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Abstract— Requirements traceability is an essential Systems 

Engineering (SE) task that is critical in areas such as software 

development, product development, and safety engineering. It 

involves linking requirements to all system elements, including 

test cases, to improve test coverage, product quality, and 

communication among stakeholders. Due to limitations in SE 

approaches underlying traceability methods, this area faces 

challenges such as an imbalance between cost and quality or 

insufficient system understanding for different disciplines. In 

this paper, we examine several universal SE approaches for 

their efficiency in addressing traceability issues in product 

development. Through a literature review, we identified 

methods based on these approaches and evaluated their 

effectiveness in solving traceability problems. This survey 

demonstrates the potential of Generic Systems Engineering 

(GSE) based methods to address identified gaps by creating a 

universal system understanding. However, the modelling 

method and procedure concept used in these approaches 

requires the inclusion of test processes and the associated 

information for system testing. 

Keywords-System Engineering; Requirement Engineering; 

Traceability; System Test; Product Development. 

I.  INTRODUCTION  

According to the definition of INCOSE (International 
Council on Systems Engineering), System Engineering (SE) 
is an approach that aims to enable system designers to capture 
and meet customer and stakeholder requirements for the 
system throughout its life cycle, through better traceability of 
issues and more efficient coordination in an interdisciplinary 
team [1]. This definition makes it clear that capturing, 
structuring, and implementing requirements for the system 
and its elements are also part of SE. Thus, "Requirement 
Engineering (RE)" is referred to as a subdiscipline of SE 
[1][2]. RE includes all activities necessary to elicit, analyze, 
and document (product and project) requirements. In the RE 
process, requirements are not only developed but also 
iteratively managed [3]. Thus, this process can be divided into 
two parts, i.e., Requirement Development and Requirement 
Management (RM) [4][5]. 

System requirements are constantly changing due to 
changes in the needs of system stakeholders (including 
customers), changes in the environment, changes in the 
business, changes in laws and regulations, etc. [4][6]. RM is 
primarily the process of controlling these "changes" to system 
requirements. In this respect, however, RM is facing new 

challenges. The current high level of globalization is closing 
to Enterprise Networks (EN) with multidisciplinary teams. A 
short reaction time to the changes and thus the fulfillment of 
customer requirements needs a more complex cooperation 
between the different internal departments as well as external 
companies [4][7]. Minimization of failure, adherence to 
schedules, and high product quality require not only a 
common understanding of the system design, but also 
information about the required quality standards and the 
current data situation among all team members [8]. 
Nevertheless, this cannot be realized without the creation of 
efficient interdepartmental data exchange mechanisms and 
communication capabilities or interfaces for recording 
information. An essential necessity is the capability to trace 
requirements in both retrospective manners (such as 
identifying the source of a requirement) and prospective 
manners (like associating test cases). In other words, 
traceability in a system should include the relationship 
between requirement and all system elements including 
components, processes, functions, and test cases [2][4].  
Finally, in order to capture and map responsibilities for 
various system elements in the EN, the requirements and the 
above mentioned system artifacts should be linked to the 
responsible persons [9][10].  

As mentioned above, requirements traceability should 
also be used to link requirements to test specifications and 
methods. It is important to know which requirement is 
covered by which test or test cases. In addition to mentioning 
important benefits of merging requirements and test cases, 
Kukkanen et al. have illustrated the important relationships 
between the processes of RE and System Testing (ST) in their 
work [11]. In [12]-[15], further advantages of linking 
requirements and testing are mentioned.  

A. Traceability Challenges and Problems  

Requirements traceability can be influenced by several 
factors. Ramesh identifies three factors that affect the 
implementation of requirements traceability in a company, 
namely the environment (technologies), the organization 
(business strategies), and the context of system development 
(policies, people) [16]. These three factors can in turn be 
divided into two coarser categories of methods and (tracing) 
tools [17][18].  

Appropriate and practical methods are needed to track 
requirements, including their linkage to test methods, which 
at the same time allow a cost-quality trade-off [19]. Graham 
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has also identified the absence of the physical end system 
prior to the development and planning of the test methods as 
one of the seven problems in linking requirements and testing 
[20]. The development process of complex meta-systems or 
more specifically “system of systems (SoS)” consisting of 
various components, is an interplay of various specialist 
disciplines. Here, in addition to bringing these disciplines 
together and linking the respective experts for the purpose of 
smooth communication and information transfer, methods 
and measures are also required to master the complexity of 
the multi-structural design of the overall system for effective 
uniform system understanding among the stakeholders [21]. 
However, such standardized procedures with a trade-off 
between cost (including time) and quality for analyzing 
requirements and translating them into a clear model do not 
yet seem to be widely used in industry [14][22]-[26].  

Finally, the appropriate model-based method should be 
implemented in a computer-based tool, namely tracing tool, 
which plays an important role in the context of traceability 
[27]-[29]. A lack of suitable tools also leads to a mismatch 
between requirements and customer needs, which affects 
customer satisfaction with the final product [30]. 
Nevertheless, the efficiency of traceability and thus RM in 
the state of the art is limited due to lack of tool support 
[11][12][16][24][25][31]-[37]. The willingness of corporate 
employees to learn and use the tool depends heavily on the 
degree to which the tool is user-friendly [17]. This can be a 
particular barrier for Small and medium-sized enterprises 
(SMEs) that have limited infrastructure for using complex 
tools and organizing the necessary training [38]-[43]. 

The above factors show the need for a method that 
improves system understanding through an appropriate 
metamodel in an efficient and cross-lifecycle manner, as well 
as a smooth flow of information in EN through a powerful 
tool. This is exactly the main goal of SE mentioned earlier in 
this paper, where the system model should not only enable an 
interdisciplinary product view, but also support 
communication and cooperation between users and provide a 
link between different system data [10]. By linking the 
system model to a procedure concept, SE is also intended to 
represent the temporally logical linking of problem-solving 
steps to solve a complex task. Nevertheless, due to limitations 
in SE approaches underlying traceability methods, the 
identified challenges remain unsolved. The main problem is 
the loss of the original idea of SE over time, i.e., the merging 
of different disciplines due to the increasing focus on specific 
areas instead of universality of methods [44]. This can 
degrade communication in a multidisciplinary team, for 
example between requirements and test engineers, which is 
one of the important problems of traceability. In addition to 
briefly presenting various SE approaches, the following part 
introduces some of these constraints. 

B. Different SE Approaches  

The approaches developed for SE can be categorized as 
either universal or specific [45]. The specific SE approaches, 
e.g., for software engineering focus on their own disciplines 
and not on the universal transdisciplinary use that should 
characterise SE. This makes it difficult to communicate 

between disciplines and to identify commonalities in their 
methods. The methodological differentiation of such 
approaches hinders transferability between different product 
domains and slows down the product development process 
[46]-[48]. However, this is of great importance for the 
development process of meta-systems, which represent a 
multitude of different technical subsystems from the various 
domains, as mentioned above. 

The universal approaches can be divided into System of 
Systems Engineering (SoSE), Model-Based System 
Engineering (MBSE) and Generic System Engineering 
(GSE) [49]. Various descriptions of SoSE or SoS have been 
produced in the literature, but to date there is no universally 
accepted definition [50]-[54]. In the absence of a general 
system definition, the domains, relationships and attributes 
cannot be represented in a uniform way, which hinders the 
creation of a unified system model [45]. 

INCOSE defines Model-Based Systems Engineering 
(MBSE) as a "formalized application of modelling to support 
system requirements, design, analysis, verification, and 
validation that begins in the conceptual phase and extends 
throughout development and later life cycle phases“ [55]. 
Within the context of MBSE, numerous modeling languages 
are utilized. In practice, the models based on the "Unified 
Modeling Language (UML)" and "System 
Markup/Modelling Language (SysML)" have become the 
most popular in the MBSE application. These are capable of 
representing the relationships between system elements and 
requirements, but exhibit a high level of abstraction, 
primarily stemming from their limited graphical notation 
[56]. Moreover, this approach lacks interaction between the 
system model and the procedure model at each step of the 
development process. This is of course needed for updating 
the system model as well as for traceability of elements over 
time, as dynamic environmental factors need to be taken into 
account [2][57]. According to Morkevicius et al. many 
methods in the context of MBSE remain too abstract for 
solving concrete real-world problems because they do not 
provide a framework for organizing the modelling work [58]. 
Such methods show a mismatch between the model created 
and the expectations of customers, as understanding the 
system is difficult for different stakeholders due to the high 
model complexity [59]. Another limitation of MBSE 
methodologies is finding a common language for defining 
stakeholder needs and bringing together a wide range of 
stakeholder views into a single model [60][61]. In addition, 
INCOSE cites inherent difficulties in integrating models 
across organizational, lifecycle and other boundaries, and 
limitation of model/data sharing capabilities within 
modelling tools as other problems of MBSE [55][60][62]. 
Moreover, the high implementation costs of MBSE 
approaches compared to traditional SE approaches and the 
still limited life-cycle management tools for managing 
MBSE models [59][62]-[65] can be particularly challenging 
for SMEs. In the case of highly complex technical systems, 
the lack of a transdisciplinary focus and the difficulties in 
managing a large amount of generated data are further 
problems of the MBSE approach [2][66].  
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"Generic System Engineering (GSE)" developed by 
Winzer and Sitte [67] is considered a state-of-the-art and 
proven approach that satisfies the new dimensions of 
complexity, thus reviving the lost original universal approach 
of SE [45][46][49][57]. GSE proposes a common thinking 
model to derive a unified system model. For this purpose, it 
consists of a standardized approach divided into the 
"analysis" (problem identification and system analysis), the 
"target definition" (problem localization), and the "design" 
(recommendations), which can be problem-specific [46]. 
GSE standardizes SE in both system modeling and approach. 
GSE is thus a general problem-solving framework that 
provides different modules and a system model to ensure 
adaptation to a variety of specific problems [2][46][67]. One 
major advantage of the GSE approach over MBSE and SoSE 
is the clearly defined interface to project management 
[44][68]. This can contribute to a fast response to changes in 
system design or properties.  

There are many different methods for building the system 
model for the technical systems and collaborative SoS in 
GSE, including Demand Compliant Design (DeCoDe), 
which provides a technique for system definition, 
description, modeling, and progressive refinement. The four 
views of the DeCoDe product model,  i.e., requirement, 
component, function, process, are related to each other via a 
matrix to describe technical product systems [69]. An 
"enhanced Demand Compliant Design" (e-DeCoDe) 
integrates the social level of the SoS into the model through 
a fifth person view and thus enables the capture and mapping 
of responsibilities for different system elements in the EN 
[9][10]. All e-DeCoDe elements can also be represented 
hierarchically, with the requirements view. The unified 
matrix representation of the system in e-DeCoDe model can 
improve the understanding of the system for different 
disciplines by representing the system and the interaction 
between its elements in a simple but comprehensive manner. 
The low level of complication of the modeling method can be 
a promising factor in reducing implementation costs, as less 
training is required. Compared to the other modeling 
approaches, e-DeCoDe provides a clear delineation between 
system and environment and methodical handling of 
requirements in EN [44]. 

After introducing the different SE approaches and their 
general strengths and limitations, the different traceability 
methods offered in the state of the art according to the 
introduced universal SE approach will be surveyed in the next 
sections. Section II explains the methodology used in this 
research. Finally, the identified papers are evaluated and 
summarized in Section III. 

II. RESEARCH DESIGN 

In this section, the aim of the study is formulated. In addition, 

the research questions and the methodology of the literature 

review are described here. 

A. Objective and Research Questions 

In the last section, traceability challenges were divided 
into two broad categories: Tools and Methods. Here, the 
necessary training costs for the tools and their limited 

functionality are the subordinate problems of the first 
category, i.e., traceability tools, while the trade-off between 
cost and quality of the approaches resulting from the 
complexity of the methods belong to the second category. 
Therefore, the objective of this work is to evaluate the 
existing methods in terms of their efficiency and the 
applicability of the tools used. This goal will be concretized 
in the form of different research questions (Q). 

Q1: Which approach is able to define the system more 
comprehensively by covering the different views of it (e.g. 
requirements, processes, etc.) including its socio-technical 
levels?  

Q2: Which approach is focused on managing complexity 
through a generic modeling methodology applicable in 
transdisciplinary teams?  

Q3: Which approach establishes the link between 
requirements and testing to improve RE and ST processes? 

Q4: Which approach has a structured procedure concept 
connected to the system model that maps the lifecycle of a 
system from requirements elicitation through design and 
construction to testing?  

Q5: Which programs are used to implement traceability 
methods and how do they contribute to reducing complexity? 

Q6: To what extent is the necessary information available 
to the system developer during requirements elicitation, 
system design and testing integrated into the implemented 
approach?  

B. Methodology 

By analyzing the current developed SE based methods to 
digital requirements management, including traceability in 
product development, the practical potential of the different 
approaches can be overlooked. The focus of these evaluations 
is on the ability of these approaches to robustly link test 
methods and requirements, as well as other key system 
elements, manage complexity and enabling system 
understanding across a multidisciplinary team. At the same 
time, the implementation of the method and the level of 
integration of the system data and information into an 
appropriate functional tool will be examined. Based on the 
challenges identified in Section I and the derived research 
questions in Section II, six different topic areas (T) to be 
considered are defined. The derived topics serve to more 
clearly distinguish these methods from the others and to better 
highlight the scientific gap. Subsequently, a literature review 
is conducted in December 2022 considering the following 
narrowing of the subject: 

- Only the application of SE in the field of engineering is 
considered. 

- Of these, only the methods from the field of product 
development are then considered.  

- Of the various SE approaches applied in product 
development, only the universal SoSE, MBSE and GSE based 
methods are considered and analyzed. 

The research is conducted via scientific databases such as 
GEPRIS, Google Scholar, IEEE Xplore, ScienceDirect, and 
SpringerLink during the observation period from 2015 to 
2022. Based on this, 26 international and 4 national research 
projects or papers are picked out. Finally, the identified 
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researches are evaluated based on the six topic areas. The 
methodology of the literature review is shown graphically in 
Figure 1:  

  

 
Figure 1.  Graphical representation of the applied methodology in the 

present paper. 

Based on the stated challenges and required solutions for 
each topic area, the studies were scored from 1 (lowest score) 
to 5 (highest score), with specific point awarded for each need 
covered. The important issues and needs for which a specific 
score was given are underlined in the following description of 
the topics with the corresponding score in parentheses. The 
assessment of the tools used in T5 is based on [63][70]-[72].   

T1 (System Definition and Delimitation): The approach 
developed shall primarily address the linkage of requirements 
(1p) to key system parts and artifacts, including processes (1p) 
and components (1p). Functional requirements shall be linked 
to the corresponding functions (1p) that the system is intended 
to perform. The approach should provide a clear boundary 
between the system and the environment and methodically 
support their interaction. To enable the treatment of 
requirements in EN, the approach should also include roles 
and liability through a person view (1p). 

T2 (System Modeling): The developed approach should 
consist of a model that graphically establishes a linkage (1p) 
between the above-mentioned system elements. Generality, 
comprehensibility and universality of the model should be 
observed as well (1p). By representing the interactions 
between these artifacts, the unified model shall enable 
traceability of requirements during the system development 
life cycle (1p) while handling system complexity (1p). In 
addition, the model shall account for independent attributes 
and represent EN in a unified manner (1p). 

T3 (Integration of Test cases): The importance and 
benefits of linking tests to requirements have already been 
explained in this paper. The model developed should be 
intended to enable the integration of test specification and 
methods by providing a link between requirements and test 
cases (1p). However, this should not lead to an increase in 
system complexity (1p). The important relationships between 

the RE process and the ST process shown in [11] should also 
be included in the model. In particular, these relationships 
include data on changes made or to be made to the 
requirements (0.5p) or test cases (0.5p), comments on the 
requirements design (0.5p), test results (1p), and information 
on defects resolved (0.5p). 

T4 (Structured Procedure Concept): In addition to the 
comprehensive generic system model, the developed 
approach must include a structured procedure concept (1p). 
The procedure model should have an iterative periodically 
recurring form (1p) and also represents the time course of 
system development (1p). This should be cross-lifecycle and 
include the development steps up to system testing (1p).  The 
procedure concept must also follow the rules of SE and should 
accordingly be modular and universally applicable (1p). In 
this way, the procedure model can enable EN a company- and 
product-specific use of RE methods, as well as the tracing and 
specification of requirements [10]. 

T5 (Model Implementation): As already mentioned, the 
model should be implemented in a suitable software tool to 
realize system modeling (1p). The program must visibly and 
transparently represent the system elements and their 
interrelationships (1p). In addition, it must have filtering and 
focusing functions that enable concentration on the essentials 
or certain elements and thus systematically reduce the 
complexity of the modeled system (1p). Even more, the 
software must enable the time-logical arrangement of 
functions and processes (1p) as well as the storage of system 
states in order to be able to track phases of project 
management (1p). 

T6 (System Information Integration): The most 
important system information, which is particularly relevant 
for tracing the test results and their corresponding product 
characteristics and requirements, shall be implemented with 
the model in the program or tracing tool. We have listed some 
of this information, which is shown in the Figure 2 (each 
information 0.5p).  

 
Figure 2.  Important information for precise requirements and test 

engineering. 
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This information, such as measurement parameters, 
contact details of the person responsible for the test, the 
measuring device used, etc., should be accessible in the 
program at all times. This allows the tracing tool to serve as a 
means of communication and information exchange for the 
parties involved in the requirement and the test. These 
information are to be implemented with the model in a 
practical program. Depending on the context of use, further 
information may be required. 

III. RESULTS 

The results of the evaluation of the research works are 

listed in relation to their underlying SE approach in Table I. 

The results of the survey show the lack of a generic, cross-

discipline RE approach that considers the linkage of 

requirements with testing. This problem has been solved in 

the developed GSE approaches, but the RE methods based on 

this approach do not consider the integration of inspection 

characteristics and procedures into the model as well as into 

the procedure concept. As discussed earlier, the SoSE-based 

methods seem to have the least ability to fulfil the identified 

demands, as evidenced by the results of this literature review. 

In general, the lowest score belonged to T6 by all three 

approaches, which addresses the integration of the 

information listed in Figure 2 into the traceability tool. 

TABLE I.  EVALUATION OF THE STATE OF THE ART FOR 

REQUIREMENTS TRACEABILITY METHODS AND THEIR LINKAGE 

TO TEST CASES. 

Evaluation Topics 

 

S
y

st
e
m

 D
e
fi

n
it

io
n

 a
n

d
 

D
e
li

m
it

a
ti

o
n

 

S
y

st
e
m

 M
o

d
e
li

n
g
 

In
te

g
ra

ti
o

n
 o

f 
T

e
st

 

C
a

se
s 

S
tr

u
c
tu

r
e
d

 P
ro

c
e
d

u
r
e
 

C
o

n
c
e
p

t 

M
o

d
el

 I
m

p
le

m
e
n

ta
ti

o
n

 

S
y

st
e
m

 I
n

fo
rm

a
ti

o
n

 

In
te

g
ra

ti
o

n
 

No. Reference T1 T2 T3 T4 T5 T6 

MBSE 

1 [73] 4 2 3 3 3 0,5 

2 [74] 4 3 3 1 3 1,5 

3 [75] 5 3 2 2 3 0 

4 [76] 4 3 3 0 3 1 

5 [77] 4 3 2 3 3 1 

6 [78] 5 3 2 3 3 0 

7 [79] 3 2 1 4 5 4 

8 [80] 5 3 2 5 4 1 

9 [81] 3 2 1 4 5 4 

10 [82] 3 3 3 5 3 1 

11 [83] 3 2 3 5 2 3 

12 [84] 3 3 0 2 3 1 

13 [85] 5 3 3 3 2 2,5 

14 [86] 4 3 4 1 1 2 

15 [87] 3 2 0 0 3 1 

16 [88] 5 4 3 4 3 4 

17 [89] 2 3 0 1 2 2 

18 [90] 2 3 1 1 2 1 

19 [91] 5 1 3 3 3 2,5 

20 [92] 4 2 0 2 4 0 

21 [93] 4 4 4 4 3 5 

22 [94] 4 4 4 5 2 4 

23 [95] 3 0 0 4 3 1 

24 [96] 4 4 3 1 5 1 

GSE 

25 [97] 5 5 0 3 4 2 

26 [98] 5 5 0 4 4 2 

27 [99] 4 5 0 4 4 2 

SoSE 

28 [100] 2 2 0 3 3 1 

29 [101] 2 2 0 2 3 0,5 

30 [102] 2 2 0 3 2 1 

The highest score among the MBSE-based methods is 

achieved by Mandel et al. [93] with 24 scores out of 30, which 

not only shows a consideration of the system environment 

and its delineation from the system in the model, but also 

integrates a lot of information relevant for testing into the 

implemented model. However, the method does not consider 

roles. In addition, the procedure model does not fully include 

the steps for developing and managing the requirements [93]. 

Second among the highly rated MBSE approaches are the 

methods of Kremer et al. and Steimer et al., which both 

achieved a score of 23 out of 30. The presented method of 

Kremer et al. [88] used an iterative, overarching procedure 

model. In addition, the use cases and all major system 

elements are linked in the model. However, different tools 

were used to link and create the model, resulting in a tool 

chain in the end. In addition, the information relevant to the 

test could be more comprehensively included in the tool [88]. 

The MBSE-based approach of Steimer et al. [94] aims to 

better integrate production system planning with product 

development in the early design phases through a model-

based planning process. This approach has an iterative V-

model as a process concept. The authors pointed out that the 

method they developed makes models with a larger scale 

rather confusing. They also mentioned that the mostly 

abstract graphical representations in SysML, such as 

rectangles, circles and lines, require expert knowledge for 

their interpretation [94]. Pessa et al. [80] applied MBSE to an 

industrial test case to perform the functional design of an 

innovative control and maintenance system to be integrated 

into the aircraft fuel system. In their model, the requirements 

were linked to the use cases, but the system functions were 

derived directly by inferring the use dependencies between 

the system and the use case. The model shows the interactions 

between these elements, but gives no indication of the 

important data from the test process [80]. Bougain and 

Gerhard [81] have also developed a product development aid 

using SysML that helps designers make decisions using 

examples from previous or similar or other domains, 

including associated requirements, specifications, use cases, 

test cases, and other system information [81]. Huth et al. [85] 

presented an integrated approach that offers the possibilities 

of model-based requirements and variant modeling. In their 

work, in addition to test criteria, test cases, features, use cases 

and stakeholders, they have also linked the goals or targets 

with the requirements. However, a new sub-model, called the 

feature model, was created for modeling features, which 

Research 

Topic 
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affects the unified form of the model. In the presented 

procedure model is also no chronological sequence of the 

product development process recognizable [85]. The lowest 

point belongs to the work of Berges et al. [87], where an 

approach for coupling MBSE and simulation models was 

presented. The approach, which was exemplarily 

demonstrated on the development models for the virtual 

development of wind turbines, has a SysML system model 

that contains the relevant development information about the 

wind turbine and is linked to the simulation model in 

MATLAB Simulink to check the technical solutions for 

individual functions against the requirements. In this work, 

the focus is not on the universal representation of the system 

using the SE approach, but on the linking of the system model 

with simulation model for the purpose of subsequent 

automation of change processes [87]. In this approach the test 

cases are not integrated in the model as well as the methods 

in [84][92][89][90][95]. Moreover, it can be generally said 

that all observed MBSE-based methods exhibit high 

complexity, which complicates the understanding of the 

system due to the previously mentioned characteristics of 

MBSE. 
The GSE based traceability methods evaluated in Table I 

offer a generic usability and a universal understanding of the 
considered systems. In [97], the authors presented an 
approach based on the e-DeCoDe model for consistent 
tracking of requirements from complaints. In this way, the 
identification of failure causes in product development is 
made possible. As a procedure, the authors developed a four-
step process for deriving requirements from complaints. A 
new RE approach is presented in another work [98] based on 
e-DeCoDe that supports engineers in R&D Business 
Networks (BN) in a flexible and customizable way. This 
approach merges the three dimensions of RE, RM and BN 
into a structured procedure based on GSE, which enables a 
high level of understanding of the complex system, for the 
different partners in the EN. Finally, Bielefeld et al. [99] use 
the DeCoDe modeling method to analyze fault chains for a 
complex mechatronic system. In this method, organizational 
complexity is not considered and the focus is only on the 
technical complexity of the mentioned system [99].  

The use of e-DeCoDe modeling based on the simple 
matrix format in  [97] and [98] facilitates the understanding 
of the system by defining the essential system artifacts, i.e., 
requirements, components, functions, processes, and 
responsible parties. In addition, the interaction between the 
individual artifacts and the relationship between the system 
and its environment is captured in these methods. The tool 
(iQUAVIS) used for the implementation of the RE methods 
developed by Mistler et al. [97] allows the entire display to 
be filtered or narrowed to any system element, reducing 
complexity and providing a better overview of system 
components [97]. However, none of these approaches, nor 
any of the SoSE-based approaches explored, consider the 
linkage of the test methods with the system elements, 
including the requirements. This also means that the 
developed procedure concepts, despite their iterative modular 

structure, lack the relevant development steps for system 
testing. 

IV. CONCLUSION AND FUTURE WORK 

In this paper, we have presented the challenges in 
traceability of requirements and their linkage to test 
specifications and test methods. According to the studies, 
existing traceability approaches lack the appropriate methods 
and tools that offer a cost-quality balance in addition to an 
even understanding of the system and reduction of 
complexity.  

Based on the aforementioned problem areas, we evaluated 
the different SE approaches, including specific and universal 
approaches, in terms of their potential for requirements 
traceability throughout the product development cycle up to 
system testing. In this context, the three universal SE 
approaches, i.e., SoSE, MBSE, and GSE, were presented as 
the most commonly used solutions for requirements 
traceability. In a next step, the different traceability methods 
available in the literature were evaluated through a systematic 
literature review with respect to their corresponding SE 
approach. 

The results of the literature review show that MBSE 
enables traceability of requirements and their linkage to 
system tests, but they have limitations in terms of generic 
model structure, which limits the equal understanding of the 
system for the different stakeholders. In addition, some of the 
developed MBSE methods found in the literature review did 
not fully consider the important system elements, which 
should be connected with requirements. Some methods also 
did not take into account the person view, which enables 
social level interconnectedness in EN. The developed GSE-
based methods that use (e)-/DeCoDe modeling provide a 
comprehensive view of the key system elements through a 
simple matrix view that keeps the model complexity low, but 
none of these methods consider the integration of the test 
processes into the system model. In addition, the necessary 
information listed in Figure 2 is not included in the tools used 
in most of the analyzed works. Compared to the MBSE and 
GSE approaches, the SoSE-based methods have reached the 
lowest score with regard to the observed topics. 

Based on the identified gaps in the state of the art, we have 
started to develop an information pool as a data basis for 
tracing the requirements of a sample product (chemical 
protective clothing) using the GSE approach. In addition to 
integrating the system test into an e-DeCoDe model, our 
database should enable the capture of the system information 
in a suitable available software tool, e.g., iQUAVIS. Thanks 
to the integration of the person view in the e-DeCoDe model, 
this method can lead to a dynamic flow of data and 
information and an improvement of communication in the 
multidisciplinary teams. The unified structure of the e-
DeCoDe model should allow for a better understanding of the 
system by different stakeholders without requiring a high level 
of training, which can be an important factor for SMEs. These 
benefits can be further explored and evaluated in upcoming 
research. 
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