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ABSTRACT 
This thesis attempts to outline the key issues of the evolution in traceability of standard parts 
and the key conditions a solution design should satisfy to create a more effective and efficient 
collaboration in supply chain data exchange. This research does not focus on one optimal 
solution, but rather provide an organized and structural overview of the design in which varying 
options, requirements and criteria result in a possible solution platform or technology to the 
specific qualitative problem(s). The research result is a report supporting the delivery of 
common knowledge and understanding by describing the needs, conditions and boundaries for 
a prototype design. The basis of this is the applied methods consisting of 1. Problem 
understanding by business process analysis, 2. Defining the artefacts by requirements 
engineering and 3. Validation and verification of the design choices by the use of iterative 
discussions. The result indicates some crucial services in a system that can improve the supply 
chain communication, and thus is very promising. While complexities in interoperability and 
functioning create some uncertainty, the realization of an effective sector wide system will stay 
challenging. All things considered, the current supply chain delivery-process is calling for 
improvement, and radical change requires disruptive technological transformation to reach 
higher standards and an optimized collaboration for better data communication.     
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MANAGEMENT SUMMARY 
Increasingly, networking/collaboration is recognized as an important element for organizations 
to improve business performance. Improving the collaboration and therefore exchange in data 
by having data in a usable form, enhances and benefits the complete chain of supply. Currently, 
data exchange within the aerospace ecosystem includes only limited data due to a complex 
quality paper trail which is often incomplete, inaccurate and therefore checked unnecessarily 
often. This result in a loss in efficiency and (potential) valuable data. With thousands of spare 
parts, it has become rather difficult to deal with all the paper data, in particular to trace a part 
with all its corresponding data history. Therefore, this research is performed to identify and 
validate the requirements for a software solution to deal with the described issue(s).  
 
First the details of common issues and challenges in the industry were researched by an 
extensive structured literature review. Effectively, this resulted in five aspects; visibility, trust, 
interoperability, quality and coordination crucial for consideration in the design of a software 
system. This will support in the design of a successful communication system that leads to an 
increase in process-flow efficiency within the ecosystem. Furthermore, the most important 
findings with regard to traceability in an industrial organization are firstly that this data 
influences many aspects of a company’s decision-making, organizational dependencies and 
leverages core competencies. Therefore, it is important to realize that benefits reside from the 
data availability and analytics rather than the IT domain. Secondly, most industry stakeholders 
are currently focused on internal capabilities, while external capabilities in the supply chain 
offer tremendously more improvement opportunities. Lastly, the design of a bridging system 
allows the aerospace industry to move to higher levels of interoperability, however, it requires 
stakeholder participation and thus a desire for knowledge, awareness and trust to achieve the 
valuable transformation in data collaboration. 

Consequently, requirements for a suitable system design were obtained in a case study. The 
case study was separated into three studies and starts by analyzing the order to delivery process, 
to increase the knowledge, insights and awareness in the current situation. This was done by 
document analysis, observations and (unstructured) interviews and resulted in a clear definition 
of issues. This will help to understand the problem context in which a artefact can be created 
and result in a business process model, information system diagram, data framework and cause-
effect diagram.  

The second part exist of defining the design space and creating the artefacts that describes the 
conditions for a system design. This was done by requirement engineering and includes 
elicitation, extraction, definition and specification of requirements. The artefact design existed 
of three iterations, including structured user-interviews and several iterative focus groups 
aimed to discuss, reflect and define all possible alternatives, and eventually decide according 
to the criteria. The research leads to a requirements documentation, software requirements 
specification including use case model definitions and decision model. All artefacts together 
form an organized and structured description of what, why and how a system should be 
designed to improve the supply chain collaboration and thus solve the identified issues. 

The last part represents the validation and verification of the obtained knowledge and designed 
artefacts. This was done by a focus group involving different disciplines of the development 
process. The artefacts were validated by discussions and reasoned by the use of an interactive 
presentation in which the artefacts were explained followed by a survey to check the relations 
between the discussions, individual opinion, goals and objectives.  
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The studies showed that complex and broad issues based on qualitative data can be simplified 
by using the steps taken in this thesis. The final decision model can be used as a guide or 
communication tool for discussions with all stakeholders on the decision that must or have 
been made. At the same time, it provides a structured map towards a solution by complex 
decision making for further development of a prototype.  
 
With these results, it is advised to start with a careful exploration of the interest among the 
various, not yet involved, stakeholders and conduct more research into the exact expected 
change details of such a system implementation. Future research can test the design 
specifications by building a preliminary prototype of the proposed design 
conditions. Prototyping assists in communication, obtain agreement, find errors and assess the 
accuracy and quality of the requirements. The proposed design outlines a solution that is 
promising and can have a significant impact on the work-flow of the sector. However, this 
solution contains challenges, as it requires participation and involvement of other stakeholders 
to increase value in the. Thus, it is of key importance to spread interest and make other 
stakeholders aware of the benefits in comparison to the investments and risks.  
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1. INTRODUCTION 
This chapter serves as introduction to the research reported in this master thesis report. First 
some crucial background is provided in section 1.1 to introduce the core subject and possible 
solution direction, which is used latter in the research report. In section 1.2 Fokker services is 
introduced as one of the initiators of this research. Next, in section 1.3 rational and scope in 
this research is explained and introduces the stakeholders at different levels of the supply chain; 
OEMs, Distributors, 3PLP and customer perspective together with their interests and role in 
this business case. Furthermore, the process, problem context and goal of this research are 
properly described. Finally, the research protocol is described by providing a research strategy 
and planning for the continuing project. 

1.1.  BACKGROUND 
Increasingly, researchers and practitioners recognize the importance of effective 
networking/collaboration for an organization to be on the fast track to digital change (Schuh, 
et al., 2014). Methods to do this is by enhancing the organizational information structure of 
companies to a new industry 4.0 standard which is no longer only a technical challenge but 
also a collaborative challenge. Industry 4.0 is able to offer a productivity gain whenever the 
enhancement in technology enables an improvement in collaboration, making production more 
efficient and effective (Cimini et al., 2016). According to Schuh et al (2014), collaboration is 
divided into 3 collaborative dimensions. First, communication, meaning the exchange and 
interpretation of data within the supply chain, which can be enhanced by fostering 
decentralized communication. Second, coordination of resources including identification 
(traceability) can be fostered by interconnection between individual systems to eventually work 
to consistent objectives throughout all stakeholders. Lastly, cooperation is to achieve 
automation control and pre-processing of data to eliminate routine activities in an end-to-end 
process. Organizations who are able to implement these dimensions obtain a competitive 
advantage and therefore have a higher chance of success.  
 
One industry that is leveraging the advantages of the globalization of the supply-chain is the 
aerospace industry. Overwhelmed with a high demand and complexity in parts, the aerospace 
industry is being stressed with time and cost reduction (Ivan & Lucia, 2013). This industry has 
to deal with complex supply chain data in order to safely purchase and deliver quality in aircraft 
maintenance (Tekin & Kapan, 2016). Mainly, since punctuality and safety of flights is of the 
highest importance for airlines and its customers (Kashyap, 2012). Hence, that all standard 
parts have to be available immediately and licensed whenever they are requested to keep every 
aircraft airworthy (ready to fly).  
Well-regulated procedures by formal authorities such as EASA and FAA (ASD or IAQG) 
require parts to contain specific certificates of licensed design information as well as 
documentation such as life expectancy and maintenance/modification documents through a 
products lifecycle (Ivan & Lucia, 2013). This certificate guarantees that the acquired part is 
upholding with the qualifications of the design office and is manufactured by an approved 
manufacturer. All Industrial Standard Parts continue to be certified with a Certificate of 
Conformity (CoC) at every tier of the chain before moving forward in the supply chain. 
 
With thousands of spare parts and more often than not, data in physical paper form, it is rather 
difficult to deal with all data and trace a part with all its history. Moreover, whenever a part is 
passed on to the next stakeholder in the supply chain, only strictly requested or necessary paper 
documents are shared with the next stakeholder of the supply chain. Other information gained 
by stakeholders, which could be valuable to other stakeholders in the supply chain, is withhold 
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and therefore lost in the ecosystem. In case a part does not contain the necessary 
documentation, it causes stagnation in the process as it has zero value for the customer while 
it cannot be used and is held in quarantine until documentation is restated. This is causing 
inefficiencies and poor quality leading to extra effort and increased costs. Hence the need for 
compiling a uniform standard, which aims at integrating the traceability requirements for 
quality in the aerospace industry to establish common standards for organizations at all levels 
of the supply chain. This should lead to more effective procedures, as redundant efforts are 
avoided and quality and safety are upgraded to realize a cost reduction on several organization 
levels (Ivan & Lucia, 2013). 
 
For the development of an artefact that can assist in this matter, the challenge lies in connecting 
a broad and diverse ecosystem of devices, each containing individual communication protocols 
via a central platform.  
In the present paper the attention is focused on the design of an artefact which will support the 
development of a solution that can trace, save and monitor conformity of standard parts. The 
artefact considered is using UID-tags for real-time detection of parts. The aim of the study is 
to design an artefact that generate knowledge about quality aspects in a system solution for 
exchange and visibility of standard parts data within the supply chain. Transparency and 
visibility of available data is necessary to allow for an increase in efficiency in spare parts 
distribution. This will generate value for every stakeholder, rather than being a labor-intensive 
cost for every individual organization.  

1.2.  FOKKER SERVICES 
This study is conducted at Fokker Services, an innovative aerospace service provider of 
affordable and reliable solutions. Fokker services is an independent aerospace service provider 
and is one out of four business units (Landing gear, Elmo, Aerostructures) that form the Fokker 
Technologies Holding. Since 2015 all of these organizations are part of the global engineering 
company GKN Aerospace. 
 
Following Fokker’s worldwide reputation as a manufacturer of reliable aircrafts, Fokker 
Services now applies its decades of know-how in providing first-class maintenance, repair and 
overhaul (MRO) services to aircraft operators. The services that are offered include unit 
availability programs, flight hour-based component repairs, engineering, documentation 
support, airframe works, Original Equipment Manufacturer (OEM) partnering and support 
services. The organization contain logistic operation in warehouses in Europe (the 
Netherlands), North America (Atlanta, USA) and Singapore, and manages several local lease 
stocks on regional airline customers’ premises. Fokker Services is situated in many central 
locations and has the capacity to tackle the infrequent demand patterns of spares usage with a 
95% delivery performance thanks to its core-valuable support systems for all logistic operation. 
This track record in trust, service and knowledge also demonstrates excellent performance and 
reliability in the defense industry.  

Fokker Services supports a large variety of aircrafts; Boeing, Airbus, Bombardier and also 
Fokker's own legacy aircraft components. The customer base covers various companies from 
aircraft OEMs and airlines, to military and governmental organizations; namely Airbus, 
Boeing, Bombardier, Austrian Airline, Lockheed Martin, Cessna, Dutch Royal Airforce etc. 
Collaboration with partners of the supply chain is the future step to a more efficient and 
effective business strategy. Therefore, Fokker is exploring new technologies and techniques to 
gain knowledge in possibilities for the next strategic and innovative business decision.  
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1.3.  RESEARCH SCOPE 
The aim of this section is the identification and evaluation of a valid business-case of 
traceability requirements in the aerospace industry. The scope of the research was explicitly 
limited to a solution spectrum that implements a (cyberphysical technology, possibly 
consisting of a blockchain or IoT system solution. 
 
A Cyber-Physical System (CPS) connects virtual and physical worlds together to create a 
network where intelligent objects can communicate and interact with one another. It includes 
computing and storage capacity, mechanics and electronics, and are based on the internet as a 
communication medium (Cimini et al., 2016). As with many emerging technologies, hype 
patterns with a peak in interest in the technology, caused by high fluctuations in expectations, 
causes many organizations to irrationally adopt an emerging technology (Gartner, 2018). 
Without any consideration in relevance, technical 
usability and applicability in solving the business 
problem, companies tend to implement these 
trendy technologies (Figure 1), as they are afraid of 
missing the huge opportunity it might bring. 
Technologies normally progress through 
successive stages, followed by disappointment, and 
later experience a recovery of expectations. 
Therefore, it is essential for decision making to be 
supported by a well-defined problem context and 
analyses of requirements to find a well-fitting 
solution for the specific problem definition. 
 
For this reason, implications within the ecosystem concerning traceability requirements have 
to be studied and discussed to accordingly identify a suitable business case. Traceability 
requirements is defined as “the ability to describe and follow the life of a requirement, in both 
a forwards and backwards direction” (Klimpke & Hildenbrand, 2009). In this context, 
requirement(s) is related to the contextualization of various actors having each their own 
viewpoint and concerns with respect to needs, dependability and prioritization. As each actor 
is involved in different parts of a product lifecycle, these needs, dependability and prioritization 
differ in specific evaluation criteria such as product quality, transparency, safety, product 
performance, and usability (Aiello, Enea, & Muriana, 2015). With this in mind, two brain-
storm sessions have been organized with the project initiators (TU/e, Fokker and IBM) to 
reason for a starting point of the research. 
 
To ensure a case with enough depth, support and a reasonable starting point, the scope was 
narrowed down further. This is why rotable parts have been excluded from this study as it holds 
high interventions, back and forward movements in the supply chain, making it rather difficult 
to investigate all requirements, conditions and restrictions which will slack the progress. In 
contrary, standard parts does not include maintenance or repair cycle data, hence the name 
“usable parts”, limiting the data streams requirements in the up- and down-stream of the supply 
chain. Also, to assure proficient support in gathering what we need, the involvement of 
stakeholders is scoped to only one specific customer namely; the Dutch Royal Airforce (KLU 
or CLSK). This customer is chosen, as Fokker already has extensive and long-lasting contract 
experience on supporting and converting military aircrafts and is responsible for many Air 
Force clients in Europe in delivering standard parts. Given this, it is considered that Fokker 
services, with all its experience, can act and fulfil the role of more actors in the supply chain. 
Therefore, the scope lies on the key actors of the standard parts industry and the process for 

Figure 1 Gartner Emerging Technology Hypes 2018 
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standard parts logistics in the supply chain as depicted in Figure 2. In this domain, Fokker 
covers the role as Manufacturer (OEM), Distributor and 3PLP for the identification of 
requirements in a traceability solution.  
 

 
 

Figure 2 Aerospace ecosystem 

 

1.4.  SUPPLY CHAIN PROCESS UNDERSTANDING 
To start, an overview of all Standard Part processes between Fokker and CLSK can be found 
in appendix C.  As indicated in Figure 3, every stakeholder is currently executing a uniform 
“check” to verify whether both the parts and its linked data are conforming trace-, certified and 
requested requirements. This check includes;  
 
1. Check approval of manufacturer and distributors.  
2. Check CoC 
3. Check Part number, Lot-number, Quantity according initial purchase order.  
4. Check physical quality and divergent matters. 
 
Since every organization is being examined by regulated authorities on mandatory 
requirements, these check procedures are repeated on every stakeholder level in the supply 
chain to assure the conformity and completeness of all data.  
 

  
 

Figure 3 Supply Chain Procedure 

Fokker distinguishes two different types of products. They relate to standard- and rotable parts. 
As already mentioned, this research is scoped to standard parts only. Within the KLU business 
case, the standard parts are divided into twin-bin delivery and special (afroep) delivery; 
  

o Twin-bin delivery are the common used standard parts and are to refill the twin-bin 
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o Special delivery, being batch delivery, modifications, single-orders etc. are not supplied 
with the use of twin-bins, but are directly handed to the LSE-employee for immediate 
use (Figure 4). 

 
Figure 4 Distribution Model (Twin-bin and Specials) 

In general, both processes are equal to Appendix A3 (SD2.2), except for the special order which 
has a few extra steps upfront as the PN can be absent if it is not a routine product for the MAF 
order-system. The core of the process is the on-time delivery of parts including the necessary 
design and source conformity papers from Fokker service and external suppliers.  

1.5.  BUSINESS PROBLEM STATEMENT 
Complex and regulatory processes in the aerospace industry make it essential and challenging 
to manage traceability requirements through the supply chain. Different papers such as design-
, conformance-, quality-, and maintenance documentations are checked and linked to a 
products life cycle. However, these parts are constantly being moved, split from their batch 
and sometimes counterfeited, which increases the risk of losing trust and quality in certified 
parts. All these iterations generate new paper trails of data/documentations and is to be linked 
to the part in order to prove parts are certified according to customer and regulatory 
requirements.  
 
With thousands of spare parts and more often than not, documentation in physical paper form, 
it is rather difficult to deal with all the data and trace a part with all its history. Therefore, 
checks are executed unnecessarily often at every organizational level to assure documents are 
complete and accurate conform requirements, so traceability regulations are maintained. 
Moreover, whenever a part is passed on to the next stakeholder in the supply chain, only strictly 
requested or mandatory data in paper form are shared with the next stakeholder of the supply 
chain. Other information gained upstream in the system, which could be valuable for future 
use or to other stakeholders in the supply chain, is withhold and/or lost in the ecosystem. 
 
Loss in data, or more importantly incompleteness of the necessary design- and following 
Certificate of Conformity (CoC) documentation (of each following owner) is mostly caused 
due to high work pressure, absence of standards in sharing data and high customer expectations 
in delivering quality parts etc. (Appendix B8). This result in costly delays and extra effort to 
prevent the part from losing its worth and necessities of being usable. Instead, the part has to 
be kept in quarantine until the necessary documentation is restated, costing unnecessary labour-
intensive manual procedures for collecting and analyzing traceability information. Traceability 
procedures ensure that a problem with a part somewhere upstream in the supply chain 
automatically triggers recall or update actions further downstream in the supply chain.  
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A shared data system reassures for more visibility, accuracy, completeness, collaboration and 
applicable analytics to improve the entire supply chain. Therefore, the traceability links among 
the whole supply chain is critical to ensure safety, correctness, quality and in short, the worth 
of the part as it loses its functionality without the necessary documentation.  
The Business problem statement is defined as follows: 
 
“Standard part tracing within the aerospace ecosystem currently (only) involves limited data 

sharing using a complex quality paper trail which is incomplete, inaccurate and checked 

unnecessarily often resulting in a loss in efficiency and (potential) valuable knowledge.”  

1.6.  RESEARCH QUESTION 
The key question during this study is to find a value design and generate an artefact which will 
increase the knowledge for necessary data and quality aspects which a (cyberphysical) system 
solution should contain, useful for traceability of standard parts. It should solve the problem of 
incomplete, inaccurate and preparation of required tender documents unnecessarily often by 
eliminating certain organization level requirements. To draw meaningful conclusions on this 
matter, the main research question is therefore formulated as follows: 
 
“What issues and challenges in traceability should be considered in the identification of 

traceability requirements for the exchange of data to develop a data supply chain system 

solution that solve the problems with standard part tracing?”  

  
To perform this study in a structured manner, the research question is broken down into sub-
questions, which will be evaluated separately. These sub-questions are defined as follow:   
 

o “What are current issues and challenges for keeping traceability requirements of 
standard parts in the aerospace ecosystem?”  

 
o “Which data is available in the process and what are problems in standard part 

traceability in the aerospace industry?”  
  

o “What are traceability requirements for a data exchange solution considering the 
current issues and challenges?” 

  
o “What options in a system solution should be considered for improving traceability 

based on the obtained traceability requirements?” 
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1.7.  CONCLUSION OF FIRST SECTION 
The Introduction showed that in the current industry, actors within the supply chain cope with 
issues regarding the preparation and delivery of required tender documents. This is experienced 
as a continues and repeating process that is often unnecessarily and at the same time valuable 
data is lost by making the manual process easier and faster. With regard to the research 
question, it can be said that issues and challenges encounter all actors within the aerospace 
supply chain and therefore requires a collaborative solution approach.  
 
This section introduced the subject and delivered a simplified problem analysis as will be 
extensively described in section 5.1. This results into the design problem framework as 
depicted in Figure 5. 
  
 

  • Improve the lack in (collaboration) knowledge regarding traceability & requirements 
for the decision and development of a (cyberphysical) system in the aerospace 
ecosystem.  

• By creating a Requirement Document, Software Requirement Specification and 
Decision Model 

• Such that it is Configurable, Valuable, Complete and ultimately Useful 
• To stakeholders’ expectations for the development of a standard parts 

(cyberphysical) data system  

Figure 5 Design Problem framework 
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2. RESEARCH APPROACH 
The research approach will first enlighten the research objective in section 2.1. Accordingly, 
the methodology with its process structure and research methods is discussed in section 2.2. 
Henceforth, section 2.3 will explain the division in research methodology and finally in section 
2.4 and 2.5 the approaches for both the theoretical and empirical research are individually 
explained.  

2.1. RESEARCH OBJECTIVE 
Since the research is carried out at Fokker Services, the research objective is to obtain a clear 
understanding of needs and conditions within the aerospace supply chain for the use of a 
(cyber-physical) system to improve the process and tracing of standard parts. This will result 
in a clarification of requirements for a system that satisfies the actors in the aerospace 
ecosystem. With the formulation of requirements (needs and condition), it is aimed to;  
“Design system requirements following a uniform standard in (exchangeable) data, by 

collecting traceability requirements from aerospace actors in a requirement- documentation, 

specification and decision model motivating the decisions for a system solution that maintains 

quality, safety and solves issues experienced in the current business process.” 

 
Since collaboration is central in search for a solution and has to be managed properly to deliver 
a working ecosystem solutions (Turetken & Grefen, 2017), proper stakeholder management is 
necessary. Therefore, a stakeholder analysis is done to describe and discover the perceptions 
of each actor in the chain (Appendix A). Additionally, a service-dominant business model radar 
(SDBM/R) is generated from knowledge gained during meetings, theoretical research and 
inductive knowledge, representing the value in a potential ecosystem solution (Appendix B). 
For this, the initial version of SDBM/R of Turetken & Grefen (2017) is used to show a division 
in value per actor, both suppliers and clients at different ends of the value chain. By applying 
this business model, this study adopts a centric mind-set within the ecosystem, allowing for the 
composition of a value model in a service-oriented multi-party setup.  
 
To achieve this objective of a uniform standard solution, it is first necessary to learn from 
current issues and challenges in traceability within supply chain of products. This theoretical 
research will allow for a full understanding of important aspects in requirements investigation 
that will be used in the continuous empirical research. 
 
The goal is to deliver a configurable, valuable, complete and useful artefact which enlightens 
the needs and/or conditions for a system solution. Requirement analysis is conducted to show 
the various stakeholders’ viewpoint (bottom-up approach) and summarize these in a Product 
Requirements Documentation (PRD). It is written from the user’s point of view and will 
contain all requirements, necessary to achieve value as described in the business value model. 
It allows for all stakeholders to understand how value is built conforming to a set of identified 
needs/requirements of each actor. The artefacts will not anticipate on how the architecture is 
designed, but rather encompasses the needs or conditions for a new or altered system, taking 
into account the possibly conflicting requirements of the various stakeholders, regulations, 
documentations, software or system requirements. 
 
Finally, a comparison is made in a decision model to evaluate the diverse options in system 
solution based on the obtained requirements and also elaborates on the business strategy (top-
down) that can have a crucial role in the decision making. 
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2.2.  RESEARCH METHODOLOGY 
The methodology for this research is developed based on the “Design	Science Methodology” 
by (Wieringa, 2014). The design of the research is a case study involving Fokker Service as 
primary actor. The study is categorized as mixed-method, since the first phase involves the 
collection of theoretical knowledge, followed by a combination of various qualitative 
approaches. Qualitative approaches such as observation/process modeling, interviews and 
focus groups are used for the collection of a variety of empirical information to answer the sub-
questions and thus the research question as indicated in section 1.6.  
 
Design Science is used in order to develop knowledge (explanatory research) and interact with 
the problem context to use it for the design of a solution to improve the current context (design 
theory) (Van Aken, 2005). This study first aims to gain a thorough understanding of traceability 
and its current issues and challenges (theoretical research). To accordingly use this knowledge 
for the design of an artefact (empirical research). In order to accomplish both of these 
objectives, this research encompasses a combination of a literature study, fieldwork, designing 
and validation. The division is explained in detail in the next section (2.3).  
 
Consequently, the process structure used in this research is the Design Cycle as part of the 
Engineering Cycle (Wieringa, 2014)(Figure 6). A problem investigation including goal, causes 
and effects is executed and can mainly be found in section 1.5.  To achieve a suitable artefact 
that can be used for the described problem context, analysis is necessary for the identification 
of matter that should be available to prevent the problem from occurring/existing.  Requirement 
analysis and diagnosis are to be done to determine the needs or conditions for a system solution. 
These needs and conditions taking account of the possibly conflicting requirements of the 
various stakeholders, documenting, validating and managing software or system requirements, 
will be used to answer sub questions two to three. This artefact will eventually be used to 
choose for a system solution that suits the discovered requirements that will solve the problem.   
As already mentioned, the following research methods are included:  
o Desk research; Structured literature research, Company will be reviewed in order to gain 

knowledge and insights of current situation.  
o Modeling (by observation): will be used to have a general overview of procedures and 

to visualize possible overlap and comparable procedures between actors in the supply 
chain. This will accordingly lead to problem understanding and issues 

o Interviews; exploring problems, requirements and conditions within current procedures 
regarding the supply chains data exchange and input generation. 

o Focus Group: will help the ideation and validation of the artefact design.  
 

 

Figure 6 Engineering Cycle - Design Cycle 

   Structured Literature Research    
   Process Modelling 
   Interviews

   In Depth Interviews
   Focus Group   Focus Group

   Use Artefacts for  
   Prototype Design



Software Design Requirements for Traceability Improvement               Research Approach 

 19 

2.3. RESEARCH DIVISION  
To ensure the use of a structured approach, a concrete division is made between theoretical and 
empirical research. An overview of the applied method is depicted in Figure 7.  
 

 
 

Figure 7 Division in Research Methodology 

This twofold in research is divided into a theoretical part and an empirical part. Desk research 
is performed, in which theoretical knowledge is obtained by the use of a structured literature 
review (SLR). This preliminary research takes care of reviewing current issues and challenges 
of traceability requirements and the current evolvement/effectiveness of used 
methods/techniques by the use of the snowballing method. This will answer the first sub-
question and provide a framework with important aspects that have to be considered while 
executing the second part of the research.  
 
In the second part, field research is performed and exists of multiple activities such as process 
modeling & analysis, in depth interviews and focus group(s). These activities are to 
validate/detail the theoretical findings and extent the knowledge of the researcher also in 
building a network of experts internally at Fokker as well as external involved partners. The 
in-depth interviews are divided into internal interviews conducted within the company and 
external interviews conducted outside of Fokker with supply chain partners. These interviews 
are to find answers on sub-questions two to three. 	During	these activities and especially the 
focus group, which is attended by key role persons of involved actors, analogical reasoning is 
applied by using the knowledge and insight gained from the first research phase, findings from 
process modeling and preliminary interviews. The aim of the empirical part is to 
discover/investigate the issues and challenges, both obtained in the theoretical part and in 
practice, and translate these into uniform requirements which can be used for the decision 
towards a system solution (i.e. design or implementation of a system containing the desired 
requirements).	 
 
To secure validity of the research, cross validation (triangulation) is achieved by the use of 
more than one data source. Therefore, process modeling helps to identify the process issues 
and saturation of data collected through the supply chain. The interviews contribute to the 
findings of individual needs or conditions, and in combination with the structured literature 
research to the identification of requirements. Likewise, the focus group contribute to the 
verification of literature but mainly helps to identify the final set of requirements by validation 
and verification. Knowledge and insights gained during the theoretical research and interviews 
contribute to build a suitable analogy which is used for the focus group sessions. This will 
eventually strengthen the already gained insights, and lead to a final proposition, see 
Figure 9. 
 
For the case specific requirement, a number of interviews have to be conducted and depends 
on the knowledge of each expert in order to reach theoretical saturation. For this research it is 
appropriate to select purposive sampling as the number of participants is rather a target than a 
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vast required sample of a targeted population. With this in mind, an estimate of five to eight 
interviews with various experts of different actors is selected to gain the necessary knowledge. 

2.4. THEORETICAL SEARCH STRATEGY  
To ensure an effective search of in-depth and broad literature, the method adopted to identify 
primary literature is “snowballing”. This method uses the reference list of a paper (backwards- 
snowballing) or the citations to the paper (forward-snowballing) to identify additional papers 
(Wohlin, 2014). By applying this method, a tentative start set of papers forms the starting base 
that counts as a frame of reference for identifying consecutive literature. Accordingly, the 
initially relevant literature base obtained during exploration serves as base for the search of 
new information. This starting base consist solely of those papers in the tentative start set that 

at the end will be included in the systematic literature study 
and should satisfy to prescribed criteria of Wohlin  (2014). 
Important characteristics are the citations, published year, 
author and aim in title name found in the variety of center 
topics. 
 
Accordingly, backward- or forward snowballing is applied to 
find new relevant literature (Figure 8). Although snowballing 
forms the main literature search strategy, this is 
complemented with the use of three search engines for the 
specific search to a starting base and for comparison 
reasoning to ensure reliability and quality of the search. 
These search engines are Scopus, IEEE-ET Electronic 
Library and Web of Science. These three databases cover a 
significant amount of peer reviewed papers available on the 
world wide web for the search terms in question.  
 
The initial mechanism to find relevant information requires 
the application of a selective criterion process to exclude 
irrelevant papers from the very beginning. Therefore, several 
selection criteria and quality assessments by (Wells & Littell, 
2009) are used in order to eliminate the risk of bias or threats 
to the validity of the study.   
 

Finally, all papers identified during the snowballing process go into data extraction, which are 
conducted in accordance with the research questions posed in the SLR. This is why, data that 
is extracted from involved studies is entered into a ‘data extraction form’, allowing for an easy 
framework and overview of topics and papers. The content of this extraction form includes a 
mixture of general information and specific information to build conclusions. 

2.5.  EMPIRICAL RESEARCH STRATEGY 
As indicated in section 2.3 the protocol of the empirical research is divided into three case 
studies. This is applied to first analyze the process issues, then design the artefacts and 
accordingly validate the artefacts based on predefined requirements (Configurable, Valuable, 
Complete and Useful), findings during process modeling and additional interviews which is 
translated into common and concrete requirements. For every phase/study analogical reasoning 
is used to compare the theoretical with the practical use and needs. Analogies make a 
comparison between objects, concepts, or events and draw attention to the relation patterns 

Figure 8 Strategy model 
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between them to comprehend and proportion it (Rule & Olsen, 2015). By creating analogies, a 
higher level of thinking is exercised, actively trying to engage the involved persons in the 
process of making sense of a possible system. Literature recognizes the importance of, and 
actively encouraging the use of multiple analogies within requirement engineering and product 
development (Rule & Olsen, 2015). A more detailed description of the studies and techniques 
used within is provided in chapter 4.  
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2.6. CONCLUSION OF SECOND SECTION 
The knowledge acquired in the theoretical research (Phase 1) forms the basis for the empirical 
research (Phase 2). However, a two-way relation can be distinguished between the two, as in-
depth interviews are used to verify and detail the bodies of literature, while the literature 
contributes to the identification of traceability requirements. The Additional Phase 3 is to verify 
and reason on a system solution in the market. The relations between the different research 
components is depicted in  
Figure 9.  

 

 
 

Figure 9 Schematic Overview of research Components 
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3. LITERATURE RESEARCH  
In this section the results of the theoretical research (structured literature review) are outlined 
by first describing traceability in general and investigate problems within. Additionally, some 
effects are described contributing in a negative and/or positive way. Subsequently, systems 
phenomena are described that are currently used in order to control, monitor and share data. 
Additionally, a research model is introduced which is used to write the result and conclusion 
section with regard to current issues and challenges of traceability (both in general and for 
application within the aerospace industry).  

3.1.  BACKGROUND ON TRACEABILITY 
Traceability has become a strategic business improver but also is a regulatory priority for 
organizations in the aerospace industry (Harun et al., 2008). Traceability generates data that 
verifies product specifications that can be used for data analysis to substantiate decisions and 
build trust within the chain of actors (Saak, 2016). Data transparency, quality, reliability and 
completeness are key to drive precision of analysis and eventually speed or improve decision 
making (Bindel, Rosamond, Conway, & West, 2012). Coupled with the potential to increase 
supply chain efficiency and safety, the sharing and use of data enables organizations to reach 
advantageous positions by implementing new solutions that enhance supply chain productivity, 
reduce costs and gain customer’s trust by retaining brand reputation (Aiello et al., 2015).  

Traceability is the capability to record, represent and reproduce transactions-, operation- and 
location history of business processes (ISO9001 2015 Quality Management Systems 
Requirements, 2015). It provides the basis for monitoring current business processes to 
eventually create company knowledge that can be used by the company itself, but also by other 
stakeholders in the supply chain. In addition, these obtained analyzed statistics enable 
organizations to control and proactively steer their own operations in term of costs and time 
(Durstewitz & Boy, 2017). This is necessary in order to further re-engineer processes and 
implement these improvements to strive for cost reduction or innovate to higher levels of 
business productivity (Schuh et al., 2014). Traceability also relates to the ability to access any 
or all information about a product throughout its life cycle or the actual data or information 
that is being shared (Souali et al., 2017; Klueber & O’Keefe, 2012). 

Due to increasingly regulated and rapidly growing market, these aspects (“quality”, 
“transparency” and “safety”) are becoming more important but also more complex to improve 
without traceability. Therefore, availability and accessibility of data or information is crucial 
during the complete life cycle of a product (Bindel et al., 2012). In terms of knowledge gain, 
product data is often already available at the organizational level. Necessary installed 
technological drivers allow companies to track this internal data and thus traceability. Internal 
data originates from processes within companies, including design and quality control data for 
the product; production process data; procurement data and logistics and distribution data (GS1 
Standards Document, 2012). However, the external traceability extends the responsibilities of 
the organization to include the exchange of data outside the boundaries of the company (Eynard 
et al., 2004).  
 
External traceability focusses on the information linking up- and downstream the supply chain 
(Souali et al., 2017). A complete traceability according to Souali et al (2017) would be “the 
ability to access any or all information relating to a product throughout its entire life cycle, by 
means of recorded identification”. This would allow stakeholders within the supply chain to 
access and gain not only their own internal traceability data but also data from others which 
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could be useful to optimize the product life cycle. Especially this external exchange indicates 
the importance of synchronizing data of all partners in the supply chain to further optimize 
future (supply chain) operations. In this context the implementation of systems facilitating 
information sharing of the required data and the coordination between internal and external 
partners within the chain is naturally mandatory (Kashyap, 2012). 

3.1.1 Supply Chain 

Supply chain traceability involves an end-to-end process, in which all independent operators 
linked by the up- or downstream flow of a product, contribute and take responsibility to 
optimize the tracking of the involved parts (Ivan & Lucia, 2013). This can only be achieved 
when the actors involved keep clear and consistent records (quality) and properly exchange 
information along the entire supply chain (Aiello et all, 2015; Saak, 2016).  
The emerging chain of standard parts custody together with its coupled data are built on the 
route from production from an OEM, all the way down to a customer at the end of the chain. 
While there exist multiple manufacturers and suppliers each involved in several sectors, 
products can move through a multi-tier supply chain before reaching a final customer. This 
flow in ownership complicates coordination and collaboration and points the importance of 
synchronizing or manage activities of all partners in the supply chain in order to improve the 
effectiveness of supply chain operations. This can also be referred to as Supply Chain 
Management, which relates to the coordination of products and information flows among 
suppliers, manufacturers, distributors, retailers and customers (Kashyap, 2012).  

3.1.2 Standard Parts Legal Requirements 

A standard part in the aviation sector is a part or material that conforms to an established 
industry or Government-published specification description. Parts as nuts, bolt, fasteners, 
bearings and seals are standardized to common size to make customization unnecessary. In 
addition, parts for the aviation sector requires strict requirements before use to guarantee safety 
and security (Gragnoli & Perron, 2018). The airworthiness authorities EASA (European union 
Aviation Safety Agency) and FAA (Federal Aviation Administration in the U.S) accept a 
standard part as an approved part whenever the attached certification confirms that the part has 
been designed and produced in accordance with an independent established set of 
specifications and criteria (“Standard parts,” 2013). These specification and criteria are legal 
requirements such as dimensions and performance description to assure safety of aerospace 
parts.  
 
Considering todays part activity, billions of parts are used over the world in only a year, which 
raises the importance of establishing traceability in quality parts (CBI Market Intelligence, 
2015). To prevent mismarked, misrepresented or counterfeit, parts have to confirm the 
technical requirements and therefore can only be produced by certificate holders. A part 
manufacturer approval, specifically EASA Part 21 subpart G1, is only granted by EASA or 
from any national aviation authority of the members states of the European union. The same 
applies to certification in the U.S to which the FAA is the national aviation authorization. Parts 
conform the requirements stated by EASA/FAA which includes design, manufacturing, test 
and acceptance criteria, and uniform identification requirements is in complete compliance 
with the established industry or government specification. Another option is that the 
administrator demonstrates conformity based solely on meeting the criteria stated by the 
regulatory authority.  
                                                
1 EASA part 21 subpart-G 

https://www.easa.europa.eu/easa-and-you/aircraft-products/production-organisations-approvals
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Other additional requirements in the aerospace sector is characterized by the quality system: 
AS9100 certification. AS9100 is a comprehensive quality management system standard for the 
aerospace industry that specifies to ensure the identification and control of physical and 
functional attributes throughout the product lifecycle (“AS9100 AEROSPACE STANDARD,” 
2016). This process helps to control product identification and traceability to requirements to 
make decisions upon. A quality management system is a strategic decision for an organization 
that can help to improve its overall performance and provide a sound basis for sustainable 
development initiatives. This additional requirement is set by regulatory bodies, not being the 
European or U.S. authorities. In order to do business, manufacturers and suppliers require the 
registration or compliance to AS9100 conditions (Ivan & Lucia, 2013).   

3.1.3  Traceability Requirements 

Traceability requirements is defined as “the ability to describe and follow the life of a 
requirement, in both a forwards and backwards direction” (Klimpke & Hildenbrand, 2009).  
In this context, a requirement is defined as a contextualization of various actors having each 
their own viewpoint and concerns with respect to needs, dependability and prioritization. As 
each actor is involved in different parts of a product lifecycle, these needs, dependability and 
prioritization differ in specific evaluation criteria such as product quality, transparency, safety, 
product performance, and usability (Aiello et al., 2015). In addition to the before mentioned 
mandatory legal information that must be available for inspection authorities, other traceable 
data should be available to satisfy some of the requirements but is simply not being shared. 
Supply chain organizations should therefore consider the opportunity that lies in efficiently 
exchanging more data beside the legally mandatory data and must see the potential in further 
improving safety, reliability, quality, etc. 

3.1.4 Data Collaboration  

Complexities in sharing make it essential to understand, through exploration and exploitation, 
which stakeholders in a supply chain may have relevant traceability data and are willing to 
share. This is to determine the governance of transparency in an ecosystem solution. In 
addition, whenever parties in the supply chain do not have a direct relation with one another, 
level of trust is critical, as commercially sensitive data may be included or derived which has 
potential in jeopardizing business strategies of some organizations. Therefore, these matters 
should be analyzed properly to find a logical system design that fits organizations well-being 
and still stimulates/benefits them by participating in a supply system solution.  
 
Furthermore, as each party will have their own traceability system which are sometimes 
customized, these systems will need to interoperate and be able to exchange data. This requires 
some sort of interoperability or networkability in traceability systems. Current designs of each 
individual system will mainly be based on the traceability responsibilities of the individual 
party in the end-to-end supply chain and may more or less be strictly influenced by regulatory 
authorities. These regulations ensure that traceability data can flow in two directions, upstream 
and downstream the chain. Systems will therefore already need to support parties querying for 
data that may exist upstream or downstream from the organization. This forces to have some 
standards for the identification, capture and sharing of data and are crucial to enable 
interoperability and establish connections between systems of the different parties involved. 
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3.1.5 Traceability Systems 

Traceability Systems have become an integral part of doing business as it easily monitors the 
identification, location and lots of other information of products (Souali et al., 2017). These 
Systems, with their abilities are seen as a powerful tool capable of defining new management 
objectives and improve the overall performance (Souali et al., 2017). While many information 
systems are currently functioning for internal improvement, clearly there are opportunities to 
link information systems to external processes (Kashyap, 2012). When considering 
accessibility and interoperability of  data with partners or relevant stakeholders, the GS1 
Standards Document (2012) distinguishes five main models  of traceability sharing 
choreographies (Figure 10); 
 
• One step up-one step down model; all 

parties keep the traceability data in their 
own local system. Information is 
exchanged between immediate trading 
partners upstream or downstream based on 
requested information. This model is the 
most used model and is currently being 
used in the aviation sector. This allows 
traceability data to be exchanged and 
checked between each pair of trading 
partners. 

• Centralized model; parties share the 
traceability data in a central repository. 
Centralized repositories support different 
access control policies, providing access to 
all parties or only to querying parties that 
proven to be on the chain of custody / 
ownership / transactions for the objects 
specified in their query.  

• Networked model; parties maintain the 
traceability data in their own local system and stage it in a way that enables all supply chain 
partners to query the data. Networked models may differ according to the access control 
permissions about who is allowed to retrieve the data.  

• Cumulative model; pushes the data forward to the next party which systematically 
enhances the data tremendously. It enables one-way sharing of upstream data with parties 
further downstream. This results in highly asymmetric visibility in which downstream 
parties receive a complete copy of all relevant upstream data, while the upstream parties 
have no visibility downstream. 

• Decentralized model; is a mix of the cumulative scenario and networked scenario, and 
typical for the blockchain technology. The traceability data is systematically enhanced and 
all supply chain partners involved in the network keep a local copy of all data. 

  

Figure 10 Interoperability systems/choreographies 
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3.2  RESEARCH MODEL 
The research model applied in the theoretical research is depicted in Figure 11 
 
 

 

 

 

 

 

 

 

 

 
First, the future challenges and current issues are investigated in order to gain an overview of 
the important aspects of traceability requirements. Since traceability is a broad applied concept 
in many different industries, all industries are included to prevent a limited area of 
investigation. The aviation industry is not as knowledgeable in terms of traceability compared 
to the food industry, due to its criticality in cases of widespread foodborne illness. Therefore, 
challenges and issues are investigated not only with current aerospace traceability solutions.  
 
The noted future challenges in traceability and current experienced Issues in traceability are 
compared to one another to find a primary focus of traceability requirements for a traceability 
solution. The goal of this literature research is to answer the first research question, Table 1, 
by identifying the important aspects learned from previous studies, case studies etc.  
 
Table 1 Research question 1 

Research question 1:  
“What are current issues and challenges for keeping traceability requirements of standard 

parts in the aerospace ecosystem?”   

 
 The scope in this literature research provides a general look at new, tech-driven approaches or 
methods available to improve traceability and promote better transparency along the supply 
chain to increase completeness, accuracy and efficiency. In turn, these elements (traceability, 
transparency, completeness, accuracy and efficiency) are linked to the challenges and issues 
which will help in the decision for a suitable traceability solution.     
 
With this in mind, an organization is able to verify matching challenges/issues and thus 
requirements that should be considered during the development of a possible artefact solution.  
  

Figure 11 Schematic representation of the applied research model 
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3.3  CHALLENGES & ISSUES 
From the outcome of the theoretical analysis of traceability requirements, the challenges and 
issues of the context were drawn and categorized into the five most repetitive aspects. These 
are listed in Table 2 and further explained:  
  
Table 2 Identified current issues 

Current Issues:  Referred Articles: 
Relevance & Consistency (Bindel et al., 2012), (Schuh et al., 2014), (Klueber & O’Keefe, 2012), 

(Durstewitz & Boy, 2017) 
Security (Bindel et al., 2012)(Tony Liu & William Xu, 2001) 
Requirements (Tufail et al., 2018), (Klimpke & Hildenbrand, 2009), (Tony Liu & William Xu, 

2001), (Kashyap, 2012), (Basagiannis, 2016), (Durstewitz & Boy, 2017) 
Data Accessibility/Visibility  (Tufail et al., 2018), (Bindel et al., 2012), (Madhwal & Panfilov, 2017), (Sople, 

2017), (Holmström et al., 2016), (Durstewitz & Boy, 2017) 
Manual Events (Tufail et al., 2018), (Tekin, 2014), (Harun et al., 2008), (Klueber & O’Keefe, 

2012), (Kashyap, 2012) 
Expected Value  (Tufail et al., 2018), (Aiello et al., 2015), (Holmström et al., 2016) 

 
 
Relevance & Consistency: Insufficient supply chain knowledge and incomplete 
understanding of the relevance and importance of supply chain processes causes unintended 
sent data and inconsistency in data causing unnecessary uncertainty and risk for stakeholders. 
Exchange and interpretation of insufficient and outdated data provoke flawed decisions and 
limit the scope of action in collaborative efforts, e.g. within supply chains. Providing simple 
standards for required (relevant) data can increase efficiency in production processes and avoid 
a lot of unnecessary effort. In addition, changes in decisions and thus data may be available 
locally, but in reality, are not shared properly (e.g. parts update). 
 
Security: in operations, documents, and components for aerospace and defense customers 
must be treated as confidential. Whenever trust is not present, a collaborative synchronizing 
system is frequently not feasible as various constituents are unwilling to turn over access and 
control of their information assets.  Not to mention the growing concern of security issues as 
the information flow between a company and its supply chain increases without jeopardizing 
the company's security for hacking and exposing classified information. 
 
Inconsistent, vague & unstable requirements: Different stakeholder have each their own 
viewpoints.  These enterprises in the end develop custom tools conform to their processes and 
have not changed this approach with new applications or cross functional for integration. For 
this reason, not only a lack of consistent and stable requirements exists, but so too do the data 
files that are shared to various groups of stakeholders.  
During development of systems, vague requirements obtained from very complex models and 
processes raised unintended functionalities into systems. It is the issue of creating, formalizing, 
refining, storing, and retrieving strictly primary product requirements and the associated 
technical specifications of systems of each organization for a supply chain solution that makes 
it difficult. As mentioned, requirements traceability involves the definition of appropriate 
documents that are used to represent the initial requirements and their proper evolution. 
 
Data accessibility/visibility: insufficient access or transparent data causes labour intensive 
efforts to solve problems with manual traceability. Down times (quarantine, and thus late 
delivery) of parts require fast root-cause analysis, causing uncertainty and risk as this 
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information is not immediately accessible or available when required. Limited visibility results 
in lower control over the supply chain and thereby increased exposure to a variety of risks such 
as counterfeiting. Lack of real time information (visibility and coordination) lead to long lead 
time, high inventory cost, high administrative cost for procurement, unplanned purchases 
leading to excessive inventory and eventually disrupting customer operations.  
 
Manual events: Product identification due to manual search has resulted in a lot of wasted 
time in locating parts. Poor tool support generates minimum effect of systems, values are not 
always correctly keyed into the system and managing inventories is difficult to manage due to 
unpredictable demand which further complicates planning processes.  
 
Expected value: The expected value of traceability is a fundamental issue concerning the 
economic costs involved in a technological investment and the optimal granularity level of 
implementation. Lack of commitment to generate trust in the potential value for automated 
trace systems or information exchange results in constant need of expensive manual assistance.  
Even though the need to present valuable service to the customers, while at the same time 
cutting the delivery and production costs, companies are cautious with exploring the value of 
perfect traceability.  
 
It is expected that current issues are also partly returning in the future challenges as these issues 
should be addressed in order to improve the current traceability in a supply chain environment. 
Nevertheless, the challenges are researched and shown in Table 3 to compliment the already 
found obstacles in traceability. 
 
Table 3 Identified future challenges 

Future Challenges:  Referred Articles: 
Coordination & Standardization (Souali et al., 2017), (Klueber & O’Keefe, 2012), (Ivan & Lucia, 2013), (Eynard 

et al., 2004), (Durstewitz & Boy, 2017) 
Heterogeneous Systems (Schuh et al., 2014), (Klimpke & Hildenbrand, 2009), (Klueber & O’Keefe, 

2012) 
Trust in Data exchange (Bindel et al., 2012), (Schuh et al., 2014), (Tony Liu & William Xu, 2001), (Ivan 

& Lucia, 2013),  
Data Quality (Saak, 2016), (Kashyap, 2012), (Durstewitz & Boy, 2017) 

Data Visibility (Harun et al., 2008), (Bindel et al., 2012), (Aiello et al., 2015), (Kashyap, 2012), 
(Sople, 2017), (Holmström et al., 2016) 

 
 
Coordination & Standardization: is not a new concept but should become a practice that we 
need to implement in order to cooperate within the supply chain. The challenge of bringing the 
agendas of multiple internal and external stakeholders into alignment without standards is 
extremely complex to define necessary change in process. The way various sectors, including 
suppliers and customers are documenting, producing and storing data has to become 
synchronized and standardized in order to allow for data to be relevant and consistent, 
especially the changed and affected data. Standardization will allow for data pull within the 
supply chain which enables for more control in work processes and more efficient product flow 
as data is available upfront and not when a part is received.  
 
Heterogeneous Tools/Systems: Traceability adoption becomes additionally difficult as many 
enterprises use a variety of heterogeneous tools and systems. As interlinking of intra-company 
and collaborating activities along the supply-chain will be crucial for attaining high levels of 
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productivity, this also is a big challenge that needs to be addressed. Challenging is to find 
simple tools or system connections that allow for harmonized goals that are coherently based 
on each through the organizational hierarchies and to introduce common and transparent 
reporting structures. This requires a high interoperability and technical networkability of 
systems of involved stakeholders. 
 
Trust in Data exchange: trust is an important challenge as it comes to exchanging of sensitive 
data, since master data (e.g. client data) must be treated as confidential. While increasing level 
of integration (e.g. development partnership, information exchange), risks in jeopardizing the 
company's security and exposing trade or data secrets is a crucial challenge for maintaining a 
trustful supply chain relation. A central planning and administration approach are frequently 
not feasible as various constituents are unwilling to turn over control of their information 
assets. Grating commercially sensitive data of resources, including the identification, 
prioritization and controlling of these, is particularly challenging in interdependent work 
settings when multiple entities compete for the same resources.  
 
Quality in Data: data quality provided by each trading partner is a difficult task since quality 
is conditioned by different processes within various organizations part of the supply chain. 
Documentation may be well generated and may be available locally, i.e., in a specific sector, 
but interconnections among sectors are not guaranteed. Incomplete data results in inefficient 
activities and missing opportunities due to a lack in visibility (Kashyap, 2012). Inaccurate data 
which is shared between trading partners could affect wrong decisions in other business 
processes (Aiello et al., 2015). Inconsistent or redundant (repeated) data prevents the 
establishment of effectiveness and accuracy in real time information as it causes confusement 
and insecurity about the quality in data (Eynard et al., 2004). While internal quality data already 
has huge benefits for own organization improvement, external exchange can provide huge 
potential to further stimulate this. Then again, inadequate data quality can tremendously 
decrease this huge potential.  
 
Data Visibility: data visibility is constraining improvements of organization by information 
availability, production lead-time, as well as manufacturing batch constraints, and delivery 
lead-times. Instead of accurate knowledge from supply chain partners, predictive assumptions 
are used in critical decisions and activities. Lack in demand (preventive/predictive maintenance 
plans) or supply stream visibility can cause for many inefficient processes leading to non-
moving, dead stock or late delivery which blocks cash and revenue.  
Essential and challenging is to determine the optimal configuration of the traceability system 
without losing security in commercial sensitive data. Insight in more diverse data can fulfil 
quality demands to eventually coordinate supply and demand and deliver on time. 
 

3.3.1 Traceability Requirements 

From the issues and future challenges of traceability, first requirements were drawn by 
summarizing all that has been learned, which should be taken into consideration while 
developing a traceability solution. These are listed in Table 4 and further explained below:  
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Table 4 Identified requirements 

ASPECTS:  REQUIREMENTS: 
RELEVANCE & CONSISTENCY 
(COORDINATION & STANDARD) 

A data standard is needed to know exactly what data is available and 
mandatory to produce and should be accessible for supply chain stakeholders.  

SECURITY  
(TRUST) 

Accurate security regulations should be identified and implemented to not 
jeopardize confidential information and therefore discourage involvement. 

REQUIREMENTS 
(HETEROGENEOUS SYSTEMS) 

An easy and implementable connection is needed for the diversity in systems 
to allow for a low threshold to join the supply chain traceability data exchange.  

DATA 
ACCESSIBILITY/VISIBILITY 
(VISIBILITY) 

Clear granularity/transparency conditions should be identified for each data 
query.  

MANUAL EVENTS  
(QUALITY) 

Feedback functions are needed to indicate the limited quality or errors in data 

EXPECTED VALUE  
(TRUST) 

Keep models and systems as easy and compact as possible to first show the 
basic potentials, which can be further explored.   

 
Naturally, these requirements are general in terms and should be further divided into sub-
categories. While every business-case has its own viewpoint of external businesses and 
experience or feedback from projects, these requirements are only recommendable and should 
not be used as benchmark or starting point. This theoretical research will therefore also not 
further explore the specifics due to the tremendous amount of unique possibilities. 

3.4  METHODS & TECHNIQUES 
Apart from the challenges and Issues, this section summarizes the results of methods that are 
obtained from the selected studies. 7 methods related to traceability have been identified and 
are listed in Table 5. 
 
Table 5 Identified methods & techniques 

METHODS/TECHNIQUE:  Referred Articles: 
Information Management Systems (Tekin, 2014), (Bindel et al., 2012), (Tony Liu & William Xu, 2001), 

(Kashyap, 2012), (Eynard et al., 2004) 
Traceability Models (Tufail et al., 2018),  

Cyber-physical Systems  (Bindel et al., 2012), (Schuh et al., 2014) 

Global Standardization  (Harun et al., 2008), (Basagiannis, 2016) 

Internet of Things (IoT) (Schuh et al., 2014), (Madhwal & Panfilov, 2017) 

RFID  (Harun et al., 2008), (Tian, 2016), (Aiello et al., 2015) 

Blockchain (Madhwal & Panfilov, 2017), (Klueber & O’Keefe, 2012) 

 
Information Management Systems (IM): are the most widely (already in) use technological 
drivers to optimize processes related to data. The system helps to manage process data based 
on predefined principles and ensures a high level of traceability of activities and technical 
choices.  
 
Traceability Models: Differ in variety and provide an overview of requirements linked to the 
design of a deliverable during the design phase. Capturing the requirement traces becomes 
complex and expensive and not only improves the change management process but also assures 
the correctness and quality of the system design.  
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Cyber-physical systems: offer to close the delay between information sharing and sense-
making by enabling to inquire information directly by its source. This not only allows to access 
real-time data, but also fosters information sharing among all entities collaborating. 
 
Global Standardization: Recent shift to globalization in a variety of sources has increased the 
necessity of harmonized standards, testifying and certifying procedures in the increasing 
fragmented networks (CBI Market Intelligence, 2015).  A procedure or standard should define 
how parts are identified, traced, tested and exchanged as appropriate to satisfy the traceability 
requirements (Turkheimer & Waldron, 2019). In order to ensure an appropriate level of 
interoperability, organizations are to build on a common set of standards. This does not denote 
that actors in the supply chain should use the same systems, but rather systems that are able to 
support standardizations of data. 
 
Internet of Things (IoT): Internet and web-technology are reshaping the IM software 
business. Internet capabilities today, are becoming the norm for IM systems and enabling more 
and quicker cooperation between functional areas. A web-based IM system is constrained by 
the web-technology currently available, and the speed in which it can transfer information. 
 
Radio Frequency Identification (RFID):  Ensures automatic data acquisition in a consistent 
way throughout the supply chain. use of automatic devices such as RFID demonstrate an 
effective way of traceability. However, costs will increase as the granularity of the traceability 
system increases which makes it expensive for small batch implementation. 
 
Blockchain: involves use of cryptography for immutability of the data records. Consensus 
building mechanisms and smart contracts. It is a hype paradigm involving real-time 
transactions into chains of blocks to steer the information exchange process of a data system. 
Information on a blockchain is decentralized and exists as a shared database stored on multiple 
connected devices at the time, meaning the data is truly public and easily verifiable. Data is 
therefore accessible to anyone on the internet. 
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3.5  CONCLUSION OF THIRD SECTION 
The aircraft fleet is by far the most important asset for all end customers, and punctuality of 
these flights is of the highest importance for their customers. For this reason, the top priority 
in the industry is to provide both safe and reliable parts in order to fulfil the customers‘ 
preconditions. Therefore, all parts have to be immediately available whenever and wherever 
they are needed to ensure the aircrafts ability to fly. Traceability in an industrial organization 
needs to be addressed as it influences decision-making, organizational dependencies and 
leverages core competencies, business strategy, and operational objectives in all activities 
through the supply chain. Real benefits reside not within the IT domain but, rather in the data 
feedback that the IT system enables. Many aerospace supply chain stakeholders are mainly 
focusing on internal integration and collaboration capabilities, while the next step is to enable 
systematic synchronization to external partners.  
 
More information about parts, enable to reduce parts inventory and cut the time to manufacture 
them. Moreover, it will improve efficiency of manufacturing operations, and more importantly, 
information technology will assure customers that parts they receive are genuine and thereby 
reduce the amount of unapproved parts that enter the supply chain. With the help from (web-) 
technologies, it is possible to establish information connectivity across a diversity of 
connectors. This will allow stakeholder in the supply chain to automate, exchange and analyze 
the supply, demands, availability of parts and provide methods to improve efficiency.  
Therefore, smart methods to improve parts traceability in the supply chains by enhancing 
cooperation between supply chain actors, improving information exchange, security and 
transparency should be actively promoted. 
 
It is to be concluded, that the 
potential for supply chain 
networking is enormous and that 
the diversity in current issues and 
challenges for technical driven 
solutions show the extreme 
difficulty of successfully seizing 
the value of traceability 
requirements. To put it 
differently, the conclusion of this 
theoretical research and answer 
to research question 1, is drawn 
in a conceptual framework 
(Figure 12). This framework 
describes the five important aspects that should be considered while investigating the 
traceability requirements for a traceability solution. As visualized, the five aspects are 
connected illustrating the complexity and influence each has on one another.  
 
Disruptive solutions will impact all aspects and thus requires a tremendous change for 
organizations. Hence, every case should therefore be considered unique and require proper 
analysis to identify the traceability requirements. This should be done by first building a 
traceability model, identify product flows in the supply chain, define information streaming 
through the ecosystem and eventually translate the requirements to design a successful artefact 
that suits the needs of all actors in the supply chain. This to also increase knowledge, awareness 
and trust in a well-reasoned transformation in data collaboration.     

Figure 12 Conceptual Framework; Five traceability challenges aspects 
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4. EMPIRICAL RESEARCH COMPOSITION 
The research approach consists of a theoretical research and an empirical research, as 
mentioned in Section 2.5. The methodology and results of the former is discussed in section 2 
and 3, whereas the latter is discussed in section 4 and 5. 
 
This chapter provides an overview of the empirical research separated in studies, steps, 
products and main references used. In the empirical research decisions are made along the 
project progress and are based on qualitative data obtained in the former steps. The overview 
is shown in Figure 13 and is described below.  
 

 
 

Figure 13 Overview of empirical studies and corresponding steps, products and references 

The empirical research consists of three studies and is for structural reasons divided into 
problem understanding (rationale), artefact design and validation & verification.  
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Study 1, covered the problem understanding by using process investigation (Dumas et al., 
2013), which was used for the collection of knowledge, issues and rationale about the 
process, IT & data, as visualized in Figure 14. The goal of this study was to identify the 
current (as-is) process, what data is available and shared in the aerospace industry and obtain 
insight in process issues. This was done and found by applying the BPM phases; process 
identification, process modeling and process analysis (Dumas et al., 2013). Methods 
mentioned by Dumas et al., (2013) used to analyze the process are; value-added 
analysis  aimed at identifying (unnecessary) process steps in view of eliminating them,  
system interface analysis revealing what data is transferred in the system, what data is 
provided, and regulations about that data (Karl Wiegers & Joy Beatty, 2013), Document 
analysis to identify key data & data flows, and Cause-effect diagram depicting the 
relationship between issues. The four methods combined represent a structured base to 
identify the process- and data-oriented issues. This knowledge and identified issues are 
accordingly used in Study 2.  
 
Study 2 covered the system design (artefact design) and include the collection of requirements 
to understand and define the design space (Figure 14). A system design describes how 
functionality is achieved and is realized by the creation of 3 separate artefacts. First, 
requirements were obtained by performing requirement engineering and consists of three steps 
starting with the elicitation of information from various resources in the supply chain. This 
information was collected by organized and structured interviews with potential identified 
system users. These interviews were recorded and logged (output) to enable the researcher to 
code and assess the results. These records assisted in the analysis to find common 
understanding in needs provided by the various resources. Subsequently, this resulted in the 
extraction and definition of requirements summarized in the requirements documentation 
(RD). To specifically define functionality needs based on these requirements, a more 
sophisticated description for understanding the interactions with the system was created. This 
resulted in a second artefact “software requirement specification (SRS)” and was established 
by having a rational discussion of the RD by means of a focus group.  
 
The artefacts created based on both processes (problem understanding and artefact design) tend 
to describe what is necessary in a solution to solve the indicated issue(s) (Figure 14). However, 
the artefact design focuses on the eventual result, while the problem understanding focuses on 
the issues and relative alternatives. To bridge these two elements, a third artefact “decision 
model” is created in order to explain the issues with the solution result in the artefact design 
with regards to alternatives, design decisions and corresponding rationale. This model is 
mapping a set of design decisions fused with the rationale that is resulting to a possible design 
solution. 
 
Study 3 covered the validation & verification of the final artefacts whether it satisfies according 
to the defined product quality conditions. In addition, it enabled a reflective and evaluation 
perspective of insights gained and modifications necessary to satisfy to changing conditions.  
The results represent the design needs at a specific moment in time in which decisions are 
made. Therefore, the design is expected to stay flexible for modifications as long as rationale 
is substantiating for better alternatives. 
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Figure 14 Similarities and relations between problem understanding, Artefact design and validation process 

 
All studies are carried out at Fokker Technologies as described in Chapter 1.2. Ultimately, it 
should benefit them in the creation of knowledge in how a satisfying IT solution is designed 
and decided. Hence, the study is to provide a step-wise decision process towards a newly 
designed IT-solution.  
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5. ARTEFACTS 
This chapter describes the three artefacts designed in the empirical research and is elaborated 
in three separate studies as mentioned in chapter 4. This chapter contains four parts and will 
start with the problem understanding 4.1, then the definition of the artefact design and creation 
of the artefacts in section 4.2, henceforth, the artefacts created in the previous section are 
validated & verified in section 4.3. Finally, a conclusion of this chapter is given in section 4.4. 

5.1.  PROBLEM UNDERSTANDING (STUDY 1) 
The first study is to explain the rational of the problem context. For this, the current situation 
is to be understood by investigating the business process, data flow and systems used within 
the process. The goal of study 1 was to define what process is used for part traceability and 
requires improvement. This process is accordingly further explored and used to build context 
for problem understanding with regard to part traceability in the aerospace supply chain.  
 
The current business process is found by applying Business Process Methodology (BPM) 
(Dumas et al., 2013) and is to answer research question 2 shown in Table 6. The BPM phases 
are: process identification, process discovery and process analysis and allow for a step-wise 
analysis of process elements. Process identification is to reason and identify the process that is 
of interest and requires improvement. To further understand the identified business process, 
details about the process are obtained during the process discovery. This phase lead to a more 
sophisticated understanding of the so-called process architecture, which typically takes the 
form of a collection of functions, processes and links between processes representing different 
types of relations. It is used for the development of a process model in the form of a flowchart 
diagram to facilitate the communication/process between stakeholders. The last phase “process 
analysis” is to answer the research question and will identify the available data, used in the 
process and identify the process issues, causes and impact on the current situation. These causes 
will implicitly offer potential improvements that are used for study 2; artefact design. 
 
Table 6 Research question 2 

Research question 2:  
 “Which data is available in the process and what are the problems in standard part 

traceability in the aerospace industry?” 

 

5.1.1 Process Identification  

This paragraph describes the process identification. The goal is to explain what process is 
focused on and why this is of strategic importance to the company or project. The involved 
project stakeholders noted the inefficiency in collaboration and ineffective data 
exchange/communication limited all along (up- and downstream) the supply chain. For this 
reason, the focus is scoped to the order-to-delivery process for standard part distribution 
throughout the complete aerospace supply chain, from original equipment manufacturer 
(OEM) to customer as consumer of the parts for maintenance of their air fleet. 
 
In order to make an order, customers first need to file an order. Orders are generated either by 
mail, fax, (internal or external) web portals or a direct connection with partners ERP-systems. 
This is dependent on the partnership relation and system interoperability possibilities that are 
in place. All orders are recorded in suppliers’ information system after a customer verifies the 
order. The order is accordingly being processed by the supplier and variate slightly in 
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mandatory tender documentation. Depending on the country to which a product travels, 
required documentation includes:  

• Purchase Order 
• Certificate of Conformity (from OEM and Supplier)  

 
When the product with the corresponding documents are received by the customer, an 
employee checks the completeness and quality of the documents and part. If the quality is 
insufficient or any document is missing, an e-mail is sent to the supplier. The missing document 
is ought to be send in order to complete the order. In the meantime, the product is being put in 
quarantine as it is useless without the tender documentation. Assuming the part and documents 
are complete, the documentations are scanned to make an electronic record that can be safely 
preserved for years.  These steps are generally repeated for every product and on every order-
to-delivery process of a part all the way down to the consuming customer in the supply chain. 
To maintain quality compliance, safe parts and traceability all along the chain of supply it is 
important this process is accurate and complete. Since the commercial aftermarket has grown 
significantly over the past years and will continue to do so, traceability and quality compliance 
is becoming more important than ever.  
 
By reevaluating and analyzing this process across the diverse organizations in the supply chain, 
the goal is to make the process more effective, efficient and generate value for every 
stakeholder in terms of making the data easily available and usable. In turn, it should serve to 
reduce costs, lower delivery time and increase data transparency for improved traceability 
purposes.  As not all process steps within the big overall process are equally important and 
cannot receive the same amount of attention, a landscape model is drawn. This is covering the 
order process on a high abstract level and focusses on the relevant parts by using a function-
based approach developed by Remco Dijkman et al. (2011). The function-based process 
selection is explained in detail In Appendix B1. Henceforth, process discovery will define the 
process in a finer degree of granularity. 

5.1.2 Process Discovery 

This paragraph describes the process discovery. The goal of this step is to gather information 
about the supply chain process and its steps in a finer level of detail. Dumas et al., (2013) 
defines different process identification techniques/methods in his book “Fundamentals of 
business process management”. This research used the methods evidence-based and interview-
based discovery. Evidence-based, discovers details about the process by analyzing relevant 
information elements that can be studied. This is done by document analysis and complemented 
with observations. Document analysis exploits documentation material available in the supply 
chain that can be related to the existing process. Although this method is not properly organized 
in a process-oriented way, it does help to identify the process steps in more detail considering 
mandatory documentation, data and checks are used in certain phases of the 
process. Observations are to accordingly organize the process elements/steps, create formal 
understanding of why elements exist or the importance of it and provide understanding of 
issues regarding it. This has been done by observing different roles of involved actor roles 
while using the document analysis elements as basic knowledge. The observations resulted in 
a clear overview of recorded process steps that are executed and the set of choices that are 
offered. The results of the document analysis and observation for standard part order processing 
within the supply chain can be found in Appendix B2 & B3. Additional unstructured-interviews 
are used to interpret and enrich the context obtained from document analysis and observations 
to have the correct understanding of the process and related issues.  
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The document analysis, observation and interviews lead to a broad overview of information in 
how, why and what the process steps are intended to do and support the creation of a process 
model and information system diagram in the next paragraph.  

5.1.3 Process Modelling 

Process discovery allows to organize all the collected information into a business process 
model. It is the activity of representing processes of an enterprise so that the current workflow 
and related activities within can be analyzed. This model presents the process in the form of a 
business process architecture. For the visualization of the business process model, the Business 
Process Model & Notation (BPMN) version 2.0.2 is used.  It is a graphical representation for 
specifying business processes in a business process diagram (Eynard et al., 2004). These 
diagrams enable for a global understanding and common viewpoint of the processes in the 
supply chain and provides a consistent overview of repeating (inefficient) steps in the varying 
stakeholders contributing in the supply chain process. Notably, the processes execution differs 
slightly for each individual organization relation depending on the IT system (connections) that 
is available and in place. Different systems have efficient (automated) connections which will 
change the evaluation of the process architecture. For this reason, the process is to increase 
insight in the overall supply chain process and indicate general issues and or inefficiencies in 
the overall supply chain. In this research, the process is strictly researched in the relation 
between Fokker Services and the Royal Dutch Airforce.  
 
Before detailing the process model, a finer level overview of the ecosystem for standard parts 
processing is drawn to show the three (initially four) identified stakeholder positions and the 
system boundaries within. This is shown in Appendix B4 as an ecosystem map for standard 
part processing  
 
As this project is interested in improving collaboration by means of quality data exchange, the 
focus is to assure compliance of data traceability rather than to optimize inventory and demand. 
Regardless, this research could be helpful to support this second goal in the future. Henceforth, 
the business process model is determined for each actor individually and accordingly 
synchronized with each other in an overall business process architecture as visualized in Figure 
15. This model shows the important steps and used correlated information as in- and output for 
every step of the process. Remarkably is the resemblance in process on each organization level 
and conclude the inefficient repeating effort on each organization level.  
 
To better understand the flow in information and issues in the process discussed in latter, an 
information system diagram is designed to better understand the structure in interoperability 
between actors in the supply chain, but in specific Fokker Services and its relations. The main 
reason for this diagram, is to demonstrate on possible system collaboration and interoperability 
that is used by Fokker Services in the supply chain collaboration. As mentioned, as this variate 
on every organization level it dependents on contract agreements, separate servers (internal or 
external), safety regulations and divergent possible system connections. Naturally, the 
organizations available internal systems determine and limits the possible connections for 
making the order process as easy and efficient as possible. For this reason, an example in IT 
interoperability at Fokker Services is shown to provide more knowledge about a possible 
option.  
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5.1.4 Process Analysis 

So far, the process investigation and discovery has shown the current process situation with a 
visualization of the business process model and information system diagram. This paragraph 
is the sequel to the process investigation and discovery to understand the obtained knowledge. 
The process analysis results in a clear definition of data that is available and help with the 
illustration of the main issue(s) in this process.  
 
As discussed, the aerospace supply chain accommodates a wide variety of software systems 
used all over the world. Linked in this environment hardware and software heterogeneity 
(diversity) arises in which information regarding a standard part is communicated and 
exchanged.  Between the supply chain actors, a wide variety in data being transferred exist. 
Although, traceability is a mandatory requirement, there is no clear data standard that is being 
vindicated by all actors that assures this requirement. The objective of a data framework is to 
increase the knowledge of who, what, where, when and why data is obtained, created or used 
to eventually define a data standard that can be used in the artefact design in Study 2. This will 
allow for the development of an artefact, knowing what data is important, available and 
necessary to create more effective and efficient collaboration in data between IT systems. 
 
The data framework is defined by analysis of all the previous obtained information from the 
process investigation and discovery phase (including document analysis, observations, 
unstructured interviews and process modeling). The analysis and data framework are shown in 
Appendix B6 and explains the 5W’s and the related phases for each stakeholder in a products 
lifecycle.  

5.1.5 Process Issues  

The process model combined with the gained knowledge from interviews during observations 
of several employees has provided key issue points and related understanding to the problem 
context. An overview of issues identified by the employees of each department is shown in 
Appendix B7. The results are separated in the following departments: Advanced Analytics, 
Product Support, Customer Service Desk, Supply Chain Management, Quality Management, 
Global Standards Management and Operations. The core questions asked during these 
observations and thus unstructured interviews are; 
 

1. What are current problems experienced regarding traceability? 
2. What can be done to improve traceability?   

Issues are highlighted in Appendix B7 and summarized in Table 7. All issues indicate a clear 
problem in the collaboration between the various supply chain partners. This is caused by 
complexity in interoperability regarding data and standards that are different for every relation. 
Figure 16 shows a clear separation of the defined issues and show the relations between the 
core issue, effects and causes in a cause-effect diagram. This diagram clearly separates the 
causes from the effects and issue that is experienced. All things considered, the focus should 
lie on eliminating the cause(s) for the effects and issue, rather than the effects and issue that 
are experienced by employees. Furthermore, the causes can be split based on control 
governance in which the first three are strictly determined by market forces, whereas the 
causes; inefficient system collaboration, missing standards and paper documentation are 
determined by the supply chain organizations. Work procedures and methods are controlled by 
the organizations and are free to be organized based on their strategy and organization. With 
attention to these causes, a start of the artefact design can be made and serves to solve these 
causes as main objective. 
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Table 7 Issues regarding standard part traceability 

Issues Description 
Incomplete data 
(Coordination & 

Standardization) 

While a product is passed on to the next stakeholder (owner), only strictly 
mandatory data, which is limited, is shared. Other information added by each 
individual company is withhold by the company. This lost in valuable 
information result in incomplete data downstream the supply chain where it is 
needed and currently cost money or effort to obtain this information.  
 

Inaccurate data 
(Quality of data) 

Lots of information files is written by hand and in paper files. This makes it 
difficult to read, contains mistakes or is not described detailed enough making 
the data very inaccurate or useless in many occasions.  
 

Inefficient system 

collaboration 
(heterogeneous 

Tools/Systems)  

Quality checks are to assure quality and maintain compliance of a product by 
keeping accurate and complete data. This cost money/effort and slows down 
the process. Checks are a labour intensive limitation for the process 
productivity. A lack in proper (digital) data interchange or system connections, 
compel data to be send on paper documentation and consequently, checked 
and scanned into the system on every organization level. 
  

Paper 

documentation 
(Visibility  
of data) 

Documentation in physical paper form make it very difficult to analyze the 
massive amounts of data and trace a part with its corresponding history back 
through its lifecycle. In addition, written data is very deviant and can be difficult 
to interpret (e.g. due to bad handwriting or personal abbreviations). 
Digitalization, formats or schemes of data can make information readily 
available and usable for systems to process, exchange and analyze. This also 
supports data to be accurate and complete. 
 

Missing standards 
(standardization) 

Standards should be limiting the variety and diversity in styles, formats and 
schemes. Clarity in mandatory, useful and available data standards should be 
considered to keep data organized, accurate and complete to eventually 
optimize the complete chain of supply.  
 

Competitiveness 
(Trust in data) 

Competition in delivery, availability, prices etc. drives up productivity and 
performance that generates work pressure to survive in the aerospace industry. 
 

Regulations 
(Coordination) 

Market authorities demand companies to take individual responsibility to 
handle and maintain compliant and quality products leading to an increase in 
quality controls. Limitations in these regulations allow for plenty of flexibility in 
handling.  
 

Customer 

expectations 
(Quality of data) 

Guaranteed availability, Fast delivery, small order quantities, packaging size and 
price breaks, simple ordering and reporting drives up the checks to maintain 
products according customer expectations. Naturally it also drives productivity 
in a way it increases work.  
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Figure 16 Cause-Effect Diagram 

 

5.1.6 Conclusion Study 1 

The problem understanding in study 1 showed that in the current situation, actors within the 
supply chain have to prepare and deliver tender documents unnecessarily often and at the same 
time loose valuable data due to the inefficient work methods, procedures or missing standards. 
With regard to research question 2, it can be answered by concluding that data is ordinarily 
available on every individual level but is lacking as a result of complexity and divergent data 
interoperability. For this reason, most of the data is not shared as it currently requires labour 
intensive activities and is not seen as important but rather as a way to save costs. As an effect, 
it causes problems down the stream of supply in which repeating checks are necessarily 
implemented to assure the compliance of complete mandatory documentation.  
 
As has been noted, this problem matters to all actors within the aerospace supply chain and 
therefore requires a collaborative solution approach to create a design that result in a sector 
wide acceptable system solution. 
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5.2   ARTEFACT DESIGN (STUDY 2) 
While the focus in study 1 was to understand the problem context together with the rational, 
study 2 focused on the artefact design and was executed to answer research question 3 and 4, 
as shown in Table 8 and Table 9. Understanding and identifying the supply chain user needs 
together with the alternatives for a working system solution is the key step in this study. The 
design phase results in three artefacts that together provide a definition and substantiated design 
description for the development of a suitable system solution. First, the requirements 
documentation will define the criteria and needs from users with regard to the defined issues. 
Furthermore, these requirements will be associated with the theoretical results to see the 
relation and assure consideration of the 5 crucial aspects defined in the theoretical research. 
Second, a software requirement specification is to further detail and explain the requirements 
in the delivery of functionality to the users. It provides rational in system interaction, and what 
services are needed in a first prototype design. To ultimately understand and bring the two 
processes together (problem understanding and artefact design), a decision model is created to 
show the possible alternatives and decisions that are made to show an overview of structured 
decisions for a suitable system solution. This prevent the design to result in a static design 
description, but instead will show a set of design decisions leading to a system solution.  
 
Table 8 Research question 3 

Research question 3:  
“What are traceability requirements for a data exchange solution considering current issues 

and challenges?” 

 

Table 9 Research question 4 

Research question 4:  
“What options in a system solution should be considered for improving traceability based 

on the obtained traceability requirements?” 

 
As mentioned in the theoretical research, every case should be considered unique and requires 
analysis to identify the traceability requirements. Therefore, this study will first elicitate, then 
extract and accordingly analyze the requirements in a finer level of detail by performing 
requirement engineering as described by Karl Wiegers & Joy Beatty, 2013.  
 
Due to the broad diversity and possibilities in information system capabilities, there is no 
single, formulaic approach to requirements development (Karl Wiegers & Joy Beatty, 2013). 
For the development process, previous performed practices from theoretical research and 
rationale management process are used in the requirement development process. In addition, 
extra interviews were executed to explore the requirements in detail. These interviews were 
conducted both internally at Fokker	Services and externally at the Royal Dutch Airforce. This 
allowed for the collection of information from each identified actor in the supply chain 
(considering Fokker Services as an expert in OEM and Distributor). The variety in sources and 
information gathering techniques is to increase the chances of gaining a full understanding of 
functional needs. Due to the limited expert availability in knowledgeable system operators, the 
project capabilities are used as predecessor for both the sources and process steps determined 
in Appendix C1 and Appendix C2. These steps are performed approximately in numerical 
sequence, but is not strictly sequential. This project follows an iterative development process 
with a broad requirement development phase at the start of the project. With this intention, most 
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of the requirements development effort is allocated at the beginning of the project, while 
requirements can be further added and detailed throughout the project progress.  

5.2.1 Elicitation 

The first phase in the artefact design is the elicitation of requirements. The elicitation starts by 
identifying the correct user classes along with its representative product champions that are 
relevant to determine the design space. A product champion is a representative speaker for their 
respective user class/department (Leite & Doorn, 2004). As traceability of standard parts 
concerns a wide variety of information involved in different process steps several user classes 
can be identified. These classes are identified and determined by a combination of practices: 
project stakeholder analysis (Appendix A1) defining the participating resources, process model 
analysis and corresponding problem context. For each user class an individual is selected who 
can accurately serve as the voice of the user class (product champion). Due to limited resources, 
the user classes and champions are in most cases the same as the interviewees in study 1. An 
overview can be seen in Appendix C2, describing the corresponding elements/steps of the 
process in which the user class is involved.   
 
Working directly with the user is necessary as user requirements encompass the tasks that users 
need to accomplish with the system. To elicit requirements that users present and reveal needed 
functional, while the end users might not be aware of, an interview protocol is prepared to 
increase the chance of success. This interview protocol provides guidance during the 
descriptive interviews to stay in scope, suggest ideas and obtain knowledge about conflicting, 
missing or valued features that should be made possible. The protocol is shown in Appendix 
C3, and is build based on knowledge from theoretical research and process information gained 
in study 1 (document analysis, process model, information system diagram, data framework 
and observations). The questions prepared, correspond to either one of the 5-aspects identified 
in the theoretical research to assure consideration of these aspects during the elicitation of the 
requirements. Furthermore, the questions are all open-ended to increase the opportunity to 
probe beneath the surface and create understanding of the real need(s). 
 
The last two steps of elicitation are executing the interviews and documenting (logging) the 
conversations (dialogs). This sounds relatively obvious however, when facilitating the 
elicitation interview, the conversations are recorded to maximize interaction and contact with 
the interviewee. This is to stimulate to focus on listening as this is extremely important during 
the process. The interview recordings are accordingly transcribed in intelligent verbatim 
reports, filtering unnecessary filler words (“Format…Verbatim Report,” 2015), and are 
included in Appendix C3.  

5.2.2 Extract & Define 

As the presented information from interviews cannot be expected complete and well-organized, 
the extracted information is first analyzed, then identified and classified to sort the myriad bits 
of requirements into categories. For the analysis the interviews were marked on words or small 
phrases that were of interest (window coding (WC)) and can be seen in Appendix C4 (interview 
coding & records). The WC showed the words or sentence choices in the transcription used as 
quotes in the description of the requirements. These were used for the analysis and accordingly 
categorized based on the 5-aspects determined in the theoretical research. In effect, it showed 
relationships between the WC and the indicated issues and challenges as identified in the 
literature research. Some of the quotes matched more than precisely one of the 5-aspects and 
therefore contain more than one aspect. Henceforth, the related WC’s were described in 
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individual requirements and listed with its corresponding quotes to substantiate the description. 
Finally, the resulting requirements were once more scanned on vagueness or similarity and 
possibly split to obtain clear boundaries in what the requester had in mind resulting in the final 
requirements documentation as shown in Appendix C4 (Requirements document). 

5.2.3 Requirements Analysis 

Requirements analysis involved refinement of the requirements to ensure that all actors 
understand them and scrutinize them for errors, conflicts and other deficiencies. The analysis 
included decomposing high-level requirements into more appropriate levels of detail, 
evaluating feasibility, and negotiating applicability. The goal was to develop requirements of 
sufficient quality & precision that are common to all actors, so that technical staff can proceed 
with design, construction, and testing. Therefore, the requirements document was developed 
with multiple iterations of analogical reasoning during a focus group, leading to a final 
requirements documentation. A focus group provided subjective feedback necessary to involve 
the perceptions of project members but also caused bias in group dynamics making it difficult 
to generalize results. Hereafter, a software requirement specification and decision model were 
developed to increase the understanding of the requirements into functionalities and 
corresponding rational. Naturally, in time, (additional) requirements (specific for each 
stakeholder perspective) can be added or grant more detail about how to realize functionality. 
The three artefacts are individually discussed and summarized below;  

5.2.4 Artefact 1: Requirements document 

The requirements documentation, shown in Appendix C4 (requirements document), contains 
content which can be related to the 5-aspect framework introduced in the theoretical research. 
For each individual requirement, the related aspect(s) were specified that showed any 
connection to the described requirement. For each aspect the number of confirmations by recall 
of the interviewee is given in Table 10. The table shows that most requirements can be 
associated with one or more aspects in the 5-aspects framework. This also demonstrates that 
the interviews resulted in scoped results that cover the crucially aspects for the design of a 
software system.      
 
Table 10 Results verification and requirements of Traceability requirements to Issues & Challenges 

Aspect Nr. of Confirmations Ref. Requirements 

Coordination & standardization 7 17 

Heterogeneous tools/systems 5 6 

Trust in data exchange 6 8 

Data quality 6 9 

Data visibility 7 10 

 
A description and conclusion of the results from Table 10 including examples are given below 
for each aspect: 
 
Coordination & Standardization: All the interviewees confirmed the importance of 
coordination & standardization along the complete chain of supply. Various methods in 
producing, documenting and storing by different stakeholders deteriorate the efficient way of 
collaboration. This strongly indicate, supported by multiple requirements, that a system 
solution should direct entities to work in a standard for all files to limit the range and data 
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variability. These standards then generate one and the same data format, allowing for every 
system to send/read/import the data without having to manually re-enter it. An interesting 
requirement created from the interviews substantiating this point is shown in Table 11.  
 
Table 11 Requirement Coordination & Standardization 

Description: Quote(s): 
The system should have a Standard 
for mandatory data-set ERP 
connection regarding a part and 
standards for all additional files such 
as shop finding reports and CoC that 
can be processed in data schemes. 
This is also referred to as Master data 
format.  

“’There is not a standard to share all information that is 
available of a product or part as it takes too much time. Also, 
there is simply no incentive (in terms of money or value) to 
share’’ “Certain query fields are mandatory to link with the 
system, for example; P.O number, part number, serial 
number, work scope, delivery date etc.” “A structured 
standard in shareable data would make it easier for everyone 
to share” 
 

 
Heterogeneous Tools/Systems: The majority of interviewees confirmed the use of 
heterogeneous tools and systems used by the various companies. This variety in systems 
currently requires multiple collaboration processes for each individual organization leading to 
high costs and effort to improve the collaboration. Therefore, system interoperability should 
support and be applicable to any system for reasonable costs. An interesting requirement 
created from the interviews substantiating this point is shown in Table 12.  
 
Table 12 Requirement Heterogeneous Tools/Systems 

Description: Quote(s): 
The system should plan for various 
sources, many targets, and hybrid or 
varying architectures 

“alternative should be there to keep doing it in the old-
fashioned way or to accept a hybrid solution in which 
Aeroxchange facilitates a smart mail and portal 
solution” 
 

 
Trust in Data exchange: Almost all interviewees confirmed the difficulty of confidentiality 
with data. While improving the collaboration and thus data exchange, risks in privacy and or 
confidentiality increase. Necessary governance and clarity in data flow transparency should 
assure the safe use of data to avoid cannibalization of each other’s business. This control in 
data exchange is argued to be fairly new and difficult as the consequences of it are still 
unknown. Trust in this matter has to slowly grow by starting with innocent and already 
available data. For this the master data framework from chapter 5.1.4 can be used. An 
interesting requirement created from the interviews substantiating this point is shown in Table 
13.  
 
Table 13 Requirement Trust in Data exchange 

Description: Quote(s): 
Data should be owned by the producer 
and is to help others to optimize the 
supply chain but not jeopardize one 
another in business strategy 
(confidentiality) 

“Data is saved on a centralized system which is 
Aeroxchange, everyone is owner of its own data” 
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Data Quality: Quality in data, exchanged throughout the ecosystem, is considered very 
important by almost every interviewee. Incomplete, inaccurate or inconsistent data, also due to 
missing standards, lead to complicated matters that require unnecessary effort and costs. 
Interviewees argued, digitalization and standardization in a system solution should allow for 
automatic notifications whenever data errors occur. A requirement created from the interviews 
substantiating this point is shown in Table 14.     
 
Table 14 Requirement Data Quality 

Description: Quote(s): 
The system should have digitalized and 
standardized data formats/schemes to 
increase quality and global use of the data 
 

“I have all this information, all in different formats or 
files including a lot of gaps and thus often not useful or 
impossible to use” “complain elaboration or hand-
written notes are impossible to read or define” 
“Manually there can occur quite some mistakes in 
agreed dates for example 08-06-2018, while it should be 
06-08-2018” 

 
Data Visibility: Lack in data visibility is argued by interviewees to be one of the biggest issues 
for many business processes. Every owner should have the right to view a products complete 
data dossier with the complete history, after all he or she paid for it. It is also confirmed that 
reasonable governance or data standards should limit or exclude transparency of more private 
data. Altogether, it is concluded that most of the data is currently freely shared with partners 
on request. However, the uncertainties rise whenever the data amounts will increase and 
competitors are actually able to analyze the data for more than just smaller process decisions. 
A requirement created from the interviews substantiating this point is shown in Table 15.  
 
Table 15 Requirement Data Visibility 

Description: Quote(s): 
The visibility governance should 
dependent on (history) ownership and 
limited in detailed information to maintain 
safety in company strategy and prevent 
jeopardizing one another  
(confidentiality)  

“A client from Fokker, it should not be a problem to 
share detailed information about products concerning 
their own parts/products as they have the right and 
should know the information of a product” “some of 
the work scope should be hidden, as it should not be 
the intention to allow operators to make decisions for 
our repairs” “You do not mind to show what you have 
in your barn, but you do mind whenever I take a look in 
your barn without permission” 
 

 

5.2.5 Artefact 2: Requirements Specification Document 

The requirements documentation elaborates what the final system should meet in order to solve 
the process issues. However, for an actor in the supply chain to achieve some outcome of value, 
it is necessary to understand the sequence of interactions between a system and the activity that 
results in the actor being able to achieve this value. To fully understand the rationale in these 
relations, a focus group was also used to state the functions, relations and capabilities that a 
system must provide based on the discovered requirements.  
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A focus group, which is ‘an informal discussion among individuals designed to obtain the 
perceptions and interests of a defined area’ (Kontio, Lehtola, Bragge, & Box, 2004), was held 
with the project group (Fokker, KLU, IBM and TU/e). This discussion was based on the 
requirements documentation and led to the identification of varying functionalities a system 
should contain called “use cases or services”. Use cases reason how users interact with the 
system, intend to accomplish and what the system is expected to provide in terms of 
functionality. This process also allowed for a prioritization and focus on those services that are 
most strongly aligned with project success. This separation in prioritization is visualized in the 
division of a basic model, containing the core services the system should maintain, and a 
potential model with additional future service possibilities. This is summarized in a software 
requirements specification (SRS), stating the rationale construction of a software system (Karl 
Wiegers & Joy Beatty, 2013) and can be found in Appendix C4 (SRS).  
 
The SRS shows the use case diagrams (UCD) modelling the architectural concept of the system 
and a full description of each UCD. Figure 17 shows the result in the form of a basic model 
intended to resolve the current issues in collaboration, standards and (paper) documentation. It 
visualizes a high-level representation of the main requirements, summarizing the boundaries, 
actors, use cases (services) and relations between and among them.  
 

 
Figure 17 Use Case Diagram 

The three different system users identified in the system are;  
1. Supplier, being the OEM, Supplier or 3PLP  
2. Customer, being the Supplier, 3PLP or Operator and  
3. A purchase order signal which is an indirect communication from the two before 
 mentioned users using an external IT system (See Appendix C3).  
 

The system box is divided in 4 prioritized top-level services (Manage Profile, Log Part Data, 
Trace and Verify Conformance) that the system includes. These prioritized services have the 
focus to enable the user(s) to effectively and efficiently inspect/check the history of a part with 
its corresponding certificates. The relations and interactions between users and use cases are 
indicated by lines. Hence, lines between use cases indicate that the process involves doing 
some steps in another use case. Depending on the role of the actor the system interacts in 2 
different perspectives and is further described in the 2 scenarios’ below. For a more formal and 
detailed description of each use case see Appendix C4 (Software Requirement Document).    
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Scenario 1 Supplier-perspective 
Fokker Services, a supplier of standard parts, receives standard part orders and is obligated to send 

corresponding data to its new owner. By registering and connecting the ERP-system with the secured 

and independent standard part data system, data is automatically created, logged and transferred 

(transparency) to the rightful owner of a part whenever a part is bought by a customer. This no longer 

requires any manual effort and stores data in a digital secure environment that allows for more efficient 

and effective data communication.    

 

Scenario 2 Customer-perspective 
Jim, a maintenance engineer at Royal Dutch Airforce, has an aircraft on ground that needs immediate 

maintenance. Since Jim does not have the necessary parts for the maintenance work, he orders the parts 

on the MyAirCraftFleet webserver from Fokker Services. This order confirmation verifies hand-over of a 

parts ownership and enables data transparency of this specific part to the new owner.  In order to keep 

control of the situation and speed the process, Jim keeps an eye on the status of his order and already 

checks compliance of the corresponding documentation (certification) on the standard part data 

system. On arrival, part(s) documentation is already checked and can immediately be used for 

maintenance.   

    

5.2.6 Artefact 3: Decision Model 

To tackle the issues as described in paragraph 5.1 with a system solution as presented in the 
artefact design a bunch of decisions together with its alternatives were considered to realize a 
system solution. As the design decisions are not explicitly represented in the first two artefacts 
describing the requirements and design requirements, a decision model is created to map and 
describe the rationale in the development for a system design. This allows for a better 
understanding and integration of decisions. Consequently, the design becomes easier to 
communicate, improve and reuse as design decisions are clearly documented.  
 
The decision model is designed to identify the various design issues (questions) with 
alternatives that can be considered in order to narrow down to a more specific system design 
solution. The decision model is build using a QOC framework (MacLean et al., 1991). This 
framework is used as it represents the questions (decisions), options (alternative solutions) and 
criteria (requirements) in one model, such that it can be understood by all people. Every 
question with its corresponding alternative solutions is evaluated in its suitability for solving 
the problem at hand (decision making) based on a variety of criteria. These criteria are based 
on the quality characteristics of the quality model ISO25010.  
 
The quality model is the foundation of a decision evaluation and determine which quality 
characteristics should be considered for evaluating different property issues in the artefact 
design. It helps to connect and clarify the rationale with the requirements to eventually decide 
between the possible alternatives. The quality characteristics are shown and individually 
explained in Appendix C5. For every identified issue in study 1, questions are formed that 
incisively probe the search for alternatives for the issue at hand. Each decision is explained in 
1. “why” it is important in the specific property context. 2. A general overview is presented of 
the alternatives with the decision and 3. Used requirements in the evaluation for the specific 
decision. Due to the size, an example is given in Table 16 & Figure 18 below. An overview of 
the full decision model, mapping all the information and description of related decisions is 
shown in Appendix C4 (Decision Model).  
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Table 16 Decision model example 

Issue: Inefficient system collaboration  

 

Question: 1. How to improve system data collaboration?  

Why? There can be different approaches in order to improve 

the collaboration in data exchange. Therefore, it is first 

important to determine what form the solution should 

contain to improve the issues in place 

Alternatives: 2 

- Make direct system connection 

- Develop mediating data system 

Requirements considered: 

V1, H2, H5, T4 

Evaluation Current data collaboration is very deviant and ineffective for the forever growing market. 

Preferably, the order-to-delivery process, with regard to data, should be automated in a secure, 

compatible and independent system connection. Direct system connections are untrustworthy, 

lack the necessary security properties and need to be customized for every partner connection to 

create a functional exchange process.  A mediating software system should be able to deliver the 

necessary security, provide flexibility in connectivity and create functionality that raises trust to 

easily exchange data between the varying resources in the supply chain 

 

 
Figure 18 Decision model example 

 

5.2.7 Conclusion Study 2 

Study 2 (the artefact design) resulted in a clear overview of traceability requirements collected 
from users in the field. This answered research question 3 by determining what traceability 
requirements are needed in a data system design solution and puts this in perspective to the 
issues and challenges as indicated by the theoretical research. Henceforth, these requirements 
were discussed in a focus group and translated into functional services (use cases). As result, a 
software requirement specification and decision model explaining options together with the 
relevant decision for a detailed system design. These three artefacts provide a well based static 
and dynamic overview for designers to use in the continuation of the development process.   
  

Positive assessment
Negative assessment
Relation

Q1: How to improve 
system data 
collaboration? 

O-1: Make direct system 
connection

O-2: Develop mediating 
data system

C: Performance efficiency
C: Functional Suitability

Inefficient 
system 

collaboration

Problem Space Design Space

Design Issue Alternatives Criteria

C: Compatible
C: Security
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5.3  VALIDATION & VERIFICATION (STUDY 3) 
This Study assesses the validation of the artefacts. The assessment will show if the artefacts 
defined in study 1 & 2 prove to fulfill its intended purpose and stakeholder goals. Whereas 
validation assesses whether a product satisfies customer needs (doing the right thing), 
verification assesses whether the product of some development activity meet its requirements 
(doing the thing right). Both concepts are closely intertwined and therefore are simultaneously 
used in assessing the validation of the artefacts. In the second section, the findings in the focus 
group are discussed 

5.3.1 Requirement Satisfaction 

For the validation of the artefacts, the requirements are required to be configurable, valuable, 
complete and useful.  The reason for these requirements is to make the artefacts configurable; 
understandable so that changes or modification are adequate, valuable; are worthy in insights 
for the project, complete; in terms of adequate and include all the necessary key elements and, 
useful; are doing what it is intended to do. These requirements were measured by a survey at 
the end of the focus group. This helped to determine whether the knowledge and requirements 
in the research demonstrate the desired characteristics (configurable, valued, complete and 
useful) for other (new) participants to understand what has been done so far.  

Although validation is an iterative process that continues throughout requirements 
development and throughout the full project duration, a focus group was organized to assess 
the validation of the three artefacts. This formal review can be considered an inspection of the 
created artefacts in the development phase. The inspection was executed with two Fokker 
employees and one (developer) employee from the technical university Eindhoven. The focus 
group lasted between 75 to 90 minutes. The first 5-10 minutes consisted of an introduction of 
the focus group. Next, time was saved to familiarize each with the documents and to identify 
sections or item that they found ambiguous, confusing, incomplete or difficult. This 
consequently leaded to the rich and informative discussion that resulted in good feedback for 
the current design.  At times, the facilitator guided the discussion to sections and asked for 
clarifications. After the discussions, participants were asked to record their answers on 8 
questions related to the 4 requirements (Appendix C6). All questions have the answer options: 
1-5 which represent respectively very poor to excellent. Since only three participants answered 
the questionnaire, of which a summary is shown below, it is merely an indicator and not a 
quantitative analysis: 

 
Figure 19 Validation Requirements scores 
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As can be seen in Figure 19, all requirements are ranked above 3,83, which represents a 
sufficient score. Although there was not sufficient time to discuss everything, it was difficult 
to visualize how a system functions just by reading the requirements. In addition, it also is 
difficult to say whether the artefacts included all the necessary requirements as in these 
processes it is rather easy to miss out on information. Further detailing and improvement of 
system visualization will make it easier in the continuation of the system development to 
elicitate more detailed requirements. Some examples of discussions are described in the next 
paragraph. Prototyping will help in the validation and verification as it helps in making the 
requirements real. They allow the user to experience and thus help to judge whether the 
requirements meet their needs as in; configurable, valuable, complete and useful. 

5.3.2 Discussion of Artefacts 

It can be stated that the results of this research contribute significantly in the creation of 
knowledge that is both useful and valued in ways that an image is described of what the industry 
currently needs. Comments during the focus group again stated the difficulty of measuring the 
completeness of the results, based on the three artefacts descriptions. Despite the fact that a 
prototype will help in exploring more, sometimes better, design alternatives that will resolve 
the high-risk uncertainties that can cause confusement in an early stage. It is very important to 
keep the communication open about these uncertainties. Therefore, a couple of topics were 
discussed and documented below;  
 
Infrastructure architecture design 
It was noticeable during the focus group each participant was thinking on a different level with 
regard to the design in infrastructure, which resulted in very informative and sometimes 
detailed discussions. A major topic of discussion was the level in which the systems and/or 
devices should be able to communicate with one another. Whether the system should in time 
replace everyone’s individual ERP-system and thus directly connect to tools on the work floor 
(scanners), or keep the individual ERP systems and create an independent mediating system 
bridging the data communication between the organizations. Noteworthy is that both solutions 
are completely different in architecture of the domain and level of disruption. Whereas the first 
option encourages a more disruptive change and transformation, the second option is 
connecting systems in a more realizable manner. Although this subject requires more research 
and development, it is a very realistic topic that should be considered for successful deployment 
and adoption. 
 
Data standard 
Another topic of discussion, more relevant considering the stage of development, was the topic 
about standards used in this system design. According to the decision model, the four categories 
considered, did not cover the described “Industry standard” revealed in the predefined process 
analysis. Although it is concluded, this was more of a discussion regarding terms and 
definition, it should be clear what standard is used and includes in the system design.  
 
Product-to-market strategy 
Lastly, a development topic was discussed in which the current artefacts and their design 
descriptions were hypothetically visualized in a prototype. This opened up some reevaluation 
of current planning and strategy for the continuation of the project while reflecting the utility 
of the artefacts. This concluded that the report forms a proper basis of the current market 
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combined with the explanations of the current process, data flow and issues that are being 
explored and tackled. In addition, it provides insight for a possible system design.  
 
Although many technological and organizational questions stay unanswered, it forms a well-
defined description in what the system is supposed and expected to achieve. It allows for a 
better view in current software system needs to improve collaboration, unify standards and 
eliminate needless paper documentation. Finally, the documents demonstrate the complexity 
in system design and decisions within and illustrate the importance to involve multiple 
stakeholders in the development towards a broad supply chain system solution.  
 

5.3.3 Effect of Artefacts 

The overall goal of the research, report and the developed artefacts within, was to increase 
the lack in knowledge regarding traceability & requirements for a solution concept. All three 
artefacts provide a more sophisticated overview of what, why and how certain features are 
needed in a system to improve the as-is situation. Moreover, each artefact has influence and 
effect on communicating the needs and contribute in the visualization and description of the 
system solution. Whereas the requirements document defines a very raw way of describing 
the needs in different perspectives of the users, the SRS provides a more sophisticated 
elaboration of how each requirement is realized and made functional by clarifying the 
interaction with the user. Combined with the decision model, the three documents provide a 
backlog of the requirement engineering process in which alternatives, decisions and 
arguments are clearly recorded.  
  
The report and artefacts provide a methodical investigation, analysis, review of all or parts of 
the business in terms of business functions and processes, the information and data used. This 
helps to locate, quantify and define potential business benefits. To finally allow for the 
creation of a viable and accepted specification in preparation for the construction of the 
information/communication systems.  
 

5.3.4 Conclusion Study 3 

Study 3 resulted in a reflective review of the designed artefacts. It indicates the difficulty of 
the process, the complexity of software design and a usefulness of discussing the substantial 
importance of collaboration both in a system and design of it. Henceforth, a focus group support 
and acknowledge the requirements in quality characteristics for each artefact as highly 
sufficient due to the contribution of each. This enables to achieve the objective to obtain a clear 
understanding of needs and conditions for the use of a (cyber-physical) system that improves 
the process and tracing of standard parts. 
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5.4  CONCLUSION OF FIFTH SECTION 
This chapter was strictly reporting the design of a software system (including needs, boundaries 
and interaction) intended to solve the issues identified in the first study. Where the 
requirements documentation focusses on the collection of user needs and boundaries for a 
system solution to solve the inefficient collaboration in data due to recurring paper 
documentation checks, the software requirement specification and decision model focusses on 
substituting the requirements by explaining the interaction and functioning of a desired system. 
Although some requirements and services are more detailed than others, each has to be 
iteratively further explored and developed while realizing a prototype.  
 
All three documents together support in the delivery of a structured understanding of system 
needs and conditions for the development of a prototype design. This will further establish the 
aim and object to innovate the current business process and establish supply chain 
simplification with a better and efficient collaboration.  In addition, a prototype will also allow 
for a better review and requirement tool that can assist in obtaining agreement, finding errors 
and assessing the accuracy and quality of the requirements.    
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6. CONCLUSIONS & DISCUSSION 
This concluding paragraph restate the important findings of the work in 6.1. Thereafter the 
limitations are described in 6.2 and implications for future research are shown in the last part 
6.3 of this chapter. 

6.1.   MAIN RESULTS 
By answering all the research sub-questions subsequently, the main research question has been 
answered and the objectives of the research have been achieved. The research sub-questions 
have already been answered in the section conclusions, but for the sake of completeness they 
are again summed below.  
 
The first research sub-question is “What are current issues and challenges for keeping 
traceability requirements of standard parts in the aerospace ecosystem?”. It has been found that 
five aspects are of crucial importance that should be considered during development of a 
system solution. As these aspects provide important elements that help to make a system 
successful, it is used in the further determination of requirement engineering. With regard to 
this matter, the important aspects are the ability to guarantee data quality, the ability to provide 
visibility in data while building a trusted and coordinated data system environment, and the 
ability to communicate and exchange with the variating heterogeneous systems.  
 
The second research sub-question is “Which data is available in the process and what are 
problems in standard part traceability in the aerospace industry?”. It has been found with 
process investigation and process analysis that most of the data is actually available. However, 
as this is not consequently shared in a standard fashion, data is incomplete, inaccurate or 
missing and thus needs to be prepared and delivered unnecessarily often. On top, inconsistency 
in standards and paper documentation is making the process sensitive for errors. It has been 
noted that big data proves to be a powerful tool that can enable new possibilities that lead to an 
increase in business process-flow efficiency. As this may be true, big data also generates 
concerns for organizations as the ecosystem can transform in a disruptive manner. Given these 
points, this shows the importance of a solution that should control and regulate, while at the 
same time secure and standardize data to enable the efficient exchange of data. 
 
The third research sub-question is “What are traceability requirements for a data exchange 
solution considering current issues and challenges?”. It has been found that many of the 
capabilities of a system solution are dependent on the participation of actors in the supply chain 
to realize a functional data system. Some general factors, such as visibility, security and 
governance, as indicated in the theoretical research are required for the participation, and 
therefore should be prioritized. Overall, it can be stated that the obtained requirements cover 
the identified issues and challenges sufficiently. However, it is difficult to verify whether all 
aspects are completely covered with the extracted requirements. Further development by 
prototype design and iterations back to the initial artefact design should increase the needs and 
level of detail in requirements which will provide more insights to a full version of advanced 
application, functionalities and interfaces.  

The fourth research sub-question is “What options in a system solution should be considered 
for improving traceability based on the obtained traceability requirements?”. An answer has 
been given in the form of a decision model, which summarizes and maps the identified issues, 
requirements, software requirement specification together with the necessary rationale to 
decide for a suitable alternative that fits to the criteria. The insights	in	a	full	version	history	of	
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design	decisions	create	an	effective	and	efficient	communication	tool	to	improve	or	reuse	design	
elements.		

Both the third and fourth research sub-questions specify the artefact design for a solution to the 
problem statement, “Standard part tracing within the aerospace ecosystem currently (only) 
involves limited data sharing using a complex quality paper trail which is incomplete, 
inaccurate and checked unnecessarily often resulting in a loss in efficiency and (potential) 
valuable knowledge”. By means of design requirements expressed in the requirements 
documentation and further expressed in a software requirement specification and decision 
model, the research objectives are met. Whereas the requirements document is the artefact 
tailored based on findings from the experts and users in the field, the software requirement 
specification is a more detailed description of service needs aimed to solve the identified issues 
currently experienced in the supply chain process. All in all, an answer is obtained to the main 
research question; “What Issues and Challenges in traceability should be considered for the 
identification of Traceability requirements in the exchange of data for the development of a 
data supply chain system solution to solve the problems with standard part tracing?”.  
 
All three artefacts contribute to the knowledge gain for a successful system solution in which 
characteristics as visibility, quality, coordination (standardization) and trust are key elements. 
Propositions as indicated by the artefacts are aimed to effectively establish supply chain 
simplification and simultaneously solve the process issues. As most of the artefact design has 
been covered on a very general and abstract level, details are expected to be formed further 
along the continuation of the project.  A disadvantage in the development process is the missing 
perspective of organization strategy, resulting in an uncertainty in some design decisions that 
might not fit the business strategies e.g. technological advancements, and adoption. Because 
the system solution has to fit a broad audience and their individual system capabilities, it is 
important to keep a flexible design as new issues, adaptabilities and opportunities continue to 
present itself.  
 
It is concluded that the designed artefacts provide a realistic overview of what the system is 
supposed and expected to achieve. It allows for a better view in current software system needs 
to improve collaboration, unify standards and eliminate needless paper documentation. By 
using the described propositions and conditions, the business procedures can be significantly 
eased by means of making data collaboration more efficient and effective. As a result, time and 
effort, and thus money, can be saved for the different actors involved in the supply chain 
environment.  

6.2. RECOMMENDATIONS 
For Fokker	Services it is important to focus on the realization of a prototype, resulting in a 
visual mock-up that can create hands-on experience that lead to both the gain more knowledge 
and reduces uncertainty. At this moment it is advised to retain to the project plan to explore the 
possibilities and experiment with a potential system, since both the technology and idea is still 
immature and thus risks are relatively high. With this being said, it is advisable to follow-up 
on the requirements and realize a prototype that can function and support with gaining more 
surface in participating actors in the supply chain.  
 
A realization of a prototype based on the obtained documentation would require more 
discovery and detailing in functioning of the services that can support and help convince or 
incentivize companies to participate. It should be made clear why this system deems to be an 
attractive investment in the short and long term as the system is a crucial innovation for future 
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collaboration. Digitization and digitalization are primary transformations that are necessary to 
revolutionize the current ecosystem to a more modern industry and to allow it to be more 
efficient and effective. 
 
As discussed in Section 5.3, it is difficult to realize a satisfying system due to the complexity 
and required cooperation of multiple stakeholders in the system. Some of the main concerns is 
the incentive for organizations to use this specific system with regards to involved 
implementation costs and additional risk, which are both expected to decrease over time, as a 
result of maturity and competence. Moreover, persuasion in necessity for a collaborative 
system solution is expected to increase while more organizations implement these 
technologies. This is far more promising, but also more challenging at the same time since it 
requires a substantial shift of interests and change of thinking within the ecosystem. The next 
step in realizing the system would be to bring the various stakeholders together and with the 
prototype, convince them in collaborate in the realization of a final solution which changes the 
supply chain data collaboration. If this can be achieved successfully, the supply chain process 
can be significantly eased, saving a lot of time and effort on every organization level. It is 
advised to also explore the market movements, interest among other stakeholders and conduct 
more research into the exact effect of such a system in market implementation.  

6.3.  LIMITATIONS 
Since the project was limited in resources, time and validity due to uncertainty in company 
needs, it was difficult to do a full research on requirements and needs in a system solution. 
New insights in organizational and technical limitations or possibilities throughout the many 
actors in the supply chain led to more sophisticated discussions complicating decisions and 
thus the design solution.  
 
As the resulting artefacts are based on qualitative data extracted from process analysis, and a 
limited group of users, the sample of resources may not represent all the aspects of the general 
need. Limited resources can cause a narrowed result in requirements. Besides, the received 
response was noticed to be biased due to judgement, opinion or social desirability and result in 
a biased solution indication. Nevertheless, this was not accounted for and thus the limited 
qualitative data was valuated equally as simulation or testing was not possible in the limited 
amount of time.  
 
Due to the limited amount of time, a limited number of users were identified and interviewed. 
More participants, divided over more different actors, in the design and validation phases could 
result in a more detailed artefact design with more substantiated conclusions. This limitation 
questions the validity of some interviews and can conclude that some interviews did not result 
in new or valuable insight, thus saturation was reached early in this research.  
 
Lastly, considering a good job was performed on requirements elicitation, it’s important to 
confirm and thus validate the quality of the solution that the requirements specify. Validity is 
the extent to which the collected data enables researcher to draw conclusions in a valid manner. 
In this case, the researcher can be biased as conclusions are easily made by the researcher based 
on the interviews due to a lack of various stakeholder feedback. This brings us to the question 
“To what extent can the findings be generalized?”. Although the research only involves two 
actors of the supply chain, everything described in the report is widely or generally applicable. 
Not only the aerospace supply chain experiences the stay behind in connectivity or digital 
transformation which results in incomplete or inaccurate data, making it difficult to trace 
products. Basically, all markets have the same struggles, considering the world is growing into 
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a data-driven competing market. Therefore, as data has to be organized, accurate and complete 
to get a full advantage in data-driven competition, each organization, market and industry is 
pursuing to increase the quality and quantity in data connectivity with external partners.   

6.4. SUGGESTIONS FUTURE RESEARCH 
Complexity of data management and information systems is a growing issue – as already 
mentioned in chapter 1. Fueled by new technology developments like end-to-end business 
process automation, ubiquitous computing, fully automated e- business, integration of service 
applications and many others, the growth of complexity will not come to an end – it may even 
be subject to an increase. To oversee this growing complexity, research needs to be done on 
flexible system solutions necessary to adapt to changes in traceability and system 
implementation.  
 
As discussed in Section 1.3, the scope of this research was limited in order to ensure that a 
result with significance could be reached. If Fokker	Services	wants to further explore the 
possible options for rotable parts, further research needs to be done on relevant data, process 
implications and impact on each aspect regarding issues and challenges in traceability, as 
depicted in Figure 12. Since data communication systems are currently big topics for 
companies to investigate and experiment, first or second mover advantage will decrease over 
time. Therefore, continuation of requirement elicitation will be counterproductive. Instead, 
prototype development should help to create more realistic insight, knowledge and validate 
current results while considering the changing needs over time.  

As all three artefacts (requirements documentation, software requirement specification and 
decision model) outline solution boundaries and necessary services for a standard part data 
system design, further research can be done to the impact of a sector wide collaboration 
solution to the positioning of the various supply chain actors. This can enlighten what effect 
and impact the solution has on Fokker Services as an MRO organization and create an overview 
of incentives with regard to the potential advantages and disadvantages for the various actors. 
Additionally, it can help to reason for a suitable and strategic decision in how the company 
should position itself to survive or act to gain full potential of such system solution.  

As the report outlines and describes the functioning and services a system solution includes, 
other research could also define the changes or transformation necessary for companies or 
organizations to adopt the system and optimize their processes. This will in turn contribute to 
convince the supply chain actors in the introduced system collaboration. The key goal of this 
research would be to research an approach or strategy for a sector to implement the same 
system.  
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APPENDIX A   ADDITIONAL TABLES & FIGURES CHAPTER 1 
 

APPENDIX A1  STAKEHOLDER ANALYSIS 

 

Stakeholder Stake in project
Potential 
impact on 

project
Managing Relation

Expactations of 
Stakeholder

Perceived 
attitude and/or 

risks

Stakeholder 
management 

strategy
Responsibility

Fokker Service
Process owner who 

determines 
procedures

Very High

Keep informed, let 
them lead 

conversations, 
make sure they 

review 
specifications

experienced staff to be 
involved to provide 

usefull insight. 
Commitment to 

implemting change

Lack of clarity 
and benefit 

Involvement in 
project. Regular 

meetings

Project 
Sponsor/Stakeh

older input 
provider 

CLSK
Process owner who 

determines 
procedures

High

Keep informed, let 
them lead 

conversations, 
make sure they 

review 
specifications

experienced staff to be 
involved to provide 

usefull insight. 
Commitment to 

implemting change

Lack of clarity 
and benefit 

Involvement in 
project. Regular 

meeting

Stakeholder 
input provider 

IBM

Manages 
technological 

solution and will 
operate new system 

Medium keep happy 
Commitment to 

implementing change
Lack of clarity 

Involved through 
students, regular 

update and 
quaterly meetings 

Technological 
Support/Project 

Sponsor

TU/e
provide academic 

feedback and 
support

Medium

independent 
player, backseat 

player, but we can 
learn from them

Commitment to 
implementing change

lack of acadamic 
argumentation

Involved through 
students, regular 

update and 
quaterly meetings 

Project 
Leader/Project 

Sponsor
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APPENDIX A2  SERVICE DOMINANT BUSINESS MODEL RADAR 

 
 
Each slice represents an actor that has been identified by 
the project creators and require participation to achieve the 
co-creation of value.  Each actor performs aimed activities 
to reach the co-created value and its effects are visible by 
each participant. Actors involved are; Fokker being the 
3PLP-Distributor-OEM providing logistical and 
procedural inside. CLSK is the client which requires parts 
with necessary trace requirements. Last, the regulatory 
authorities being EASA or any other organization with 
regulatory demands for standard parts. Notably, the 
involvement of authorities is due to the importance of 
regulations in quality management standards that should be 
established. This entity will also have additional benefits 
by the implementation of such business model as it 
supports the transparency and quality of documentation.   
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APPENDIX A3  DISTRIBUTION MODEL FOR STANDARD PARTS (FOKKER SERVICES) 
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APPENDIX B   ADDITIONAL TABLES & FIGURES CHAPTER 5.1 

APPENDIX B1  PROCESS LANDSCAPE MODEL 
 
Function-based design represents the decomposition of business functions. As shown below 
in Table 17 & Table 18, the ‘Core Business Functions’, which is defined as a capability of an 
organization, variate slightly for every identified actor in the supply chain. Every actor holds 
procurement as a business function, which is the order-process of products necessary as input 
to execute their core business function (production or operations). Operations can be seen as 
the core function (indicated with a + sign) and depends on the actor in perspective; 
production for OEM, inventory management for Supplier (distributor/3PLP) or flights for the 
customer. Quality refers to the control and compliance of quality conform to aerospace 
standards. The high-level business functions can subsequently be structured in an ecosystem 
function map (Figure 20).  
 
Table 17 Business Functions for each Supply Chain Actor 

OEM Distributor/3PLP Customer 
Procurement 
 

Procurement Procurement 

Operations  
(Production) 

Operations  
(Inventory Management) 

Operations  
(Maintenance Operations) 
 

Quality Quality Quality 
 

 Distribution 
 

 

 

Table 18 Business Function explanation 

Nr.  Business Function Description 
1. Procurement For the production and development activities, organizations need 

input as raw materials, products or goods which are received from 
the suppliers. This activity includes the purchasing of the input as 
well as partly inbound logistic.  
 

2. Operations These include the production process, development activities, 
packaging, maintenance, and all other activities that transform the 
inputs into finished product. 
This activity also includes the warehousing control.  
 

3. Quality These include quality control that tests input and output for 
conformance to specifications and quality assurance and quality 
assurance that manages quality by addressing the root cause of 
quality problems.  
 

4. Distribution The products are developed using the product related activities. 
Now activities are required to be transferred to the customer’s 
order fulfillment, transportation, and distribution management. 
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Figure 20 Ecosystem Map 
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APPENDIX B2  DOCUMENT ANALYSIS 
 

Table 19 Document analysis table 

Document: Functionalities: 
Certification part 21G 
(EASA form 2) 
 
Doc. Link 1   
Doc. Link 2 
Doc. Link 3 

• Developing and validating manufacturing data against design & 
airworthiness requirements 

• Arrangements to assist the DOA in showing compliance prior to type 
certification 

• Procedures to deal adequately with nonconforming parts 
• Procedures to ensure config. control of parts to enable determination 

& identification for conformity or airworthiness release 
• Adequately proceduralised independent quality assurance function to 

monitor compliance with, and adequacy of, the procedures of the 
quality system 

• External certified suppliers identified by quality procedure 
• Adequate procedures for the verification of incoming materiel against 

applicable design data 
• Adequate procedures for handling, storage & packaging (by suppliers & 

internally) 
• Adequate procedures for production identification and traceability 

manufacturing, inspection, tests and tools (calibration). 
 

Certification part 145 (EASA 
form 2) 
 
Doc. Link 1 
Doc. Link 2 
Doc. Link 3 

• Procedure to ensure that maintenance data is kept up-to-date 
(Maintenance data to be readily available when required by 
maintenance personnel) 

• Procedure should be set up to monitor the status of all data and 
maintain a check that all amendments are being received 

• Guidance on one acceptable working audit plan/procedure 
• Sample checks of products 
• Safe storage of records. Storage of computer backup discs, tapes etc.  
• Standard parts used when specified in the manufacturer's illustrated 

parts catalogue and/or the maintenance data.  
• Organisation should ensure that the component meets the approved 

data/standard, i.e. by reference to the manufacturer's parts catalogue 
or other approved data. Ensuring compliance with applicable ADs, the 
status of any life limited parts. 

• All data to fabricate the part should be approved either by the 
competent authority or the TC holder or Part-21 DOA holder, or STC 
holder 

• Parts to carry a part number clearly relating them to the manufacturing 
/ inspection data. 

• Organization’s identity should be marked on the part for traceability.  
• Standard parts (specified in maintenance data) • should be 

accompanied by evidence of conformity traceable to the applicable 
standard  

 
EASA Form 1 (Authorized 
Release Certificate or CoC) 
 
Doc. Link 1 

Called the authorized release certificate. The certificate is to be used for 
export/import/domestic purposes, and is an official certificate from the 
manufacturer/maintenance Organisation to users stating that a product, a part, 
or a component was manufactured in accordance with approved/not approved 
design data 

• Type design shall consist of: drawings and specifications, information 
on materials and processes and on methods of manufacture and 
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assembly of the product necessary to ensure the conformity of the 
product; any other data necessary to allow by comparison, the 
determination of the airworthiness, the characteristics of noise, fuel 
venting, and exhaust emissions 

• Applicant shall perform all inspections and tests necessary to 
demonstrate compliance with the applicable type-certification basis 
and environmental protection requirements 

• All relevant design information, drawings and test reports, including 
inspection records for the product tested, shall be held by the type-
certificate or restricted type-certificate holder  

• Materials subject to damage and deterioration are suitably stored and 
adequately protected 

 
Obligations of the manufacturer    21.A.129 
Each manufacturer of a product, part or appliance manufactured under this 
Subpart shall raise a statement of conformity, an EASA Form 52. Including:  

• Each part a statement that the product conforms to the approved 
design data and is in condition for safe operation (authorized release 
certificate/ CoC) 

• Quality system data: 21.A.139; 
(i) document issue, approval, or change;  
(ii) vendor and subcontractor assessment audit and control;  
(iii) verification that incoming parts, materials, and equipment, 

including items supplied new or used by buyers of products, are as 
specified in the applicable design data;  

(iv) identification and traceability;  
(v) manufacturing processes; 
(vi) inspection and testing; 
(vii) calibration of tools, jigs, and test equipment; 
(viii) non-conforming item control; airworthiness coordination with the 

applicant for, or holder of, the design approval;  
(ix) personnel competence and qualification;  
(x) handling, storage and packing;  
(xi) internal quality audits and resulting corrective actions;  

 
such data are kept up-to-date and made available to all personnel who need 
access to such data to perform their duties; 
 
Obligations Distributors/3PLP towards Customers  
A part shall be eligible for installation when it is in a condition for safe operation, 
and it is manufactured in conformity to applicable design by means of an 
authorized release certificate/ CoC. 
The identification of products shall include the following information:  
1. a name, trademark, or symbol identifying the manufacturer in a manner 
identified by the applicable design data;   
2. the part number, as defined in the applicable design data;  
3. the letters EPA for parts or appliances produced in accordance with approved 
design data not belonging to the type-certificate holder of the related product, 
except for ETSO articles 
 

AS9100 AEROSPACE 
STANDARD  

(Quality Management 
Systems - Requirements for 

Aviation, space, and defense organizations must provide, and continually 
improve, safe and reliable products and services that meet or exceed customer 
and applicable statutory and regulatory requirements. This document 
standardizes quality management system requirements (see link for example) 
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Aviation, Space, and 
Defense Organizations) 

Doc. Link 1 

Structure (or standards) of clauses is intended to provide coherent requirements 
through industries 

The organization shall use a representative item from the first production run of 
a new part or assembly to verify that the production processes, production 
documentation, and tooling are able to produce parts and assemblies that meet 
requirements. This activity shall be repeated when changes occur that invalidate 
the original results This activity can be referred to as First Article Inspection (FAI).  

The organization shall control the unique identification of the outputs when 
traceability is a requirement, and shall retain the documented information 
necessary to enable traceability.  

•  the ability to trace all products manufactured from the same batch of 
raw material, or from the same manufacturing batch, to the destination 
(e.g., delivery, scrap);  

•  for an assembly, the ability to trace its components to the assembly 
and then to the next higher assembly;  

•  for a product, a sequential record of its production (manufacture, 
assembly, inspection/verification) to be retrievable.  

The organization shall retain documented information (data) on the release of 
products and services Data can include:  

•  The drawings, part lists, and specifications (tests) necessary to define 
the configuration and the design features of the product; e.g. CoC 

•  The material, process, manufacturing, assembly, handling, packaging, 
and preservation data needed to provide and maintain a conforming 
product or service;  

•  The technical data and repair schemes for operating and maintaining 
the product.  

Supplier Quality Assurance 
Requirements 
  
Doc. link 1 

SUPPLIER shall retain Quality Assurance and Quality Control records like, but not 
limited to;  

• Manufacturing data,  
• Drawings (engineering, tooling)  

(e.g. test reports, material analysis, material composition, grade verification) 
• Export License 
• Certificate of Conformity (CoC) 

(The release of a CoC, shall be seen as SUPPLIER’s express warranty that 
the GOODS involved: - Conforms upon delivery to the applicable 
specification, drawing(s) and all other requirements set forth in the 
CONTRACT and the related Purchase Order, - That all test and/or 
inspections required for such release have been completed 
successfully.  

 
Depending on the SUPPLIER’s status and Quality System certification, different 
types of certificates are required. 
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Inspection Training Bulletin 
(Fokker Technologies)  
 
+ CoC examples 
 
Doc. Link 1 

This document provides guidelines on how to identify Suspected Unapproved 
Parts or Counterfeit Parts  

1. First check that has to be done is that the receiver can be linked to a 
Purchase Order issued to an Approved Supplier  

2. Second, all parts, appliances and products have to be accompanied by 
an Authorized Release Certificate (examples: EASA Form 1, TCCA Form 
One or FAA 8130-3) with the exception of Standard Parts, Raw Material 
or Consumables, these can only be accompanied by a Certificate of 
Conformity.  

3. The next check that has to be performed applies to traceability, there 
has to be a full trace from our supplier to the Original Equipment 
Manufacturer. Especially applies to Distributors in-between Fokker 
Services and the OEM. the Distributor generally issues a Certificate of 
Conformity, referring to the Original Equipment Manufacturer 
certificate, with a statement that they have taken good care of the part, 
appliance or product while it was in their possession.  

4. The paperwork that accompanies the part or product has to reflect the 
actual part or product. Meaning, the part number has to match, if 
applicable the serial number has to match, the manufacturer has to 
match and the quantity has to match between the paperwork and the 
physical part, appliance or product. The paperwork, packaging and/or 
part, or product should also not display any signs of tampering, altering 
or falsifying.  

If any of the foregoing steps results in deviations being found, Fokker Services 
maintains an FS Report under Export Compliance with a list of all Unapproved 
Parts. 
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Customer Support Manual 
Standard Parts Agreement  

 

 

This document allows for an overall overview of agreements in work processes 
for the specific customer Royal Dutch Airforce.  

To understand the process regarding Fokker Services, this document shows the 
current used process and steps that are expected to be taken by the customer(s) 
and Fokker as distributor/3PlP. 

- MyAircraftFleet (MAF) instructions for spares center (catalog) 
order of specific Part Numbers.  

- Process steps and widgets visuals in MAF portal 
- Fokker Service is responsible for quality assurance traceability 

and maintenance of necessary documentation (e.g. OEM-CoC)  
- This data (documented information) should be available on 

request by the KLU.  
- For performance assurance, Fokker uses forecasting tools to 

determine base stock levels. For this additional data is 
requested from the customer. E.g. Fleet information and 
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project flight hours history and future plans, maintenance 
plans, implementation service bulletin and Bill of Material.  

Part drawing 

Doc. Link 1 

Part drawings provide the dimensions, strength, elongation and other 
informative information about a part that a part should comply with.  

These drawing determine the standard of the product that the industry can build 
and rely on.  

This can be used for the identification of the part according to the ordered part 
number.  

Production Test 
Report/results 

  
Production test report provides the First Article Inspection (FIA) results including 
its; 

• Producer ID 
• Invoice information 
• Product specification and description 
• Chemical analysis 
• Mechanical properties and capabilities 
• Approval 
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APPENDIX B3  OBSERVATIONS 
 

Table 20 Business Process steps 

Nr.  Process Step Description Data 
1.  Order Part(s) Customers send in an order via EDI, portal, fax 

or email. This order is (already) automatically 
checked on availability on storage (differs per 
stakeholder) 
 

Customer Nr. 
Part Numbers (PN) 
Timestamp order 

1A. Specify (existing) 
customer (Login)  
requirements 

Verify classification and usage. This work is 
automatically performed unless its new 
customer need (login to portal or server 
customer selection entrance) 
 

Customer requirements 

2. Create/adjust P.O. An official purchase order is created with 
quotation based on order  
 

Purchase Order (P.O.) 
 

2A. Check P.O. P.O. is being checked on product information, 
mistakes or additional requirements with send 
order 
 

Required documentation 
or part specification 

3. P.O. approval Customer approves specifications as stated in 
P.O. (incl. quote) 
 

Time stamp P.O. & 
Approval 

3A. P.O. send P.O. is approved and send to the customer. 
(Some stakeholders) Information regarding 
ordered parts/products is made available on 
request 
 

Data sharing link, 
instructions, availability 

4. Production template P.O are automatically assigned to Production 
template describing the production of a 
specific part including quantity, drawings, 
planning etc. 

Part drawings 
Production process 
 
 

5. Production Parts are being produced according production 
template description and are being monitored 
on several aspects 
 

Production details 
Production date 
 

6. Quality check Parts are checked on quality (measurements 
and predefined requirements by a first article 
inspection) and quantity 
 

Test report 
 

7. Packing Part(s) are being packed for each customer, 
checking the order and its part numbers that 
should be present. Accordingly, the customer 
is being notified for shipment 
 

Time stamp packaging + 
Unit Identification 

8. Shipment Part is being shipped either by internal or 
external transport company 
 

Transport manner & ID  

9. Receive part(s) Package is being received, signed off by the 
customer, either by automatic or manual 
notification (signature) and unpacked for 
inspection 
 

Time Stamp receiving 
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10. Quality check Part(s) are checked on inbound & outbound 
conform P.O. and additional documentation is 
scanned into individual system or added to the 
part. Deviations in this routine are send to 
quarantine and reported 
 

Packing list 
Quarantine notifications 

11. Quarantine Part is being restated by completion of missing 
information and/or notified as unapproved 
part and destroyed to prevent re-entry 
 

Unapproved part list 
(see list here) 

11A Contact Supplier Supplier/Vendor is being contacted to notify 
missing data or unapproved part. Upon 
receiving documentation, the part is being 
restated 
 

Additional documentation 

12. Storage (warehouse 
distribution) 

Part(s) is being processed and stored on the 
necessary location according to system 
management 
 

Warehouse distribution 
info 
Stock levels 

13. Retrieve Parts Collect and pack order for shipping 
 

Time Stamp packing 

14. Reactive maintenance 
needs (parts) 

Engineers determine the needs in parts for 
reactive maintenance  
 

Reactive maintenance 
needs 

14A Inventory needs 
(maintenance needs) 

Total order list is being generated according to 
reactive and preventive (routine) maintenance 
needs 
 

Demand information 

15 Select Priority Urgent identification of the part for fast 
delivery “Aircraft on Ground” (specific for 
Fokker Services) 
 

Priority information 
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APPENDIX B4  BUSINESS PROCESS SCOPE 
 
The ecosystem map shows the resemblance in internal management systems and the indirect 
(external) system connections. Hence, the need for an information system communicating 
inventory needs between the various actors. In essence, this overview shows that the distributor 
or 3PLP is the moderator in this ecosystem, bridging the acquisition of quality parts from 
producer to the customer. The OEM entity is usually producing on a make-to-demand policy 
and is defined by the middle and right parties that determine the demand. The middle party is 
due to its moderating position transforming into a data company with the purpose to optimize 
its inventory by forecasting demand of its customers while assuring product compliance. This 
shows this research is critical in two ways;  

1. Product quality compliance by preserving data and traceability and  
2. Product inventory need to optimize inventory based on demand and therefore go  

        through the order- to delivery process.  
 

 
 

Figure 21 Ecosystem map for Standard Parts Processing 
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APPENDIX B5  INFORMATION SYSTEM DIAGRAM (FOKKER SERVICES) 
 
Fokker has an ERP system (pentagon) for warehouse management, a web server; 
MyAircraftFleet2 (MAF) for sales & downstream data exchange and a system connection with 
the external system Aeroxchange for procurement of parts in the upstream. In contrast to the 
Royal Dutch Airforce, they only have an ERP system (SAP) for management and do not have 
any system or connections to support data exchange. This is mainly due to high security 
regulations and risks adequate to system connections and therefore, maintain to the old (trusted) 
standard electronic data interchange (EDI) communication, for example mail, fax or post.  
 
The information flow diagram is defined by information gained during observations and 
interviews with several internal & external employees of diverse (management) departments. 
The information system diagram in Figure 22 shows an overview of the software systems 
specifically for Fokker Services.  Data is either being exchanged by systems connections or by 
(old) EDI between suppliers and customers. As is shown, actors and their corresponding 
systems play an important role in processes arrangements for the order-to-delivery process. A 
more sophisticated description of functionalities of the pictured systems can be seen in 
Appendix B5. 
 
 

 
 

Figure 22 Information system diagram 

  

                                                
2https://www.myaircraftfleet.com 
 

Aeroxchange MyAircraftFleet

Distributor/3PLP 

Upstream Downstream

Database

Products flow

ERP- system
Pentagon SAP

Products flow

OEM Customer

Web server 

EDI EDI
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System Description 
Pentagon Pentagon is the Enterprise Resource System (ERP) used by Fokker Services to manage 

the inventory. Every order, sale or internal distribution including its corresponding data 
is managed by this system. Standard Parts sales come in via the web server 
MyAircraftFleet (MAF) or via Electronic Data Interchange (EDI). The system contains 
several connections, like warehouse management, commercial demand forecasting or 
quote/PO/invoice management modules that support employees in their work.  
 

SAP SAP is the ERP information system used by KLU. Orders, maintenance and scheduling is 
planned in this system. Due to high security requirements and safety of internal data, it 
is currently regulated to not have direct system connections with any external company 
systems. This is why all information exchange is done via EDI or by external webserver 
login in which information can be entered.   
 

Database (DB) All individual ERP system has its own database in order to live up to authority regulations 
in containing data for the necessary years. A database is an organized collection of data, 
stored and accessed electronically by the information system (most often ERP system). 
 

EDI The electronic data interchange is the link between two partners in the supply chain. EDI 
is the concept of electronically communicating information that was traditionally 
communicated on paper, such as purchase orders (P.O, quotes or invoices). All 
suppliers/customers already use EDI standards like mail or direct system interoperability 
standards.  
 

MyAircraftFleet MAF provides best in class e-service to aircraft operators, lessors and MRO companies 
in support for the delivery of necessary aircraft parts and other services. It will provide 
access to comprehensive spares catalogs, financial and data communication 
applications. 
 

Aeroxchange Aeroxchange is a portal for aviation industry and provides an electronic business network 
that supports companies in EDI business processes for buyer and sellers.  
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APPENDIX B6  BUSINESS PROCESS PHASES 
 
As the goal of this step is to improve exchange by accessibility/transparency of valuable data, 
the data in the order-to-delivery process is deviated in three parts; order process, operations 
(production or distribution) and shipment (transport). Each part contains information regarding 
a product and is more or less important to be available and/or accessible. Order process, 
contains information regarding identification of a product which is directly linked to a specific 
actor, location and case (purchase order, quote and invoice). Operation, contains specific event 
data linked to a part executed by a stakeholder which can be either production, inventory or 
maintenance activities. Shipment, contains data regarding the packaging and transportation 
used for the product to be distributed towards the next owner in the supply chain.    
 
An order confirmation, moment of shipment and receiving represent activities change the 
custody and ownership of a part. While operations mainly provide for additional (organization-
level) product information, traceability is mainly defined by order process information as this 
clearly states ownership of a part. The 5W analysis provide business context for the need of 
certain information fields in the three phases in the product lifecycle. This result in an overall 
data framework as shown in Figure 23. 
 
 

Phase: Order Process 
Who? Each time an order is executed in any organization, it generates traceability data relevant 

for the products lifecycle. This data provides content that generates timeline information 
about the origin and current/future ownership of a product. Unique identification of the 
entities involved in production, handling, custody or ownership of a product with 
distinction in role including its certification for design, production, maintenance or 
operation of aircraft products is valuable to imply approved organizations 

• Stakeholder ID (company name, VAT registration number or Global location 
number GLN) 

• Organization Certificate check mark with validation date 
 

What? Important is that uniquely identifying products that move through the supply chain can be 
traced as well as shipment/transport of combined products on a purchase order. This 
should be corresponded with the products’ individual conformity certification.  

• CaseID (Purchase order and/or Global Trade Item Number GTIN) 
• Certificate of conformity (check mark) 

 
Where? Product movement from A to B should be unique identified locations (actors) to be able 

to generate a path of history through the supply chain for each individual product. 
• CaseID (Purchase order and/or Global Trade Item Number GTIN)  

 
When? Unique time stamps for events are necessary to create the time line of a product moving 

downstream along the chain of owners involved. This also provide valuable measurements 
about supply chain performance (e.g. delivery time) along different paths. 

• Order time window (time stamp) 
     

Why? A requirement for organizations in the aerospace industry is the traceability of a product 
back to its supplier and buyer. As all organizations have the common concern for quality 
and compliance, accessible and efficient traceability data insight is necessary to harmonize 
and systemize quality standards while keeping costs low.  
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Phase: Operations 
Who? Each organization has its individual and unique (signature) event(s) that is added to a 

products lifecycle. Each event has its important additional data that can have valuable 
insight for future entities in the supply chain. 

• Operation time window (time stamp) 
What? Every event within individual organizations is currently being documented, measured and 

tracked to optimize and improve internal processes. Considered should be the extra value 
this information provides to external organizations.  

• Drawing Nr (production documentation) 
• Production date 
• Expiry date 
• Test report (including quantity, chemical and mechanical properties) 

 
Where? Events executed by the organization should be located in the operation window in order 

to easily verify where which event took place.  
• Operation time window (time stamp) 

 
When? Unique time stamps for each event are necessary to follow product process progress.  

• Operation time window (time stamp) 
     

Why? Transparency in organizations internal processes allows for more trust in business 
relations and trust within. This update in data also provides valuable information about a 
products order handling and progress according requirements made in contract 
agreements.    

 
Phase: Shipping process 
Who? Each organization has its individual shipment of orders to keep track on which product are 

packed and sold to which customer. This is to maintain full traceability for each part back 
to its batch it was obtained from. 

• Packing ID 
 

What? Every shipment is to be validated and checked on the necessary products and transport 
requirements. This can also determine to which transporter the package is handed to, 
whether it requires a customs form for shipping internationally and/or specific packing 
instructions.    

• Customs documentation 
• Packing instructions (dangerous goods) 
• Transporter 

 
Where? The shipping should clearly indicate to which actor a package is going to be send. 

• Customer ID 
•  

When? Unique time stamp for transportation for clear sending information. 
• Shipping time window (time stamp) 

     
Why? The product and its corresponding build data package are to be fully routed to the next 

owner. It should be possible to maintain full traceability for each part back to its origin. 
Any associated organization, operation or shipping event should be trackable and readily 
available should the need arise the cause of any problem regarding a product.     
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Figure 23 Data Framework
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APPENDIX B7  ISSUES REGARDING TRACEABILITY SORTED BY DEPARTMENT 
 

Department Issues 
Advanced 
Analytics 

Product data is very difficult to obtain currently from all the diverse stakeholders in the 
supply chain. In order for us to use the data it would be useful to contain a more 
complete data package of all product, whether these are rotable or standard parts. 
Currently we try to analyze or build forecasting algorithms on the available data that 
we currently have or can obtain against low costs offerings. We should simply be able 
to have all data that corresponds to a product that we own as it is part of a products 
life. Naturally, as we experience the same difficulty with data exchange, the 
tremendous amounts of data contain many challenges as the diversity in systems and 
standards is huge.     
 

Product Support Product information is incomplete and inaccurate. Different interpretations of data 
elements allow for various results and responds that can deviate from all stakeholders. 
More information regarding a product is available but not shared due to difficulty in 
data exchange possibilities. As it currently requires manual labour to send the 
necessary data, most stakeholders try to keep this send data package to a minimum 
amount to fulfill the job and necessary. Any extra information is available on request, 
but simply cost too much effort and is seen as invaluable in the workers opinion and 
therefore left out of the data package.  Also, if extra information is at hand, it is often 
very difficult to read as it contains paper or scanned files with hand written statements 
with self-made abbreviations, making it inaccurate for others to use. Digitalizing the 
standards and files would be a good improvement in order to make the exchange of 
these files easier. 
 

Customer Service 
Desk 

Customers like to be more updated about the products progress in the process. Mainly 
during maintenance, repair or delivery, it is very unclear whether the package can be 
expected on the date as operations and schedules often depend on it. Process progress 
data is in most cases also not shared between partners and is rather summarized in a 
simple notification that a product is confirm requirements and is send on a specific 
date. Depending on which deliverer is picked, whether or not contract agreements are 
in place, the package is delivered with a small deviation as stated in the notification 
when leaving the current owner. Complete and continuously available event 
timestamps would allow for more trust and transparency in products production 
and/or delivery progress. This in terms can avoid some legal discussions about blaming 
which entity in the process.     
 

Supply chain 
management 

Every stakeholder in the supply chain is currently spending effort in organizing and 
preparing products documentation for a product received on inbound or sold and 
leaving on outbound. As most of the data is shared by paper file(s), it requires 
employees to unnecessarily often prepare and thus check these files to assure quality 
of these products in terms data traceability back to origin and prevent threats that can 
be life threatening. This is done on every organization level! Especially considering 
some low-cost products that are manufactured for only a couple of cents, these 
essential compliance/quality checks make them a lot more expensive. 
  

Quality 
Management 

Quality assurance is arranged according proper aerospace quality management 
systems such as acquisition traceability, configuration management, product 
documentation and operations control. The standard’s flexibility allows stakeholders to 
fine-tune their own quality management systems and avoid investment (time and 
money) to purchase and implement standards. Instead a tremendous variety in 
documentation is used. Also, allowing not having to upgrade classic documentation 
methods or techniques, causing a lot of problems in the current innovating 
environments. Current pressure from (competitive) leading innovators forces the 
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marked to digitalize, centralize and collaborate in order to optimize productivity and 
allow data to flow more efficiently through the aerospace industry.   
 

Global standards 
management 

Most principle documentations (ISO9100) mostly mandate what organizations should 
achieve, causing a lack of how to and what should be done to achieve the optimal 
traceability. As a result, every organization interprets the requirements of the 
standards differently making execution of exchanging data look different for every 
business relation. Standards should be settled in exchange of data formats in order to 
globalize the data schemes and improve productivity of collaborative ecosystems. 
 

Operations Work pressure on labour work is getting higher due to rising expectations from 
customers (e.g. delivery time) but also internal economic reasons (work with less 
personnel). Mandatory regulations are settled to maintain traceability and 
documentation requirements in order to prevent counterfeit or other threats in the 
aerospace from happening. Together with high expectations checks are increasing 
while actually transparency is being forgotten and thus decreasing, while this is what 
should be optimized.       
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APPENDIX C   ADDITIONAL TABLES & FIGURES CHAPTER 5.2/5.3 

APPENDIX C1  DEVELOPMENT PROCESS 
 

The first two steps in elicitation, are to identify the 
correct resources that are selected to obtain 
information. This is done by identifying the users 
and selection of suitable representative. Equally 
important, is the design of an interview protocol 
that will support in having well-structured 
conversation with questions that lead to results in 
predefined topics. Naturally, the user(s) interview 
protocol was revised during progress and thus is 
held flexible for adjustments to improve 
iteratively. The remaining steps in elicitation are 
the execution of interviews and transcribing the 
dialogs. 
    
For the second phase in requirement engineering, 
the dialogs are analyzed by coding the context. 
This allows for an easy identification and 
extraction of requirements. These are accordingly 
categorized and described in a requirements 
documentation. 
 

 
Eventually, the last phase “requirement analysis” is to increase the understanding of the 
requirements by first discussing the requirements and translate these into service functionalities 
and are described in a software requirement specification. The decision model is not part of the 
requirement engineering procedure, hence increases the understanding between the problem 
context and the developed requirements design. 
  

Elicitation
1. Identify user classes
2. Select product champions
3. Design Interview protocol
4. Hold elicitation Interviews
5. Dialoging

Extract & Define
6. Content analysis
7. Identify requirements
8. Categorize requirements
9. Describe requirements

Requirements Analysis
10. Argument Requirements
11. Understanding Requirements
12. Requirement Specification
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APPENDIX C2  USER CLASSES FOR THE TRACEABILITY SYSTEM 
 
 

User Classes Product Champion Events description 
Product Support Vincent van Vliet (Fokker) 

 
 

Receive data (signal event) about products that is 
used to make operation decisions 
  

Customer Service 
Desk 

Kaveh Alizadeh (Fokker) 
 
 

Is aware of product lifecycle about process and 
progress including its corresponding signal, 
temporal and trigger events in time.  
 

Supply Chain 
Management 

Dion van Nes (Fokker) 
Bart Cremers (KLU) 
 

Total supply and delivery control events, how the 
process is currently functioning, system 
connections and what is needed for innovation.  
 

Quality 
Management 

Freddy Cronenburg (Fokker) 
 
 

Signal and trigger events whenever 
customer/supplier/product/data is not 
conforming quality requirements 
 

Operations  Theo UijterWaal (Fokker) 
Ronny Ridder (KLU) 

Control and execute work and therefore produce 
signal events, temporal and trigger events due to 
execution of work, changes or updates in the 
process. 
 

 
(Events are indicated as signal events “control signals or data received”, temporal/ time-based 
or trigger events) 
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APPENDIX C3  INTERVIEW PROTOCOL 
 
Interview Guide: 
Interviewee: 
Interviewer:   
Company:   
Location:  
 
Goal of interview: Gain insights in the organizational factors that have an effect on processes 
in the supply chain of standard parts and learn about process practices, issues, conflicts in 
current information systems and missing features or value that should be available or enabled. 
 
Requirement development questions:  
 
Q1: Can you shortly tell about your function within the company, including responsibilities?  
 
Q2: What is your understanding of traceability (of parts) and the need/use in your position? 
 
Q3: Do you use data to monitor and optimize your work process(es) or decisions? (what 
processes?) 

a. Which data is this? / Why not? 
b. Is this data processed first to make it useful?  
c. How is this used for optimization?  

 
Q4: Would traceability information (from supply chain) allow you to (further) optimize?  

a. What data is currently missing?  
b. How would this missing data help you?  
c. How do you want it to be visualized to make it useful to you?  Why?  
d. Is this missing data currently accessible? If not, do you know why?  

 
Q5: In a data platform how would you want information to be delivered/accessible to you? 

a. What are the most used/looked at data (strings) for you?  
b. Is it currently easy to find data and use? (structured?)  
c. Is this data easily accessible at the moment? What should be different?  
d. Is this data delivered in time? When should it be available?  

 
Q6: With regard to data, how free/flexible would you be to exchange?  

(production data, stock quantities, catalog, client list, time event indicators etc.)  
a. What restrictions would you prefer? (what data should be restricted?)  
b. Will data send/visible upfront increase trust in a part and supplier  
c. Would you say trust in data/part will increase when complete trace info will be 

visible? 
   
Q7: Is there a system in place for data?  

a. Does it show result of data quality? (completeness, accurate and consistency of data) 
b. Is this data easy to read or understandable? Why not?  
c. Is this system easy to learn? Why not? 
d. What is unnecessary in this system? 
e. Is this system fast enough?   
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APPENDIX C4  DOCUMENT LINKS  

 
Link: Interview coding & records  
 
Link: Requirements Document 
 
Link: Requirement Specification Document 
 
Link: Decision Model 
 
 
  

https://drive.google.com/open?id=1K1DxQpjJ0ARAKOB5iBFCKW3XlV5oY3j0
https://drive.google.com/open?id=18QD_Z28FxENXY7izM0cgeZKSBoCJVGvy
https://drive.google.com/open?id=1ICpY4Rt_BunxFTRYngZLVutg_GX40Q9w
https://drive.google.com/open?id=14gEtJ8XjV4Ilj6sVJbn6uBhLOaeIVIOs
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APPENDIX C5  QUALITY MODEL CHARACTERISTICS 
 

ISO25010 Descriptions 
Interpretation in discussion 

Functional Suitability Represents the degree to which an 
alternative provides function that 
meet stated and implied needs when 
used under specific conditions. 

Considering the contribution of the given 
alternative in providing complete, correct 
and appropriate functionality 

 
Performance Efficiency Represents the performance relative 

to the amount of resources used 
under specific conditions. 

Considering the performance in time 
(processing/throughput), amount of 
resources and capacity is necessary stated 
by requirements  

 
Compatibility Represents the degree in which 

information can be exchanged with 
other systems or components 

Considering the co-existence of the 
alternative with the existing 
products/systems and considering the 
interoperability of these 

 
Usability Represent the degree of efficiency, 

effectiveness and satisfaction in which 
the alternative makes the user 
achieve its goal 

Considering appropriateness to which 
users can recognize the alternative is 
needed 

 
Reliability Represent the trustworthiness of 

functioning for a period of time 
Considering Maturity, availability and fault 
tolerance 

 

Security Represents the security of data in the 
considered alternative  

Considering confidentiality, integrity and 
accountability of actions 

 

Maintainability Represents the effectiveness and 
efficiency to modify/improve the 
system 

Considering the modularity and reusability 
of a system   

 

Portability Represent the efficiency in which the 
system can be transferred in usage 
environment 

Considering adaptability, Installability or 
replaceability of the system 
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APPENDIX C7  VALIDATION RESEARCH 
 

Review Meeting: Execution: 

Participants Wouter van Dis (Project Leader-Advanced Analytics) 
Kaveh Elizadeh (Product Manager) 
Utkan Eryilmaz (System Developer) 

Response Rate 100% 

Method of analysis Average score per requirement 
Graphical representation of requirement scores 
Discussion of review meeting 

 
Requirements; Participants   

Participant 1 Participant 2 Participant 3 Scores Total 
Configurability 

1. Do the requirements accurately 
describe the intended capabilities 
and properties representing the 
various stakeholders’ needs? 

 
4 

 
3 

 
3 

 
3,33 

 

2. Is each document and requirement 
understandable and traceable back 
to its origin? 

 
4 
 

 

 
4 

 
5 

 
4,33 

 
3,83 

 

Completeness 

1. Are the requirements complete, 
feasible, and verifiable?   

 
5 

 

 
4 

 
4 

 
4,33 

 

2. Do the requirements provide an 
adequate basis to proceed with 
design and construction? 

 
4 

 
4 

 
5 

 
4,33 

 
4,33 

Usefulness 

1. Are the requirements sufficient to 
meet the business objectives? 

 
3 
 

 
5 

 
4 

 
4 

 

2. Are the requirements logical and 
organized in an accessible way? 

 
4 
 

 
5 

 
5 

 
4,66 

 
4,33 

Valuable 

1. Are the software requirements 
correctly derived from the various 
sources? 

 
4 

 
4 

 
4 

 
4 

 

2. Do the requirements address all 
known customer or system needs? 

 
3 
 

 
4 

 
4 

 
3,66 

 
3,83 

 
 


