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Abstract 

System models are used to merge relevant engineering artefacts and relationships. Therefore, a high model 

quality must be ensured. Currently, there is no method for defining company-specific metrics to assess system 

model quality. In a six-step research approach, a method is defined: (1) literature analysis on quality 

assessment approaches, (2) derivation of success factors, (3) evaluation of approaches, (4) development of a 

method, (5) application in automotive industry, and (6) evaluation. The method supports system engineers to 

derive tailored metrics to objectively assess the model quality. 
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1. Introduction 
Engineering of complex technical systems faces the challenge of efficiently orchestrating different 

development activities in interdisciplinary development teams, aiming to meet customer and market 

requirements (David D. Walden et al., 2015). In systems engineering, models are used to merge 

engineering artefacts and to consider relationships between them (Friedenthal et al., 2015). The purpose 

of these models is to meet the specific needs of the engineers or to answer their upcoming questions 

(Hause, 2011). Examples are engineering models of an electrical vehicle series, which are relevant for 

participating engineers and simultaneously for compliance with automotive regulations and standards such 

as the UN ECE regulations (United Nations, 2021; Graessler et al., 2023) or A-SPICE conformity (VDA 

QMC Working Group 13 / Automotive SIG, 2017). Due to the increasing importance of models, model 

quality is a key factor for the successful completion of engineering projects (Lange and Chaudron, 2005). 

In Model-Based Systems Engineering (MBSE), a central system model is created that represents and links 

interdisciplinary engineering artefacts at different levels such as requirements, functions, logical elements, 

and physical elements, verification and validation (RFLPV²) (Graessler et al., 2022; Gräßler and Oleff, 

2022) The system model is the authoritative source of information. Thus, ensuring the quality is a 

fundamental part of maximising the benefits of the system model (Friedenthal and Burkhart, 2015). The 

data and information collected needs to be highly accurate; otherwise, data analytics, applications, or 

business processes is unreliable (Kilkenny and Robinson, 2018). Metrics to assess the quality are used to 

support effective decision making (Stvilia et al., 2007). A relevant aspect in assessing the model quality is 

that the quality of system models depends on the object of observation (Giraldo et al., 2018). Models are 

at different stages of maturity depending on the underlying model approach and the duration of the 

development project, which means that the quality of the objective of observation varies (Bansiya and 

Davis, 2002). The model quality of the system model must therefore be ensured in the different phases of 

engineering, starting with the early phases of the engineering project (Debbabi et al., 2010). Determining 

the information quality of engineering artefacts is a demanding and labour-intensive activity (Parra et al. 

2019). The improvement and assurance of model quality is perceived as an independent management task 

due to the time-consuming resources involved (Rohweder et al., 2021). Quality assurance meetings can be 
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conducted, to assess the model quality (Sargent, 2013). As a varying group of experts need to be involved, 

the quality of the system model needs to be ensured from different points of view. For evaluation, the 

experts cannot use existing standards and norms, because these are too general to determine the quality of 

specific artefacts (Parra et al., 2019). The currently occurring aspects are illustrated in Figure 1. 

 
Figure 1. Quality assurance of system models in the V-Model (VDI/VDE, 2021) 

2. Problems and challenges 
In software engineering, quality assurance of software artefacts has been established for many years 

(Doan and Gogolla, 2019). Ensuring the model quality of interdisciplinary artefacts in system models 

requires new assessment approaches (Lehner et al., 2022). Approaches for assessing the model quality 

of system models exist, for example with reference to the Unified Modelling Language (UML) (Debbabi 

et al., 2010). Still, there are three main shortcomings of current approaches: 

1. The approaches focus on standardised metrics without considering company-specific and role-

specific needs.  

2. The model quality metrics are not tailored to the different phases of the engineering project, as 

the information needed to assess quality may vary by the maturity of the system model. 

3. Most approaches focus on metrics for the assessment of information quality, not for the 

assessment of the quality of an interdisciplinary system model. 

Currently, there is no approach for defining company-specific metrics for assessing the model quality 

of interdisciplinary system models. As a result, there is a need for methods, models and tools, which 

help engineers to define company-specific metrics from the perspective of all participating stakeholders 

and integrate them in the engineering processes. In this paper, a method is adapted for defining 

company-specific metrics for assessing the model quality of system models. This objective is addressed 

by two research questions (RQ):  

• RQ1: Which methodical steps are necessary to define company- and role-specific metrics and 

integrate them in the model processes of a company? 

• RQ2: How can the defined metrics be mapped to different phases and maturity levels of a system 

model? 

3. State of the art 
The state of research is divided into three essential sections: Model-Based Systems Engineering is 

analysed, as well as model quality and metrics for evaluating the model quality. 

Model-Based Systems Engineering 

Model-Based Systems Engineering (MBSE) is defined as the application of formal modelling to support 

system requirements engineering, design, analysis, verification and validation activities beginning in the 

conceptual design phase and continuing throughout development and later life cycle phases 

(International Council on Systems Engineering, 2007). Key activities in system modelling are model 

creation, model visualisation, model analysis and model management (Friedenthal and Burkhart, 2015). 

In MBSE, the system model is the central engineering artefact of the development process. A system 

model is created and maintained using three main components: a modelling language, a modelling tool 
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and a modelling method (Delligatti, 2014). Different modelling languages exist, which support 

modelling engineers to create system models. Existing modelling languages like UML (Object 

Management Group, 2004) and SysML (Object Management Group, 2019) are used to create a system 

model in a formalised way. In addition, modelling tools can be used to create a system model, for 

example Cameo Systems Modeler from D’assault Systèmes, IBM Rhapsody or Enterprise Architect 

from Sparx System. Modelling methods support engineers in creating a system model. Exemplary 

modelling methods using SysML are OOSEM (Friedenthal et al., 2015) and SysMOD (Weilkiens, 

2014). All main components have an impact on the model quality (Mohagheghi and Aagedal, 2007). 

Model quality 

Before defining an approach to assess the model quality, it is important to define the term "quality" 

consistently within an organisation (Ernadote, 2018). Quality is defined as the degree to which a set of 

inherent characteristics of an object fulfils requirements (DIN, 2015). Information quality (IQ) is defined 

as the degree of usability of information for the respective purpose (Krcmar, 2015). Based on existing 

studies (Wang and Strong, 1996) the German Society for Data and Information Quality has defined 

fifteen quality dimensions (ISO/IEC), including the categories maintainability, efficiency, usability, 

reliability, functionality and portability. In engineering, the IQ of information artefacts is relevant for 

the project success. Underlying artefacts have an inherent uncertainty that affects the quality of the 

information, for example an unclear and incomplete requirements specification (Pottebaum and Gräßler, 

2020). A system model is the central information artefact in interdisciplinary engineering projects 

(Friedenthal et al., 2015). Therefore, the quality of system models and IQ have intersections. The 

necessary model quality also depends on the purpose, for example to strengthen the communication, to 

serve as documentation or to support decision-making (Mohagheghi and Aagedal, 2007). The quality 

and validity of a model is determined with respect to that purpose and can be done in model accreditation 

based on specific defined criteria (Sargent, 2013). 

Metrics for evaluation of model quality 

A metric is defined as a quantitative measure of the degree to which a system, component, or process 

possesses a given attribute (610.12-1990 IEEE Standard Glossary of Software Engineering Terminology). 

The use of metrics to assess the model quality is an important part of the development process (Henderson 

et al., 2023). By using metrics, engineers from different disciplines can ensure that the models they create 

and use are accurate, resilient and usable. The use of metrics to assess the model quality is an important 

part of the MBSE processes (Henderson et al., 2023). An exemplary framework is provided by Friedenthal 

and Burkhart (2015), who define key effectiveness measures for systems modelling, including 

expressiveness, preciseness, interoperability, manageability, usability, and customisability (Friedenthal 

and Burkhart, 2015). When deriving metrics, different requirements have to be fulfilled Kaiser et al. derive 

general requirements for the definition of quality metrics, which include interpretability, feasibility, 

adaptivity, normalisation and an interval scale (Kaiser et al., 2007). 

4. Scientific approach 
In order to answer the research questions, a six-step scientific approach is defined (based on (Ulrich, 

1982)). In step 1, a systematic literature research is conducted to identify practical relevant approaches 

to measure the quality of system models. In step 2, success factors are derived to compare and evaluate 

the identified approaches. At this point, the literature-based success factors are completed from a practical 

perspective by expert interviews with four modelling experts from the automotive industry. In step 3, the 

approaches are categorised into three categories: frameworks, methods and application examples. The 

categorized approaches are compared and evaluated based on the success factors with a three-level 

scheme (1 fulfilled, 0.5 partially fulfilled, 0 not fulfilled). In step 4, based on the most suitable approach, 

a method is adapted and a model is developed to define company- and role-specific metrics to assess the 

model quality of system models and to integrate these into the company's processes. In step 5, the 

resulting method is applied for a case example from the automotive industry. In the last step, an 

application evaluation and a success evaluation are conducted. For the application evaluation, the results 
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of step 5 are reviewed and discussed. For the success evaluation, the derived success factors are evaluated 

by four model experts from the automotive industry. The scientific approach is illustrated in Figure 2. 

 
Figure 2. Scientific approach to derive the method for the assessment of system model quality 

5. Method and Model for assessing the quality of system models  
With reference to the identified research questions (section 2), search strings are defined for the systematic 

literature research. The strings are based on identified keywords, appropriate synonyms, and Boolean 

operators. They are primarily used to search the scientific databases of Scopus and Web of Science. In 

order to ensure completeness of the search, Google Scholar is considered subsequently. The identified 

elements are reduced by using selection criteria such as the applicability for interdisciplinary models and 

for other case examples. The number of identified documents and selected documents are shown in Table 

1. Afterwards, the relevant approaches are described briefly and success factors are derived. 

Table 1. Literature research 

 IEEE Explore Web of Knowledge Google Scholar 

ID = identified documents, SD = selected documents ID SD ID SD ID SD 

"Quality Metrics" AND ("MBSE" OR "Model-Based 

Systems Engineering") 
184 7 20 3 171 5 

"Model Quality" AND ("MBSE" OR "Model-Based 

Systems Engineering") 
55 2 8 0 267 8 

"Quality Assurance" AND ("MBSE" OR "Model-Based 

Systems Engineering") 
140 2 2 1 1100 5 

"SysML" AND "Model Quality" 0 0 0 0 355 11 

"Quality Metrics" AND "System Model" AND "SysML" 0 0 0 0 92 2 

Selected documents 11 4 31 

 

Lange and Chaudron (2005) describe a four-level approach defining a quality model for UML by mapping 

characteristics to the purpose and primary use of the artefact. They also describe a tool called QualityView 

to visualise the metrics. Based on this, Lange et al. (2007) describe the tool SDMetrics, which calculates 

metrics from UML models and visualises them in graphs or tables. Dromey (1995) proposes a model for 

assessing software product quality by developing quality-carrying properties to link software product 

characteristics with quality attributes. Bansiya and Davis (2002) describe a methodology for defining a 

quality model for object-oriented design (QMOOD), based on Dromey (1995). The methodology is tested 
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for applicability of the object-oriented modelling language C++. Weiss and Basili (1985) and Basili et al.  

(1994) propose the Goal/Question/Metric (GQM) paradigm, which describes how to derive metrics from 

questions to be answered in order to achieve a specific goal. Chidamber and Kemerer (1994) define six 

general metrics for software development with the aid of object-oriented design. Basili et al. (1996) 

adapted five of these metrics to predict class fault-proneness in early stages of the software system 

lifecycle. Lindland et al. (1994) describe a framework based on quality goals and the means to achieve 

them in conceptual modelling. Their framework is divided into three linguistic concepts: Syntax, 

Semantics and Pragmatics. Briand et al. (1996) define software measurement concepts like size, length, 

complexity, system cohesion and system coupling. These concepts are compared with other relevant 

concepts, for example the complexity measures of Weyuker (1988). Ernadote (2018) defines quality 

entities that indicate the assessed quality state of model artefacts and can be visualised in a dashboard. 

Stvilia et al. (2007) define a framework for information quality assessment that can serve as a starting 

point to develop a company-specific information quality framework. Doan and Gogolla (2019) define 

model metrics for UML models using OCL (Object Constraint Language) to implement quantifying design 

metrics and identify bad design decisions. The approaches are compared based on success factors, which 

are derived from literature and completed from a practical point of view within a workshop with four 

modelling experts. 

These approaches are compared based on the following success factors, which are derived from 

literature (Kaiser et al., 2007; Watts et al., 2009; Rohweder et al., 2008) and from expert interviews: 

Adaptability: The metrics must be adaptable within the application context. 

Feasibility: The metrics must be based on existing input parameters that can be determined from 

modelling approaches. 

Interpretability: The results of the metrics must be interpretable by the affected stakeholders. 

Reproducibility: Metrics must provide reproducible results regardless of people, timing and 

interpretation. 

Conformity to standards: The metrics must be usable to demonstrate compliance with standards. 

MBSE Application: The metrics must be applicable for information from MBSE system models. 

Maturity level: The metrics should be adapted to the maturity level of the system model. 

Table 2. Comparison matrix with metrics approaches and success factors 
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Quality View (Lange and Chaudron, 2005)           4 

SD Metrics (Lange et al., 2007)         4 

Software product quality metrics (Dromey, 1995)        3,5 

QMOOD (Bansiya and Davis, 2002)        4,5 

GQM (Weiss and Basili, 1985; Basili et al., 1994)        5,5 

6 metrics (Chidamber and Kemerer, 1994)        3 

Metrics for class fault proneness (Basili et al., 1996)        3,5 

Framework for quality goals (Lindland et al., 1994)        3,5 

SW measurement concepts (Briand et al., 1996)        4 

Quality entities (Ernadote, 2018)        5 

Framework IQ assessment (Stvilia et al., 2007)        5 

UML Model metrics (Doan and Gogolla, 2019)        4,5 
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In the comparison of all approaches, the GQM process (Weiss and Basili, 1985; Basili et al., 1994) has 

the highest evaluation score and fulfils the success factors adaptability, interpretability, conformity, 

MBSE adoption. In addition, the process is generic, understandable for appliers and independent of 

specific disciplines. However, the GQM process has shortcomings regarding the adaptability, processual 

integration, and conformity with standards. Therefore, the underlying GQM paradigm is chosen as 

foundation to define a new method for assessing the quality of system models using company-specific 

metrics. Based on the GQM paradigm and the concept of control questions from the VDI 2206:2021 

(VDI/VDE, 2021), four new methodical steps are defined: 

• Identify relevant MBSE processes: In this step, the company's current modelling methodology 
is analysed. The methodology is divided into process steps. If there is no MBSE methodology 
used, relevant processes from existing methodologies like OOSEM or SysMOD can be used as 
starting point. The result of this step is a list of relevant process steps along a timeline, which 
can be used to evaluate the model quality.  

• Define control points within the processes: Based on the relevant process steps, control points 
are defined that are embedded in the process to check the model quality. For each control point, 
the stakeholder group responsible for the assessment is defined. The control point can be 
mandatory or non-mandatory, depending on their relevance to the test. In addition, a target is 
defined by the specified stakeholders that describe the required model quality and maturity at 
the point in time. The result is a set of control points, associated targets, and the definition of 
responsible persons. 

• Derive metrics for each control point: Based on the objective of the control point, a set of 
control questions is derived and metrics are associated to establish a quantitative evaluation of 
the system model. All relevant stakeholders are involved in deriving the metrics, as they want 
to describe and check relevant quality characteristics from their point of view. The result of this 
step are a set of control questions per control point and a set of metrics per control question. 

• Define guidelines for a standardised quality assessment: To ensure a standardised quality 
assessment, framework conditions and rules are defined. These include the type of quality 
assessment. For example, in a design review this refers to the definition of necessary persons 
and the definition of the necessary information. The result of this step is a standardised 
framework to be followed when performing the quality assessment. 

To ensure the applicability, the main elements are comprised in a template, which is applied in the case 

example in section 6. The four steps of the methods are illustrated in Figure 3. 

 
Figure 3. Method for assessing the information quality of MBSE system models 

6. Industrial application 
The method was applied to a company in the German automotive industry. In the first step, the 

company’s existing modelling method was recorded and analysed using Input-Process-Output (IPO) 

Diagrams (David D. Walden et al., 2015). The IPO diagrams show how the necessary inputs are 

transformed into outputs through the activities of the process. The artefacts in the IPO diagrams are 

represented by underlying model types need to be identified, for example a requirement table in IBM 

DOORS or a SysML block definition diagram (bdd) in IBM Rhapsody. In the second step, the identified 

processes of the modelling method are mapped to the V-model of the VDI/VDE guideline 2206:2021 

(VDI/VDE, 2021). Mapping to the V-model helps engineers in identifying checkpoints when an 

assessment of the model quality of the MBSE system model is required. In addition, the V-model serves 
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as a common basis for understanding the development process from different stakeholders perspectives. 

Based on the mapping, the company's modelling process is divided into two parts, an acquisition phase 

and a development phase. In the acquisition phase, a first draft of the system model must be developed 

to convince the customer of the technical feasibility and abilities to receive the development order from 

the OEM. In the development phase, the draft of the system model is further specified to ensure that the 

technical maturity level is met.  
Based on mapping and separating phases, four control points have been defined, which are derived in 
step 2. The first one is after the acquisition, the second is before the start of the development, the third 
is between the logical architecture and the physical architecture and the fourth is after completing the 
physical architecture. Based on the GQM method, for every control point a goal is derived and 
responsible roles are defined. For example, the goal of control point 1 is to deliver an initial system 
model with all relevant features to the OEM in a short time. The focus of the modelling in this phase is 
to identify every feature on a high level in a limited time period. In addition, responsible roles for the 
first control point are sales manager, project manager, system architect and feature owner. Each of these 
roles has the ability to derive control questions from their point of view. For example, the project 
manager might ask, "Are all approved requirements linked to features and epics?". In the third step, 
metrics are derived for each control question. As example, to evaluate the question from above, a useful 
metric would be the percentage of requirements that have links to a feature. The fourth step is to define 
the framework for the standardised implementation of the company-specific quality assessment is 
defined. The quality assessment has to be conducted in design reviews for each of the system models, 
which is at one of the four control points. Based on the quality assessment, a standardised model quality 
can be ensured. In addition, metrics can be reused to answer other questions, for example if the 
modelling process will be adapted in the future. In figure 4, the result of the application of the method 
for the first control point is demonstrated. As mentioned above, to apply the method, a template is 
developed which can be filled in for each control point. The template contains categories' goal, mapping 
to the V-model, control questions, metrics and additional information. The goal definition specifies the 
purpose, the artefact under consideration, the process, the roles involved and the timing. In the additional 
information, the date of the test, the name of the test procedure, the project, the document number, the 
path in the database and other comments can be stored. The template serves as a generic form and can 
be tailored for (SW tool) formats. 

 
Figure 4. Model with control questions and metrics after the acquisition process 

7. Evaluation of the method 
The evaluation is divided into two phases, the application evaluation and the success evaluation 

(Blessing and Chakrabarti, 2009). Application evaluation aims to determine whether the method can be 

used for the intended task, while the success evaluation aims to determine whether the support has the 

expected impact for the user (Blessing and Chakrabarti, 2009). For the application evaluation, the results 

from section 6 are evaluated. The method was applied in industrial context. During three workshops 

with system architects, 50 control questions were derived and associated to four control points. Based 

on the set of control questions 71 metrics were derived, which are used to assess the information quality 

of the system model in different phases. The additional template supports the user in dealing with the 

number of metrics required to address the concerns of all participants and to provide the necessary 
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transparency. For the success evaluation, the modelling experts are interviewed and asked to evaluate 

the derived success factors. The modelling experts confirm that all success factors are fulfilled: The 

adaptability of the generic method is ensured by defining company-specific control questions as the 

basis for deriving metrics. For the same reason, all the parameters needed to calculate the metrics can 

be derived from the information of the company-specific modelling process. Feasibility is ensured by 

the simplicity and short application time. The 71 metrics were derived in just three hours, based on the 

company's and role's specific needs. All stakeholders concerned are consulted in step 2 of the method, 

which ensures interpretability. The metrics are explicitly described in terms of formulae and values, 

which ensures reproducibility. In addition, the process integration supports reproducibility, as the point 

of assessment depends on the point of time and the model maturity. In the case study, the necessary 

evidence of compliance with A-SPICE was considered. This shows that the derived metrics can support 

the conformity to standards and regulations in the automotive industry. In addition, the central artefact 

for calculating the metrics is the MBSE system model, which was considered at different levels of 

maturity depending on the recurrence point of time of the checkpoints. 

8. Conclusion 
The paper describes a method for defining company-specific goals, questions, and metrics for assessing 

the quality of MBSE system models. The derived research questions are answered by a six-step scientific 

approach. Seven success factors for the systematic derivation of metrics are derived from literature and 

completed by industrial experts. Based on the derived success factors, a method for assessing the model 

quality of MBSE system models is derived. The method consists of four steps that need to be carried 

out for a successful derivation of company-specific metrics (RQ1): Identification of relevant MBSE 

processes, definition of control points within the process, derivation of metrics for each control point, 

definition of a standardised quality assessment. All inputs for the metrics evaluation come from existing 

information of the modelling process. The tailoring of the method to different phases and maturity levels 

of the system models are ensured by the anchoring of the control points to the MBSE processes (RQ2). 

After the development, the method is applied in a German automotive company and evaluated by the 

four associated modelling experts, which ensures the applicability of the method. The success evaluation 

underlines that the method fulfils all success factors. The feedback from the industry experts underlines 

that the results from the application project represent a direct added value for the company and that the 

method will also be used in the future. Overall, the method supports engineers in independently deriving 

company-specific or even project-specific metrics for evaluating the information quality of their system 

models. Due to the increasing relevance of system models, competitive advantages can be developed in 

this way. Future research includes further detailing of the process-related integration, for example 

through role models (Gräßler et al., 2021), as well as the transferability to support decisions regarding 

technical changes (Gräßler and Wiechel, 2023; Gräßler et al., 2023). 
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