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Abstract

This thesis proposes a decision-support tool for software vendor selection in soft-
ware ecosystems, expanding a foundational framework to handle decision-maker
uncertainty and providing an extensive review of non-functional requirements as
selection criteria.

The software vendor selection process is often complex, ad-hoc, and prone
to errors. Although numerous methods have been proposed to assist decision-
makers, most lack adaptability and integration into existing processes. To address
this, user-friendly interfaces and tools are suggested as potential solutions.

The tool developed in this thesis work builds on a state-of-the-art vendor ana-
lysis and selection framework, which is scaled to utilize Fuzzy Set Theory to man-
age uncertainty during decision-making. This enables decision-makers to more
effectively handle imprecise data, subjective judgments, and multiple conflicting
objectives, which often are present in these processes. Furthermore, the tool in-
corporates user-friendly interfaces and functionalities, drawing on feedback from
practitioners and literature to ensure its adaptability and integration into existing
processes.

Additionally, a baseline set of eight non-functional requirements are addressed
as selection criteria, along with tailored definitions for the context. These criteria
and definitions pave new paths for how non-functional requirements should be
considered as selection criteria in software vendor selection for software ecosys-
tems.
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Sammendrag

Denne oppgaven presenterer et beslutningsstøtteverktøy for valg av programvare-
leverandører i programvaremiljøer. Dette gjøres ved å utvide et grunnleggende
rammeverk for å håndtere beslutningstakeres usikkerhet og gi en omfattende gjen-
nomgang av ikke-funksjonelle krav som valgskriterier.

Valg av programvareleverandører er ofte en kompleks, ad hoc-prosess som er
utsatt for feil. Selv om det tidligere har blitt foreslått mange metoder for å bistå
beslutningstakere, mangler de fleste tilpasningsevne og integrasjon i eksisterende
prosesser. For å løse dette foreslås brukervennlige brukergrensesnitt og verktøy
som mulige løsninger.

Verktøyet utviklet i denne oppgaven bygger på et avansert rammeverk for
leverandøranalyse og -valg, som er utvidet til å benytte Fuzzy Set Theory for
å håndtere usikkerhet under beslutningstaking. Dette gjør det mulig for beslut-
ningstakere å håndtere upresise data, subjektive vurderinger og flere motstridende
mål mer effektivt, som ofte er til stede i disse prosessene. Videre inkluderer verktøyet
brukervennlige grensesnitt og funksjonaliteter, basert på tilbakemeldinger fra prakt-
iserende beslutningstakere og litteratur for å sikre dets tilpasningsevne og integ-
rasjon i eksisterende prosesser.

I tillegg adresseres et sett på åtte ikke-funksjonelle krav som valgskriterier,
sammen med skreddersydde definisjoner for den gitte konteksten. Disse kriteriene
og definisjonene åpner nye veier for hvordan ikke-funksjonelle krav bør vurderes
som valgskriterier i valg av programvareleverandører for programvaremiljøer.
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Chapter 1

Introduction

The chapter firstly introduces the software ecosystems along with a motivating ex-
ample of why research within the domain is deemed crucial. Afterwards, research
questions and objectives are set to conduct the thesis work. Lastly, the planned
contributions and the remaining thesis outline is presented.

1.1 Problem Description

The concept of Software Ecosystems (SECO) involves decentralized development
where companies may outsource their product development either entirely or par-
tially to one or more vendors [1]. The software ecosystem not only includes the
participating companies but also includes the intricate interactions among differ-
ent entities [2, 3] such as businesses, software service providers, and customers.

The entities involved in such ecosystems are often connected to a shared plat-
form, collaborating to address challenges and pursue common objectives [4–6].
The structure of collaboration within these entities varies widely, reflecting dif-
ferent strategic approaches. For instance, software ecosystems often differ in how
companies choose to collaborate with vendors. In a single-vendor ecosystem, as
illustrated in Figure 1.1, the keystone company of the ecosystem, collaborates
exclusively with one vendor. While this approach offers benefits like streamlined
management, it also carries risks due to over-reliance on a single entity [7], which
in turn can lead to issues such as limited innovation and vendor lock-in. In con-
trast, multi-vendor ecosystems or multi-sourcing [7] involve collaboration among

Figure 1.1: Single-Vendor Ecosystem

1
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Figure 1.2: Multi-Vendor Ecosystem

multiple entities, which fosters innovation and diversify the risk [7] but can also
lead to challenges in coordination and potential conflicts among the participants
[5] (Illustrated in Figure 1.2). These dynamics raise a critical question: Which
vendor should the keystone companies or ecosystem as a whole choose to integrate
into the ecosystem, and how can the best decision be reached?

In a multi-vendor ecosystem, vendor selection transcends meeting the require-
ments of a single keystone company, extending to align with the collective needs
and strategic objectives of the entire ecosystem [2]. This selection process is crit-
ical to the success of both the outsourcing company and vendors [1]. Incorrect
vendor selection can significantly affect the quality of the product delivered and
hence, reputation among stakeholders and customers, and lead to its failure [1].
The complexities of the decision-making process are compounded by the intricate
interactions among different ecosystem entities [8].

The decision on vendor selection is typically made by the keystone company’s
decision-makers [1]. However, this decision-making process is characterized as
complex, ad-hoc, and manual [5], adding layers of complexity to the system and
creating barriers to ecosystem adoption [5] among companies. Despite the in-
volvement of dedicated personnel, the decision-making process remains largely
subjective and lacks transparency [1, 9], which can undermine trust and effic-
acy, and prove especially difficult when considering non-functional requirements
(NFRs) as selection criteria [10]. Despite these requirements’ crucial role, they
are often overlooked or inadequately addressed. Adding to the complexities of
these decision-making processes is the inherent uncertainty in evaluating NFRs
and other selection criteria, which are crucial for ensuring that the software and
vendor aligns with the broader operational and strategic goals of the ecosystem.
This uncertainty arises from the subjective nature of these selection criteria and
the often incomplete or imprecise data available during the decision-making pro-
cess [9]. This in turn makes it difficult to assess vendors accurately and consist-
ently.

Despite numerous efforts to streamline the decision-making process with vari-
ous frameworks and methodologies [1, 11, 12], most approaches fall short in us-
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ability and adaptability. To the best of the author’s knowledge, existing literature
is limited to theoretical vendor analysis and selection frameworks. These frame-
works lack a user-friendly interface or a platform for the outsourcing companies
to integrate into the existing organizational processes to support decision-makers.
As a result, many decision-makers continue to rely on their current manual and
ad-hoc methods [1, 5] in absence of structured and streamlined measures for the
decision-making process.

1.2 Motivation

To motivate the importance of successful software vendor selection, a motivat-
ing case of what’s referred to as the British Post Office scandal will be briefly
introduced. While it can be motivated both from the company and the vendor’s
perspective, in this motivation it will be viewed from the outsourcing company’s
perspective.

In 1999, the Horizon system, developed by Fujitsu Limited1, was selected by
the UK Post Office2, with pilots running from 1996 [13]. This system was chosen
to replace outdated methods with what was referred to as a more accurate and
reliable processing of transactions. Instead, the system ended up being full of
technical issues that led to numerous accounting inaccuracies [14]. These inac-
curacies resulted in severe financial discrepancies being recorded in the accounts
of more than 900 sub-postmasters [14]. Regardless of Post Office being aware or
unaware of the system’s faults, they attributed a total of 700 of these discrepan-
cies to theft, fraud, and misconduct, leading to the wrongful prosecution of sev-
eral sub-postmasters and their employees [15]. Over time, these issues sparked a
massive legal battle as affected sub-postmasters fought to clear their names [16].
The ensuing controversy exposed significant failures in oversight and accountabil-
ity, raising questions about the due diligence (vendor analysis) conducted during
the system’s selection and the subsequent handling of its flaws. The consequences
have proved enormous with this single faulty choice of software ultimately lead-
ing to ruining the victims lives [15], so much even some committing suicide [17],
and enormous economical consequences. The final cost of compensations is ex-
pected to exceed £1 billion [14, 18], with some sources stating that the UK gov-
ernment has already set aside £1.27 billion of compensation to pay out to victims
of the Post Office scandal [16], not to talk about the continuous growing legal
cost and damaged reputation both for the Post Office, the UK government and
Fujitsu who faced a $1 billion market value drop amid the Post Office scandal [7].
As Fujitsu currently has more than £2 billion worth of contracts with the UK gov-
ernment, holding the status of a key strategic supplier [17] it is unknown which
consequences this will face if the UK government stands it place in their promise
of pursuing the manufacturer of the Horizon IT system if an inquiry finds it is to

1https://www.fujitsu.com/global/about/
2https://en.wikipedia.org/wiki/Post_Office_Limited

https://www.fujitsu.com/global/about/
https://en.wikipedia.org/wiki/Post_Office_Limited
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blame [18].
The Post Office Horizon scandal highlights the severe consequences that can

come from not carefully choosing software vendors. This example shows that a
poor decision can lead to huge financial losses, wrongful accusations, and serious
damage to reputations and in worst case lost lives. The negative effects impacted
not just the individuals directly involved but also the broader reputations and
financial health of the UK Post Office, the government, and Fujitsu. This situation
makes it clear how important it is to thoroughly check and oversee software and
vendors during these processes, ensuring all aspects are carefully considered. It
demonstrates why there’s a strong need to develop reliable tools for helping make
better vendor selection decisions, to avoid these kinds of problems in the future
and to protect against the significant impacts and costs they can cause.

1.3 Scope and Context

In this thesis, the problem is approached from the perspective of the keystone
company (Figure 1.2). Details on the context and scope, along with the beneficiary
are presented in Table 1.1.

Table 1.1: Context and Scope

Context
and Scope

Keystone companies outsource their software needs either partially or
entirely to one or more vendors. Increasing the usability and adapt-
ability of vendor analysis and selection processes is aimed for while
excluding details on the specifics of vendor analysis from the project
scope.

Beneficiary Dedicated personnel which are involved in the decision-making pro-
cess, usually referred to as decision-makers. A decision-maker is usu-
ally someone with trust and extensive knowledge about the keystone
company or ecosystem and its architecture.

1.4 Research Questions

It is important to establish the perspective from which the problem is approached.
This thesis addresses the problem from the keystone company’s perspective (Fig-
ure 1.2), aiming to fill multiple gaps in the existing literature and practices relev-
ant to these outsourcing companies.

Considering the motivation (Section 1.2) and the gaps identified in Chapter
2, the following research questions are set:

RQ1 How are different NFRs addressed as selection criteria for software vendor
selection in software ecosystems?

(a) Which NFRs are utilized as selection criteria?
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(b) How can NFRs be interpreted to better assist decision-makers in this
particular context?

RQ2 Which criteria weighting strategies are effectively utilized within this con-
text and how can these be integrated into the ICR framework?

RQ3 How can decision-making processes be streamlined to enhance usability?

1.5 Planned Contributions

This thesis aims to address the formulated research questions with significant con-
tributions. First, identifying and interpreting NFRs as selection criteria in the con-
text of software vendor selection in software ecosystems, including identification
of the most used ones and their definitions.

Second, the aim is to scale the ICR framework presented by Rani et al. [1]
to enable decision-makers to effectively handle imprecise data, subjective judg-
ments, and multiple conflicting objectives. Adding such a layer to the framework
empowers decision-makers to make more informed, robust, and defensible de-
cisions in situations characterized by ambiguity and uncertainty.

Lastly, the thesis aims at increasing the ICR framework’s adaptability and us-
ability by implementing an end-to-end decision-support tool for guiding decision-
makers through their decision-making process in a systematic, automated and
streamlined manner. Such an implementation aims at accommodating current ad-
hoc and manual processes. The insights gained from the preliminary works on the
low-fidelity user-interface design and process flow proved valuable to the industry
and resulted in a research paper that has been accepted for publication (Appendix
A), details given below:

• Müller Tormod, Anshul Rani, Deepti Mishra. "A Tool for Software Vendor Ana-
lysis and Selection." Human-Centered Software Engineering: 10th International
Working Conference, HCSE 20243, Springer International Publishing, 2024
(Accepted).

1.6 Previous Work and Target Audience

Before proceeding with the rest of this thesis, it is important to clarify the previ-
ous work conducted on the thesis topic in other courses, along with the intended
audience and the level of understanding required.

Some of the work presented throughout this thesis was conducted during
various courses throughout the previous semester. These works are detailed in
Appendix B and will not be repeatedly mentioned to maintain the flow and read-
ability of the thesis.

The thesis is designed primarily for individuals familiar with or interested in
software vendor selection processes, whether in a general context or specifically

3https://hcse2024.wordpress.com
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within software ecosystems. Decision-makers or stakeholders with expertise in
this field will find the most value, as the intricacies of these processes are complex
and go beyond the scope of this thesis. However, anyone with a background in
computer science should be able to grasp and appreciate the research presented.

1.7 Thesis Outline

The rest of the thesis is structured as follows:

2 Background chapter details concepts and terminologies which are required
for a seamless reading experience. It also looks at current related work and
addresses problems, limitations or gaps in the literature which serve as the
baseline for the thesis work.

3 Research Methodology chapter outlines and justifies the research method
used in the thesis, and provides a detailed description of the procedures and
phases undertaken during the study.

4 Tool Development chapter details the software development method used
along with an elaboration on its respective phases, justification of various
choices, and a walk-through of the proposed solutions.

5 Tool Evaluation chapter concerns both evaluation phases from practition-
ers, detailing feedback on low-fidelity design, tool process flow, and final
user interface design, to mention a few.

6 Results chapter include the results of the look at NFRs role as selection cri-
teria, the scaling of the ICR framework to accommodate decision-making
under uncertainty, and the overarching findings from the practitioner eval-
uation of the proposed tool.

7 Discussion chapter connects all the strings together to attempt to answer
the research questions. Furthermore, any limitations and threats to validity
are stated here.

8 Conclusion chapter serves as the final summary of the thesis and its find-
ings, along with any future work.



Chapter 2

Background

This chapter details concepts and terminologies which are required for a smooth
reading experience. The chapter consists of a combination of background and
related works aiming at detailing any problems, gaps, or considerations which
serve as a baseline for the thesis work.

The chapter begins with an introduction to software ecosystems, outlining
the key entities and roles, and exploring the challenges inherent in such struc-
tures. It then looks into the concept of software vendor selection, emphasizing the
role of non-functional requirements (NFRs) as critical selection criteria. It further
explores various selection techniques, identifies gaps in current methodologies,
and introduces a state-of-the-art (SOTA) framework relevant to this context. The
chapter continues by reviewing current tool support and visualization techniques
that are used within decision-making, before wrapping up the chapter in a sum-
mary of key takeaways that establish the research motivation.

2.1 Software Ecosystems

The concept of a software ecosystem, as described by Rani et al. [2], involves the
decentralized development of software, where companies may opt to outsource
their product, either entirely or partially, to one or more vendors. This term en-
compasses not only the participating companies but also the dynamic interac-
tions among all involved parties, reflecting a collective investment in the software
product’s development and success [2, 3]. In Section 1.1, the question of; which
vendor should the keystone companies or ecosystem as a whole choose to integrate
into the ecosystem, and how can the best decision be reached, was introduced. This
question was raised due to the multi-vendor ecosystems’ complexities where co-
ordination challenges and potential conflicts among numerous participants can
further complicate decision-making. This question highlights one of the core chal-
lenges of software ecosystems, which will be further analyzed in Section 2.2.

Understanding the complexities of these ecosystems and making informed de-
cisions about vendor integration necessitates a clear grasp of the various roles and

7
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entities within these environments. To facilitate a deeper understanding and to en-
sure clarity throughout this thesis, it is essential, before exploring software vendor
selection and the associated techniques, to define two key entities: keystone com-
pany and vendor, along with two key roles: decision-maker and stakeholder. The
descriptions that follow will establish a shared vocabulary, crucial for effectively
discussing and understanding the dynamics of software ecosystems:

Keystone company

The company that serves as the ecosystem owner, orchestrator, plat-
form provider, or outsourcing company [2, 19]. In the context of this
thesis, this is the entity which is responsible for and handles defining
the criteria of which the vendors will be evaluated against and hand-
ling the vendor selection on behalf of the ecosystem.

Vendor

Vendors are the niche players or service providers of the ecosystem [5,
19]. These are the entities proposing a solution to the outsourced task
aiming at being selected and included as a part of the ecosystem.

Decision-maker

A decision-maker is someone with trust and extensive knowledge about
the company or ecosystem and its architecture, demonstrating high
proficiency [2, 5, 20]. In this thesis, this is the role that evaluates the
criteria importance and vendor capabilities on behalf of the keystone
company.

Stakeholder

Stakeholders encompass business units such as the company board,
sales, marketing, and so forth [19]. For the system proposed in this
thesis, stakeholders are the ones responsible for project setup and se-
lection criteria selection and definition, as well as serving as the fi-
nal decisive power of which vendor to choose based on the decision-
makers’ and system’s suggestion.

Problem: Choosing the optimal vendor for integration into the ecosystem is a
complex task, particularly in multi-vendor ecosystems where coordination

challenges and potential conflicts among numerous participants can further
complicate decision-making.

2.2 Software Vendor Selection and Techniques

Due to the concerns among keystone companies within software ecosystems re-
garding the vendor selection choice and how they can reach the best solution, a
look into what software vendor selection is, why this selection is done, why it is
so important to get right, and which constraints decision-makers face in their pro-
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cesses is needed. Therefore, in this section, the focus will be on addressing these
questions to better understand which methods can be utilized and what can be
done to assist these companies, ecosystems, and decision-makers in their pursuit
of the optimal decision.

2.2.1 Software Vendor Selection

One of the key activities of the keystone companies in software ecosystems is
the software vendor selection process. The process of software vendor selection
in general involves identifying and ultimately choosing the vendor best suited to
meet the specific goals or needs of the company [1]. In a software ecosystem, the
same process applies [1]; however, in a multi-vendor ecosystem, vendors must
comply not only with the needs of the keystone company but also with those
of the entire ecosystem, amplifying the intricacies of the process. This process is
crucial to get correct to increase the chance for software product and ecosystem
success, as making the wrong choice can ultimately lead to a damaged reputation
among, for instance, stakeholders and customers, or in the worst case, ecosystem
failure [1]. The complexities and risk involved in this selection, along with the
complex interactions among entities within software ecosystems [8] present bar-
riers to adoption [21]. Moreover, the lack of effective modeling techniques further
complicates the conceptualization process for participants and new adopters [22],
despite the increasing popularity among software experts [5, 21]. This is further
discussed in Section 2.2.3. This raises the questions of; how is this vendor selection
done, who are responsible for the task and why is the selection process so prone
to mistakes? As addressed in Section 2.2.1, the choice of which vendors to choose
is done by the keystone company’s decision-makers [1]. However, the decision-
making process in these ecosystems is complex, ad-hoc, and manual, which adds
additional layers of complexity to the system and presents a significant barrier to
ecosystem adoption [5]. Even with dedicated personnel handling decision-making
roles, the process remains subjective [1, 9], going on behalf of transparency [1].
To address these challenges and before looking into various proposed solutions or
assisting frameworks and guidelines, it is crucial to establish a foundational un-
derstanding of the two central information sources essential for software vendor
selection: Request for Proposals and Vendor Proposals. These documents play a vital
role in structuring the selection process, ensuring that the complexities and sub-
jectivity of decision-making can be navigated more effectively. Software vendor
selection relies on specific information, which is divided into these two documents
[1]. Additionally, the selection criteria serve as key elements, which will be further
elaborated on in Section 2.2.2. The two documents that are essential during these
processes are:

Request for Proposals (RFPs) An RFP is a textual document issued by an
organization to invite bids from vendors/contractors for the completion of
a specific project. It publicly outlines the project details, objectives, and the
outsourcing organization/ecosystem, along with the procedures for submit-
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ting bids and the terms of the contract. 12

Vendor Proposals (VPs) A VP in software vendor selection is a textual doc-
ument provided by a software vendor that details how their solution meets
the specific needs outlined in the RFP. It includes information on the soft-
ware’s capabilities, technical specifications, implementation strategy, sup-
port services, pricing, and relevant projects to demonstrate the vendor’s ex-
pertise and reliability, to mention a few.

It is worth noting that similarly to the terms in software ecosystems, these
documents do neither have a shared consensus regarding their names as RFPs
can also in some cases be referred to as tenders [23] or supplier proposals, while
VPs can be discussed as quotations [23]. This further complicates the search for
related literature, ensuring no variants are overlooked.

Now that both of these key documents have been introduced, looking at their
role and why they are such important during the vendor selection process is a
logical next step. The RFP and VPs are critical in the software vendor selection
process because they facilitate a structured comparison of how different vendors
plan to meet a company’s strategic and architectural goals, a complex task re-
quiring the processing and evaluation of large quantities of qualitative data [24,
25]. Given the subjective nature of this evaluation and the presence of multiple
decision-makers with varying perspectives, these documents help standardize cri-
teria and streamline decision-making, reducing potential conflicts and ensuring
alignment with overall strategic objectives [1].

2.2.2 Selection Criteria and NFRs Role

Having established the fundamentals of software vendor selection within the given
context, complete with detailed discussions on Requests for Proposals and Vendor
Proposals, the next step involves looking at non-functional requirements (NFRs)
and their significance as selection criteria in this context. Before looking at the
SLR that was conducted on this topic and its findings (Further detailed in Section
6.1.3), introducing selection criteria and their role in the given context will be
done. Furthermore, briefly touching upon various types of selection criteria, be-
fore lastly looking at NFRs role as selection criteria in software vendor selection
in software ecosystems is deemed important.

In Section 2.2.1, the role of RFPs in the decision-making process was explored.
Selection criteria play a key role in this context; they are either made to guide the
creation of RFPs or derived directly from the RFPs themselves, acting as standards
or benchmarks for evaluating and selecting various software vendors. These cri-
teria are essential as they enable decision-makers to assess diverse aspects of the
software vendors themselves and the software offered by vendors, including tech-
nical capabilities, cost, vendor reputation, and alignment with business objectives,

1https://www.investopedia.com/terms/r/request-for-proposal.asp
2https://www.techtarget.com/searchitchannel/definition/request-for-proposal

https://www.investopedia.com/terms/r/request-for-proposal.asp
https://www.techtarget.com/searchitchannel/definition/request-for-proposal
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among others. Their importance is further emphasized by Lima et al. [26] stating
that selection criteria are critical success factors, capable of improving relation-
ships and reducing costs.

Moreover, advancing beyond mere textual analysis of RFP documents, a struc-
tured approach in using these criteria minimizes the risk of subjective or biased de-
cisions, enhancing transparency and fairness in the selection process. This method
enriches decision-makers’ knowledge base, streamlining the evaluation process
by considering the importance of different aspects, including functional require-
ments, non-functional requirements, architectural requirements, operational re-
quirements, and more. Ultimately, these criteria are designed to be tangible, meas-
urable, and actionable, ensuring that all software and vendor selections are pre-
cisely aligned with the strategic objectives and operational needs of the ecosystem,
thereby supporting informed and effective decision-making.

The complexity of vendor selection within software ecosystems and the unique
characteristics of each ecosystem further underscore the importance of these cri-
teria. They serve as critical success factors that not only enhance relationships and
reduce costs [26] but also enable decision-makers to manage the complexities of
NFRs [10], which are often overlooked due to their subjective nature [9]. Inter-
views conducted by Olsson et al. [27] with key stakeholders underscore the need
for precise criteria to effectively manage quality requirements. Additionally, the
potential irreversible impacts of poor architectural decisions highlight the neces-
sity for systematic evaluation [28], while the importance of incorporating archi-
tectural design decisions into software documentation reflects the need for clear,
reusable criteria [9].

In conclusion, the literature suggests that well-defined selection criteria are
essential for informed and successful decision-making. Although overly rigid cri-
teria could potentially restrict the expertise of decision-makers, a more detailed
breakdown of the criteria into sub-criteria and explanations could provide greater
clarity and enhance the decision-making process [29].

Gap: Literature emphasizes that well-defined selection criteria are crucial for
informed and successful decision-making. However, the subjective nature of NFRs

often leads to their neglect, creating a gap in understanding their role and
interpretation in these processes, which could otherwise aid decision-makers more

effectively.

2.2.3 Multi-Criteria Decision Making Methods and SOTA Framework

Having laid the groundwork on software vendor selection within the given con-
text, which includes details on Requests for Proposals, Vendor Proposals, selection
criteria, and NFRs, the next step is to explore various decision-making methods
and a state-of-the-art framework. The literature offers a variety of methods for
vendor selection designed to tackle the complexities of decision-making within dy-
namic ecosystems. These methods are not only theoretical but have also been prac-
tically applied during the choice of appropriate software suppliers, encouraging
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further exploration into robust decision-making methodologies. Importantly, the
literature underscores the importance of an integrated approach that effectively
combines the complexities of service selection and supplier evaluation contexts,
as emphasized in Manikas’ proposal [8].

Building on these insights, Multi-Criteria Decision Making (MCDM) methods
emerge as particularly effective tools within this context. Techniques such as TOP-
SIS, ANP, and AHP are highlighted in the literature for their efficacy in assisting
decision-making processes. These methods, which are critical for evaluating mul-
tiple conflicting criteria, have demonstrated their effectiveness in streamlining
complex decisions in software vendor selection, as will be discussed next.

TOPSIS - Technique for Order of Preference by Similarity to Ideal Solution

TOPSIS, short for Technique for Order of Preference by Similarity to Ideal Solution, is
a multi-criteria decision analysis method that was developed through the 1980s
and early 90’s [30]. It is a method used to make complex decisions by evalu-
ating alternatives against an ideal solution. It works by determining which op-
tion is closest to the best possible scenario (the ideal solution) and furthest from
the worst (the negative-ideal solution) [30, 31]. While this approach effectively
handles multiple criteria, providing a clear ranking of alternatives based on their
relative closeness to the ideal solution and its ability to rank the advantages and
disadvantages of the evaluation objects, it suffers from some weaknesses. More
specifically the constraints of TOPSIS do not fit the reality as it uses crisp numeric
values and lacks consistency and reliability checks [32].

ANP - Analytic Network Process

The Analytic Network Process (ANP) is another MCDM method often used for sup-
plier selection. ANP is great for dealing with complex decisions because it handles
dependencies among decision factors well [33], uses different types of data, and
provides thorough evaluations. However, its flexible and deep analysis comes with
downsides. The network’s complex structure, which includes feedback and inter-
dependencies, makes it tough for decision-makers. They have to consider many
elements that may affect each other, leading to potential judgment mistakes, sens-
itivity to changes in input, and challenges in finding and fixing errors due to no
standard way to check consistency [34].

AHP - Analytic Hierarchy Process

AHP, short for Analytic Hierarchy Process as presented by Saaty [35] is the last
MCDM method under review in this study. AHP, like the other two, helps to sim-
plify and accelerate the natural process of decision-making [36]. As for all these
methods, it was presented as a way to address complex decision-making scenarios
where multiple criteria are involved. AHP breaks down the decisions into a hier-
archy of interrelated elements (criteria, sub-criteria, alternatives, etc.) [35]. These
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Table 2.1: Criteria-Criteria Matrix

Usability Reliability Security
Usability 1 2 5

Reliability 0.50 1 7
Security 0.20 0.14 1

Table 2.2: Vendor Comparison - Usability

Usability Vendor X Vendor Y
Vendor X 1 0.20
Vendor Y 5 1

elements are thereafter placed in a pairwise comparison matrix to determine their
relative priorities, usually done through a scoring from 1 to 9 (See table 2.5) [35].
At this level, decision-makers/evaluators assign scores to all the different combin-
ations to fill the matrix. For vendor selection, this is done both criteria-criteria
wise and vendor capability-criteria wise [1] as illustrated in Tables 2.1, 2.2, 2.3,
and 2.4. Lastly, a consistency check is done to assess the reliability of the compar-
isons made.

Having established the baseline of the AHP, it is insightful to explore some of
its practical applications, particularly in vendor and supplier selection. AHP has
demonstrated its robustness in various decision-making settings:

Hruška et al. [36] developed a model using the AHP for supplier selection and
applied it within a manufacturing company to evaluate three potential suppliers.
Their results underscored the model’s effectiveness in helping decision-makers
to systematically assess the strengths and weaknesses of suppliers according to
predefined criteria.

In the telecommunications sector, Tam et al. [37] employed the AHP to create
a model that was tested in a real-world scenario for vendor selection. This model
proved effective in improving group decision-making and simplifying the vendor
selection process by structuring decision-making, fostering consensus among stake-
holders, and adapting to changing business needs. Nevertheless, challenges re-
lated to data collection and computation can become apparent as the number of
criteria and vendors grows.

Tahriri et al. [38] also applied the AHP model but in a steel manufactur-
ing company to evaluate and select suppliers. The practical application of the
AHP model highlighted its effectiveness in facilitating the supplier selection pro-

Table 2.3: Vendor Comparison - Reliability

Reliability Vendor X Vendor Y
Vendor X 1 0.14
Vendor Y 7 1
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Table 2.4: Vendor Comparison - Security

Security Vendor X Vendor Y
Vendor X 1 3
Vendor Y 0.33 1

Table 2.5: The Fundamental Scale As Presented by Saaty [35]

Importance Definition Explanation
1 Equal importance Two activities contribute equally to the object-

ive
3 Moderate importance of one

over another
Experience and judgment slightly favor one
activity over another

5 Essential or strong importance Experience and judgment strongly favor one
activity over another

7 Very strong importance An activity is favored very strongly over an-
other; its dominance demonstrated in practice

9 Extreme importance The evidence favoring one activity over an-
other is of the highest possible order of affirm-
ation

2, 4, 6, 8 Intermediate values Represent compromise between the priorities
above

cess. By methodically evaluating various criteria, the model significantly enhanced
decision-making, enabling the identification of optimal suppliers for the steel man-
ufacturing company. This successful application reaffirmed the AHP’s capacity to
navigate complex decision-making environments, thereby improving both the ef-
ficiency and effectiveness of purchasing processes.

Despite its effectiveness in complex decision-making processes, as demon-
strated in Section 2.2.3, the AHP and its alternatives are not without limitations.
These include the subjectivity of judgments, scalability issues concerning both cri-
teria and the number of decision-makers, assumptions of criteria independence,
and a lack of clarity on the root causes of inconsistencies. Furthermore, conflicts
among decision-makers often emerge only at the later stages of the process [1].
To address the latter two issues, Rani et al. [1] introduced a framework that util-
izes the Inconsistency and Conflict (ICR) method in conjunction with AHP for
vendor proposal analysis and selection in software ecosystems (See Figure 2.1).
This framework represents a significant advancement in the field, positioning it
as an ideal subject for further exploration in this thesis. While it enhances the ad-
aptability of AHP to these complex scenarios and addresses some of its inherent
limitations, it does not fully mitigate the challenge of decision-making under un-
certainty — a topic that will be elaborated in Section 2.2.3. Moreover, the current
implementation requires familiarity with the code base, restricting its accessibility
to only those proficient with its technical aspects. This limitation often compels
decision-makers to stick to their ad-hoc processes [1, 5].

Gap: Although the ICR framework enhances the adaptability of AHP by addressing
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Figure 2.1: ICR Framework Proposed by Rani et al. [1]

some of its inherent limitations, it faces challenges with integration into existing
company processes. Currently, the requirement for code familiarity limits its use to

individuals with technical expertise, leading decision-makers to rely on ad-hoc
methods. To improve both adaptability and integration, the framework should

incorporate a user interface and a logical layer that bridges the gap between the
framework’s algorithm and its end-users.

Fuzzy Set Theory

Another issue related to AHP in general and in the proposed framework by Rani
et al. [1] is the lack of consideration of decision-making under uncertainty. To ad-
dress the challenge posed by imprecise and uncertain data within the AHP frame-
work, the adoption of a practical strategy, incorporating a linguistic scale of judg-
ment and fuzzy numbers for performance assessment [39] are often present. The
integration of AHP with Fuzzy Set Theory (FST) has gained traction, with hybrid
AHP/FST models (often referred to as Fuzzy Analytic Hierarchy Process (FAHP))
proving successful in various software and supplier selection studies, effectively
leveraging the strengths of both methodologies while mitigating their respective
weaknesses [40–48]. As the inclusion of FST with AHP enhances the decision-
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making methodology’s adaptability and usability as proven in diverse case studies
[46, 49, 50], looking at how such a concept can be used to scale the ICR frame-
work by Rani and colleagues [1] to accommodate for decision-making under un-
certainty is central. The success of FST as a complement to the AHP methodology
is further substantiated by findings from the SLR conducted for this thesis. Out
of the 31 papers that underwent review, five explicitly discuss the effective ap-
plication of weights to selection criteria using FST as their foundational approach
[51–55].

Building on this foundation, a step-by-step guide on how to utilize Fuzzy AHP
(FAHP) in supplier selection is presented by Ayhan [56]. This guide has been in-
strumental in integrating the fuzzy algorithm into the ICR framework and tool,
as further detailed in Section 4.4.4. FST’s overarching concept allows for par-
tial membership, enabling elements to belong to a set to varying degrees. This
is visually represented in Figure 2.2 and differs significantly from traditional set
theory approaches like AHP, which utilize crisp sets (Saaty Scale), as seen in Table
2.5. Furthermore, FST supports textual importance levels, which resonate more
naturally with human cognitive processes, thereby reducing cognitive load for
decision-makers.

Figure 2.2: Fuzzy Triangulation

Gap: Although the ICR framework enhances AHP’s adaptability, it still struggles
with decision-making under uncertainty. Traditional AHP cannot fully capture

subjective human judgments when decision parameters are ambiguous. Integrating
fuzzy logic into the ICR framework could improve its capability to handle uncertain

and imprecise information, thus aiding decision-makers in complex scenarios.

2.3 Tool Support and Visualization Techniques

So far, the background has introduced software ecosystems, software vendor selec-
tion, and various associated techniques. It has been identified that there is a press-
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Table 2.6: Saaty Scale - Fuzzy Triangular Scale Mapping

Saaty Scale Definitions Fuzzy Triangular Scale
1 Equally important (1, 1, 1)
3 Weakly important (2, 3, 4)
5 Fairly important (4, 5, 6)
7 Strongly important (6, 7, 8)
9 Absolutely important (9, 9, 9)
2

The intermittent values
between two adjacent scales

(1, 2, 3)
4 (3, 4, 5)
6 (5, 6, 7)
8 (7, 8, 9)

ing need for a tool that streamlines the decision-making process. Consequently, it
is crucial to explore existing tools and various visualization techniques to extract
insights that could inform the development of such a tool.

To enhance the ICR framework’s adaptability and facilitate seamless integ-
ration into existing company processes, the framework should incorporate a user
interface and logical layer that bridges the algorithm and end-users. This enhance-
ment, as also wished for by the framework developers [1], aims to deliver a user-
friendly experience for practitioners and improve the efficiency and reliability of
the decision-making process, as emphasized by the importance of visualizations
in supporting decision-makers [57].

To accommodate this need, a semi-structured literature review was conduc-
ted to assess the current methodologies, frameworks, and tools to understand the
support available to decision-makers and to determine the functionality and ap-
pearance of such tools. The common finding is that there is a limited priority on
the user interfaces and tools utilized, but rather a focus on the methods and pro-
cesses. A handful of studies talk about the usage of MS Excel, such as in the works
of Gencer et al. [58], Kilincci et al. [49] and Dargi et al. [59], however, the focus
on and details of other tools prove limited.

As research on existing tools proved limited, trying to understand the role
of visualizations in decision-making was deemed important. While the current
state of the literature on visualizations for software vendor selection remains lim-
ited, some studies motivate the efficiency of visualizations in decision-making in
general. Killen et al. [57] looked into how decision-makers in project portfolio
management leverage visualizations to enhance cognitive processes and improve
decision-making. In their study, a positive relationship between the decision-makers’
use of visualizations and project portfolio success was identified, which is medi-
ated by decision-making success. While they show this positive relationship, they
also emphasize the significance of cognitive factors like familiarity with visualiz-
ations and the tendency to use heuristics (mental shortcuts) in decision-making.
Additionally, the authors draw attention to the fact that visualizations facilitate
the recognition of patterns and trends that might not be easily visible in raw
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data formats and that more informed decision-making based on a deeper un-
derstanding of the data may be achieved using visualizations. However, the pa-
per also highlights the importance of avoiding overwhelming decision-makers in
these decision-making tools. Finding a balance here proves to be key for decision-
making success as visualizations can provide a more objective view of the data,
helping to avoid biases and errors that can arise from heuristic thinking [57]. The
need for visualizations during decision-making is also underscored by Rani et al.
[1], particularly in software vendor selection. They state that company stakehold-
ers and decision-makers may require a mechanism to effectively represent and
visualize vendor information without going into more detail.

When seeing the upsides of the use of visualizations in decision-making, un-
derstanding the drawbacks is just as important. The studies by Killen et al. [57]
and Padilla et al. [60] suggest that well-designed visualizations can enhance decision-
making by aligning with the user’s mental schemas and reducing cognitive load,
thereby improving accuracy and efficiency. However, they also warn that poorly
designed visualizations can lead to misinterpretations and biases, particularly if
the visualizations require specific domain knowledge or if users apply their own
biases to the data.

Overall, the effectiveness of visualizations in decision-making heavily depends
on their design and the user’s prior knowledge and experience, underscoring the
need for careful design and implementation to avoid cognitive overload and po-
tential errors.

Considerations: While visualizations have proved beneficial in assisting
decision-makers make more informed and successful decisions, the effectiveness of
visualizations in decision-making heavily depends on their design and the user’s
prior knowledge and experience, underscoring the need for careful design and

implementation to avoid cognitive overload and potential errors.

2.4 Key Takeaways

Throughout this background chapter, problems, gaps and considerations have
been addressed. In this section, before recommending further reading, these points
will be summarized as key takeaways.

Problem: The selection of the optimal vendor for integration into a multi-
vendor ecosystem presents a complex challenge. This complexity is further amp-
lified by coordination difficulties and potential conflicts among numerous parti-
cipants, complicating the decision-making process.

First Gap: While the literature stresses the importance of well-defined selec-
tion criteria for informed and successful decision-making, the subjective nature of
Non-Functional Requirements (NFRs) often leads to their neglect. This oversight
creates a significant gap in understanding their role and interpretation, which
could otherwise enhance decision-making efficacy.
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Second Gap: The ICR framework, although it improves the adaptability of the
AHP by mitigating some of its inherent limitations, still faces challenges in integ-
rating into existing company processes. The current need for code familiarity re-
stricts its usability to those with technical expertise. This limitation forces decision-
makers to resort to ad-hoc methods. To resolve this, the framework should include
a user interface and a logical layer that connects the algorithm directly to the end-
users, enhancing both adaptability and ease of integration.

Third Gap: Furthermore, the ICR framework, despite enhancing the adapt-
ability of AHP, struggles with decision-making under uncertainty. Traditional AHP
fails to fully capture the nuances of subjective human judgments when decision
parameters are ambiguous. Integrating fuzzy logic could significantly enhance the
framework’s ability to manage uncertain and imprecise information, supporting
decision-makers in complex scenarios.

Considerations: Although visualizations have proven beneficial in assisting
decision-makers to make more informed and successful decisions, their effective-
ness depends heavily on their design and the user’s prior knowledge and exper-
ience. This underscores the necessity for careful design and implementation to
avoid overwhelming the decision-makers and prevent potential errors.
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Research Methodology

This chapter outlines and justifies the research method used in the thesis, and
provides a detailed description of the procedures and respective phases under-
taken during the study.

3.1 Action Research

To properly be able to address and evaluate the research questions defined in Sec-
tion 1.4, an overarching scientific approach is needed to maintain the integrity
and validity of the findings. As the thesis focuses on solving issues faced by practi-
tioners, specifically decision-makers in their software vendor selection processes,
Action Research is chosen as the method of choice, as further addressed in the
upcoming sections. Action research is a research methodology that is designed to
offer support in social structures, such as company practices, processes, and pro-
cedures, that generally are vastly demanding to evaluate, due to interference that
is only partly understood and hard to control [61]. Contrasting with Technology
Research, which primarily focus on technological innovations, ideally aiming at
the development of artifacts, action research focuses on the active engagement
with stakeholders to identify and address practical challenges [61] they meet in
their industry practices, making it a perfect research methodology for this thesis.
Solheim et al. [62] propose a step-wise, cyclical approach for action research con-
sisting of Problem Analysis, Innovation, and Evaluation, which is further delineated
into the five phases as presented by Susman et al. [63]; Diagnose, Plan, Act, Eval-
uate, and Reflect, as depicted in Figure 3.1 [61]. Through these phases, a problem
area and the need for improvement are identified, actions for solving or remedy-
ing the problem are planned and performed, and lastly, the effects are analyzed
and evaluated regardless of the outcome [61].

In each of the upcoming sections, the thesis presents action research in its spe-
cific context. However, before making these connections, it is necessary to deepen
the understanding of the stages involved in action research. Figure 3.1 illustrates
the stages of the action research process. The stages and explanations introduced
next originate from the work of Stølen et al. [61].

21
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Figure 3.1: Action Research Methodology

3.2 Problem Analysis

The diagnose phase within the overarching problem analysis phase revolves around
the identification of a common understanding of the problem to be solved. This
can be obtained through interactions with practitioners who raise a need or frus-
tration with current processes or artifacts, or preliminary literature reviews from
social structures. The result is a description of the need and problem area of the
organization.

3.2.1 Problem Analysis in the Context of the Thesis

For the problem analysis phase of action research, three steps served central in this
thesis; Identifying the problem (1), Defining the problem (2), and Understanding the
problem context (3). Such a thorough problem analysis ensures that the actions
taken are informed and targeted effectively, enabling an effective understanding
of the needs in the social structures [61]. These steps are highlighted throughout
the rest of the section.

The problem analysis of the thesis has been multifold. Upon getting introduced
to the topics of software vendor selection in software ecosystems, interest in how
the processes and constraints of practitioners could be improved and solved arose.
The process of understanding the current literature landscape of software vendor
selection processes in software ecosystems begun, to identify gaps that can be
filled.

The literature findings are addressed in detail in Section 2 while the distri-
bution of the literature search, the reasoning why the respective strategies were
chosen, and a summary of the problem analysis is addressed here. As detailed in
the upcoming paragraphs and illustrated in Figure 3.2, three overarching tasks
were conducted for problem analysis.

Initially, an overarching problem identification within software vendor selec-
tion was conducted to understand why software vendor selection is deemed so
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Figure 3.2: Thesis Research Method



24 Tormod Mork Müller: Enhancing Vendor Selection in Software Ecosystems

difficult (1). Utilizing a semi-structured literature review allowed for exploration
of multiple topics and further identifying and exploring gaps that arose. From the
review, it became evident that current methods for assisting decision-makers in
their practices lack adaptability and usability prioritization (2.1) and the intric-
acies of NFRs make them difficult to use as selection criteria (2.2). Most of the
prioritization is directed towards proposing methods and frameworks, and some
requirements, which only get you a part of the way (3).

Upon some of the findings from the preliminary literature review, another
semi-structured literature review was conducted. Here the goal was to identify
limitations in existing frameworks and tools for decision-making, study the role
of visualizations in decision-making and such tools, and the respective cognitive
challenges of using visualizations in such tools (1) to further elaborate on the
preliminary findings. The literature review findings indicated the need for a tool
that streamlines the decision-making process (2) as there is minimal talk about
the use of visualizations and tools to assist software vendor selection (3). Even
despite studies showing that there is a positive relationship between users’ use of
visualizations and decision-making success.

The last, and most comprehensive review of the literature was conducted
through an SLR. The overarching goal of the literature review was it being an
SLR of NFRs’ role as selection criteria in software vendor selection in software
ecosystems. Conducting an SLR to look at this was done as it would provide a
comprehensive and in-depth understanding of the current literature’s perspective
on how NFRs can be effectively utilized and defined within an SECO context. The
SLR was further divided into two problem analysis phases in the context of the
thesis. Initially, a comprehensive understanding of the existing research landscape
related to software ecosystems, particularly concerning the consideration of NFRs,
was carried out through a dedicated search for SLRs in the domain of software out-
sourcing. There it was found that despite the existence of several SLRs addressing
software ecosystems and software outsourcing, a limited number of these have ex-
plored NFRs in general, but none of them have explored NFRs as selection criteria
within software ecosystems (1). The evaluation of such SLRs during the literature
review was conducted as there was no reason conducting an SLR on that topic if
a similar one already existed. This lack of focus on NFRs as selection criteria (2)
despite its importance (as addressed in Section 2.2.2) served central in the prob-
lem definition phase. Lastly, the second side of the problem analysis was reviewing
the primary sources that served as a result of the SLR methodology (Section 6.1).
Here a broader understanding of NFRs role as selection criteria within this context
(3) was identified.

3.3 Innovation

Upon the completion of the problem analysis phase, the next phase in action re-
search is innovation. This phase involves planning the actions necessary to address
the identified issues to remedy the situation [61]. Here the overarching hypothesis
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is that by executing the planned actions, the problem will be reduced or com-
pletely eliminated. This requires an identified and clearly defined problem, along
with an understanding of the problem context, as action research aims at solving
real-world problems through practical solutions. One of the strengths of innov-
ation in action research is its collaborative approach involving researchers and
practitioners working together. This collaboration not only facilitates the gather-
ing of diverse ideas and expertise which leads to more creative and innovative
solutions, but also ensures that the solutions are informed by the real-world ex-
periences and feedback of those affected by the problem. When combined with
the iterative cycles of action research, this innovative approach promotes continu-
ous refinement and adaptation of ideas. This encouragement of experimentation
and adjustment is crucial for fostering innovation.

3.3.1 Innovation in the Context of the Thesis

The innovation phase in this thesis’ work began upon the completion of the prob-
lem analysis stage. This stage involved planning actions necessary to address the
issues identified during the problem analysis stage. Two separate processes were
initiated with the overarching goal of forming a complete solution. This separa-
tion was done as the tasks could be worked on and completed in isolation, before
merging together to a final solution at the end, and was assessed as the most ef-
fective way of solving the tasks. In this way, if one task went to a halt, the two
other tasks could still progress.

One of the latest and state-of-the-art frameworks lacked the consideration of
decision-making under uncertainty and required to be made more adaptable and
usable. To address these considerations, the framework is scaled to utilize Fuzzy
Set Theory (Detailed in Section 6.2) and propose a web tool (Detailed in Section
4) bringing the decision-makers through their processes, bridging the framework
logic and the user.

Throughout the innovation phase, the availability of practitioners was limited.
However, to accommodate this, continuous discussions were held approximately
once a week with the framework developers to gather feedback and new ideas.
This was particularly beneficial during the innovation phase due to their extensive
experience and knowledge about the state of the art and the state of the practice
within the field.

3.4 Evaluation Strategies

Once the problem analysis is finished and the innovation phase is executed, the
last of the three pillars of action research begins; evaluation. Susman et al. [63]
divide the evaluation phase into three distinct phases, as detailed next. Initially,
the act/implement phase puts the planned actions into life to obtain the desired
change. This may involve the development of new technologies or artifacts, or
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altering existing workflows, among other things. Following this, the (sub) evalu-
ation phase assesses whether these actions achieved the intended outcomes, and
evaluates whether these outcomes effectively address the initial problems. The
concluding phase, reflection, documents and reflects on the learning outcomes for
all stakeholder groups; the organization, action researchers, and the international
research community.

Evaluation methods vary widely, but they all aim to determine if the actions
have achieved the intended effects and addressed the problems. McGrath [64]
proposes eight evaluation strategies distributed across four categories, suggest-
ing a triangulation approach to generality, precision, and realism. However, ac-
commodating all these aspects is often unfeasible [62]. Researchers thus select
strategies that best balance these properties and provide the most value to the
evaluated artifact [61]. According to Stølen et al. [61], the most fitting strategies
for action research include field experiments, surveys, and interviews.

These factors informed the selection of evaluation strategies for this thesis.
The strategies considered and selected, along with the rationale for these choices,
are discussed in the next section (Section 3.4), while a detailed description of the
evaluation process is presented in Section 5.

Evaluation in the Context of the Thesis

The evaluation process closely mirrored the iterations of action research. While
some intermediate evaluation have been done with the framework developers to
ensure that the methods and tool align with industry practices, two official eval-
uation rounds with expert practitioners was conducted throughout the research
work (Chapter 5).

While semi-structured qualitative interviews have limitations of being time-
consuming, limited to scalability and the data becoming highly subjective, the
depth of the data serving nuanced insights through its flexibility makes it a perfect
evaluation method to acquire practitioner insights and needs. The use of such
a method offer the opportunity to gather detailed feedback and understand the
context in which the tool is used, including any unique or unexpected ways it
impacts decision-making processes.

Despite surveys’ providing quantifiable data that can be scaled and distributed
to a bunch of users, its limitations with respect to capturing the depth of user
experiences and its rigid structure limits the ability to explore unexpected topics
that might arise during an interview.

Several evaluation strategies were considered when deciding upon the evalu-
ation strategy for the thesis. For the evaluation of the low-fidelity user-interface
design and tool process flow, semi-structured, qualitative interviews were planned
for and conducted. For the final tool evaluation, the initial idea was conducting
workshops or participant observations with a set of practitioners. Such an eval-
uation method for the tool and its process flow would offer valuable, in-depth
insights into how users use the tool. This proved to be unfeasible, however, as
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development ended up taking more time than initially planned for, and more im-
portantly, both the availability of expert practitioners and economical constraints.
Providing the practitioners with a survey was also considered to accommodate
practitioner availability, but its limitations for tool evaluation resulted in the idea
being retired. This resulted in a new round of semi-structured, qualitative inter-
views as this proved successful in the first round of evaluation, however, this time
with more practitioners (Section 5.2). Additionally, it did not require a gathering
of practitioners, nor a budget.

3.5 Research Ethics, Data Collection, Analysis and Tools

As interviews were chosen as the evaluation strategy of the thesis, looking at re-
search ethics, the data collection and analysis process and how practitioners were
chosen is deemed important.

The interviews were conducted to assess and validate the proposed tool. Four
interviews were conducted over two iterations with three practitioners; one in-
terview for low-fidelity design evaluation with one of the practitioners and three
interviews with the three practitioners for the final tool evaluation. The interviews
were semi-structured and guided by an interview guide (one per iteration) which
can be seen in Appendix C. These interviews were conducted under the ethical
consideration of the Norwegian Agency for Shared Services in Education and Re-
search (SIKT), ensuring considerations such as all participants signed informed
consent documents and being informed about their data and its processing. Fur-
thermore, the interviews were recorded using Diktafon1 and stored using Nett-
skjema2, where the voice files were transcribed and made anonymous before being
deleted. The transcribed data was in turn analyzed thematically utilizing NVivo3

to code the interviews and ease the analysis process.
Lastly, regarding the choice of practitioners, the process of getting in touch

with and acquiring the time of practitioners was challenging as will be further
discussed in Section 7.2.1. Practitioners were acquired due to their experience in
decision-making practices, which was deemed crucial given the nature of action
research. A group of practitioners was reached out to over mail and LinkedIn mes-
sages. These were practitioners who already had shown interest in the research
field through participation in similar studies. Three of the practitioners cleared
time in their schedule to participate.

1https://www.uio.no/english/services/it/adm-services/nettskjema/help/
nettskjema-dictaphone.html

2https://nettskjema.no/?lang=en
3https://lumivero.com/products/nvivo/

https://www.uio.no/english/services/it/adm-services/nettskjema/help/nettskjema-dictaphone.html
https://www.uio.no/english/services/it/adm-services/nettskjema/help/nettskjema-dictaphone.html
https://nettskjema.no/?lang=en
https://lumivero.com/products/nvivo/
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Tool Development

In this chapter, the development of the tool is explored. The tool development
covers the thesis innovation phase and involve both the Apply and Scale Frame-
work in the Given Context and the Develop Decision Support Tool (Figure 4.1). The
discussion begins by examining the software development method employed, fol-
lowed by a detailed walk-through of each phase in the process. This includes the
planning phase, where requirements elicitation, defining the project scope, and
selecting appropriate tools and technologies are elaborated upon. Additional as-
pects of the development process are also considered, such as the use of version
control. Subsequently, the design phase is introduced, featuring discussions on
initial sketches, low-fidelity user interface designs, and the application of UML
diagrams. The chapter concludes with the implementation phase, which covers
the architecture design, an in-depth review of the user interface design and tool
process flow, strategies for separation of duties and access control, and the integ-
ration of Fuzzy Set Theory.

4.1 Software Development Method

The Software Development Life Cycle (SDLC) served central throughout the tool
development process. Various SDLC models exist, including popular ones like Wa-
terfall, Iterative, Spiral, and Agile [65]. Methods like waterfall were deemed to
have too rigid a structure for this project. The rigid structure of the Waterfall model
made it unsuitable for this project. Instead, the Agile methodology1, known for
its flexibility and adaptability, was considered. This approach facilitates rapid ad-
justments and the iterative discarding of ideas, making it possible to meet product
requirements through incremental development and timely modifications.

Given the scope, timeline, and exploratory style of this project, an Agile strategy
appeared advantageous. However, the risk of scope creep2, due to inexperience in
project management and the specific vendor selection processes for which the tool

1https://agilemanifesto.org
2https://en.wikipedia.org/wiki/Scope_creep
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Figure 4.1: Action Research Methodology, Innovation Phase

was being developed, was a significant concern. The phases that did not provide
sufficient value relative to the effort required to accommodate them also led to
concerns about the suitability of a pure Agile approach. Therefore, a hybrid meth-
odology was adopted, combining the structured foundation of Waterfall with the
flexibility and maneuverability of Agile (Figure 4.2).

In this project, the SDLC process utilized the common phases as defined by
Amazon Web Services [65], yet it diverged from a strict Waterfall approach by in-
corporating feedback loops across various stages. This revisiting of earlier stages,
informed by insights from later stages, enhanced the quality and relevance of the
tool’s outputs. It also facilitates a learning environment where the development
team can adapt based on the practical experiences and challenges encountered
during implementation. This adaptability is particularly beneficial in complex pro-
jects where initial assumptions may require reevaluation, like in this one.

The key phases actively engaged in during this thesis’ development process are
highlighted in yellow in the model (Figure 4.2), specifically: planning, designing,
and implementation. These phases are detailed in their respective sections, how-
ever, an initial overarching look at the role of the different phases is introduced
here:

The planning phase included identifying the objective of the to-be-developed
tool and making the initial key decisions. These decisions include requirements
elicitation, project scope definition, and tool and technology selection, and are
further discussed in Section 4.2. The decisions made during the planning phase
directly influenced the efficiency and success of the design and implementation
phases. This ensured that the project remained aligned with its initial objectives
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Figure 4.2: Software Development Method

and stakeholder expectations throughout the project period.
The design phase is further detailed in Section 4.3 and includes analyzing the

requirements and developing a low-fidelity design based on the requirements.
Furthermore, UML diagrams were created to better understand the entire process
flow of the tool and user activities in detail to ease the development process.

Lastly, during the implementation phase, the previous phases and their findings
were integrated into the implementation phase. At this phase, the main activity
of developing the solution was done. The implementation, both looking at system
architecture and final tool user interface design is further discussed in Section
4.4.

4.2 Planning Phase

As previously stated, the planning phase included identifying the objective of the
to-be-developed tool and making the initial key decisions. These decisions include
requirements elicitation, project scope definition, and tool and technology selec-
tion Furthermore, this phase involved the following key activities:

Requirement Elicitation: Detailed discussions with stakeholders, specific-
ally the developers of the baseline framework, and literature analysis were
done to understand and document the practitioners’ needs and expecta-
tions. This helped in formulating a comprehensive list of functionalities that
the software needed to provide, as further detailed in Section 4.2.1.
Project Scope Definition: Clearly defining what the project will and will not
cover, thereby setting precise boundaries and deliverables for the project.
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Figure 4.3: Requirement Definition Process

This is further detailed in Section 4.2.2.
Tool and Technology Selection: Deciding not only on programming lan-
guages but also on frameworks, development environments, and tools that
align with the project goals and help in effectively reaching these goals. This
is covered in Section 4.2.3.

4.2.1 Requirement Elicitation

The first phase of the planning phase was the requirement definition phase. The
requirement definition phase followed an iterative process, incorporating inter-
mediate feedback cycles. There were two main iterations of requirement defini-
tion: one for the initial set of requirements made for the low-fidelity user interface
design and process flow, and another for the final tool development phase (Fig-
ure 4.3). These requirements were crucial for understanding user needs, ensuring
that all aspects of the process flow were considered before development. The first
requirements iteration was utilized and refined based on practitioner feedback
and new understandings, serving as the foundation for the second requirement
elicitation iteration serving as a baseline for the final prototype (See Figure 4.3).

The first step of the requirements engineering process was to formulate an
objective for the tool that is to be developed. This objective was used as a baseline
for the requirement elicitation, and ended up being:

The tool should enhance and streamline the decision-making process and associated
functionalities for practitioners by improving usability.

To ensure important aspects of the process are considered, a set of specific tool
requirements were listed. The initial requirements from the prototype can be seen
in Appendix D. These were feature requirements and were not divided into any
prioritization list. For the prototype implementation, however, the requirements
were grouped using MoSCoW Analysis3 as shown in Table 4.1.

The second requirement elicitation iteration consisted of the requirements lis-
ted in Table 4.2 and is listed in no particular order.

3https://monday.com/blog/project-management/moscow-prioritization-method/

https://monday.com/blog/project-management/moscow-prioritization-method/
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Table 4.1: MoSCoW Analysis of Project Requirements

M Must-Have Essential requirements necessary for project success.
S Should-Have Important enhancements but not critical for launch.
C Could-Have Additional features beneficial if resources allow.

W Will-Not-Have
Out of scope features not planned included in this
phase.

Additionally, a set of non-functional requirements were addressed as import-
ant during tool development. These were, in no particular order:

Req 1 Usability
Req 2 Security
Req 3 Extensibility
Req 4 Maintainability
Req 5 Scalability

4.2.2 Project Scope Definition

Upon requirements being gathered and defined, the scoping of the project, more
specifically the tool, followed. At this stage, the focus was on clearly addressing ex-
pectations and the overall aim of the tool, along with deadlines to avoid the scope
creep risk as previously stated and have a clarification of expectations. The plan-
ning phase also allowed for mapping out which activities should be done within
which deadlines to reach the overarching goal of the two main tool evaluation
iterations; low-fidelity design evaluation and final tool evaluation (Figure 3).

The objective of the tool, detailed in Section 4.2.1, guided the evaluation of
the development progress to determine when the tool had reached a satisfactory
level. As outlined in Section 4.2.1, the requirements were organized according to
the MoSCoW method, allowing for clear separation of what was mandatory, what
ideally should be there, what is nice to have, and what would not be included.
Only one requirement was changed to the ’will not have’ category after the first
iteration, but subsequent feedback from practitioners and new insights led to the
addition of seven new requirements as shown in Table 4.2. The establishment and
subsequent modifications of these initial objectives were conducted in collabora-
tion with the framework developers. They also participated in the formal approval
process for any scope changes, allowed by the agile maneuverability. While the
project scope remained largely consistent throughout the project, it was slightly
adjusted following discussions with practitioners.

4.2.3 Tool and Technology Selection

The last step in the planning phase was the tool and technology selection. This
included the selection of programming languages, frameworks, development en-
vironments, and tools that help effectively reach the defined goals. First, a look at
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Table 4.2: Tool Requirements

Req # M/S/C/W Req Status

1 M
Define and new project with stakeholders
and decision-makers

New

2 M
Show Request for Proposals and Vendor Pro-
posals during scoring

3 M
Show selection criteria and explanations
during scoring

4 M

Let decision-makers assign scores to selec-
tion criteria as

M main-criteria
S sub-criteria
S questions

5 M
Let decision-makers assign importance to
criteria

6 M
Let decision-makers assign scores to vendor
capabilities

7 S
Allow score and importance assignment us-
ing linguistics instead of crisp numeric val-
ues

New

8 S
Have a dashboard to show the current state
of the decision-making process

New

9 M
Let stakeholders assign new criteria to the
vendor selection process and modify explan-
ations

10 M
Highlight inconsistencies and conflicts in
importance for the criteria

11 M
Highlight inconsistencies and conflicts in
importance for vendor capabilities

12 C Suggest actions to take based on conflicts
13 M Show final vendor rankings
14 S Visualize vendor data
15 W Show pair-wise matrix Changed
16 M Have user-based access control New
17 M Persistently store data New

18 C
Chat or anonymous contact of vendors cap-
abilities

New

19 S Report generation New
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the various programming languages and frameworks utilized to achieve the goals
and a justification of the choice is deemed necessary.

React4 is a popular JavaScript library for building single-page applications,
combining HTML, JavaScript and CSS. React is one of the most popular web de-
velopment frameworks out there5, offering comprehensive community support
and documentation, making it a safe choice for the development of the client side.
Adding to this, the component-based architecture of React and unidirectional data
flow make React perfect for creating responsive and maintainable user interfaces6.
Moreover, previous experience and knowledge, along with a wish to learn more
about best practices in React made it the framework of choice. It is worth mention-
ing that while TypeScript could have been utilized within React, it was excluded
from the project purely based on experience.

Golang7 often referred to as Go is a modern, open-source programming lan-
guage developed by Google and was utilized for back-end API development during
this project. Go was the language of choice for API development due to previous
experience utilizing Go for REST API development, not to mention Go’s robust
standard library providing HTTP server and router functionality out-of-the-box.
This, alongside a powerful concurrency model, made endpoint creation and re-
quest handling straightforward from the get-go, making it perfect for API devel-
opment.

Python8 was selected for implementing the Fuzzy Set Theory algorithm due to
its extensive support for mathematical computing. Python’s readability and con-
cise syntax are beneficial for developing complex algorithms and the comprehens-
ive support of libraries, such as NumPy for numerical computing facilitate efficient
algorithm implementation. Python’s extensive community usage and support also
make it a robust language that probably will have continuous support for a while.
Additionally, the support of easy integration of API endpoints makes it easy to
connect to the rest of the system, despite the use of Golang for the main API.

In summary, the selection of React, Golang, and Python was driven by their re-
spective strengths in handling specific aspects of the development process - React
for its power as a single-page application development framework, comprehens-
ive community support and documentation, Golang for efficient server-side logic,
and Python for algorithmic processing. The tools and technologies are carefully
chosen to ensure that the project leverages the best available resources to meet
all the technical requirements in all parts of the system and achieve its overall
objectives efficiently.

In addition to these programming language choices, a couple of tools were
chosen for design and modeling, respectively Figma and LucidChart.

Figma9 was selected for implementation of the low-fidelity prototype. Figma

4https://react.dev/
5https://www.statista.com/statistics/1124699/worldwide-developer-survey-most-used-frameworks-web/
6https://www.geeksforgeeks.org/what-are-the-advantages-of-react-js/
7https://go.dev/
8https://www.python.org/
9https://www.figma.com/about/

https://react.dev/
https://www.statista.com/statistics/1124699/worldwide-developer-survey-most-used-frameworks-web/
https://www.geeksforgeeks.org/what-are-the-advantages-of-react-js/
https://go.dev/
https://www.python.org/
https://www.figma.com/about/
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is an effective web design tool that makes the creation of interactive user interface
prototypes easily possible. Previous experience with utilizing Figma for such cases
made it the natural design tool of choice.

LucidChart10 was utilized throughout all the three phases. LucidChart al-
lowed for quickly and seamlessly visualize complex interactions and relationships
within the system, and between the user and system. In this way, planning and un-
derstanding the activity flows before beginning development, while also keeping
track of an overarching view of what had been developed, was possible.

Utilizing the hybrid methodology (Figure 4.1) allowed for rapid adjustments
and scrapping of ideas underway while maintaining the overarching goal, mak-
ing meeting the product requirements more achievable with smaller steps and
adjustments along the way. While not having strict sprints planned, breaking the
problem down into features which in turn were represented by their own branch
allowed for smooth development. The weekly supervision meetings served as an
informal sprint stand-up meeting and retrospective throughout the development
period, where any issues, progress, and future directions were discussed. Their
role was more towards being a stakeholder rather than a developer, resulting in
the meetings mainly being on an overarching level focusing on tool needs. This
approach helped significantly in achieving the goals and requirements that were
defined for the tool.

For version control, GitHub11 was utilized, enabling running Git12 in the cloud.
This allowed for version control of the tool, and branch control allowing for work-
ing on different functionalities simultaneously, serving especially useful in situ-
ations where issues were encountered in one feature. The branches were as previ-
ously stated mainly divided into feature branches, making the main branch serve
as the stable version. Upon feature completion, the branch was merged into main,
ensuring no conflicts, and thereafter deleted.

For programming, various IDEs were utilized which significantly improved
development control and speed. This allowed easy integration of version con-
trol, code navigation, and code completion suggestions, enhancing development
speed.

4.3 Design Phase

Throughout the design phase, the focus was on analyzing the requirements and
developing a low-fidelity design based on these requirements. This phase is deemed
particularly important because the design acts as the interface between the prob-
lem space and solution space [66]. During this phase, sketches of the user inter-
faces and the process flow of the tool were created. These were in turn made
into low-fidelity user interface designs utilizing Figma. In parallel, the planned
process flow of the tool was drawn out in LucidChart to ensure that all aspects of

10https://www.lucidchart.com/pages/
11https://github.com/about
12https://git-scm.com

https://www.lucidchart.com/pages/
https://github.com/about
https://git-scm.com
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the decision-making process were covered. Enhancements to these three activities
were made upon intermediate feedback sessions with the framework developers,
however, the larger refinements happened after the feedback session with the
practitioner (Figure 4.3).

4.3.1 Sketches and Low-fidelity User Interface

In the development of the decision-support tool, the design phase focused on
rapid iterations and user involvement from the beginning. The process began with
simple sketches to capture initial ideas, quickly transitioning to low-fidelity user
interfaces (further referred to as low-fidelity design) created using Figma. This ap-
proach allowed the exploration of concepts and gather user feedback without the
time and resource investment required for high-fidelity design or tool develop-
ment. An example of the process from sketch to a low-fidelity design in Figma is
shown in Figure 4.4.

Figure 4.4: From Sketch to Low-fidelity Design

By utilizing this strategy the development time was significantly reduced. By
addressing potential usability and functional issues during these initial stages, it
minimized time-costly revisions during the coding phase, streamlining the entire
development process.

In the low-fidelity designs, certain features were prioritized based on their
impact on the user experience and the core functionality that was envisioned for in
the tool and its requirements. These features were chosen through a combination
of feedback from the framework developers and practitioner, along with strategic
design decisions aimed at enhancing the tool’s utility and user engagement based
on literature findings which is discussed in Section 2.3.

The inclusion of these prioritized features in the designs, assisted by various
UML diagrams (Section 4.3.2), allowed the refinement of the tool’s interface and
workflow, ensuring that the final product was both intuitive and effective. This
approach not only clarified the tool’s functionality for users but also provided the
developer with a clear blueprint for subsequent phases, in all probability saving
significant amounts of time.
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4.3.2 UML Diagrams

As briefly addressed, a part of the design phase included the generation of various
diagrams, including use case diagrams, activity diagrams, sequence diagrams, and
an initial architecture design of the system (Architecture design is further detailed
in Section 4.4.1). The generation of these diagrams provided multiple benefits to
the project:

Clarification of User Processes: Activity diagrams helped in visualizing
the flow of operations and the sequence of steps involved in different pro-
cesses, such as for instance which steps should happen during the decision-
making process. This visual representation clarified complex processes, en-
suring that a shared understanding of how the user should be able to act
throughout the system was shared among the developer and practitioners
both before, during and after the implementation phase.
Identification of Potential Issues: Sequence diagrams were key in identi-
fying and addressing potential integration and sequence issues between dif-
ferent system components at an early stage.
Enhancing System Clarity: Sequence diagrams further eased the process
of having a visual illustration of the connections and interactions between
the various system components during more complex system processes. This
served particularly useful in cases where all the system components oper-
ated within the same process and in identifying which processes happened
when and where.
Overarching Architecture Design: Clearly defining the overarching system
architecture with its respective components, considering the chosen archi-
tecture design patterns helped planning out the system and which parts
should be connected to what.
Documentation and Future Reference: Finally, these diagrams provide a
valuable documentation resource that can be referred to throughout the
lifecycle of the system. They serve as a detailed reference point for future
development phases, maintenance, or even for training new team members
if the project is to be scaled.

Utilizing the design phase effectively to map out user journeys, user inter-
face designs, and architectural processes is crucial for the success of a system
that accurately addresses the users’ problem space. This phase serves as the in-
terface between identifying problems and formulating solutions. Similarly, just as
an API is essential for effectively mapping data and user interactions, thorough
design considerations and a deep understanding derived from them are essential.
Without these, the connection between the problem and the solution is more likely
to fail. This again underscores the role of design as a bridge between the problem
space and the solution space.

An example of how a user-journey was planned for and modeled in the tool
is illustrated in the use case diagram (Figure 4.5) along with the corresponding
activity diagrams (Figures 4.6, 4.7, 4.8) for each use case. Furthermore, an ex-
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Figure 4.5: Identifying, Assigning, Assessing and Rolling Out SC

ample of how sequence diagrams were defined for the ICR handling can be seen
in Figures 4.9 and 4.10. In the proposed example, the user journey is defined from

the RFP is prepared and a project is set up in the system

until

the RFP and selection criteria (SC) are ready to be published.

4.4 Implementation Phase

The final phase in the hybrid development method followed was implement. This
phase served as the concluding development step for this thesis, linking the prob-
lem and solution spaces through the creation of the actual product aimed at ad-
dressing the identified issues. In this section, the system’s architectural design,
user interface, and tool process flow will be outlined. Further, the aspects related
to separation of duties and access control will be discussed and concluded with
details on the implementation of the Fuzzy algorithm.
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Figure 4.6: Activity - Identify SC and Their Explanations
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Figure 4.7: Activity - Assign/Update SC Importance (w/ or w/o ICR Actions)

4.4.1 Architecture Design

The architectural design of the application considers four elements as highlighted
in Figure 4.11, namely; Client, API, Storage, and Algorithms.

The user interacts with the client based on their authorization status, as dis-
cussed in Section 4.4.3. The client is the web application responsible for all inter-
actions between the user and the system, streamlining the decision-making pro-
cess, and presenting the data, therefore it serves as the presentation layer (Figure
4.12). The API serves as the engine under the hood of the application, orches-
trating on the server side. Access to this is restricted to a personal access token
and is the only part of the server-side exposed to external connections, more spe-
cifically only the client. The API serves as the middle layer where business logic is
processed, making it belong to the business layer. This includes handling requests
from the client, interacting with the storage layer to retrieve or update data, and
executing business rules. The API is accessed through a User Authentication Hand-
ler which makes the layer also manage authentication and authorization, acting
as a gateway for client requests. Extending the business logic-layer the ICR and
Fuzzy algorithms are connected to the API through their own, internal endpoints
and are used to process data and decisions within the system. Lastly, the stor-
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Figure 4.8: Activity - Roll Out RFP & SC

Figure 4.9: Sequence Diagram of System ICR Inconsistency Handling
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Figure 4.10: Sequence Diagram of System ICR Conflict Handling

Figure 4.11: Decision-Support Tool Architecture Design

Figure 4.12: Layered Architecture Separation
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Table 4.3: Requirement Address Verification (1/5)

Req # 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Addressed 3 3

Req # 15 16 17 18 19
Addressed 3

age component belongs to the database layer, storing the data persistently on the
server side. In the current version, the data storage happens by reading and writ-
ing to json files. The layered separation has multiple benefits of the application,
such as separation of concerns, increased maintainability, scalability of separate
layers without impacting other layers, and flexibility in technology choice where
various layers can have the language best suited for their use. Furthermore, the
system is designed with extensibility in mind, allowing for easy extension or re-
moval of functionality. In this way the non-functional requirements defined for the
tool (Section 4.2.1) - usability, security, extensibility, maintainability, and scalab-
ility are prioritized.

4.4.2 User Interface Design

As outlined in the Requirements Section (See Section 4.2.1), the primary objective
of this tool was: the tool should enhance and streamline the decision-making process
and associated functionalities for practitioners by improving usability, and therefore
guided the entire development process. To assist in getting a comprehensive un-
derstanding of the tool’s functionality and its evaluation by practitioners, as elab-
orated on in Section 5, a detailed walk-through of the user journey throughout
the tool is essential. The steps are in turn linked to the requirements as detailed
in Section 4.2.1.

The system currently supports two primary user roles: the stakeholder and the
decision-makers. Each role encompasses distinct responsibilities and tasks which
was discussed in Section 2.1). The stakeholder in this tool are responsible for
project setup and the final vendor selection, while the decision-makers serve as
the evaluators responsible for criteria and vendor capability evaluation.

Project Initiation and Setup

The keystone company has some new needs which they have to solve. They have
agreed to outsource the task to another vendor and have created the project’s RFP.

Upon logging in, stakeholders are directed to their dashboard. From here, they
can navigate to the project setup where they can initiate a new project. This step
involves entering essential project details such as the project name, and assigning
stakeholders and decision-makers, as depicted in Figure 4.13.

Following the initial setup, the project is displayed on the stakeholder’s dash-
board, highlighting the sequential steps required. The first task for the stakeholder
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Figure 4.13: Project Setup Screen

is to upload the project’s RFP directly from their file system, progressing to the
definition of selection criteria (Figure 4.14). This process allows stakeholders to
select existing criteria provided by the system through a drop-down or to add
new ones. Each selected criterion’s default explanation is displayed, which stake-
holders can modify to align with the project’s specific needs. Once finalized, these
criteria and their explanations are submitted for decision-maker importance eval-
uation. The requirements satisfied at through this implementation is highlighted
in Table 4.3

Figure 4.14: Criteria Definition Screen
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Table 4.4: Requirement Address Verification (2/5)

Req # 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Addressed 3 3 3 3 3 3 3 3 3

Req # 15 16 17 18 19
Addressed 3

Criteria Importance Assessment

Selection criteria are assigned to the project and requires an assessment of their
importance.

Before the RFP and selection criteria are distributed to potential vendors, their
importance must be evaluated by decision-makers. This task is facilitated through
a dedicated evaluation page accessible via their dashboard, where the criteria are
presented for assessment (Figure 4.15). The evaluation interface is designed to
minimize the cognitive load by separating criteria-related data and the RFP into
distinct sections of the screen, enhancing the accessibility and usability of the in-
formation. Gathering all the information within one interface without overwhelm-
ing the decision-makers was and should be of great priority as the literature also
emphasizes.

Notable changes have been made on the interface side from the traditional
pairwise comparison method used in the AHP, moving the heavy logic to the sys-
tem and providing the decision-maker with a more isolated textual scoring system.
This modification supported by both practitioner feedback and literature, helps
reduce complexity and mental load on the decision-maker. The interface system-
atically guides decision-makers to focus on one base criterion at a time, comparing
it against all others before proceeding to the next. This sequential evaluation en-
sures thoroughness and that the decision-makers maintain focus. Both linguistic
and numeric scoring options are available to accommodate diverse user prefer-
ences, with a particular emphasis on linguistic values to enhance usability and
intuitiveness. Decision-makers also have the option to invert scores and add com-
ments to document their rationale, improving transparency and aiding in conflict
resolution. Furthermore, consistently displaying the criteria explanations ensures
that all decision-makers possess a uniform understanding of the criteria, further
simplifying the decision-making process and making it more accessible.

Upon completion of the criteria importance evaluations, the system automat-
ically identifies and highlights any inconsistencies or conflicts. These must be ad-
dressed and resolved before finalizing decisions. The dashboard is dynamically
updated to reflect the resolution status of these issues (Figure 4.16). The issues
are further highlighted within the evaluation screen, as illustrated in Figure 4.17.
This process is iterative and continues until all issues are satisfactorily resolved.
The requirements that is satisfied in this step is highlighted in Table 4.4.
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Figure 4.15: Criteria Evaluation Screen

Figure 4.16: Dashboard With Inconsistency Screen

Vendor Capability Evaluation and Selection

Upon project setup, RFPs, and selection criteria are rolled out. Vendors respond with
their information and proposals to the outsourcing task.

Following the evaluation of selection criteria, vendors submit their proposals,
which are then assessed by decision-makers. Similar to the criteria evaluation,
vendor capabilities are scored against each criterion within the same user inter-
face, which now includes a text extraction feature for better document manage-
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Figure 4.17: Criteria Evaluation with Inconsistency Highlight

ment.

Figure 4.18: Vendor Capability Evaluation Screen

Upon completion of the vendor-capability evaluations, once again, any incon-
sistencies or conflicts are highlighted in the same way as in Figure 4.16 and 4.17,
and must be resolved before finalizing the decision. In addition to the require-
ments already satisfied through other steps which also is satisfied here, two ad-
ditional requirements are accommodated through this implementation as seen in
Table 4.5.



Chapter 4: Tool Development 49

Table 4.5: Requirement Address Verification (3/5)

Req # 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Addressed 3 3 3 3 3 3 3 3 3 3 3

Req # 15 16 17 18 19
Addressed 3

Table 4.6: Requirement Address Verification (4/5)

Req # 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Addressed 3 3 3 3 3 3 3 3 3 3 3 3 3

Req # 15 16 17 18 19
Addressed 3

Final Vendor Selection

All decision-makers have completed their evaluation task.

Finally, using the fuzzy calculation algorithm, the system ranks the vendors
based on the consolidated scores from all decision-makers. The final ranking is
presented to the stakeholders, who are tasked with making the concluding vendor
selection (Figure 4.19). To aid in this critical decision-making process, detailed
visualizations such as graphs are provided to summarize and effectively represent
the rationale behind the ranking to the stakeholders. These visual tools not only
ensure transparency but also help stakeholders to quickly grasp complex data,
identify trends, and detect any anomalies or inconsistencies in the scoring. Once
the stakeholders have reviewed the data and reached a common consensus, they
select the preferred vendor and initiate contact to finalize the decision-making
process. This step marks the completion of the vendor selection phase, ensuring a
deliberate and well-informed choice. Two more requirements are accommodated
through this implementation as shown in Table 4.7.

4.4.3 Separation of Duties and Access Control

One of the important features in the system is the separation of duties and access
control handling. There are two considerations done regarding this, namely; giv-
ing the clients access to the web-app based on their user-data and secondly, that
only authorized users should be allowed to access the back-end of the application.
This was one of the features necessary as feedback from the practitioner during
the user-interface evaluation and the literature clearly stated the differences in
which roles should be allowed to perform which tasks.

Figure 4.20 details the sequence of logging in to the application. This sequence
shows how the system handles credentials and how the API provides the user with
a Cookie token which are then used for all the subsequent request issued from the
client to the API.
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Figure 4.19: Final Vendor Ranking Screen

Table 4.7: Requirement Address Verification (5/5)

Req # 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Addressed 3 3 3 3 3 3 3 3 3 3 3 3 3

Req # 15 16 17 18 19
Addressed 3 3

API

For the API and access to the back-end, three sets of middleware were set up. First,
for internal accesses only, one middleware was setup on the API, only allowing
request from the algorithm endpoints. Second, one middleware open to everyone,
which allowed for accessing the user login and registering new users, only limiting
on the domain in which the request comes from. Lastly, for comprehensive access
to the entire API, a middleware both considering domain in which the request
came from and whether the user who raised the request is authenticated with an
authenticate token, utilizing JSON Web Tokens (JWT)13. This allowed for user
authorization upon requests. While this adds a layer of security, the way it works
now in the proof of concept is that if such a token is present in the request, full
access is granted to the API which is not good in a production setting. While
considering it in this setting is outside of the thesis, one thing that should be done
as a minimum before further development is access control to endpoints based on
user roles as well, not only authorized user or not.

13https://jwt.io/introduction

https://jwt.io/introduction
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Figure 4.20: User Login Sequence

Client

For client side access, the utilization of AuthProviders and ProtectedRoute was
utilized. As illustrated in the architecture design (Figure 4.11), the client separates
duties/access based on user roles. The AuthProvider serves as a context provider
for authentication-related data. It utilizes React Context API to provide a global
state that can be accessed by other components without prop-drilling14. By using
such an approach the user’s authentication token is stored and utilized throughout
the application both for access control client-side and for requests to the API. Some
information is also possible to retrieve from the token such as user role and name.
Additionally, the token carries an expiry claim checking whether the current token
is valid and not expired. The ProtectedRoute acts as a wrapper for the routes that
require user authentication and authorization. It uses the context provided by
AuthProvider to determine if the user should be allowed to access certain routes
based on the user’s role. If the user is not authorized the ProtectedRoute handles
the redirection of the user. Overall, AuthProvider provides essential authentication
functions and data to the components, while ProtectedRoute ensures that certain
parts of the application are accessible only to authenticated and authorized users.

4.4.4 Fuzzy Set Theory

As the last part of the implementation, discussing the implementation of the scal-
ing of the framework to utilize Fuzzy is required. As highlighted in Section 2.2.3,

14https://www.geeksforgeeks.org/what-is-prop-drilling-and-how-to-avoid-it/

https://www.geeksforgeeks.org/what-is-prop-drilling-and-how-to-avoid-it/


52 Tormod Mork Müller: Enhancing Vendor Selection in Software Ecosystems

the integration of Fuzzy Set Theory into the ICR framework is based on Ayhan’s
research [56], which explores the application of FAHP in supplier selection. While
Ayhan outlined the necessary steps for employing FAHP, no actual coding imple-
mentation was provided. Consequently, this section is dedicated to the implement-
ation of Fuzzy AHP within the context of this thesis using Python, as introduced
in Section 4.2.3.

If there is an interest to see the details of the implementation, visit the code-
base on GitHub15. On a top-level, excluding some of the intermediate steps in
weight calculation which is detailed in Ayhan’s work; it begins with processing
the input matrices for criteria scoring (criteria-criteria) and vendor capabilities,
which are provided in csv format for all necessary comparisons. This includes a
criteria matrix and all vendor-capability matrices. It’s important to note that the
process is divided into two distinct phases: criteria weighting followed by vendor
capability scoring, each utilizing similar yet specific data inputs and outputs. Ini-
tially, the input scores are converted from the Saaty scale to fuzzy numbers for
all entries. This conversion is necessitated by the API’s initial design, which cur-
rently stores decision-makers’ scores as Saaty values due to the required format
of the ICR algorithm. This architectural decision mandates that the mapping to
fuzzy numbers occur at this level of the implementation using the Saaty-Fuzzy
Triangular Scale mapping as presented in Section 2.2.3, Figure 2.6. Subsequent
steps involve calculating fuzzy weights via geometric means, which are then de-
fuzzified and normalized. This is first done for the criteria-weighting process, then
repeated with the vendor-capability matrices for each criteria. The final ranking is
made up by multiplying the criteria weights with the respective vendor scores for
that criteria, summing and lastly normalizing these scores. The resulting normal-
ized values determine the vendor scores, identifying the vendor with the highest
score as the most suitable choice. Figure 4.21 and Figure 4.22 details the steps
involved.

15https://github.com/MACS490-TMM/Tool

https://github.com/MACS490-TMM/Tool
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Figure 4.21: Top Level Fuzzy Implementation
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Figure 4.22: Detailed Fuzzy Implementation Based on Figure 4.21



Chapter 5

Tool Evaluation

The evaluation of the tool are split into two distinct parts: low-fidelity design
evaluation, followed by the final tool evaluation (Figure 5.1). Consequently, this
chapter outlines the practitioner evaluation across two phases. The first phase
focuses on the design and process flow of the low-fidelity user interface, whereas
the second phase addresses the development and assessment of the final tool.

5.1 First Phase Evaluation

In this section, the focus is on the evaluation conducted with an expert practitioner
evaluating the initial low-fidelity user interface design and proposed process flow.
Initially, the selected evaluation strategy and the background of the practitioner
will be presented, before a summary of the main findings of the evaluation are
presented and summarized.

5.1.1 Evaluation Strategy

As introduced in Section 3.4, the evaluation strategy of choice was a semi-structured
interview. This strategy would offer the opportunity to gather detailed feedback
and understand the context in which the tool is used. The semi-structured nature
would also allow the exploration of unique or unexpected directions that would
be especially useful at this early stage.

An interview guide was prepared to have a structured baseline of what to con-
sider during the interview. This guide included questions regarding their vendor
selection processes, satisfaction with the current design and tool processes (visu-
alized with activity diagrams and use-case diagrams), and preferences for such
tools. The interview guide can be seen in Appendix C.1. The interview was con-
ducted using MS Teams and lasted for approximately one and a half hours. The
details about the practitioner are presented in Table 5.1. The outcome of the in-
terview was an evaluation of the proposed tool process flow and the user interface
design, including feedback on what should be excluded and what should be in-
cluded in the upcoming phase to make it more suitable for their practices.

55
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Figure 5.1: Action Research Methodology, Evaluation Phase

Table 5.1: Details of Interviewed Practitioner for First Phase

Participant Professional
Responsibilities

Organization Type Decision-
making

Experience

Location

P3 Project Manager,
System Analyst,
Member of IT

projects
Assessment Team

Ministry of Interior 13 Years Bahrain
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5.1.2 Main Findings

A summary of the practitioner’s feedback is to be presented next while a more
detailed look at some of the practitioner’s feedback can be seen in Table 5.1.2.

The practitioner necessitates and validates that such a tool is required. Accord-
ing to the insights received, until now, decision-makers heavily rely on manual and
ad-hoc processes for software vendor selection, which involve complicated tasks
like writing down page numbers and manually checking each entry. This process
is time-consuming and error-prone, making decision-makers wish for a stream-
lined process from project setup to final vendor ranking. Thus, the tool presented
in this study will benefit decision-makers in automating the tasks and centralizing
information to overcome these issues.

Adding to the processes being labor-intensive, the practitioner also emphas-
ized that in practice, they lack a systematic approach, leading to inefficiencies
and potential oversights in the decision-making process. Thus, one of the aids
of the proposed tool will be to provide all decision-makers with a similar semi-
systematic and data-driven evaluation of software vendors, in the hopes of en-
hancing decision-making efficiency by reducing errors. Additionally, the practi-
tioner highlighted the significance of consolidating all decision-making data onto
a single platform, emphasizing how the proposed tool can simplify the decision-
making journey and contribute to its success.

Lastly, the practitioner also highlighted that prior practices did not effectively
leverage visualizations in the decision-making process. Since the proposed tool
carefully integrates visualizations into parts of the decision-making process, this
further supports decision-makers in making more informed decisions, along with
easily comparing vendor data in one place. This aspect of the proposed tool was
appreciated in particular by the practitioner.

Two requirements that are to change for the second phase are; dropping the
pair-wise matrix view as it will be unreadable and of no use when projects scale

large (60-70 criteria and 20-30 vendors), and adding priority to implementing an
anonymous contact solution allowing decision-makers to directly contact vendors

from within the tool, whether through email or a chat function.

These practitioner insights were brought back to the planning phase leading to
refinements in the requirements and project scope. Following these adjustments,
the low-fidelity user-interface designs and process flows were updated accord-
ingly, before beginning the development of the tool.

5.2 Second Phase Evaluation

This section presents the details of the expert practitioners’ evaluation and feed-
back on the proposed tool’s user interface and the tool process flow. First, the se-
lected evaluation strategy will be revisited. Second, the practitioners’ background
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Table 5.2: Insights from practitioner

Theme Practitioner (P3)
User interface
evaluation

’...Sounds like a good idea to be honest. Very good idea. I don’t know why we
didn’t think about an idea like this before. That’s a very good idea, to be honest.
I’m thinking on the possibilities of like, how can we use the same thing?’
Depending on the size of the project and what kind of project it is. So 60 to 70
criteria and let’s say average size of a project is having around 10 vendors. Like
60-70 criteria multiplied by ten and then comparing each vendor and each criteria
with different thing it will be time consuming...
’...So I’ll have some questions and explanations. So the question will in the
questions section, I’ll know what I need to answer or select based on the question
and explanation will help me in that process like exactly what I’m evaluating on
that question because documentation or any criteria, differs from person to person.
But if there is an explanation like what exactly are we looking for in this question,
the evaluator will have to think in that aspect only.’

Suggested
improvements

. . . We do phone, emails, everything, but if the system itself is having this option in
the criteria, OK I’m checking this vendor in this section and I have a question for
the vendor itself, so I’ll write the question and send it and the system will maybe
have the e-mail of the vendor so it will go to the vendor and come back here. So
everything is transparent. . . .
. . . .Yeah, because for like, transparency reason also ... because we call them which
is bad... I should just write an e-mail with my question, it should go to the person
without knowing my name or I know his name. He just replies me back. Because in
our business, we know each other, we shouldn’t know who is asking what. . . .
. . . This will be helpful because we just write the page number and everything, and
the person who wants to check it, they have to do it manually. . . .

will be introduced. Finally, the main findings from the evaluation will be presented
in detail.

5.2.1 Evaluation Strategy

Despite various research strategies being considered as discussed in Section 3.4,
such as; conducting workshops with a set of practitioners, participant observa-
tions, or providing practitioners with a survey, semi-structured interviews were
once again assessed as the best-suited evaluation strategy. This was deemed es-
pecially useful as this time more practitioners were involved which could lead to
interesting digressions that either reinforced the findings of the first evaluation
phase or were not addressed during that phase.

This time the interview guide initially explored the practitioners’ current meth-
ods but put extra emphasis on the tool evaluation concerning usefulness and us-
ability, as well as features and functionality. The interview guide and its details
can be seen in Appendix C.2. Furthermore, two of the interviews were conducted
online using MS Teams as the practitioners and researcher were not in the same
location while the last interview was conducted in person. All three of which las-
ted for approximately an hour. The outcome of the tool evaluation was detailed
feedback on usefulness and usability concerns and features and functionalities
that should be in such tools, as well as additional features they would have liked
to see.

In the upcoming sections, the findings from the evaluations will be presented
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Table 5.3: Details of Practitioners Interviewed for Second Phase

Participant Professional
Responsibilities

Organization Type Decision-
making

Experience

Location

P1 Decision Maker,
Tender Preparation

and Analysis,
Director Critical

System Unit

ICT Information
and

Communication
Technologies

15-20 Years Turkey

P2 PMO Advisor Australian
Operations for
Government
Contracting

15 Years Australia

P3 Project Manager,
System Analyst,
Member of IT

projects
Assessment Team

Ministry of Interior 13 Years Bahrain

addressing the feedback from three practitioners. The practitioners have been an-
onymized and are designated as P1, P2, and P3. Details about their backgrounds
can be found in Table 5.3.

5.2.2 Practitioner Feedback

Current tools

As the literature had limited focus on which tools practitioners utilize in the
their decision-making processes, understanding the practitioners current tools
was deemed interesting. A shared consensus among the practitioners were that
the decision-making process is an ad-hoc and tedious process mostly conducted
through manual labor in tools like Excel or even on paper. P3 highlighted the
use of a tool to handle vendor proposal uploads from vendors, but the tool only
supports in that task.

Furthermore, discussion about the existing tools, related to Excel’s and the
vendor proposal upload tool’s strengths and weaknesses within the decision-making
context arose. Limitations such as data transfer capabilities, duplication and ver-
sion control is brought up as some of the key constraints of using Excel. Further-
more, the security and template of Excel is also highlighted as a limitation. One of
the practitioners also hesitated in acknowledging Excel as a tool for the process,
but rather just assisting the practitioners by using it (along the other documents)
as the task could even be done with pen and paper and then submit the result.
Additionally, the tool for vendor proposal uploads have a fee which have to be
paid, making each vendor have to pay the fee which is addressed as a limitation
of the tool.

The strengths related to the tools, considering Excel and the vendor proposal
upload tool, are just as important to understand to comprehend the decision-
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Table 5.4: Insights From Practitioners on Current Tools

Practitioner (P) Insights
P1 We are not using any tools in the process. What we are doing is that of course we

are evaluating the vendors or the subcontractors, but these are done mostly
manually. I mean of course you grade in a way, but the results are only recorded in
Excel or sometimes only giving better or worse on a paper.

P2 A lot of the decision making process at the moment is simply done by Excel
spreadsheets.

P3 Actually, there is a tool that we use for the vendor to submit their proposals. We
add the details of the tender, what the tender is about and what are the criteria of
the submissions because there are different criteria for the different submissions.
The vendors will upload their proposals then the tender is gone and before the
timetable closes. For example, lets say it’s the ten days window, within this window
all the vendors who are interested, they were submitted.
Let’s say we have around 20 to 30 proposals and we need to check them. So we
make Excel sheets with different scoring.

Table 5.5: Insights From Practitioners on Limitations in Current Tools

Practitioner (P) Insights
P2 There’s a couple of challenges around data transfer and that sort of thing... and the

duplication and version control and all of those stock standard issues that you have
with Excel

P3 And there is a fee if he has paid the fee for the submission and everything.
Excel is not the most secure or have the best template to be using here to be
honest. So other than that, there is no tool. I cannot consider the Excel documents
as tools. They’re just helping the person. You can even do it in pen and paper and
submit the result.

making context. The flexibility of Excel is brought forward as one of its strengths.
Additionally, the learnability of Excel and simplicity of setup and preparation are
highlighted, as most people are familiar with Excel. For the vendor proposal up-
load tool, the only good thing about the tool according to one of the practitioners
is the assurance of data confidentiality until the tender period is over.

Table 5.6: Insights From Practitioners on Strengths in Current Tools

Practitioner (P) Insights
P2 Excel gives you flexibility.

Excel doesn’t require people to understand the system, they just need a briefing on
Excel which most people are familiar with... Those involved in the decision-making
getting emails to log in to the systems are often uncomfortable with that process,
so doing a moderated session and entering details for them in Excel is often
quicker and easier, especially with more time poor senior managers.

P3 The only good thing about the vendor proposal tool is currently like all the
vendors, when they submitted it, they submitted online and they can be assured
like no one has access to the file before the tender period is over.

Selection Process

Next, the selection process will be examined, specifically how essential criteria
and their importance are identified, and if certain criteria are deemed generally
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essential among the practitioners. The initial step involves understanding how
essential criteria are determined.

Selection criteria for a project are determined in various ways based on the
practitioners’ feedback. Some decide on them before RFP generation, while others
determine the criteria based on the RFP. The only consensus is that these influence
each other, and that usually both are provided to the vendors or at least exist
during evaluation and that it is a business conversation. In some cases even, only
parts of the RFP and selection criteria are shared with the vendors, making up the
parts this vendor should be responsible for out of a larger project scope. Lastly, the
number of criteria and which criteria are included varies from project to project.

Table 5.7: Insights From Practitioners on Selection Process

Practitioner (P) Insights
P1 They are doing just like you. They are extracting the parts and sometimes that they

are doing is only sending those parts to the vendors so that they will be only
responsible for that part.

P2 What happens is the list gets worked into the RFP, so you may have them respond
to an Excel spreadsheet or a Word document. It’s going to differ and vary.
Part of that is just the business conversation. You know the must, should, could or
will not have...

P3 From the perspective of security, if it’s a security project or it’s a normal project, it
all depends. We don’t have a fixed criteria for all the projects.
It again depends. Sometimes it is 15 or 20 criteria... sometimes it goes to 100
maybe. It all depends... I have never seen a project where it’s repeating itself each
time.

In presenting the decision-makers’ perspectives on how the importance of
criteria is determined, it becomes evident that this process is highly subjective.
Practitioners note that criteria importance varies based on factors such as the
decision-makers’ and stakeholders’ experience and expertise, the relevant business
area, and the specific needs of the project. Assignments of importance range from
binary yes/no decisions to more nuanced scores guided by established company
guidelines. Furthermore, the significance of some criteria may be decided upon
based on sub-criteria assessments. There is a general agreement among practi-
tioners that criteria should be assigned a level of importance, which is typically
determined by those experienced in the procurement process.

The final consideration of the selection process relates to whether or not there
are any criteria that are considered for all projects. It appears that certain criteria
are universally considered, such as the reliability and financial stability of the
vendor. Other factors consistently evaluated according to one of the practitioners
include the sustainability and stability of the vendors, as well as the complete-
ness and consistency of their solutions. Additionally, according to another prac-
titioner, security is almost always a key consideration, along with the solution’s
compatibility with the existing systems. The availability of training, the level of
post-implementation service, and the languages used by the system and for com-
munication are also deemed important.
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Table 5.8: Insights From Practitioners on Determination of Criteria Importance

Practitioner (P) Insights
P1 There should be some scaling. You don’t have a set importance for the criteria, it

depends on the nature of the project...sometimes security is important, sometimes
the consistency or volume of the storage is important. It depends.
...for example,... security may have some items that naturally provide you the
scaling. If you have five sub-items for security but only two items sustainability or
maintainability, then it means that security will be more important. Instead of
getting rates, you’re categorizing the features.

P2 ... the domain-experts review it from what do they need from their business area
and how do they view it from an overall business need.

P3 ...for example; can we integrate it into our current system?... A or B, there is
nothing in between. There is no score. It’s like if there is a score, I’ll give it 0 or 10.
...usually we use numbers to score criteria and vendors, but when these numbers
are kept, we keep guidelines alongside them. After over ten years in the industry I
am a bit old-school and am used to the numbers.
The process of figuring out these importance, that’s decided upon between both
the decision-makers and the stakeholders.

Table 5.9: Insights From Practitioners on Criteria Considered for All Projects

Practitioner (P) Insights
P1 Well, the reliability of the vendor and the financials are considered important

regardless of the RFP. Besides the solution they provide, you’re also looking for the
sustainability or the stability of the vendor... Other than that, maybe the
completeness or the consistency in the solution is also important.

P3 It depends of course. Because each project in its domain is almost unique. But
security is almost considered for all projects. Furthermore, whether the solution
can be integrated into our current system... Whether training is provided or not
and what is the service level which we will get after implementing... Also the
system and language, because we have two languages ... so these are a few criteria
available in all types of tenders.

User Roles and Responsibilities

The practitioners were further asked about the user roles and responsibilities,
along with their views on transparency and bias and its handling within the sys-
tem. In these discussions, the usefulness of utilizing MCDM methods such as AHP,
especially due to the subjectivity that is part of the criteria and vendor evaluation,
was brought forward. Transparency within the working groups (consisting of the
stakeholders and decision-makers) was also highlighted. Consequently, it is es-
sential that the decisions and scorings remain transparent to the stakeholders,
even if they might not favor the outcomes for various reasons. The importance of
transparency in these decisions is underscored by requirements such as conflict of
interest disclosures for large contracts. This emphasizes the need for clear separ-
ation of duties and information transparency within the system. Anonymising the
vendors was another suggestion to reduce the bias. Also, the importance of see-
ing conflicts and inconsistencies is proposed as useful to let the decision-makers
discuss and disclose any uncertainties. Lastly, while transparency is considered
important, not overdoing transparency is deemed important as too much trans-
parency can result in biased or influenced decisions.
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Table 5.10: Insights From Practitioners on User Roles and Responsibilities

Practitioner (P) Insights
P1 ...practically by the subjectivity is part of the evaluation... AHP etc., may also help

to remove remove the bias, not only calculating or summing up the responses
given.

P2 So ideally you’ve got a working group of, let’s say, half a dozen or whatever it is.
They will have full transparency to everything because if you don’t, you cause too
many problems. The process needs to be transparent to the key stakeholders. They
may not like the outcome. There may be a lot of background politics getting
played, but it has to be transparent.
...when you do this, depending on the size of organization, type complexity,
especially if it’s government, people have to disclose information, such as if they’ve
got shares and company a manager or a family trust and and all of those sort of
things. Especially with with the very big government contract. Perhaps you have to
get auditors in sometimes and audit the decisions and make sure the conflicts of
interest are disclosed and that sort of thing. And that’s why having this segregation
of duties built into the system is is key now when the working groups lands its
decision.

P3 See for me which I see is a bad thing even like because I come from a small country
so we almost know everyone and every company. So I’m getting 30 proposal from
my 30 companies. And me being biased to one or two. It’s there even if I don’t want
to put it. Yeah, it’s very even. I’ll say no. I’ll be, like, unbiased for all the all all of
them. And I’ll treat them equally. So the best approach will be to have to evaluate
these companies or these tenders and proposals without knowing which company I
am reviewing, like giving the scores and then going to know the company.
And some users are like on average the users are giving seven and one user is
giving one or zero. So maybe this person will ask like why you give him zero if it’s
something on average or everybody’s giving. So no it’s the same thing. But if
somebody is out of line or unique they will ask him like, maybe he sees something
which others are not seeing, so that’s pointed out. Other than that, no, it’s taken as
it is.
...if we are picking too much transplant between all of us, I can become biased and
influenced in my decision.

Tool Effectiveness and Usability

Intuitiveness
There was one explicit comment on the intuitiveness of the tool. The practi-

tioner found the tool to look easy to navigate and use, but found the main-screens
(dashboard) to be a bit confusing. They believed this might be due to them not
being familiar with it and some terminology they did not get introduced to.

Table 5.11: Insights From Practitioners on Tool Effectiveness and Usability

Practitioner (P) Insights
P3 It looks easy! But I got kind of lost in the main-screen. So maybe there there are

some terminology I didn’t know, yeah. I think if we see the main screen, it looked a
bit confusing, but I think it’s easy. It’s like I’m not familiar with it so other than
that, I think it’s easy.

Features Evaluation and Practitioner Wishes
Practitioners addressed the interesting and most valuable features of the decision-

support tool, highlighting those that they found particularly beneficial. These fea-
tures are listed in no particular order in Table 5.12 and are detailed in Table 5.13.
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Table 5.12: Practitioners’ View on Features in the Decision-Support Tool

Current Features Desired Additional Features
Checking and highlighting inconsistencies
in the assigned scores

Looking into alternative ways to evaluate
than using pair-wise comparison

Deciding on the decision-makers or
evaluators for the project

Breaking criteria into sub-criteria

Assigning criteria that will be used Spider Webs or look at more graph
alternatives for visualizing various data

The way evaluation of the criteria priorities
are done

Showing the criteria importance gathered
from decision-makers

Use of both numbers and Fuzzy definitions Having a summarized page summarizing all
vendor details

Visualization of the ranking and scores Having a built-in way of creating RFPs, with
AI support

Separation of duties Looking at ways AI can be used for data
extraction and error management

Controlling access to information A more comprehensive admin center for
managing access and responsibilities

Admin center Update dashboard to be more
comprehensive and data-driven

Stage screens guiding the users through
their processes

Dashboard updates for decision-makers to
see graphs and numbers

Ingestion of RFPs and VPs into a workflow Allow for binary scoring
Not knowing who the other DMs are Having a guideline of what the various

scores mean
Dashboard of all projects Anonymize the vendors

Customizability for various organizations

In addition, practitioners were asked about the features or functionalities they felt
were missing or would have liked to see incorporated into the tool. These desired
features are also listed in no particular order in Table 5.12 and can be found de-
tailed in Table 5.14, reflecting practitioner feedback and suggestions for potential
enhancements.

Overall Impact

Lastly, looking at the overall impact of the tool, including practitioner satisfaction
with the proposed tool, whether they would like to see such a tool in their pro-
cess and organization, and its usefulness in its current state, before finishing by
addressing essential features that should be present in all such tools.

Two of the practitioners (P1 and P3) find the tool very promising and believe
it will help a lot while conducting their evaluations. The last practitioner (P2)
finds the tool to appear fine, but emphasize that their processes consider a lot of
off-system tasks that needs to be further addressed to make the tool effective in
their case, but that such a tool would significantly impact their processes.

The first practitioner (P1) found the tool to assist and improve the process a
lot as scores and all evaluation steps are stored and conducted within the system,
and all the necessary data around the solutions, proposals, etc., were there. Fur-
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Table 5.13: Insights From Practitioners on the Tools Most Valuable Features

Practitioner (P) Insights
P1 It’s important to also check the inconsistencies. Is is very, very important...

For example, decision on the decision-makers or the evaluators, and also the
criteria that you will be evaluating the priorities when they are compared with
each other, though those are very important during the evaluation.
There’s always uncertainty in the procedure, so you should keep it like it is
(scoring using Fuzzy)
There should be some ranking so that you can see your evaluation... I would use
Spider Web kind of graph instead of bar chart, but such use of visualizations are
really good.

P2 And that comes back to one of the ones on the system around who sees what what
administration center is set up to manage views and permissions and also
enforcing the separation of duties. So So if Bob is a final decider, Bob may not have
permission to rank security criteria... those that issue the check should not be the
ones that make the decision... having this separation of duties built into the system
is key...
That’s why having this admin center to manage views permissions, access
segregation of duties, roles and responsibilities. Obviously you can’t build it all into
this prototype, but making it a point to say any system needs to have a good admin
function admin center.
Something along the lines that you’ve done with stage screens, sort of a wizard
type process guide them through all has merit.
The administration center, the role based access, the permissions, the segregation
of duties. Controlling access to information that’s an absolute must have.
The second one is this ingestion of RFP’s, RFT’s and responses and some level of
smarts around it within the workflow.

P3 ...But let’s say in a sense I’m not knowing the details like this answer is coming
from which one? I’m just scoring them and in the end process if there is a conflict,
there should be like a percentage of the conflict. If it’s a small conflict, I think it
should be ignored. If it is a major conflict, then it should be resolved without me
knowing the conflict is coming from which side... If the windows are putting their
details and I’m getting all the conflicts and how to resolve it, that’s a good way to
to look in the tool.
This is a good part to have to have a dashboard of all the projects and what’s going
on in this project. What’s the what they have reached. But yeah, it can be easy and
it will be used only by a few people...
For some questions, I’ll need the numbers to be more specific. They are following
this protocol and this protocol is affecting this, so maybe it will be a mix of the
numbers, question answers and having this first thing.

thermore, they also highlighted the need for customizability for making it feasible.
The third practitioner (P3) found the tool to support them a lot in their processes
despite some small things. They found it as a good decision-support tool, so much
they suggested it should be commercialized.

All the practitioners agree on the tool being fine (or better) in its current state,
but have various inputs on which parts they would like to see to make it perfect.
Two of the practitioners wanted to assign a score to the current state of the tool
out of six, where P1 gave it a four, P2 did not wish to assign a score as it was
in a prototype state and their processes were too reliant on off-system activities,
while the last practitioner P3 provided it a score of six. Table 5.15 shows the score
distribution.

Lastly, some of the features that is to be deemed as essential in all such tools
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Table 5.14: Insights From Practitioners on Features They Would Have Liked To
See

Practitioner (P) Insights
P1 ...you have to evaluate and consider proposals pair-wise which may not be easy...

you may add some ranking or some scaling for each of the criteria or evaluations,
having the possibility to score one vendor against the criteria in isolation.
Adding sub criteria for the criteria is also important. For example, as we discussed,
security may have some criteria and the other things so that you can cover all the
parts of the tender.
There should be some ranking so that you can see your evaluation. And I would
use Spider Web graph kind of graph or some others instead of bar chart... So
having a summarized page there that would be really, really interesting.
Do you mention or show the weights that you have gathered from the decision
makers? I think that can be useful.

P2 Whether I know you may not have got that built in, but being able to have a more
standard format RFP being able to ingest it using various forms of artificial
intelligence... Also, you need to bring the workflow keeping some off-system
processes put a little bit more rigor around that use AI within the tool for data
extraction, field matching, error management and handling, pointing out quality
errors and things like that.
That’s why having this admin center to manage views permissions, access
separation of duties, roles and responsibilities. Obviously you can’t build it all into
this prototype, but making it a point to say any system needs to have a good admin
function, admin center.

P3 ...there are some terminology which, for example, I didn’t know.
It’s good to have a summary. Like for example, kind of a chart or something. The
numbering system like, because in in real life, in ANONYMIZED, there are on the
in the same time maybe hundreds of projects going on, so you need kind of in the
dashboard, from let’s say 100 projects, 50 have reached this stage and 50 at this
stage and 50 are overdue. Do you then like these agents have done nothing? A big
summary in the dashboard, like what’s going on because in the end of the day the
decision maker in the we call it the purchasing department, each and every day he
will see his dashboard and see like, what’s going on and which area they should
focus more and try to finish the project... So this dashboard or this page is mostly
for the management part, yeah, but for a decision maker, he needs a dashboard
like seeing graphs and numbers. These graphs and numbers. And he can make the
decisions.
In some cases, A or B there is. There is nothing in between. There is no score. It’s
like if there is score I’ll give him 0 or 10.
...usually when these numbers are kept, we keep a guideline like, there is a
guideline.
Like I don’t see which company is this. It shouldn’t be mentioned in the proposal.
OK, I will see the proposal itself, but nothing regarding the company itself.

Table 5.15: Score Evaluation of Tool in Current Form

Practitioner Score out of 6
P1 4
P2 N/A
P3 6

are side-by-side view of scoring and documents, and having all the different files
in the system. Additionally, having an administration center to manage views and
permissions and enforcing the separation of duties should be in all such systems,
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Table 5.16: Insights From Practitioners on the Overall Impact of the Tool

Practitioner (P) Insights
P1 This is something that will assist the process and improve the process a lot, so I

would like to use it because you keep all the scores, you keep all the evaluation
steps and you have all the necessary data around those kind of things like itself
and solutions, etc... Very helpful.
Upon the things we have talked about, missing points and customizability, I would
say four.
The features are important to the evaluation criteria are important, so the things
should be adaptable or parametric. Maybe for each case and for each organization.
That part could be customizable as much as possible. That’s the most important
and core point for making it feasible.
Well, it sounds very promising indeed and it will help a lot while evaluating the
solutions or the proposals.

P2 Not at this stage. Thanks for asking. It all appears fine. Have a real think about the
off-system things that are gonna be needed to make the tool effective.

P3 To be honest, I was very interested when I was watching the presentation like to be
honest, the tool looks good from all the perspectives. I think I’ll say it’s good, yeah
it’s good... It will support a lot, to be honest, it will support a lot. Like as I
mentioned currently we are not having tools like each person is allowed to have
their own Excel sheets and documents and and do the process as they like. Having
a tool like this and having access to the what they call the PDF and the question in
a similar way is a good way to submit my final answer.
This thing, six. Very good. It’s a great thing, to be honest. Some small things as I
mentioned, but they’re nothing just to fix them. It’s a good decision-making tool. I
think you should go and commercialize it.
To be honest, the tool looks good from all perspectives...

including such various roles. Moreover, a dashboard should be there for the users
and also being able to anonymize the vendors depending on the projects should
be possible.

Table 5.17: Insights From Practitioners on Features To Be Deemed As Essentials

Practitioner (P) Insights
P1 For pair-wise comparison I would prefer side-by-side... also having all different files

in the system.
P2 The administration center, the role based access, the permissions, the segregation

of duties, their controlling access to information that’s an absolute must have...
The second one is this ingestion of RFP’s and responses and some level of smarts
around it within the the workflow.

P3 As we discussed, the dashboard should be there so that the person, the employee
itself who is evaluating and the decision maker can see everything. And the one
thing that we can add it to make the company anonymous, depending on the
project, for example, you see, OK, this project is not required to be anonymous...
But to have to have that kind of option in the system to make them anonymous
and not make them anonymous is.

This second round of practitioner evaluation marks the conclusion of the re-
search’s second iteration. Throughout this chapter, feedback from practitioners on
the low-fidelity user interface design and the proposed tool process flow has been
presented, followed by an in-depth examination of their perspectives on the final-
ized tool. Additionally, this evaluation has provided insights into the practices and
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needs of various practitioners.



Chapter 6

Results

This chapter includes an analysis of NFRs as selection criteria, the enhancement of
the ICR framework by Rani et al. [1] through the incorporation of Fuzzy Set The-
ory, and concludes with the key takeaways from the evaluation of the developed
decision support tool. These findings are structured into three main sections: NFRs
as Selection Criteria, which covers the systematic literature review on NFRs; Fuzzy
Scaling, addressing the application and enhancement of the ICR framework with
Fuzzy Set Theory; and Decision-Support Tool, highlighting insights from the tool’s
evaluation phases. In the subsequent Discussion chapter (Chapter 7), these results
will be aligned with the research questions and literature gaps outlined in earlier
chapters (Sections 1.4 and 2.4).

6.1 NFRs as Selection Criteria

The first result of this thesis relates to the SLR of NFRs as selection criteria in the
context of software vendor selection. This review detailed the top 8 most used
NFRs out of the selected papers and proposed a tailored set of definitions for this
context, aiming to enhance both the effectiveness and efficiency of vendor selec-
tion processes by providing a robust set of selection criteria, specifically NFRs, that
can help keystone companies and decision-makers make more informed decisions.

6.1.1 Background

Initially, to gain a clearer understanding of the current research landscape within
software ecosystems, a review of various SLRs on software ecosystems was under-
taken. This review aimed to identify whether these studies have already addressed
the issues relevant to this research. The outcome of this review determined that
no existing SLRs have adequately covered the current state of the art and state
of the practice regarding selection criteria, particularly emphasizing NFRs, in the
context of software vendor selection within software ecosystems.

69
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6.1.2 Methodology

Following the methodology outlined by Keele et al. [67], an SLR was employed
as the method for data collection. A subset of four key databases was chosen for
the search out of those recommended by Keele et al. [67]; Scopus, IEEE Xplore,
ACM Digital Library, and SpringerLink. These databases are highly suitable for an
SLR centered on NFRs and selection criteria within software ecosystem decision-
making. Their broad scope encompasses computer science, engineering, and busi-
ness, providing access to a wide array of reputable, peer-reviewed publications.
This extensive coverage supports a multidisciplinary approach, which is crucial
given the varied aspects of software ecosystems. By drawing from their rich col-
lections of journals, conference proceedings, and technical literature, the review
gains depth and credibility, enabling a thorough exploration of scholarly insights
in this specialized area.

These databases use advanced search queries to identify research papers. The
search query had to be slightly modified for each database to accommodate vari-
ations in syntax and logic. The following search query was used as a foundational
template:

(TITLE-ABS-KEY ("software ecosystem" OR "SECO" OR "software outsourcing") OR
TITLE-ABS-KEY ("decision making" OR "decision-making") OR TITLE-ABS-KEY ("vendor

analysis" OR "vendor selection" OR "service provider") AND TITLE-ABS-KEY ("quality
attributes" OR "selection criteria" OR "decision criteria" OR "non-functional requirements"
OR "NFRs") AND TITLE-ABS-KEY (software)) AND PUBYEAR > 2012 AND PUBYEAR <

2024

Filters, dictated by the exclusion criteria, were applied to certain databases
where allowed. The applied filters included:

Table 6.1: Filters Applied during database search

Database Filters applied
SpringerLink -

Scopus EXCLUDE: Book chapter
IEEE Xplore Conferences, Journals, Standards, 2013-2023

ACM Digital Library 2013-2023

Upon extraction of the studies, a selection protocol, comprising a set of inclu-
sion and exclusion criteria, was employed to evaluate papers, proving especially
crucial during the third stage of the SLR where two reviewers independently as-
sessed the papers. This protocol was especially useful in extracting relevant data
from the studies. The details of the selection protocol are available in Appendix
E.

Five steps were carried out during the selection of primary sources:

Step 1 Collection of all papers
Step 2 Removal based on titles and protocol
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Step 3 Removal based on abstracts and conclusions
Step 4 Full-text evaluation
Step 5 Paper quality assessment

All Steps 1 through 4 are detailed in Appendix E, while Step 5 is highlighted
here. Figure 6.1 highlights the included papers throughout the primary sources
selection. Out of the initial 45510 papers, 1382 papers underwent some form of
review, while 31 were included through Step 4 - full-text evaluation. It is worth
highlighting that the evaluation conducted in Step 3 - Removal based on abstracts
and conclusions was carried out by two reviewers in separation using the selection
protocol to mitigate bias. Upon completion of this step, the results were discussed
among the reviewers, and with the Kappa Cohen Statistic [68] evaluation, the
reviewers showed substantial agreement with a k-value of 0.70.

Figure 6.1: SLR Process

Lastly, upon selection of the 31 papers, a final step was added; Step 5 - Pa-
per quality assessment. The evaluation of the papers was conducted following the
approach proposed by Bertolino et al. [69] in their work on cloud testing. Their
use of the "QualityScore" metric proved to be valuable in identifying limitations
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within the studies. Consequently, this approach not only helped determine which
papers are more reliable but also shed light on the current state of the literature
in the specific field.

The "QualityScore" is calculated as the sum of individual scores, as outlined in
Equation 6.1. Individual scores are assigned on a scale from 0 to 1, where 0 sig-
nifies that the paper does not meet the criterion, 0.5 indicates partial satisfaction,
and 1 indicates full compliance. This evaluation is performed for each criterion,
and the scores for all criteria are then aggregated to obtain a total "QualityScore"
(Equation 6.1) out of the maximum attainable score, 7. Upon assessment comple-
tion, zero studies were placed in the poor category, 18 were categorized as good,
while 13 were deemed to be of excellent quality. The distribution of studies for the
quality assessment can be seen in Figure 6.2 and Figure 6.3.

Figure 6.2: Paper Quality Assessment Score Distribution

Figure 6.3: Paper Quality Assessment Category Distribution
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It is worth noting that this assessment was carried out by a single author, which
represents a limitation. However, this approach was adopted to provide additional
insights into the credibility of the research findings.

Quali t yScore =
7X

k=1

Ik (6.1)

The quality assessment checklist is highlighted in Table 6.2.

# Item
1 Is the problem of the study clearly defined?
2 Is the contribution of the study clearly defined?
3 Is the methodology clearly communicated?
4 Are the results clearly communicated?
5 Are limitations and future directions clearly stated?
6 Do they clearly state the application domain?
7 Is the focus on software ecosystems clearly defined?

Table 6.2: Quality Assessment Checklist

Answer Scores for the Items
No = 0; Partially = 0.5; Yes = 1

Table 6.3: Answer Scores for Items

6.1.3 Findings

There is a significant challenge met when considering NFRs as selection criteria
[10, 51, 53]. One difficulty linked to NFRs lies in their interdependencies and
the mutual influence on one another [53]. Therefore, they cannot be evaluated
in isolation but must be considered collectively [53]. Due to their complexity,
companies often decide to not formally specify these quality requirements, but
rather treat them during the development process [70]. Excluding consideration
of NFRs during the decision-making process can be fatal for both the product and
the ecosystem, and Lytra et al. [9] emphasize that while many ADDs for instance
concern functionalities of the system, the quality attributes are often among the
most important decision drivers.

Top 8 NFRs

From all the papers of the review, 61 NFRs are extracted in various frequencies
and from various domains. Eight of the NFRs are addressed in four or more papers
and therefore included as requirements of interest in this thesis.

These requirements, listed in no particular order, are:
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1. Scalability
2. Performance
3. Reliability
4. Security
5. Usability
6. Maintainability
7. Portability
8. Availability

Figure 6.4: NFR Frequency Addressed

Why is it necessary to propose such a set of criteria and address their defini-
tions? The complexity of software ecosystem structures highlights the importance
of properly understanding and managing requirements engineering, especially fo-
cusing on quality requirements to ensure smooth collaboration. Yet, the subjective
nature of decision-making [9], especially when including NFRs as selection cri-
teria [10], often leads to their neglect. This highlights the urgent need to deepen
the understanding of how NFRs are used as selection criteria, aiming at finding
patterns that help decision-makers handle these requirements more effectively.
While quality standards like ISO/IEC 25010 provide a basic definition of NFRs,
they only partially aid decision-makers, leaving much dependent on their subject-
ive interpretation. Therefore, reviewing the literature and these quality standards
to develop definitions for NFRs specifically suited to the software ecosystem con-
text seems a logical step forward.

Interpretations

This section provides a comprehensive overview of how requirements are covered
in the literature, assessing the strengths and weaknesses of their current defini-
tions. It concludes by proposing a definitive version of these requirements’ defin-
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itions, specifically tailored as selection criteria within the context of software
vendor selection in software ecosystems. Extensive details on the findings from
the review, such as studies and domain each requirement is highlighted in, the
extent to which each of the studies did their work, and a detailed walk-through
of the reasoning behind the proposed definitions along with any proposed defin-
itions within the studies can be seen in Appendix F. Furthermore, inspecting the
domains and motivations of the studies under review is also presented in that
Appendix. However, to summarize; the collection of studies included in this SLR
spans a bunch of domains, including fields such as the Industry Automation Sec-
tor, Health Care software, Automotive Industry, Cloud environments, ERP systems,
Smart Cities, the KDE ecosystem, and software development and software ecosys-
tems more in general, to mention a few. The overall distribution of studies within
which domains are presented in Figure 6.5.

Figure 6.5: Paper Domain Distribution

Ultimately, the goal is to consolidate these insights to propose a set of require-
ments and definitions. The objective of these is to establish a robust foundation for
stakeholders to provide decision-makers with during the vendor selection process.

Availability
The first requirement of interest is availability. Among the four studies that

address this topic, three — namely those by Belinda et al. [29], Kumar et al. [71],
and Sharma et al. [55]— provides definitions for this requirement . The concept
of availability is also detailed in the ISO/IEC 25010:2023 standard. Lytra et al.
[9], however, do not offer a definition or explanation of availability, leaving its
interpretation to the understanding of decision-makers.

Availability can assume varied meanings depending on the application field
and perspective, as indicated by the literature findings. Nevertheless, it appears
that the existing discussions fail to fully capture what availability entails in the
context of software vendor selection within a software ecosystem. Therefore, it is
proposed to formulate a clear, specific definition and recommendation to encour-



76 Tormod Mork Müller: Enhancing Vendor Selection in Software Ecosystems

age a consistent and unambiguous understanding of availability when selecting
software vendors.

In the context of a software ecosystem, availability should be considered not
only in terms of the software product provided by the vendor but also in terms of
the vendor’s availability itself. Drawing on the ISO/IEC 25010:2023 standard, the
insights from Belinda et al. [29], Sharma et al. [55], and personal interpretations,
a comprehensive definition of availability is suggested as follows:

Software availability in an ecosystem denotes the product’s and vendor’s ability to
ensure continuous access and functionality. It combines the software’s reliability

with vendor support to minimize downtime, ensuring the product is operational and
accessible as needed, according to defined performance standards and agreements.

Existing definitions often overlook the broader scope of interpretations rel-
evant to software vendor selection. It is, therefore, crucial to evaluate this cri-
terion within the dual context of both vendor and product availability to provide
decision-makers with a holistic view, rather than limiting the focus to software
product availability alone, as is often the case. By embracing this comprehensive
approach, it is reasonable to believe that decision-makers can enhance their abil-
ity to choose vendors that meet the reliability and operational standards vital for
successful participation in software ecosystems.

Scalability
The second requirement of interest is scalability. Surprisingly, none of the

four studies reviewed which addressed scalability provided a definition of the cri-
teria or its sub-criteria, leaving a gap in the literature-based understanding of this
concept. However, the ISO/IEC 25010:2023 standard identifies scalability as a
sub-criterion of flexibility.

Similarly to availability, it is critical to evaluate both the technical capabilit-
ies of the software product and the vendor’s capacity to support organizational
growth when selecting software vendors within ecosystems. Therefore, drawing
on the ISO/IEC 25010:2023 standard and additional personal interpretations, a
comprehensive definition of scalability is proposed:

Scalability in a software ecosystem highlights the product’s and vendor’s capability
to support growth, emphasizing the ability to adapt to increasing demands and

business needs. It encompasses the software’s customization flexibility and global
expansion capabilities, ensuring that solutions not only evolve with but also support

performance consistency across different regions.

Because of the limited discussions on scalability in the existing literature and
especially in the context of software vendor selection, there is a clear need for
a redefined concept. While the ISO/IEC 25010:2023 standard adequately covers
aspects of product scalability, it overlooks the capabilities of vendors. The redefin-
ition suggested here includes considerations of both product and vendor capabil-
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ities related to scalability, particularly tailored to the needs of software vendor se-
lection within software ecosystems. This refined approach is intended to enhance
decision-makers ability to make well-informed choices that facilitate successful
scalability within software ecosystems.

Portability
The third requirement of interest is portability. Although five of the papers

reviewed address this criterion, only three — namely those by Jansen et al. [72],
Belinda et al. [29], and Amorim et al. [4] — provide specific definitions. Addi-
tionally, portability is defined within the ISO/IEC 25010:2023 standard.

Current definitions from the literature and the ISO/IEC 25010:2023 stand-
ard offer valuable insights into the concept of portability. By synthesizing these
definitions, a more robust and comprehensive definition can be formulated, for
the benefit of decision-makers in software vendor selection.

Drawing on insights from the ISO/IEC 25010:2023 standard, Jansen et al.
[72], Belinda et al. [29], Amorim et al. [4] and personal interpretations, an overall
definition of portability is suggested as follows:

Portability in a software ecosystem encapsulates the software’s flexibility to adapt
and function across diverse computing environments without extensive

modification. It merges the principles of platform independence, data migration
efficiency, and interoperability, ensuring seamless operation and integration,

regardless of the underlying technology.

While the existing definitions found in literature and the ISO/IEC 25010:2023
standard offer valuable insights into the portability requirement, the proposed
definition provide a nuanced view of portability that emphasizes platform inde-
pendence, data migration efficiency, and interoperability — all of which are crucial
factors in evaluating portability. With this refined understanding, decision-makers
are better equipped to assess the portability of both vendors and their software
products, facilitating more informed selection within software ecosystems.

Performance
The fourth requirement of interest is performance. Among the studies reviewed,

five addressed performance, but only two — specifically the works of Belinda et
al. [29] and Ameller et al. [73]— along with the ISO/IEC 25010:2023 standard,
provided definitions for this criterion.

The definitions of performance from the literature and the ISO/IEC 25010:2023
standard offer valuable insights. However, it is suggested that these definitions
should be expanded to include vendor performance, an aspect which is currently
overlooked. Based on the ISO/IEC 25010:2023 standard, the proposed definitions
of Belinda et al. [29] and Ameller et al. [73], along with personal interpretations,
an overall definition of performance is proposed to be:

Performance in the context of software ecosystems involve evaluating the software’s
efficiency in resource utilization and operational effectiveness, including scalability,
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response times, and reliability. Concurrently, it requires assessing the vendor’s
ability to meet service level agreements, innovate, and adapt to technological

advancements, ensuring they provide robust support and continuous improvement.

Although the definitions of software product performance in the literature and
the ISO/IEC 25010:2023 standard provide valuable insights, a redefined inter-
pretation is suggested. This revised definition integrates elements from the exist-
ing descriptions and extends them to include the performance context of vendors,
aiming to provide decision-makers with a deeper and more nuanced understand-
ing of performance, particularly in relation to software vendor selection. The pro-
posal emphasizes key principles such as efficiency in resource utilization, opera-
tional effectiveness, scalability, response times, and reliability, all considered crit-
ical for thoroughly assessing software products and vendors. This enhanced per-
spective equips decision-makers with a robust framework to effectively evaluate
both vendors and their products, addressing the evolving needs and complexities
of software ecosystems.

Maintainability
The fifth requirement of interest is maintainability. Seven studies address main-

tainability, but only three — namely, the two works of Amorim et al. [4, 74] and
Belinda et al. [29] — provide distinct definitions. These definitions frame main-
tainability both in isolation and as a sub-criterion of flexibility. Lastly, the ISO/IEC
25010:2023 standard also provides its definition.

Although the definitions offered by the literature and the ISO/IEC 25010:2023
standard establish a solid foundation for maintainability, there is a benefit for
decision-makers of synthesizing the strengths of these definitions into a singu-
lar definition tailored for the software vendor selection context. This enhanced
definition of maintainability is proposed as follows:

Maintainability in a software ecosystem reflects the software’s and vendor’s
capability to efficiently and effectively modify the product to correct faults, enhance

performance, or adapt to changing requirements.

This revised definition aims to provide decision-makers with a clearer, more
actionable understanding of maintainability, crucial for evaluating both software
products and vendors. It specifically aids in assessing how well vendors and their
software can address maintenance tasks such as correcting faults, improving per-
formance, and adapting to changing needs based on detailed scenarios from the
RFPs and VPs. By offering a more targeted definition, the intention is to simplify
the decision-making process, enabling a more effective assessment of maintain-
ability in the context of software ecosystems.

Usability
The sixth requirement of interest is usability. Usability is discussed in eight

of the studies reviewed, but only four provide definitions, alongside the ISO/IEC



Chapter 6: Results 79

25010:2023 standard. These studies include the works of Kocak et al. [75], Amorim
et al. [74], Belinda et al. [29], and Chazette et al. [76]. One thing worth noting
is that the ISO/IEC 25010:2023 standard also addresses usability, though under
the renamed term of interaction capability.

The definitions of usability found in existing literature and the ISO/IEC 25010:2023
standard offer valuable insights. Nonetheless, integrating these definitions could
offer decision-makers a more precise and clear understanding, particularly valu-
able in the context of software vendor selection.

Drawing from the ISO/IEC 25010:2023 standard, alongside the insights from
Kocak et al. [75], Amorim et al. [74], Belinda et al. [29], and Chazette et al. [76],
a comprehensive definition of usability is proposed:

Usability in a software ecosystem denotes the software’s capacity to provide an
intuitive, learnable, and efficient interface that enables users to achieve their

objectives with satisfaction in a specified context of use. It encompasses the system’s
adaptability to user needs, facilitating engagement and reducing error rates by

guiding users towards correct actions and minimizing misunderstandings.

By synthesizing elements from existing definitions, this enhanced description
of usability helps clarify its critical components, emphasizing its importance in as-
sessing software products. This approach ensures that decision-makers are equipped
with the necessary criteria to evaluate whether vendors’ products meet the desired
usability standards effectively.

Security
The seventh requirement of interest is security. This criterion is the most fre-

quently addressed in the literature, with ten studies discussing it, yet only two of
them offer a definition. The ISO/IEC 25010:2023 standard also provides a defin-
ition.

The definitions currently available in the literature are primarily based on the
earlier version of the ISO 25010. These definitions, together with the ISO/IEC
25010:2023 standard, align well with the needs identified. However, it is sugges-
ted that these definitions are expanded to include the vendor’s capability to secure
information and data, especially concerning information intended for ecosystem
participants. Additionally, a refinement in the communication of these definitions
are proposed.

Drawing from the ISO/IEC 25010:2023 standard, alongside insights from Day-
anandan et al. [77] and Amorim et al. [4], a comprehensive definition of security
is recommended:

Security in a software ecosystem is defined by the software’s and vendor’s ability to
safeguard information and data, ensuring access is strictly provided according to

the users’ authorization levels and effectively protecting against unauthorized access
and malicious threats.



80 Tormod Mork Müller: Enhancing Vendor Selection in Software Ecosystems

While the definitions of security in existing literature and the ISO/IEC 25010:2023
provide valuable insights, a slight modification to include the vendor’s capab-
ility to secure information and data is suggested. By doing so, decision-makers
will need to carefully examine the vendor more thoroughly, not just the software
product they offer. This could involve steering clear of vendors with a history of
mishandling critical organizational data, which could potentially harm the eco-
system either as a whole or in terms of competitiveness.

Reliability
The eighth and final requirement of interest from the selection of studies is

reliability. This attribute is highlighted in nine papers, with five providing defini-
tions, complemented by the ISO/IEC 25010:2023 standard. Researchers such as
Lytra et al. [9], Amorim et al. [74], Ameller et al. [73], Kumar et al. [71], and Ko-
cak et al. [75] all emphasize the importance of reliability along with a proposed
definition.

While the definitions of reliability in the existing literature and the ISO/IEC
25010:2023 standard offer valuable insights into reliability in software systems,
they tend to overlook considerations of vendor reliability. To address this gap, it is
advisable to include vendor reliability in the definition, integrating the strengths
of the various definitions found in the literature.

Drawing from the ISO/IEC 25010:2023 standard and the comprehensive in-
sights from the studies mentioned, a refined definition of reliability is suggested:

Reliability in a software ecosystem refers to the software’s and vendor’s capability to
consistently perform specified functions accurately and without failure under stated

conditions for a defined duration.

This enhanced definition of reliability both synthesizes the key elements from
existing definitions but also incorporates the aspect of vendor reliability. This ad-
dition is crucial, as it underscores the importance of vendor dependability in ful-
filling commitments within the ecosystem, not only the software product. By ac-
knowledging both product and vendor reliability, the revised definition aims to
provide a clearer, more comprehensive understanding of reliability, ensuring suc-
cessful collaborations within the ecosystem.

Summary

While there are multiple studies present in the literature considering non-functional
requirements and proposing a definition of these, most of them fail to capture the
whole perspective. These studies focus mainly on the software product quality, not
on assessing the vendor’s capability to meet some of these criteria. All the criteria
are therefore redefined, mostly due to the lack of vendor considerations, some-
thing which in this study is deemed essential when assessing NFRs as selection
criteria.
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6.2 Fuzzy Scaling

The second result of this thesis is the adaptation and expansion of the Incon-
sistency and Conflict Removal (ICR) framework, as proposed by Rani et al. [1], to
handle decision-making under conditions of uncertainty. To address the challenges
associated with imprecise and uncertain data within the AHP framework, numer-
ous studies have successfully implemented the linguistic scale of judgment and
fuzzy numbers for performance evaluation, also known as Fuzzy Set Theory (FST),
as further detailed in Section 2.2.3. Such implementations have significantly im-
proved the decision-making methods’ adaptability and usability. Consequently, it
was a logical step to enhance the state-of-the-art framework developed by Rani
and colleagues by integrating an additional layer that facilitates the application
of FST.

The method utilized to incorporate Fuzzy has been a comprehensive review of
current literature to understand how such a technique can be most effectively in-
corporated into the AHP without going on behalf of the features of the ICR frame-
work. The works of Ayhan [56] served particularly useful for the incorporation as
it contained a step-by-step walk-through of how to conduct the Fuzzy calculations
in AHP with a supplier selection example. This study did, however, not have any
code implementation associated with it making the steps serve as a baseline for
the code implementation. This code can be seen in the GitHub repository1 and its
process flow is detailed in Section 4.4.4.

Fuzzy Set Theory is applied to the layers for assigning and calculating scores
within the ICR framework (Figure 6.6). This means that the ICR method within
the ICR framework can operate normally without modifications. The difference is
that instead of calculating weights and scoring vendors on the server side using
the Saaty values, this calculation is done using Fuzzy values. This is possible due
to the use of a separate algorithm that operates server-side, as further detailed
in Section 4.4.4. The triangulation format and Saaty Scale-Fuzzy Triangular Scale
mapping, as introduced in Section 2.2.3 are utilized to achieve this. By utilizing
such a format, the user can interact with Fuzzy values, the ICR check can still
operate with Saaty values and the calculations of criteria weights and vendor
capabilities are made utilizing the Fuzzy with just a couple of server-side value
mappings.

6.3 Decision-Support Tool

The third and final result is related to the tool that was developed on top of the
ICR framework as illustrated in Figure 6.6 along with practitioner feedback. The
tool development is detailed in Chapter 4 and the evaluation of both the first
and second phases are detailed in Chapter 5. In this section, the focus will be
on summarizing the practitioner feedback related to the tool evaluation and its

1https://github.com/MACS490-TMM/Tool

https://github.com/MACS490-TMM/Tool
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Figure 6.6: ICR Framework with the Three Contributions

usability. These results will serve as the foundation for the final assessment of the
tool which is further detailed in Section 7.1.3.

The features that were highlighted by the practitioners as most interesting or
valuable, along with additional features the practitioners would have liked to see
in the decision-support tool are addressed in Table 5.12.

A shared consensus among the practitioners was that the decision-making pro-
cess is an ad-hoc and tedious process mostly conducted through manual labor in
tools like Excel or even on paper. Despite the flexibility, learnability, and simpli-
city of setup within tools like Excel, it is considered tedious and not preferred by
practitioners. The proposed decision-support tool, however, is deemed to meet
multiple of the decision-makers’ wishes for such tools and alignment with current
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decision-making processes. It even presents features not present in other tools in
an effective way. Details on the practitioners’ feedback, both regarding the tool’s
strengths, weaknesses and suggested modifications can be seen in Section 5.2.2.
A summary of the decision-makers’ overall feedback on the tool and its usability
is presented next:

’They are doing just like you...’

’This is something that will assist the process and improve the process a lot, so I
would like to use it because you keep all the scores, you keep all the evaluation steps

and you have all the necessary data around those kind of things like itself and
solutions, etc... Very helpful.’

’...it sounds very promising indeed and it will help a lot while evaluating the
solutions or the proposals.’

’...It all appears fine.’

’...to be honest, the tool looks good from all the perspectives... It will support a lot,
to be honest... Like as I mentioned currently we are not having tools like each person
is allowed to have their own Excel sheets and documents and and do the process as
they like. Having a tool like this and having access to the what they call the PDF
and the question in a similar way is a good way to submit my final answer...It’s a

good decision-making tool. I think you should go and commercialize it...’
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Discussion

In this chapter, the results and the implication of these findings will be addressed
and used along with the literature findings to address the research questions and
how this research have addressed them (Figure 7.1). Thereafter, any limitations
and threats to validity will be addressed.

7.1 Research Questions

This research work is conducted to address three primary research questions,
along with a series of sub-questions, as outlined in Section 1.4. This section ex-
plains how each research question was addressed, either through insights ob-
tained from the literature or via the proposed implementation.

7.1.1 RQ 1: How are different NFRs addressed as selection criteria
for software vendor selection in software ecosystems?

As seen from the preliminary looks on selection criteria, it became evident that
well-defined selection criteria are crucial for informed and successful decision-
making [26, 27]. However, the subjective nature of NFRs often leads to their
neglect [9], creating a gap in understanding and interpreting them in different
contexts.

A systematic literature review was conducted to investigate how NFRs are in-
terpreted for software analysis and selection (Section 1.3). The findings emphas-
ize that NFRs has been used for quality assessment of software products on the
broader level, however, limited literature is available for their interpretation as
selection criteria for vendor analysis and selection. As addressed in Sections 2.2.2
and 6.1.3, various studies look at the use of NFRs both in general and as selection
criteria. While there are multiple studies addressing these NFRs in software eco-
systems (Figure 6.5), they fall short in their ability to generalize their criteria and
definitions as well as mostly assess only the software product, not including the
vendors. To the best of the author’s knowledge, no studies have addressed NFRs

85
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Figure 7.1: Action Research with Contributions

as selection criteria for software vendor selection in software ecosystems, where
both the software product and vendor are assessed.

RQ1 a: Which NFRs are utilized as selection criteria?

Out of the set of 61 NFRs appearing at varying frequencies in the SLR , eight were
identified and chosen as the foundational set. These eight were selected because
they were discussed in four or more of the final 31 papers. A threshold of four was
chosen as a natural cutoff, as the next most frequent occurrence after four was
only two. Furthermore, the inclusion of these criteria in the ISO/IEC 25010:2023
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standard, along with their proposed definitions and the domains they originated
from, further reinforced their role as selection criteria within this context.

These eight requirements ended up being: Scalability, Performance, Reliability,
Security, Usability, Maintainability, Portability, and Availability.

Although these criteria are frequently mentioned in the studies reviewed, it’s
important to recognize that they might not fit every project or ecosystem due to
unique characteristics. However, the main point is their broad applicability. These
criteria have been successfully applied across various domains, making them ideal
as a generalized, out-of-the-box option for the vendor selection processes. Stake-
holders can adapt this baseline set, adding or omitting criteria as needed, to suit
most contexts effectively.

Looking ahead, while the proposed criteria are considered a robust set for
vendor selection, there are several directions for future research. First, it is cru-
cial to validate these criteria through various case studies and discussion with
practitioners to evaluate their applicability and generalizability. This was initially
planned for in this study, however, due to limited access to practitioners, this step
was not prioritized. Second, there is potential to expand this list if additional NFRs
are identified as critical for selection. Given that this is the first comprehensive list
of criteria specifically tailored for software vendor selection in ecosystems, and
considering the methodology used to select the studies reviewed, it is reasonable
to believe that not all relevant studies were included. Consequently, this list may
evolve as more studies are considered.

RQ1 b: How can NFRs be interpreted to better assist decision-makers in this
particular context?

Upon identifying how NFRs are addressed as selection criteria and proposing a
out-of-the-box set of eight requirements for software vendor selection in software
ecosystems, understanding how these criteria could be interpreted to better as-
sist decision-makers in the given context was deemed essential. Approximately
40% (12) of the studies examined were broadly related to general software and
outsourcing, while around 50% (15) were directly tied to software ecosystems
(Figure 6.5). Understanding the application of these criteria both in general soft-
ware contexts and specifically in software vendor selection was critical. This need
was underscored by the tendency to overlook NFRs due to the subjective nature of
decision-making [9]. Proposing a set of clear definitions or explanations for these
requirements was seen as a way to mitigate some of the subjectivity [10], particu-
larly concerning the intended meaning of each requirement [29]. Furthermore, a
review of the literature revealed that these criteria are often interpreted differently
across various fields (Appendix F). Therefore, synthesizing the best insights from
these findings and addressing the lack of specific definitions, for example concern-
ing vendor considerations led to the proposition of new, tailored definitions for the
context of software vendor selection in software ecosystems (Section 6.1.3). This
approach aims at providing decision-makers with clearer criteria, thereby facilit-
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ating more objective and informed decisions. The proposed approach to refining
how NFRs are interpreted specifically aims to enhance decision-making in the con-
text of software vendor selection within ecosystems. This involves broadening the
scope of criteria definitions to include not only the software product but also the
vendor itself. Additionally, minor revisions to existing definitions were suggested
as part of the solution to better support decision-makers in this specific setting.

Looking back, there are some limitations to bringing vendor considerations
into a single statement for the affected criteria. While this approach draws atten-
tion to vendor capabilities, it can lead to confusion and conflicting assessments
within a single criterion. For instance, if the vendor’s software performs well but
the vendor itself has limitations, two distinct scores might be required during the
assessment of a single criterion, which is not ideal. A potential solution would
be to divide these criteria into two separate sub-criteria under a common parent
criterion [29], each with its own level of importance. This modification would al-
low for a clearer and more accurate evaluation of both software performance and
vendor capabilities.

These definitions of the non-functional selection criteria pave new paths for
considering NFRs during the vendor selection process. Currently, the criteria and
their definitions are based solely on literature and the ISO/IEC 25010:2023 stand-
ard, and have not yet been validated by practitioners. Incorporating practitioner
feedback in the next evaluation phase will be essential to confirm their relevance
and importance.

7.1.2 RQ 2: Which criteria weighting strategies are effectively util-
ized within this context and how can these be integrated into
the ICR framework?

As evidenced by the literature (Section 2.2.3), it is apparent that traditional pair-
wise comparison methods like the Analytical Hierarchy Process (AHP), which uses
Saaty values ranging from 1 to 9, do not adequately account for decision-making
under conditions of uncertainty. To overcome the challenges associated with im-
precise and uncertain data, the integration of a practical strategy within the AHP
framework has been effective - namely Fuzzy Set Theory (FST). This strategy
incorporates a linguistic scale of judgment and fuzzy numbers for performance
assessment. As evidenced in various software and supplier selection studies, this
approach effectively combines the strengths of both methodologies while mitigat-
ing their respective weaknesses [40–48]. The effectiveness of incorporating FST
as a weighting strategy is further supported by findings from the SLR, where five
studies explicitly discuss its successful application in weighting NFRs as selection
criteria (Section 2.2.3) [51–55]. Moreover, the combination of FST with AHP has
been shown to improve the adaptability and usability of AHP in diverse case stud-
ies [46, 49, 50].

The demonstrated success of FST in enhancing decision-making under uncer-
tainty, along with its role in improving the adaptability and usability of AHP, has
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led to its adoption as the core strategy for integration into the Inconsistency and
Conflict Removal (ICR) framework developed by Rani et al. This integration main-
tains the integrity of the ICR method while enhancing its effectiveness, allowing
decision-makers to assign values to criteria more intuitively (Section 6.2). This is
achieved by enabling partial membership and utilizing textual importance levels,
which align closely with human cognitive processes, thus reducing cognitive load
for decision-makers.

A detailed step-by-step guide on applying Fuzzy AHP in supplier selection was
adopted to implement the Fuzzy scaling within the ICR framework. This guide
outlines all necessary steps, leaving the remaining task being the code implement-
ation (Section 4.4.4). By storing the Saaty values in the system and mapping these
to the fuzzy definitions on the client-side, and to the Fuzzy Triangulation Scale on
the algorithm side (Table 2.6), the ICR method operates seamlessly and without
modifications. The fuzzy scaling were made to the ICR framework in the steps of;
calculating criteria weight, criteria-vendor capability mapping, and vendor scoring,
as highlighted in Figure 6.6. To ensure successful implementation, the steps in the
guide was performed in the implemented algorithm, serving identical results.

A consideration during the project was whether to allow decision-makers to
assign scores to criteria and vendors individually rather than using a pairwise ap-
proach. This idea was also suggested by a practitioner during the walk-through of
their preferences during tool evaluation. However, the inherent interdependen-
cies among NFRs, which affect each other significantly, make isolated evaluation
challenging, as noted in the work of Saadatmand et al. [53]. Consequently, given
that the ICR framework employs the AHP which relies on pairwise scoring, this
approach was not included in the current project scope. Nevertheless, this aspect
should be further explored in future research to potentially simplify the decision-
making process.

7.1.3 RQ 3: How can decision-making processes be streamlined to
enhance usability?

Current decision-making processes are complex, ad-hoc, and for the most part
manual, as highlighted by literature and practitioner feedback (Section 2.2.1 and
Chapter 5.2.2). Despite employing dedicated personnel for decision-making roles,
the process lacks transparency and remains subjective [1, 9]. Various methods
and frameworks like the ICR framework by Rani et al. [1] have been developed
to support decision-makers. However, a common limitation persists across these
approaches: they often overlook or fall short of addressing the adaptability and
usability necessary for integration within the processes of keystone companies and
their decision-makers. Specifically the ICR framework, while it increases the ad-
aptability and usability of the AHP, it requires users to be familiar with its codebase
limiting its use to those with technical expertise which compels decision-makers
to revert to ad-hoc methods. Furthermore, the framework still rely on multiple
off-system processes such as manual document handling and score tracking, to
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mention a few.
In this thesis, a decision-support tool, consisting of a user-interface and logic

connecting the user-interface to the data handling and processing was developed
to address the limitations of adaptability and usability inherent in the ICR frame-
work. This tool proposes to guide decision-makers through their journey from
project setup to the final decision, following the structure proposed by the ICR
framework and aligned with practitioner processes. The tool’s details was presen-
ted in Section 4. By providing an all-in-one solution that systematically organ-
izes the necessary information for decision-making at the time the user needs it,
the tool aims to enhance the usability of current methods. This approach is also
wished for by various studies with beliefs that it will enhance the adaptability and
usability of current proposed methods [1, 57].

While the tool initially was planned to focus more towards the use of visual-
izations due to its positive impact on the decision-making process [57], it became
evident that such focus was premature, due to the foundation needed to effect-
ively utilize these visualizations was missing. The decision-support tool, equipped
with various features, was subsequently evaluated by practitioners. Although cer-
tain aspects were identified for improvement (Section 6.3), the general consensus
among practitioners was positive. They believed that the implementation of such
a tool would significantly improve the usability of current methods and greatly
assist them in their decision-making processes:

’This is something that will assist the process and improve the process a lot, so I
would like to use it because you keep all the scores, you keep all the evaluation steps

and you have all the necessary data around those kind of things like itself and
solutions, etc... Very helpful.’

’...it sounds very promising indeed and it will help a lot while evaluating the
solutions or the proposals.’

’...to be honest, the tool looks good from all the perspectives... It will support a lot,
to be honest... Like as I mentioned currently we are not having tools like each person
is allowed to have their own Excel sheets and documents and and do the process as
they like. Having a tool like this and having access to the what they call the PDF
and the question in a similar way is a good way to submit my final answer...It’s a

good decision-making tool. I think you should go and commercialize it...’

7.2 Limitations and Threats to Validity

In this section, some of the limitations faced are addressed. Thereafter, some of
the threats to validity will be highlighted and discussed.

7.2.1 Limitations

The limitations addressed are related to the strengths and volume of literature,
the practitioner availability and lastly, the development team size.
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Literature

The literature review showed there are noticeable gaps in the research, especially
regarding how NFRs are used as selection criteria in software ecosystems and how
decision-making tools are evaluated. These gaps likely limited the understanding
and steered the direction of this study. Because there’s little research on tools
specifically for software vendor selection, the scope had to widened to include
general decision-making tools. While this was necessary, it might have resulted
in missing some important details specific to software vendor selection. Also, due
to limited information on NFRs, insights had to be withdrawn from various fields
and creatively interpret the data to make it relevant to this study.

Practitioner Availability

Another limitation of the study was related to the availability of practitioners. The
decision-making roles targeted for this study are often held by highly skilled indi-
viduals who occupy senior positions within companies and have many responsib-
ilities. This made it challenging in two ways. First, it was difficult to engage these
busy professionals for the study due to their packed schedules. Second, those who
agreed to participate could only commit to a limited number of sessions, which
were primarily used for evaluations. While their contributions were invaluable
and provided crucial insights, having them more involved throughout the tool’s
development process would have likely enhanced the outcome and made the re-
search align even more with the foundation of action research. The ICR framework
developers were closely involved throughout the development process and were
able to represent the practitioners to a certain degree based on their knowledge.

Development Team Size

The last limitation that will be addressed is the limited development team size.
As the development team only consisted of one developer, certain features had
to be prioritized and unfortunately leave out some desired functionalities. For
instance, this limitation led to the exclusion of crucial phases such as testing, de-
ployment, and maintenance from the SDLC, which could affect the tool’s reliability
and scalability in a real-world setting and simplified the manual checks.

7.2.2 Threats to Validity

Two types of threats to validity needs to be addressed in this study - namely in-
ternal and external validity.

Internal Validity

To enhance internal validity, several measures were implemented. A pre-recorded
video presentation of the tool walk-through was created to ensure that all practi-
tioners received the same foundational knowledge about the tool. This approach,
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together with a standardized interview guide, was designed to minimize variab-
ility in responses and ensure a consistent base of knowledge during the inter-
view process. However, the semi-structured nature of the interviews might pose
a threat to internal validity. As insights and lessons were drawn from each inter-
view, knowledge on where to direct the conversation evolved, potentially leading
to inconsistencies in the data collected across sessions.

Another potential threat to internal validity stems from the decision-making
experience of the participant group. All practitioners involved had extensive ex-
perience in decision-making. While their expertise was valuable for evaluating the
tool against their comprehensive backgrounds, this homogeneity may limit the ap-
plicability of the findings to less experienced decision-makers. The perspectives of
newer decision-makers might differ significantly, particularly regarding the usab-
ility and adaptability of the tool.

External Validity

While various measures were taken to strengthen the external validity, despite
limited availability of practitioners, the set of practitioners contained a diverse
set of practitioners both in terms of geographic location, organization type and
processional responsibilities. This was in turn done to enhance the generalizability
of the results. Despite these measures, the study suffers from presenting the tool as
a video and show various features again upon request of the participants, instead
of having the practitioners use the tool.

Efforts to strengthen external validity were prioritized given the limited avail-
ability of practitioners. The participant group was intentionally diverse, encom-
passing a variety of geographic locations, organization types, and professional
responsibilities. This diversity was aimed at enhancing the generalizability of the
results across different contexts. Despite these measures, the study encounters
limitations that may affect its external validity. One significant limitation is the
way the tool is presented. The tool was demonstrated via video and specific fea-
tures were shown again at the participants’ request rather than allowing practi-
tioners to interact with the tool directly. This was done due to limited time availab-
ility of participants and as addressed in Section 7.2.2 to increase internal validity,
but the method of presentation may not accurately reflect the tool’s usability and
functionality in a real-world setting, potentially impacting the applicability of the
findings. Furthermore, the small sample size poses a threat to the external validity
of the findings, potentially limiting the generalizability of the results to a wider
population.



Chapter 8

Conclusion and Future Work

The conclusion and future work chapter is the final chapter of the thesis, aiming
at wrapping up the work that has been conducted and propose future work that
should find place.

8.1 Conclusion

Software ecosystems involve outsourcing the development of parts or entire sys-
tems to vendors, enabling companies to collaborate in addressing challenges and
achieving shared goals. In such ecosystems, the dependency on other entities
heightens the risk of being affected by their failures. Consequently, choosing the
right vendor for integration into the ecosystem is critical but challenging, requir-
ing highly skilled personnel. Nonetheless, the selection process is often complex,
ad-hoc, and manual, characterized by its subjective nature and lack of transpar-
ency. To accommodate this, various decision-making methods and frameworks are
employed, although these strategies frequently fall short in addressing decision-
making under uncertainty and in their adaptability and usability for decision-
makers in their processes.

This thesis makes contributions in three areas. Firstly, the thesis identifies and
interprets NFRs as selection criteria within the context of software vendor selec-
tion in ecosystems, highlighting the most commonly used NFRs and their defin-
itions. Secondly, the thesis enhances the state-of-the-art ICR framework to en-
able decision-makers to effectively manage imprecise data, subjective judgments,
and multiple conflicting objectives through the Fuzzy implementation. Lastly, the
thesis proposed a developed end-to-end decision-support tool based on the scaled
ICR framework that guides decision-makers through their processes in a system-
atic, automated, and streamlined manner. Such a tool was proposed as one of
the possible solutions to how decision-making processes can be streamlined to
enhance usability.

The tool underwent evaluation by practitioners with extensive decision-making
experience, holding various background, providing invaluable feedback on its ef-
fectiveness and usability. Among other things, they identified the most valuable
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features and those they wished to see implemented. Additionally, their insights
into their own processes have enriched the understanding and will serve central
in informing future iterations of the tool. The significance of the proposed tool
to streamline and enhance the usability in decision-making process is further val-
idated by the expert practitioners along with the an accepted publication of the
low-fidelity design and tool process flow, as detailed in Section 1.5.

8.2 Future Work

Various directions should be taken in future research, both in terms of NFRs role
as selection criteria, and regarding the decision-support tool. Some of which was
highlighted in Section 7.1. The proposed set of criteria, while robust, requires val-
idation through practical application. Future studies should focus on conducting
case studies or similar and engaging with practitioners to assess the applicability
and generalizability of the proposed criteria. Furthermore, as this is the first com-
prehensive list of NFRs tailored as selection criteria for software vendor selection
in software ecosystems, there is a potential to expand this list. Future research
should explore the inclusion of additional NFRs that may be critical for selection.
Given the methodology used to select the reviewed studies (Section 6.1), it is pos-
sible that not all relevant studies were included, suggesting that this criteria list
may evolve as further studies are reviewed. Additionally, it may be beneficial to
explore whether the criteria definitions should encompass both software product
assessment and vendor capabilities within a the same definition.

Regarding criteria weighting strategies, future work should investigate whether
and how criteria and vendors can be evaluated independently (not pair-wise)
within the ICR framework.

Concerning the decision-support tool, several enhancements are possible. A
key upgrade involves transitioning from simple JSON file storage to using a data-
base, which would enhance data management and scalability. Addressing the fea-
tures highlighted by practitioners (Table 5.12) in subsequent tool iterations will
better align the tool with practitioner needs. Additionally, future research should
continue exploring how visualizations can be effectively utilized and incorporated
into the tool and decision-makers’ processes, enhancing the clarity and impact of
the data presented. Completing the remaining phases of the proposed SDLC (Fig-
ure 4.1) is also crucial. Finally, it is crucial to let practitioners actively use and in-
teract with the tool in their processes. This hands-on application will help identify
additional needs and issues which requires attention.

8.3 Concluding Remarks

This thesis explored how software vendor selection in software ecosystems can
be enhanced. Initially, it identified and interpreted non-functional requirements
as selection criteria. Subsequently, the ICR framework was adapted to incorpor-
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ate Fuzzy Set Theory, enable decision-makers to more effectively handle impre-
cise data, subjective judgments, and multiple conflicting objectives. Most import-
antly, the development and evaluation of a decision-support tool were detailed,
which demonstrated its utility in streamlining the selection process. Future re-
search could focus on expanding the tool’s capabilities, exploring its application
in diverse ecosystems, and further enhancing its integration with existing enter-
prise systems to maximize its effectiveness and reach.

The hope is that this thesis work will guide attention toward improving the
complex processes of software vendor selection, ensuring that similar scandals as
observed in the British Post Office scandal are not repeated.
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Abstract. In software ecosystems, the decision-making process for ven-

dor selection remains a significant challenge, often worsened by the lack

of effective tools that leverage visualization to aid in these decisions. This

study aims to bridge this gap by prototyping a tool and hence propos-

ing a user interface for the same, based on a software vendor selection

framework, enhancing decision-making through intuitive visualizations

and a user-friendly interface. Our research methodology combined a semi-

structured literature review, preliminary user interface development, and

expert feedback to ensure the tool’s practicality and effectiveness. The

prototype testing of the user interface design, informed by expert feed-

back, indicates a positive impact on decision-making processes, demon-

strating the prototype’s ability to streamline vendor analysis and selec-

tion. The proposed tool significantly contributes to reducing the com-

plexity and subjectivity of vendor selection, offering a more structured

and data-driven approach.

Keywords: Software Ecosystem · Decision-making · User interface ·

Tool · Software Vendor Selection · Visualization

1 Introduction

The term Software Ecosystems (SECO) is used for groups of businesses, software
service providers, customers and organisations, etc., which come together to de-
velop software of mutual interest [15]. This approach emphasizes cooperative
efforts on a common platform, aiming to tackle obstacles and achieve collec-
tive objectives [9, 1]. Rani et al. [10] categorised the entities participating in
software ecosystems as: Company (outsourcing the software development), End
User (generating demand for software), and Service provider/vendors (providing
their services to the company) which are also called as collaborators. Choosing
the most suitable vendor is challenging due to the availability of multiple vendors
in a software ecosystem [9]. Typically, the decision-making task is carried out by
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company personnel termed as decision-makers (DMs) [11, 10, 7]. The decision-
making process becomes complex because decision-makers need to consider how
each vendor fits into the company’s strategic and architectural goals [10]. Mak-
ing the wrong choice can result in serious consequences for the organization.
Not only that, but the pressure intensifies further due to the ad-hoc and manual
nature of today’s decision-making processes [10], making them time-consuming
and error-prone. Assisting decision-makers through these processes has been a
large focus in the literature; however, limited research has been conducted on
how information visualization and automated tools can support to increase the
adaptability and usability of the underlying methods. Multiple studies [4, 2, 9,
14, 5] attempt to automate and aid decision-makers, however, they often over-
look the importance of adaptability and user-friendliness in their approaches.

The clarity of requirements to be outsourced and the shared understand-
ing among decision-makers and stakeholders is crucial due to the subjective
nature of the task. DMs and stakeholders often oversee this, and transparency
in communicating these requirements and vendor information is crucial in effec-
tive decision-making. Further, more than one decision-makers are involved in the

Fig. 1. Research methodology

decision-making process [13] generally, which further hinders the ease of reaching
a common consensus of deciding on one vendor out of many. Considering these
challenges of decision-makers in the software vendor selection process, integrat-
ing user interfaces and gathering information within one tool proves promising
in helping decision-makers through these intricate processes. However, existing
literature, instead of providing decision-makers with user interfaces, visual aids
or automating the process, typically focuses solely on algorithms and methods.



Title Suppressed Due to Excessive Length 3

Considering this research gap, the objective of this study is to expose a prelimi-
nary user interface of the tool to a practitioner. Hence, this paper evaluates the
proposed user interface of the tool which supports decision-makers to gather and
visualize vendor’s data in one place in order to make informed decisions.

The foundation of the presented user interface is based on the framework
by Rani et al. [9]. Hence, it is built in close collaboration with its authors to
ensure its alignment with the framework. Further, it is tested and evaluated
by a practitioner at the preliminary stage. Figure 1 shows the methodology
consisting of various tasks performed to achieve the set objective, along with the
research method employed to complete these tasks. Additionally, it shows the
actors involved in completing tasks along with the required artefacts to conduct
the study.

2 Tool Processes

After gaining a comprehensive understanding of the underlying framework and
defining the tool’s requirements including a strategy to consolidate essential
data into a unified platform using minimalist design and sensible visualizations,
we advanced to detail the tool’s workflow. This effort laid the groundwork for
how users would engage with the tool, steering the creation of a functional and
intuitive interface.

Figures 2 and 3, illustrates the workflow of the tool through methodically
designed steps and through methodically designed steps and thoughtful pause
points. Aligned with the framework proposed by Rani et al. [9], it provides a
systematic method from project initiation to RFP release, evaluation of VPs to
vendor selection and recommendations. The process is methodically segmented
into Before RFP and After Receiving VPs stages, as depicted in the respective
figures, ensuring a streamlined path through the decision-making process.
Before RFP: The intended process flow is illustrated in Figure 2, and starts
with initiating a new project, recognizing the need for outsourcing or integrating
a new vendor. Stakeholders and decision-makers convene to define the project’s
specific requirements, leading to the drafting of the RFP document. This doc-
ument outlines selection criteria for evaluating vendors, encompassing both pri-
mary and secondary factors for clear understanding among all parties. Subse-
quently, decision-makers assign weights to these criteria, indicating their rela-
tive importance. This crucial step, completed individually, precedes the use of
an algorithm to check for inconsistencies or conflicts through the Inconsistency
and Conflict Removal (ICR) method upon completion by all decision-makers.
Detected issues prompt suggested resolutions, such as weight adjustments, dis-
cussions or other company procedures, ensuring consistency. This iterative reso-
lution process ensures all conflicts are addressed before distributing the RFP to
potential vendors for their proposals.
After Receiving VPs: The process flow of the tool after receiving VPs is illus-
trated in Figure 3. After the RFPs are released, vendors submit their proposals,
detailing their solutions and alignment with the RFP requirements as a textual
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Fig. 2. Process flow of the tool for vendor analysis and selection (before RFP is rolled

out)

Fig. 3. Process flow of the tool for vendor analysis and selection (after VPs are received)

document. These VPs are then uploaded to the tool for decision-maker review,
where they are evaluated against the selection criteria by assigning scores to
each vendor.

Following the scoring, decision-makers receive visualizations summarizing
vendor rankings and comparisons, helping to spot any potential scoring errors.
They can adjust scores if needed before finalizing their evaluations for algo-
rithmic analysis. The algorithm waits for all decision-makers to submit their
scores, then checks for inconsistencies or conflicts in the scoring. If disagree-
ments are identified, resolution steps are taken. Once resolved and no signifi-
cant disagreements remain, the algorithm proposes the final vendor ranking for
decision-makers and stakeholders consideration and action.
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3 User Interface Evaluation and Improvement

This section presents some of the insights received from the practitioner (Table
1) so that the original voice of the practitioner can reach to the reader. This is
divided into two parts: that is where the practitioner reinstates the need of the
tool and the proposed user interface and secondly the additional functionality
suggested to add on to the proposed user interface.

Table 1. Insights from practitioner

Theme Practitioner (P)
User interface
evaluation

’...Sounds like a good idea to be honest. Very good idea. I don’t know why
we didn’t think about an idea like this before. That’s a very good idea, to
be honest. I’m thinking on the possibilities of like, how can we use the
same thing?’
Depending on the size of the project and what kind of project it is. So 60
to 70 criteria and let’s say average size of a project is having around 10
vendors. Like 60-70 criteria multiplied by ten and then comparing each
vendor and each criteria with different thing it will be time consuming...

Suggested
improvements

. . .We do phone, emails, everything, but if the system itself is having this
option in the criteria, OK I’m checking this vendor in this section and I
have a question for the vendor itself, so I’ll write the question and send it
and the system will maybe have the e-mail of the vendor so it will go to
the vendor and come back here. So everything is transparent. . . .
. . . .Yeah, because for like, transparency reason also ... because we call
them which is bad... I should just write an e-mail with my question, it
should go to the person without knowing my name or I know his name. He
just replies me back. Because in our business, we know each other, we
shouldn’t know who is asking what. . . .
. . . This will be helpful because we just write the page number and
everything, and the person who wants to check it, they have to do it
manually. . . .

3.1 Tool Evaluation

The designed prototype integrates and enhances the framework by Rani et al. [9]
for software vendor selection, streamlining project setup to final vendor ranking
for decision-makers. It automates tasks and offers a semi-structured approach,
centralizing information and calculations to overcome the manual and ad-hoc
process issues identified by Rani et al. [9, 10] in previous studies, as well as by
the practitioner (Table 1).

This tool not only simplifies the decision-making journey but also contributes
to its overall success by reducing errors, enhancing efficiency, and ensuring a
more systematic and data-driven approach which will be addressed next. The
tool’s development aligns with the research findings of Killen et al. [6], which
underscore the value of visualization tools in empowering decision-makers to
make more informed and successful choices [3, 6]. Consequently, it emerges as
a crucial addition to the decision-making process. The tool integrate crucial
decision-making data onto a single platform. It originally planned to conduct
relative ranking of vendors based on the methodology of Rani et al. [9], which



6 Müller et al.

employs AHP [12] as a baseline. However, the practitioner highlighted challenges
with this method due to the large volume of VPs (often 10-30) and the exten-
sive selection criteria list (around 60-70) typical in larger projects (Table 1).
The necessity for this change caused a reevaluation of the process, ultimately
resulting in a solution where decision-makers can evaluate a vendor against the
criteria only, while having the option of viewing the pair-wise matrix as a sec-
ondary choice. The mapping of scoring will therefore be moved away from the
decision-makers and onto the Application Layer and API. A screenshot from
the vendor evaluation step can be seen in Figure 4. After all the vendors are

Fig. 4. Example of how to score vendors based on sub-criteria.

assessed against the selection criteria, a summary screen displays the vendors’
scores for the decision-makers to review before submission. The authors of this
study believe that employing visualizations in such cases can aid in vendor com-
parison, as also suggested by Alwi et al. [8]. Consequently, the tool includes a
visualization screen after each vendor is evaluated to assist decision-makers in
identifying any overlooked details or mistakes when comparing vendors to each
other. An example of this visualization page can be seen in Figure 5. Accord-
ing to the insights received, until now, decision-makers heavily rely on manual
and ad-hoc processes for software vendor selection, which involved complicated
tasks like writing down page numbers and manually checking each entry. This
process is time-consuming and error-prone, making decision-makers wish for a
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streamlined process from project setup till final vendor ranking. Thus, the tool
presented in this study will benefit decision-makers in automating the tasks,
and centralize information to overcome these issues. Adding to the processes be-
ing labor-intensive, the practitioner also emphasized that in practice, they lack
a systematic approach, leading to inefficiencies and potential oversights in the
decision-making process. Thus, one of the aids of the proposed tool will be to
provide all decision-makers with a similar semi-systematic and data-driven eval-
uation of software vendors, in the hopes of enhancing decision-making efficiency
by reducing errors. Additionally, the practitioner highlighted the significance of
consolidating all decision-making data onto a single platform, emphasizing how
the proposed tool can simplify the decision-making journey and contribute to
its success. Lastly, the practitioner also highlighted that prior practices did not
effectively leverage visualizations in the decision-making process. Since the pro-
posed tool carefully integrates visualizations into parts of the decision-making
process, this further supports decision-makers in taking more informed decisions,
along with easily comparing vendor data at one place.

3.2 Suggestions for Improvement

The practitioner further emphasized that the community is small where many of
them know each other and that therefore, providing the tool with an anonymous
communication feature will enhance transparency and eliminate bias (Table 1).
In a nutshell, following suggestions to improve the user interface further are sug-

Fig. 5. Example of vendor summary view for a decision maker
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gested by the practitioner:
Direct, Anonymous Communication with Vendors: Allowing decision-
makers to anonymously get in touch with the vendors to resolve any questions
or uncertainties that may arise while conducting the vendor analysis is asked for
by the practitioner. This could include functionalities for sending emails or ini-
tiating chats. This feature is asked for so that the decision-makers become more
informed before making a decision, reducing or removing bias through anony-
mous contact, and ensuring a transparent and efficient communication process.
Flexible Scoring System: Furthermore, implementing a flexible scoring sys-
tem is highlighted as a wanted feature. This is partially included already, but em-
phasis is put on including and further developing this process. Allowing decision-
makers to score both overarching selection criteria as well as granular sub-criteria
and questions accommodate the diverse and unique requirements of different
projects, allowing for a tailored and nuanced vendor evaluation process.
Text Extraction and Selection Criteria Mapping: Lastly, developing ca-
pabilities to automatically extract and map text from RFPs and VPs to relevant
selection criteria scores are asked for by the practitioner. This feature aims to
streamline the evaluation process by reducing manual data entry and enhancing
the accuracy and efficiency of mapping vendors’ offerings to decision-makers’
criteria.

4 Conclusion, Limitation and Future Work

This study explored the critical area of software vendor selection in software
ecosystems, a domain where decision-making is paramount yet challenging due
to the complexity and variety of factors involved. Recognizing the necessity for
a robust tool with a reliable user interface for the decision-making process, we
proposed user interface sketches and workflow of the potential tool that leverages
the power of visualizations to enhance decision-making capabilities. By integrat-
ing a user-friendly interface with the underlying methodology of the Rani et al.
[9] framework and the established need of such kind of tool interface, this study
paves new paths for investigating the role of user interfaces and visualization in
decision-making processes for researchers. It highlights the importance of inte-
grating practical tools with theoretical frameworks to enhance the utility and
applicability of research findings. However, the reliance on a limited body of
literature and feedback from a single practitioner may affect the generalizability
of the findings presented in this work. Hence, this work is at a preliminary stage.
In the future, we intend to develop the initial functional prototype and expose
it to a variety of practitioners. Additionally, expanding the scope to include
more diverse methodologies and integrating advancements in visualization and
decision-making theories could further refine and enhance the tool’s capabilities.
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Appendix B

Previous Work

Addressing previous work conducted before the thesis period in other courses is
deemed necessary. Three preliminary studies were conducted to build a founda-
tion for the thesis.

A preliminary literature review was conducted in the Research Project Planning
course1 on the topics of Software Ecosystems, identification of selection criteria
and vendor selection methods to identify gaps and limitations.

During the Research and Development course Advanced Project Work2, a semi-
structured literature review was conducted on the limitations in existing frame-
works and tools, the role of visualizations in decision-making and the cognitive
challenges in visualization. The findings served key in conducting the first iter-
ation of action research which concerned the initial requirement definition, tool
process flow and low-fidelity user-interface designs. Finally, the evaluation with
the single practitioner was also conducted during this iteration and course.

Selecting the articles for the systematic litearture review conducted on non-
functional requirements as selection criteria was executed in the Advanced Topics
in Software and Systems Engineering3 course. Initial results such as demograph-
ics data and year-wise distribution were also presented there, while the in-detail
analysis and interpretations were made during the thesis period.

These parts are re-written and interpreted over again to fit the new format
and context of the thesis, however, it is worth having in mind as these will not
be stated more times throughout the thesis work as they disrupt the flow and
readability of the thesis.

1Course info is available at: https://www.ntnu.edu/studies/courses/MACS4000#tab=omEmnet

2Course info is available at: https://www.ntnu.edu/studies/courses/IMT4894#tab=omEmnet
3Course info is available at: https://www.ntnu.edu/studies/courses/IMT4889#tab=omEmnet
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Appendix C

Interview Guide

C.1 First Iteration

C.1.1 Preparation and Other Details

Invitation for the interview was sent out by my supervisor to all participants.
The interview was held remotely through MS Teams as the participants were

located in different places around the world at the time of the interview.
The interview had a semi-structured approach, having a predefined set of

questions as well as allowing the interviewers to adapt and ask additional ques-
tions where sensible. In addition to having a predefined set of questions, the pro-
totype was presented to the decision-maker allowing them to come up with feed-
back whenever they could think of anything. The questions that were used for this
interview are presented below in no particular order:

C.1.2 Questions Guide

1. Could you briefly go through the process of how you do the vendor selection
process?

2. When evaluating vendor proposals, how do decision-makers assess vendor
proposals in terms of scoring?

a. Do you want to assign scores to criteria of vendors individually or do
you want to score vendors in relation to each other?

3. Do you recommend showing the weights of each criterion to the decision-
maker?

4. How much do decision-makers utilize the pair-wise matrix and in what
cases?

5. How do decision-makers prefer to map the selection criteria to the RFP and
vendor proposal to the selection criteria?

6. Does decision-makers wish to have the SC and their explanation or rather
answer questions that are mapped to these criteria (what level of hier-
archy)?
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a. Selection Criteria
b. Sub-Selection Criteria
c. Questions

7. What do you think of having the vendor proposals and request for proposals
etc., within the tool and allow decision-makers to do text extractions from
these and map those to the selection criteria?

8. How do you prefer highlighting conflicts? Should the decision makers get
to see each others scores for instance, or should they just get to know that
there has been a conflict for that selection criteria and that action should be
taken accordingly?

*Presenting the prototype and steps for open feedback from the decision-
maker*
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C.2 Second Iteration

1. Introductory tool evaluation:
Are you using any tools, or how do you do this process (decision-making/software
vendor selection) now?

(a) If yes, which ones and what are some of their strengths and weak-
nesses?

(b) If no, how do you do this process now?

2. Selection process and criteria:
How does the selection criteria process (specifically NFRs) look in your
vendor selection process, either formally or informally?

(a) What are the main criteria for this selection process (if you are able to
identify any criteria that most of the time are there)?

3. User roles and responsibilities:
How do you consider transparency and bias during the decision-making
process?

(a) The tool tries to provide transparency and remove bias through meas-
ures such as only providing higher authorities with the final vendor
ranking and decision-makers not knowing who else is decision-makers
for that project, nor being able to see their scoring, inconsistencies, and
conflicts.

(i) Could you provide your views about such measures for the pro-
cess? And are there other considerations you would have liked to
see in such a tool?

4. Tool effectiveness and Usability (usefulness and usability):
In what ways do you think this tool can impact your vendor selection pro-
cess?

(a) Are there specific tasks that the tool has made easier?
(b) What was the interesting/most useful parts of the tool? What would

you like to add in addition?

5. In your opinion, how intuitive do you find the user interface and overall
user experience of the tool?

(a) Could you provide some specific examples, if you have any?

6. Features and Functionality:
Are there any features in the tool that you find particularly valuable? Why?

7. What features do you think are lacking or could be improved in the tool?

(a) How would these improvements help you?

8. Overall impact:
What do you think about the use of such a tool in your organization/decision-
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making process?

(a) In what way will it support you during this process?

(i) How effective do you find the tool to be in helping make these
decisions?

9. Would you like to have some tool like this included in the decision-making
process in your organization?

(a) If yes, why? If no, why not?
(b) Do you think it could be feasible/useful in its current state? Optionally,

what should be added to make it feasible for your organization?

10. Overall, how satisfied are you with the tool in its current form?
11. How does this tool compare to any other tools or methods you have used in

the past for vendor selection?
12. Are there any features that you believe should be deemed essential in tools

designed to assist decision-makers in selecting software vendors, whether
they are present in the proposed tool, in other similar tools, or they come
to your mind now?

Before rounding off, do you have any additional feedback or suggestions that
you would like to share about the tool or in general?
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Initial Prototype Requirements

These main feature requirements, in no particular order, are:
The tool should

• show vendor proposals
• show request for proposal
• show pair-wise matrix
• show selection criteria and explanations
• let decision-makers assign scores to selection criteria either as

� main criteria
� sub-criteria
� questions

• let decision-makers/stakeholders assign new criteria to the vendor selection
process
• let decision-makers/stakeholders assign weights to the criteria
• highlight conflicts and inconsistencies in weights for the criteria
• highlight conflicts and inconsistencies in weights for vendor capabilities
• suggest actions to take based on conflict
• summarize vendor rankings and visualize data
• show final vendor rank
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Appendix E

Systematic Literature Review
Inclusion and Exclusion Protocol

E.1 Selection Protocol

Below is the selection protocol for the SLR. This protocol was used to evaluate
papers and proved especially important in Step 3 (section E.2.3) of the study
selection process as at this stage two reviewers had to go through the papers
individually.

E.1.1 Inclusion and exclusion criteria

The following inclusion and exclusion criteria will be used for data extraction of
the literature found by search terms:

Inclusion criteria

• Studies that describe software ecosystems/software outsourcing relation-
ships
• Studies that describe decision-making/vendor selection in a software out-

sourcing context
• Studies that describe non-functional requirements/quality attributes in a

software ecosystem context
• Studies that describe selection criteria in software outsourcing projects
• Studies that describe modeling- and architecture techniques in a software

ecosystem context

Exclusion criteria

• Incomplete full-text availability
• Papers that are of type conference reviews, books, keynotes, presentations
• Other systematic literature reviews
• Studies published before 2013
• Publication language is not English
• Studies that do not consider the software domain
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E.2 Selecting primary sources

E.2.1 Step 1 - Collection of all papers

The initial phase involved acquiring the papers for examination. After acquiring
four papers that were used as seed studies the initial snowballing process began
to gain an overview of the software ecosystem domain, encompassing decision-
making processes and criteria. Once this preliminary exploration concluded, a
foundational understanding of decision-making in software ecosystems was es-
tablished, setting the stage for defining queries in preparation for the SLR. This
step involved the crucial task of keyword and search term definition, consider-
ing the various ways terms can be expressed in the software engineering domain,
including alternative spellings and synonyms. Striking the right balance between
depth and breadth was challenging, aiming to capture relevant papers without
overlooking them. After refining the search query through trial and error, the first
database search was conducted in Scopus, with subsequent adjustments for com-
patibility with other databases.

The total number of papers retrieved from all databases was initially very high,
ending at 45510 papers. Because of this, we had to scope down the study to select
a maximum of the first 500 papers from each database, sorted by relevance. This
resulted in choosing 500 papers from both ACM Digital Library and IEEE Explore,
382 papers from Scopus, and all four results from SpringerLink were excluded
based on exclusion criteria. The distribution can be seen in Figure ??.

Ensuring the exclusion of duplicate publications is crucial in a systematic re-
view synthesis to prevent potential bias resulting from the repetitive presentation
of the same data [67]. Following this, the included 1382 papers underwent a thor-
ough removal of duplicates across databases, resulting in a total of 1305 unique
papers. As we were only able to apply the wished-for filters to some of the data-
bases, 30 papers had to be removed due to paper-type filtration (for instance
conference reviews) resulting in us having 1285 papers left for inclusion in the
subsequent step.

E.2.2 Step 2 - Removal based on titles and protocol

Given the inclusion of 1285 papers and time constraints for the review, the sub-
sequent step involved the classification of papers into relevant and irrelevant cat-
egories based on their titles. This classification was necessary as many results were
not directly related to the search field. While some filters could have been applied
during the database searches to streamline this process, it was not universally feas-
ible in all databases. Therefore, the exclusion work based on titles was conducted
alongside the categorization of relevance. Papers were labeled as either satisfying
the protocol and scope (yes) or not (no). Papers with ambiguous relevance were
carried forward to the next step. This stage resulted in 79 papers advancing to
Step 3.
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E.2.3 Step 3 - Removal based on abstracts and conclusions

The subsequent phase involved a thorough examination of abstracts and conclu-
sions to categorize papers based on adherence to the protocol. To mitigate bias,
two reviewers conducted this evaluation in separation using the research protocol.
After the review was conducted by each of the reviewers, they got together and
discussed their results. As shown by the Kappa Cohen Statistic evaluation (see
Section E.3) the reviewers showed substantial agreement. After discussion among
the reviewers, all the papers where the reviewers had conflicting interests in inclu-
sion were included in the next step. Following this stage, 39 papers were selected
for further review.

E.2.4 Step 4 - Full-text evaluation

In the second to last step of the SLR, all 39 papers’ full texts from Step 3 were ex-
tracted and comprehensively reviewed against the protocol. At this step another
filtration of papers was done where an additional 8 papers were removed based
on for instance relevance and availability, resulting in a final set of 31 papers. Fur-
thermore, data was extracted from these papers to answer the research questions
and to be able to further evaluate the information of the papers for the MSc thesis.

E.3 Cohen Kappa Statistic

Cohen Kappa Statistics were used to measure the level of agreement between
the two researchers during Step 3. It helps quantify the extent to which the as-
sessments align, accounting for the possibility of agreement occurring by chance.
Utilizing this statistic enhances the reliability of the review process by providing
a numerical indicator of the consistency in the evaluations, thereby contributing
to the overall credibility of the SLR findings.

The calculation of the level of agreement was done according to the Cohen
Kappa Statistic formula [68], giving us a k-value of 0.70 which indicates Sub-
stantial Agreement. While the k-value ideally should have been as close to 1.0 as
possible, we are happy with a value of 0.70. We believe that the offset is mainly
due to the difference in both experiences within the field of software ecosystems,
as well as experience in conducting SLRs.
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Figure E.1: Cohen Kappa



Appendix F

NFR Mapping to Our Context

Thus far, emphasis has been placed on scrutinizing the domains and motivations
of the studies under review. In this section, a thorough examination of the findings
relevant to each requirement will ensue. This entails providing a comprehensive
overview and discussion of how these requirements are described across the vari-
ous papers and the ISO/IEC 25010:2023 standard. Additionally, an evaluation
of the appropriateness of these definitions for selecting software vendors within
software ecosystems will be conducted. Where necessary, any gaps will be iden-
tified, and strategies for crafting independent interpretations of the requirements
definitions will be outlined. Ultimately, the goal is to consolidate these insights to
propose a set of requirements, definitions, and sub-criteria. The objective of these
is to establish a robust foundation for stakeholders to provide decision-makers
with during the vendor selection process.

Availability
The first requirement of interest is Availability. Three of the papers that ad-

dress availability also have a definition for the requirement. Furthermore, avail-
ability is also defined in the ISO/IEC 25010:2023 standard.

Belinda et al. [29] defines availability as:

Availability refers to the degree to which a software product is operational and
easily accessible when needed for usage.

Kumar et al. [71] defines availability as:

Availability represents the percentage of time a cloud service is up without
interruption.

Sharma et al. [55] suggest that availability is:

It is the standard to which software or a component is available for use, access or
operation.

While Lytra et al. [9] does not suggest any definition or explanation of avail-
ability, leaving it to the decision makers’ subjectivity.

The ISO/IEC 25010:2023 standard address availability as a sub-attribute of
reliability and define it as:
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Capability of a product to be operational and accessible when required for use.

The term availability may have different meanings depending on the field
it is applied to and the eye who sees it, as showcased in the literature findings
above. We believe that the papers fail to capture the entirety of such a definition
in software vendor selection context. Thus, we believe it is sensible to develop
our own clear and specific definition and recommendation to ensure a consist-
ent and unambiguous understanding of what availability entails in the context of
selecting software vendors within a software ecosystem. Our suggestion has its
foundational understandings and interpretations from the literature findings, and
standards such as ISO/IEC 25010:2023, as well as our take on it for the software
ecosystem context.

We believe that for the software ecosystem context, availability can be viewed
both in the context of the software the vendor provides, but also as the availability
of the vendor itself.

Based on the ISO/IEC 25010:2023 standard, Belinda et al. [29], Sharma et
al. [55] and our interpretations, we suggest an overall definition of availability to
be:

Software availability in an ecosystem denotes the product’s and vendor’s ability to
ensure continuous access and functionality. It combines the software’s reliability

with vendor support to minimize downtime, ensuring the product is operational and
accessible as needed, according to defined performance standards and agreements.

Sub attributes:

Availability
System Uptime Guarantees
Support Response Time
Update Frequency

As mentioned earlier, the existing definitions of the criterion do not fully en-
compass the broader scope of interpretations applicable to software vendor se-
lection. It is essential to consider this criterion in the context of both vendor and
product availability to ensure that decision-makers grasp the complete landscape,
rather than solely concentrating on product availability, as is often the case. Both
the product and the vendors themselves play vital roles in the success of ecosys-
tems. Thus, by adopting this approach, decision-makers are likely to enhance their
ability to select vendors that adhere to the necessary reliability and operational
standards crucial for successful software ecosystems.

Scalability
The second requirement of interest is Scalability. None of the included pa-

pers addressed a definition of the scalability criteria or its sub-criteria, leaving the
definition from the literature empty.

The ISO/IEC 25010:2023 standard address scalability as a sub-criteria of Flex-
ibility, but define scalability as:
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Capability of a product to handle growing or shrinking workloads or to adapt its
capacity to handle variability.

We believe that when considering scalability as a selection criterion in the soft-
ware vendor selection context, it is essential to assess both the technical capabil-
ities of the software product and the vendor’s ability to support the organization’s
growth.

Based on the ISO/IEC 25010:2023 standard and our interpretations, we sug-
gest an overall definition of scalability to be:

Scalability in a software ecosystem highlights the product’s and vendor’s capability
to support growth, emphasizing the ability to adapt to increasing demands and

business needs. It encompasses the software’s customization flexibility and global
expansion capabilities, ensuring that solutions not only evolve with but also support

performance consistency across different regions.

Scalability

Complexity
Extensibility
Interoperability
Performance

Given the absence of scalability definitions beyond those outlined in the ISO/IEC
25010:2023 standard, and particularly in the context of software vendor selec-
tion, there arises a necessity for a new definition. While the standard’s definition
adequately addresses product scalability aspects, it overlooks vendor capabilities
considerations. The proposed redefinition encompasses both product and vendor
capabilities pertaining to scalability, specifically within the domain of software
vendor selection. This approach aims to enhance decision-makers’ capacity to
make well-informed and ultimately successful decisions when considering scalab-
ility.

Portability
The third requirement of interest is Portability. Despite five of the papers ad-

dressing portability, only three of which provide a definition of the criteria. Fur-
thermore, the criterion is also defined in the ISO/IEC 25010:2023 standard.

Jansen et al. [72] vaguely defines portability as:

Portability describes the platforms that are required to install the main platform.

Belinda et al. [29] defines portability as:

The measure of the ease of transferring software from one computing environment
to the other.

Amorim et al. [4] defines portability as:

Degree of effectiveness and efficiency with which a system, product or component
can be transferred from one hardware or software environment to another.
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The ISO/IEC 25010:2023 standard have renamed portability to flexibility, and
define it accordingly:

Capability of a product to be adapted to changes in its requirements, contexts of
use, or system environment.

The current definitions derived from literature and the ISO/IEC 25010:2023
standard provide valuable insights into the portability requirement. Nevertheless,
we contend that by integrating the strengths of each definition, a more robust and
comprehensive definition can be formulated for the benefit of decision-makers in
software vendor selection.

Based on the ISO/IEC 25010:2023 standard, Jansen et al. [72], Belinda et al.
[29], Amorim et al. [4] and our interpretations, we suggest an overall definition
of portability to be:

Portability in a software ecosystem encapsulates the software’s flexibility to adapt
and function across diverse computing environments without extensive

modification. It merges the principles of platform independence, data migration
efficiency, and interoperability, ensuring seamless operation and integration,

regardless of the underlying technology.

Sub attributes:

Portability Adaptability

While the existing definitions found in literature and the ISO/IEC 25010:2023
standard offer valuable insights into the portability requirement, we propose that
by combining elements from these diverse definitions and consolidating their as-
pects, decision-makers can develop a more comprehensive understanding of port-
ability, particularly within the context of software vendor selection. Moreover, in
addition to clearly and concisely summarizing the findings, this definition ex-
plicitly addresses principles such as platform independence, data migration ef-
ficiency, and interoperability, all of which are crucial factors in evaluating port-
ability. Consequently, through this refined definition, decision-makers are better
equipped to assess both vendors and their products’ portability.

Performance
The fourth requirement of interest is Performance. While five of the papers un-

der review addressed performance, only two of which, in addition to the ISO/IEC
25010:2023 standard, provided a definition of the criterion.

Belinda et al. [29] defines performance as:

Performance refers to the total effectiveness of a software product.

Ameller et al. [73] defines performance based on the ISO/IEC 25000 defini-
tion, making performance efficiency:

Performance relative to the amount of resources used under stated conditions.
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The ISO/IEC 25010:2023 standard address performance "performance effi-
ciency" and describes it as:

Capability of a product to perform its functions within specified time and
throughput parameters and be efficient in the use of resources under specific

conditions.

The definitions of performance derived from literature and the ISO/IEC 25010:2023
standard offer valuable insights. However, we advocate for a refined interpretation
to include vendor performance, as the existing definitions overlook this aspect.

Based on the ISO/IEC 25010:2023 standard, Belinda et al. [29], Ameller et
al. [73] and our interpretations, we suggest an overall definition of performance
to be:

Performance in the context of software ecosystems involve evaluating the software’s
efficiency in resource utilization and operational effectiveness, including scalability,

response times, and reliability. Concurrently, it requires assessing the vendor’s
ability to meet service level agreements, innovate, and adapt to technological

advancements, ensuring they provide robust support and continuous improvement.

Sub attributes:

Performance
Capacity
Resource Utilization
Timing Behaviour

While existing definitions found in literature and the ISO/IEC 25010:2023
standard provide valuable insights into the concept of software product perform-
ance, we advocate for a refined interpretation. By combining elements from these
varied definitions and also addressing performance in vendor context, the aim
is to offer decision-makers a more nuanced understanding of performance, espe-
cially concerning software vendor selection. Additionally, the proposed definition
articulates key principles such as efficiency in resource utilization, operational ef-
fectiveness, scalability, response times, and reliability, which are vital in assessing
software products and vendors. Consequently, this redefined perspective equips
decision-makers with a more comprehensive requirement understanding to eval-
uate vendors and their products’ performance effectively, addressing the evolving
needs and complexities of software ecosystems.

Maintainability
The fifth requirement of interest is Maintainability. Maintainability is addressed

in seven of the papers, but only three papers in addition to the ISO/IEC 25010:2023
standard, provided a definition of the criterion.

Amorim et al. [4] defines maintainability as:

Degree of effectiveness and efficiency with which a product or system can be
modified by the intended maintainers.
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Amorim et al. [74] does not explicitly define maintainability, but they talk
about it in a way when looking at maintainability and productivity against each
other, in which we may extract the main ideas into a definition:

Efforts of new members to refactor and improve the code made the system usable. In
its turn, the ecosystem effectively started again to deliver new technologies,

processes, and ideas to its members, influencing the productivity.

Belinda et al. [29] defines maintainability as:

The ease with which software can be modified to correct faults or improve
performance.

Belinda et al. [29] also defines maintainability’s sub-criteria Flexibility as:

Flexibility is the ability of software to adapt to possible future changes in its
requirements.

The ISO/IEC 25010:2023 standard address maintainability as:

Capability of a product to be modified by the intended maintainers with
effectiveness and efficiency.

Although the definitions offered by the literature and the ISO/IEC 25010:2023
standard establish a solid foundation for maintainability, we propose that consol-
idating the strengths of these definitions into a singular definition tailored for the
software vendor selection context would be beneficial for decision-makers.

Based on the ISO/IEC 25010:2023 standard, Amorim et al. [4, 74], Belinda et
al. [29] and our interpretations, we suggest an overall definition of maintainability
to be:

Maintainability in a software ecosystem reflects the software’s and vendor’s
capability to efficiently and effectively modify the product to correct faults, enhance

performance, or adapt to changing requirements.

Sub attributes:

Maintainability
Flexibility
Extensibility
Supportability

While the current definitions offer a robust foundation for maintainability, we
believe it is beneficial to customize the definition for the software vendor selection
context. Additionally, by increasing support for decision-makers with more de-
tailed examples of maintenance tasks — such as correcting faults, improving per-
formance, and adapting to changing requirements — we anticipate that decision-
makers will find it easier to assess vendor and product maintainability based on
the Request for Proposal (RFP) and vendor proposals.
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Usability
The sixth requirement of interest is Usability. Usability is addressed in eight of

the papers under review, but only provided with a definition in four of them, in
addition to the ISO/IEC 25010:2023 standard.

Kocak et al. [75] defines usability as:

A set of attributes that bear on the effort needed for use, and on the individual
assessment of such use, by a stated or implied set of users.

Amorim et al. [74] defines usability as:

Degree to which a product or system can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified context of

use.

Belinda et al. [29] discusses usability in this context:

Krita has a flexible interface to users configure as they want and provides a tutorial
to users coming from other applications. A more usable interface facilitates the

engagement of new users and allows the ecosystem to keep its capacity of growing.

Chazette et al. [76] defines usability as:

The ease of use and learnability of software by customers.

The ISO/IEC 25010:2023 standard have renamed usability to interaction cap-
ability and define it as:

Capability of a product to be interacted with by specified users to exchange
information between a user and a system via the user interface to complete the

intended task.

The definitions of usability found in existing literature and the ISO/IEC 25010:2023
standard offer valuable insights. However, we propose that by combining the
definitions from both sources, decision-makers can benefit from a more refined
and clear definition, particularly in the context of software vendor selection.

Based on the ISO/IEC 25010:2023 standard, the four papers’ definitions [29,
74–76], and our interpretations, we suggest an overall definition of usability to
be:

Usability in a software ecosystem denotes the software’s capacity to provide an
intuitive, learnable, and efficient interface that enables users to achieve their

objectives with satisfaction in a specified context of use. It encompasses the system’s
adaptability to user needs, facilitating engagement and reducing error rates by

guiding users towards correct actions and minimizing misunderstandings.
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Maintainability

Operability (2x papers)
Understandability (2x papers)
Learnability
Attractiveness
Accessibility
Appropriateness Recognisability
Learnability

Sub attributes:
The definitions of usability in existing literature and the ISO/IEC 25010:2023

standard provide valuable insights. However, we suggest merging aspects from
these definitions to enhance decision-makers’ understanding, especially regarding
software vendor selection. This refined definition summarizes findings clearly and
also explicitly covers fundamental principles, which are essential for evaluating
usability. As a result, decision-makers can better assess if vendors’ meet the criteria
of usability for their products.

Security
The seventh requirement of interest is Security. While it is the requirement

which is addressed in the largest number of papers, featuring ten papers, only two
papers provide a definition of the criterion. Furthermore, the ISO/IEC 25010:2023
standard also provide a definition.

Dayanandan et al. [77] defines security based on their version of the ISO
25010 standard:

The degree to which a product or system protects information and data so that
persons or other products or systems have the degree of data appropriate to their

types and levels of authorization.

Amorim et al. [4] defines security as:

Degree to which a product or system protects information and data so that persons
or other products or systems have the data access appropriate to their types and

levels of authorization.

The ISO/IEC 25010:2023 standard address security as:

Capability of a product to protect information and data so that persons or other
products have the degree of data access appropriate to their types and levels of

authorization, and to defend against attack patterns by malicious actors.

The definitions sourced from the literature are primarily rooted in the pre-
vious iteration of the ISO 25010. We perceive these definitions, along with those
from the ISO/IEC 25010:2023, as closely aligned with our requirements. Nonethe-
less, we recommend incorporating the vendor’s capacity to secure information and
data, particularly concerning information reserved for ecosystem participants. Ad-
ditionally, we propose a slight adjustment to the flow of the definitions.
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Based on the ISO/IEC 25010:2023 standard, Dayanandan et al. [77], Amorim
et al. [4] and our interpretations, we suggest an overall definition of security to
be:

Security in a software ecosystem is defined by the software’s and vendor’s ability to
safeguard information and data, ensuring access is strictly provided according to

the users’ authorization levels and effectively protecting against unauthorized access
and malicious threats.

Sub attributes:

Security

Confidentiality (2x papers)
Integrity (3x papers)
Non-Repudiation (2x papers)
Accountability
Authenticity (2x papers)
Compliance
Access control
Encryption
General
Authentication

While the definitions of security in existing literature and the ISO/IEC 25010:2023
provide valuable insights, a slight modification to include the vendor’s capability
to secure information and data is suggested. By doing so, decision-makers will
need to carefully examine the vendor more thoroughly, not just the product they
offer. This could involve steering clear of vendors with a history of mishandling
critical organizational data, which could potentially harm the ecosystem either as
a whole or in terms of competitiveness.

Reliability
The eight and last requirement of interest from the selection of papers is Reli-

ability. Reliability is highlighted in nine of the papers and features definitions in
five of which, in addition to the definition from ISO/IEC 25010:2023.

Lytra et al. [9] defines reliability as:

Degree to which a system, product or component performs specified functions under
specified conditions for a specified period.

Amorim et al. [74] defines reliability as:

Reliability refers to the probability of software operating in a given environment
within a specified period to perform well without encountering a breakdown.

Ameller et al. [73] defines reliability as:

A set of attributes that bear on the capability of software to maintain its level of
performance under stated conditions for a stated period of time.
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Kumar et al. [71] defines reliability as:

It refers to the probability of successful response of the cloud service for a given
period of time and condition.

Kocak et al. [75] defines reliability based on the IEEE definition and defines it
as:

Software reliability is the ability of a system or component to perform its required
functions under stated conditions for a specified period of time. Software becomes

unreliable due to software failures which occur as a result of software errors.

The ISO/IEC 25010:2023 standard address reliability as:

Capability of a product to perform specified functions under specified conditions for
a specified period of time without interruptions and failures.

The definitions of reliability found in existing literature and the ISO/IEC 25010:2023
standard provide valuable insights into reliability in software systems. However,
they overlook the inclusion of vendor reliability. Therefore, we find it advisable
to incorporate vendor reliability into the definition, while also consolidating the
strengths of the various definitions.

Based on the ISO/IEC 25010:2023 standard, all the definitions from the liter-
ature [9, 71, 73–75] and our interpretations, we suggest an overall definition of
reliability to be:

Reliability in a software ecosystem refers to the software’s and vendor’s capability to
consistently perform specified functions accurately and without failure under stated

conditions for a defined duration.

Sub attributes:

Reliability

Robustness
Accuracy
Availability (2x papers)
Fault Tolerance
Recoverability (2x papers)
Maturity (2x papers)
Reliability Compliance

The definitions of reliability in existing literature and the ISO/IEC 25010:2023
standard offer valuable insights. However, we propose merging elements from
these definitions and integrating the vendor’s reliability into the definition. This
refinement presents findings clearly, while also highlighting the importance of the
vendor’s reliability in meeting agreed-upon timelines. This inclusion is vital for the
success of collaboration within the ecosystem and, consequently, the ecosystem
itself.
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