the requirements (even small ones) it needs to be identified how the model 
information changes in comparison to the current project. In this context, product lifecycle management (PLM) has 
to be mentioned, which aims to manage product related data over the lifecycle of a product. State-of the art product 
lifecycle management systems include functionalities that support model management tasks. Meta data of the models 
as described above (ID; creation date, creator, etc.) can be included and managed within a PLM system. However, not 
only the data in form of models has to be managed but also the related methods [17]. Today, PLM system do not cover 
method management and do also not include all aspects that would be required to cover the whole product lifecycle [30].

Figure 3 shows an exemplary path of a method -model- landscape over the schematic V-model. It has to be noted, 
that the V-model represents a procedure and no process. That means that iterations in a project are not visible in the 
V-model. Therefore Fig. 3 also illustrates a possible path through the methods and the V-model including one iteration. 
The planning of which methods will be applied is at least as important as the method execution itself. In the figure it can 
be seen that a model may be input to multiple methods and that a method can develop multiple output models. The 
links represent the data & information flows between the methods and the models. In this approach the system model 
(output of the first method) is considered to support the selection of methods in different phases and system levels. 
The system model improves the accuracy of the first method path by providing an overview of relevant development 
aspects. The red dotted arrows represent the dependencies of the methods on the system model. This figure represents 
the first draft of a method selection. During the development process the system model is updated frequently and cor-
responding methods might be changed due to new information. Nevertheless, the first rough method selection on the 
basis of the system model provides a foundation for planning and executing further development steps. Applied on 
the shaft example mentioned before, the method after the system model could develop a first rough sketch of the shaft 
(which is the output model of this method). The rough sketch and the loads, which were calculated for critical areas with 
respect to their durability provide the basis for a following method—CAD (computer aided design). The output of the 
CAD method is a detailed structural model which can be built for hardware testing methods. After the CAD method it is 
possible to apply the previous discussed method FEM. As shown in Fig. 2 the load model and the geometry model needs 
to be developed previous by suitable methods. With the developed output model concerning the elastic deformations 
and stresses, the hardware test methods can be planned accordingly. Following, the shaft is tested for its fatigue strength 

Fig. 3  Method—model—landscape over the v-model
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on a test bench by an accelerated durability test. As can be seen in the figure, not only the methods on the left side of 
the v-model, but also the verification and validation methods are planned on the basis of the system model.

This in Fig. 3 exemplary shown method—model landscape is of critical importance in nowadays development of 
mechatronic systems. A major benefit compared to process modeling is the possibility of practical implementation on 
all company levels (on system level as well as on very specific activities of each discipline). On the one hand, an execu-
tive manager is able to steer the development by defining the actual methods and models developed starting from a 
very high level to deeper levels. On the other hand, even a very specialized engineer who works in depth with the FEM 
method for example, is supported by this approach since she or he is addressed on the actual level they are working on. 
One of the key deficits of modeling, namely the huge effort for the first development, is diminished by to the linkage of 
the models to the designated methods with respect to future projects. This stated linkage is the key factor of reusability 
in further projects and therefore justifies additional effort in the first development. Today, PLM systems do not offer 
possibilities to illustrate and model methods and its links to models. Many links between the system model and other 
models (especially discipline-specific models) are not supported by IT tools and also require defined methods include [31].

State-of-the-art PLM tools offer a wide variety of functionalities that turn PLM systems into a backbone of system 
development. Selected functionalities are described as well as the opportunities they provide in order to integrate 
methods and models more effectively in PLM systems of the future [30–33]:

• Data Management: This functionality includes meta data management of objects, file and artefacts. In order to effi-
ciently document models and methods within a company, this functionality can be utilized to manage status, respon-
sibilities, versioning, etc. of methods and models.

• Workflow Management: Similar to processes, defined methods require workflows when they are documented, revised 
or discarded. Therefore, workflow management within PLM systems (including tasks such as release management or 
definition of responsible employees) can be utilized to process such activities. Also, model generation and adaption 
workflows can be managed and tracked within the PLM system.

• Variant Management: As other development artefacts, models are generated in versions. As one version is an update 
to a already existing previous version, a variant represents a similar and derived model (e.g., a FEM model variant for 
a crankshaft of a inline 4 cylinder engine and a variant for a V6 crankshaft).

• Configuration Management: Different system configurations require different models to describe them but more 
importantly, they require a different set of methods to develop and especially verify and validate each configuration. 
Therefore, opportunities for optimization exist when connecting configurations of the system with configurations of 
method-model landscapes.

Innovative approaches include process modeling and modeling of scenarios PLM systems. This approach is heading in 
the right direction but does not cover the level of method modeling, which is described in this paper. Therefore, interfaces 
to PLM system have to be considered when further developing this fundamental concept into a solution for the industry.

Only the precise link of methods and models provides an understanding of the model origin and following the nec-
essary adjustments of the model for future projects. To be competitive in future markets, this concept is one important 
aspect based on the benefits on all company levels and the efficiency improvement over several projects. The proposed 
methods-model landscape requires a new modeling language in order to provide usability for industry. Current mod-
eling languages such as UML, SysML, BPMN, or other, do not represent a satisfying way of modeling methods and would 
need sophisticated extensions in order to support this task. A dedicated method-model modeling language needs to 
be developed, which requires further fundamental research as well as cooperation with academia and industry in order 
to establish an applicable solution.

5  Conclusion

This publication deals with the relevance of a combined view on methods and models in the development of systems 
on a generic basis. The approach enables a combined consideration of methods and models as a platform to support all 
phases of product development in terms of sustainable, effective and efficient development. Especially system models 
and their connection to methods in a system development approach require further research. On the one hand, fun-
damental concept to link method and models as the presented concept are required, on the other hand also system 
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modeling itself requires further investigation. System models provide essential information in order to define a set of 
methods and models for a development approach [22].

Without knowing which methods are applied, the considered model cannot be assessed regarding fidelity, maturity 
and level of detail. Only knowing which method-model combinations were used up to a certain point of development 
allows to evaluate model qualities at this point of time. In contrast, if these method-model links are neglected or not 
considered, the consequences can lead from inefficiencies, over worse system quality, to a developed system that does 
not fulfill its requirements.

From the system model, over the first sketch to the validation of the target system (system-of-interest), a set of methods 
is used, which is applied by people or teams with different roles, disciplines and system-specific knowledge. Depending 
on the development phase and system level, these interdisciplinary teams/experts must exchange information in order to 
identify common interfaces and to take them into account for further development activities. This exchange of informa-
tion from one expert/team to another expert/team poses major challenges [21]. A non-structured approach in exchange 
with other experts/teams leads to risks in the integration phase and thus e.g. to fatal costs. The method-model connection 
presented in this publication is essential for a structured cooperation in order to maintain the overview of the models, 
to define the interfaces through the inputs and outputs of a method and to depict the model and method relationship.

A combined view on methods, models and related inter-dependencies serve as a basis to bring together the inter-
disciplinary field of developers at system level as well as component level and provide a framework for discussions 
between involved stakeholders. The mindset in line with the combined view on methods and models and its impact 
on the organization and the process can lead to significant added value. For example, gaps that arise with regard to the 
interdisciplinary interfaces in the organization (author of the information, availability of information etc.) and related risks 
can be identified more quickly in order to be able to intervene in the development process in short time. The visualization 
of the combined consideration of models and methods requires appropriate semantics, syntax and notation in order 
to achieve uniform added value. Therefore, it is necessary to enhance the presented generic concept with a modeling 
approach in form of diagrams. Implementing this concept into an IT-based tool, could empower development teams 
to coordinate and apply their tasks in an optimized way. Therefore, this is seen as a potentially powerful approach for 
multiple domains that deal with system development.
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