Sottware requirements in public
procurement

UNIVERSITY OF TURKU
Department of Computing
Master of Science (Tech) Thesis
Software Engineering

July 2026

Artturi Vehvilidinen

The originality of this thesis has been checked in accordance with the University of Turku quality assurance
system using the Turnitin OriginalityCheck service.



UNIVERSITY OF TURKU
Department of Computing

ARTTURI VEHVILAINEN: Software requirements in public procurement

Master of Science (Tech) Thesis, 73 p., 4 app. p.
Software Engineering
July 2026

Public procurement is vital for fulfilling the basic functionalities of a country and
every year billions of euros are spent on it. ICT is one of the biggest procurement
categories, annually amounting to over billion euros. With society becoming more
and more dependent on digital solutions, the importance of ICT procurement is only
going to grow.

In 2020 the Ministry of Finance published a report detailing the current state of
public procurement in Finland, which discovered that there is a lack of understanding
on the competency of procurement. A self-assessment tool was created to combat
this problem, which is only a partial solution, as it does not measure the procurement
process or the artifacts created by it. This represents a research gap.

Software requirements are one of the most important artifacts for the success of an
ICT project. This thesis contributes to the understanding of procurement compe-
tency in Finland with a focus on requirements. A literature review was conducted
in order identify key attributes for the quality of requirements. Then, the quality
indicator metrics were designed. The metrics were then used on requirements found
on 19 public requests for proposals. The results show that the RFPs wary greatly
in quality, which supports the need for more research on procurement competency.
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1 Introduction

Public procurement means the purchasing of products or services by a public entity
like a municipality or the state. It is vital for fulfilling the basic needs of a coun-
try from healthcare to infrastructure and every year billions of euros are spent on
procurement in Finland [1], [2]. Spending these euros as efficiently as possible on
projects that most benefit the citizens is a goal worth seeking.

In 2020 the Ministry of Finance published a report detailing the current state
of public procurement in Finland [3]. The report discovered that there is a lack
of understanding on the competency of procurement in Finland [3]. Later that
year ProcurFinland, an initiative involving the Ministry of Finance, the Association
of Finnish Cities and Municipalities, the Confederation of Finnish Industries, the
Association of Finnish Entrepreneurs and Hyvinvointialueyhtic Hyvil Ltd, launched
the national public procurement strategy. One of its goals was measuring the level
of competency in public procurement [4] and a self-assessment tool was created to
achieve this goal [5], which is still the initiative’s only way of measuring competency
(6], [7].

While a self-assessment tool measures the perceived competency of individuals,
it does not measure the competency of the procurement process or the artifacts
created by it. For example, we know that 1159 procurement professionals rated their
competence in planning a pronouncement on average as 2,17 out of 4 [8], but we do

not know how this actually reflects on the artifacts produced by this planning. The
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perceived competency of procurement has also been called to question by a survey
on industry professionals [9]. This represents a significant research gap.

The quality of procurement artifacts, like requests for proposals (RFP) that
define the product or service being procured, is really important due to the legislation
surrounding procurement. To keep the procurement process transparent and fair for
all, what is written down must, more or less, hold. Once the documents have been
published, it becomes more difficult to make significant altercations to them |10,
Chapter 3|.

ICT is one of the largest procurement categories in Finland, and on its own
amounts to over billion euros annually [1], [2]. At the same time, public ICT pro-
curement has quite a bad reputation in Finland, as headlines of failed or poorly
received software projects seem all too common [11]. Stakes for success in public
software procurement are high, because money spent on failed projects could have
been used in other critical avenues, like healthcare. For this reason, failed pub-
licly procured software projects face more scrutiny than those in the private sector.
Therefore, it is paramount to see as many projects succeed as possible.

As ICT projects often include complex software systems, proper planning and
clear project goals are critical for a project’s success [12]-[14]. The request for
proposal is the document that outlines the projects goals in public procurement and
in software procurement it contains the project’s software requirements. Software
requirements document what functionalities, qualities and constraints a software is
expected to fulfill, and they are paramount for a software project’s success according
to industry professionals [15] and procurement professionals [16].

If understanding and improving the competency of procurement is the goal,
then, in the case of ICT procurement, evaluating the quality of requirements could

provide valuable insights. This thesis aims to bridge the research gap in Finnish
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procurement competency measurement in the context of software requirements in

RFPs by answering the following research questions:

¢ RQ1: How can the quality of requirements in public RFPs be mea-

sured?

e RQ2: What is the quality of requirements documentations in Finnish

RFPs?

e RQ3: Are there differences in quality between functional and non-

functional requirements in Finnish RFPs?

Quality is an abstract concept that can not be simply be measured without first
defining what it means. RQ1, therefore, aims to identify attributes of requirements
that indicate quality and translate them to practicable metrics.

RQ2 aims to shed light on Finnish procurement competency by evaluating re-
quirements found in Finnish RFPs.

RQ3 examines whether there are differences in quality indicators between func-
tional and non-functional requirements. The reasons for this framing are perceived
difficulties of NFRs and previously found deficiencies in NFRs in Finnish RFPs [17].

Chapter 2 provides background information on public procurement in Finland.
The chapter goes over a typical ICT procurement process and the relevant legislation.
It also highlights the role of requirements in ICT procurement. The aim of the
chapter is to provide the context for the rest of the thesis as it focuses mostly on
requirements.

A literature review is conducted in Chapter 3. It examines requirements from
three different viewpoints to identify the attributes that are best suited for evaluating

quality of requirements in public RFPs.
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The quality indicator metrics are introduced in Chapter 4. Scoring and reason
for inclusion are explained for each metric. Exclusion rationale is also explained for
a few considered metrics.

Chapter 5 explains the methodology of the requirements analysis. An overview
of the research design is given and data collection, sampling and analysis are further
elaborated on.

Chapter 6 presents the results of the requirements quality analysis. The chapter
includes multiple tables and figures of the results. Appendix A includes color coded
version of the results.

The results are interpreted and discussed in Chapter 7. This includes discussion
on the designed quality metrics and on the requirements analysis.

Chapter 8 summarizes the thesis.

1.1 Use of Al declaration

Artificial intelligence tools were used for search query conversion and table format-
ting in this thesis.

The search query was first formed for ACM Digital Library by the author, and
then converted to be suitable for the other databases by an Al tool. Tables featuring
vertical text (3.2, 3.3, 3.4 and 6.1) were formatted with the help of an Al tool.

All text, analysis and interpretations were produced by the author.



2 Public procurement

This chapter explains the basic concepts to Finnish public ICT procurement. This is
not meant as a comprehensive deep dive into the topic but rather as an introduction
that helps contextualize the rest of the thesis. Section 2.1 gives an overview of the
procurement process and Section 2.2 further explains software requirements in the

context of public procurement.

2.1 Public procurement process in Finland

Procurement can mean any situation where a client buys products or services from
a supplier, and how this transaction is handled, is really up to the parties involved.
However, when the client is a public entity, such as the state or a municipality, the
transaction is heavily regulated in accordance with national and EU legislation |10,
Chapter 1|. This regulation is what sets public procurement apart from private
procurement and has significant ramifications on how it is done. This chapter gives
an overview of the public procurement process and how it is shaped by the legislation,
with a focus on software procurement!.

The laws that govern public procurement? are the national "Act on Pub-
lic Procurement and Concession Contracts" 1397/2016 [18] and the EU directive

2014/24/EU [19]. The aim of these regulations is to ensure that public procurement

!This means that any special cases, like those around construction, are not discussed.

2There are other laws that govern special cases in public procurement that are not discussed in
this Chapter.
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Figure 2.1: Overview of the public procurement process

is fair, nondiscriminatory and transparent and that public funds are spent efficiently
[10, Chapter 1.2].

The required procurement procedure is dictated by the estimated value of the
procured product or service. Procurements under 60 000 euros fall outside the
procurement act and can be done in any way the client organization sees fit. Any
procurements valued over 60 000 euros must be done in accordance of the national
procedure and those over 140 000 or 216 000 euros, depending on the client, must
be done as an EU procurement, which is a stricter procedure. [10, Chapter 1.5]

Figure 2.1 presents an overview of the procurement process with a focus on
preparation and tendering. While other procurement procedures exist, only open
procedure is explained in this chapter. This is done because understanding the

intricacies between different procurement procedures is not necessary for this thesis.
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Open procedure was selected because it is the most common among the projects
analyzed in Chapter 6; 18 out of the 19 projects used open procedure.

Every procurement process starts with a need or an objective and the first step is
defining this need [16], |20, Chapter 4.2]. In other words, the procuring organization
has a problem they are trying to solve with procurement and first they need to clearly
define what the problem is and what counts as solving it. This step is critical as
every subsequent step relies on it.

Next the procurement needs to be budgeted [10, Chapter 2.1], [20, Chapter 4.2].
Both the procurement process and the procured system need to be budgeted and the
breadth of the procurement process can be reliant on the budget [10, Chapter 2.1].

The preparation phase may include market dialogue or technical dialogue, which
means communicating with potential suppliers [10, Chapter 2.1], [16]. Market di-
alogue helps the procuring organization understand what kinds of solutions and
capabilities are available on the market and allows the suppliers to give feedback
on the planned procurement [16]. This can lead to better procurement outcomes as
procurers gain a better understanding on the market and the suppliers get familiar
with the objectives of the procurement [16].

After the project objectives and market capabilities have been understood, it is
time to define the system that is being procured. This is done through requirements,
which describe the system’s functionalities, constraints and qualities [16], [20, Chap-
ter 4.3]. This is usually the most labor intensive preparation stage [20, Chapter 4.3].
At the same time it is vital for a successful software projects, as implementing a high
quality software system from poor requirements is difficult [16], [20, Chapter 4.3].
Section 2.2 elaborates more on this stage of preparation.

Finally, the execution of the procurement needs to be planned and prepared.
This includes scheduling and preparing the request for proposal and choosing the

procurement procedure |20, Chapter 4.6]. The request for proposals is a document
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that outlines the procured system and its requirements along with the comparison
criteria for offers |20, Chapters 5.2-5.3]. The RFP is the culmination of the prepara-
tion phase and it aims to give suppliers as clear of an understanding of the procured
system as possible so that the following offers will be the highest possible quality.
The procurement procedure determines how the supplier is selected. This chapter
focuses on open procedure.

The tendering starts with the publication of the RFP, which is done on HILMAS3.
The RFP is publicly available, but the procuring organization may also send it
directly to suitable suppliers [10, Chapter 4.2.5|. If a supplier has questions about
the RFP, they can ask them during the tendering process. All questions and answers
are public for all participants to ensure that the process is transparent and fair. [10,
Chapter 5.8|

Interested suppliers respond to the RFP with their offers that include their ref-
erences, pricing and answers to the system requirements [20, Chapter 5.5|. The
procuring organization then confirms that the offers fulfill the mandatory require-
ments and score them based on the declared comparison criteria [20, Chapter 5.7].

The winning offer is either the cheapest offer or one with the best price-quality
ratio [10, Chapter 5.5], [20, Chapter 5.7|. Robust comparison criteria are key in this
phase as the winner has to be based on them and no arbitrary decisions are allowed
in the name of transparency and fairness.

Once the winner has been decided, contract negotiations can begin between the
parties, after which implementation can begin. This chapter does not elaborate on
those phases as the focus of this thesis is on the preparation phase and how it can

affect the subsequent phases.

3https://www.hankintailmoitukset.fi
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2.2 Requirements in procurement

Requirements define a given systems desired functionalities, constraints and qual-
ities. In other words, requirements describe what the system needs to do, how it
needs to do it and in what kind of an environment. Well made requirements can
not only be used for implementation but also for verification and evaluating scope
and risks |20, Chapter 4.3]. Requirements need to be clear and comprehensive so
that the supplier fully understands the procured for system. This helps suppliers
to make the best possible offers and poor requirements might even scare potential
suppliers away, as they do not feel like they understand what they are signing up
for |20, Chapter 4.3].

Comprehensively describing the system is, however, not sufficient as the system
will most likely be a part of a larger whole and describing this environment is just
as important [16]. Integration and architecture requirements are often necessary
for the solution’s implementation in the environment it is used in, and their early
identification and definition can prevent future procurement and maintenance costs
[16], [20, Chapter 4.4].

The role of requirements in procurement is slightly different compared to tradi-
tional software development. This due to the fact that when developing a software,
requirements engineering can be the step when many details of the software are
decided and codified in the requirements, but requirements for procurement need to
let room for different kinds solutions that the suppliers might offer [16], [20, Chap-
ter 4.3]. This is because it is not in the client’s interest to disqualify innovative
solutions with overly specific requirements [16], |20, Chapter 4.3] and because too
strict requirements might be against the fairness principle of the procurement act
[10, Chapter 5.3].

This makes requirements engineering in public procurement a delicate balancing

act where the requirements need to be comprehensive enough to give the suppliers a
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good idea of the desired system but not so specific that it restricts potential offers.
This is why competency is important when it comes to ICT procurement and why

special attention for requirements in RFPs is warranted.



3 Literature review

This literature review is one part of answering RQ1: "How can the quality of re-
quirements be measured". The goal of this literature review is to identify attributes
of requirements that can be used in the creation of requirements quality indicator
metrics in Chapter 4. The metrics are intended to be used on requirements in public
requests for proposals, which affects the framing of this literature review.

Since the requirements analysis is done on public RFPs, only the written require-
ments can be analyzed and not the requirements engineering process as a whole. For
this reason the literature review focuses on requirements specification, documenta-
tion, validation and verification, and is not focused on other aspects of requirements
engineering like requirements elicitation. In other words; the focus is on "What are
good software requirements like?" and not on "How to get good software require-
ments?".

The literature review was conducted using three scientific databases: ACM Dig-
ital Libray, IEEE Xplore and ScienceDirect. The literature review was limited to
articles published in 2020 and after to get an understanding of the current state of
software requirements. The following search query was modified to fit each database

and used:

Title: requirement? AND (software OR system? OR engineering

OR specification? OR document* OR verif* OR validatix*)
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The query consists of three parts. The first part is "requirement?" on one side
of the AND operator, which has to be present in every search result. The wildcard
operator is used because, while the plural "requirements" is more common, the sin-
gular "requirement" is also used. The second part are the three 'catch all’ terms
after AND: "software OR system? OR engineering". These are used to find all pa-
pers discussing software requirements or requirements engineering more holistically
because they might also contain valuable insights on the areas this thesis is focused
on. The final part includes all the more specific areas of requirements engineering
that are of particular interest.

Quoted search terms, like "software requirements", were avoided for two reasons.
The databases used do not support wildcard operators inside quoted terms. The
terms show up in different permutations. For example: "requirements verification"
and "verification of requirements" are both possible. While quoted terms would
have limited the amount of articles irrelevant to this thesis, they were not used to
maximize the amount of relevant articles.

To reduce the number of irrelevant articles, filtering tools, provided by the

databases, were used. The following filters were used:

ACM:

Content Type: Research Article

IEEE:

Journals, Conferences

Requirements Engineering, Software Requirements,
Software Development, Software Engineering,

Non-functional Requirements, Functional Requirements

ScienceDirect:
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Review articles, Research Articles

Engineering, Computer Science, Decision Sciences

The query returned 1900 articles: 272 from ACM, 1135 from IEEE and 493 from
ScienceDirect. Applying the filters reduced the number of articles to 1045. Relevant
articles were selected in three stages: based on title, based on abstract and based
on full article.

A number of inclusion and exclusion criteria were defined to guide study selection.
The criteria were informed by the goals of the literature review and are listed in Table
3.1.

Of the 1045 articles, a total of 162 were selected based on title, 59 based on
abstract and finally, 40 articles were selected based on the full text. This process is

visualized in Figure 3.1.

Table 3.1: literature review inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Focus on software requirements

Focus on requirements not related to
software e.g. industrial requirements

Focus on RE stages related to written
requirements e.g. requirements docu-
mentation

Focus on RE stages not related to writ-
ten requirements e.g. requirements elic-
itation

Discussion on characteristics of require-
ments e.g. ambiguity

Discussion on requirements methodolo-
gies e.g. Use Case

Not in English

Not accessible through University of
Turku library agreements

3.1 Themes

40 studies were analyzed, and 34 relevant themes were identified. These themes
were divided into 3 distinct viewpoints through which requirements can be exam-

ined: requirements engineering stages, requirements engineering methodologies and
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Figure 3.1: literature review process

characteristics of requirements. Requirements engineering stages are the different
phases of the RE process, requirements engineering methodologies are the different
ways requirements can be made, and characteristics of requirements are the different
qualities of written requirements that can be analyzed and evaluated.

Each viewpoint was evaluated for how well they fit the goal of thesis of measuring
the quality of requirements found in public RFPs. As the documentation found in
public RFPs does not contain information on the different requirements engineering
stages that lead to final the requirements, it is not a suitable viewpoint to base the
quality metrics on. Section 3.2 gives an overview of the different RE stages to serve
as context for this thesis.

Requirements engineering methodologies are not a suitable viewpoint either, due
to a combination of two factors. Firstly, no methodology is inherently good or bad
and the quality in methodologies comes down to how suitable they are for the task

and how well they are applied. Secondly, the methodologies actually used in the
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RFPs are very homogeneous. For these reasons, Section 3.3 serves as a frame of
reference for the analysis as to what methodologies exist.

This means that characteristics of requirements is chosen as the basis for the
quality indicator metrics in Chapter 4 and for the requirements analysis in Chapter
6. Characteristics of requirements can be analyzed and evaluated with access to just
the requirements and they can be determined as either good or bad for the quality of
requirements. While, both of these statements are simplifications of the reality and
have caveats in this thesis, this still makes characteristics the best viewpoint overall
for quality evaluation. Section 3.4 is a deep dive into the different characteristics a
requirement might possess.

In addition to the articles selected for the literature review, the ISO/IEC/IEEE
29148 standard [21] is used in this chapter. ISO/IEC/IEEE 29148 is an internation-
ally recognized standard that outlines the best practices for writing and managing

requirements in software engineering.

3.2 Requirements engineering stages

Requirements engineering progresses in stages. Different sources use different dis-
tinctions and names for these processes [21]-[29] but, for the most part, the following
four broad categories are represented: identifying stakeholder needs, transforming
needs into requirements, validating requirements and managing requirements. These
stages are usually done in the listed order, and each stage supports the subsequent
stages [22], [23]. This Section aims to give an overview of the different stages of
requirements engineering with a focus on stages relevant to the analysis in Chapter
6.

Identifying stakeholder needs involves processes like business analysis, require-
ments elicitation and requirements analysis [21], [27]. The purpose of this phase is

to create an understanding of the problem and its possible solutions. This stage
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directly supports the following two stages. A proper understanding of stakeholder
needs is obviously mandatory if said needs are to be codified into requirements.
Later, the identified needs are used in validating the requirements. Ultimately, any
software is made to satisfy some needs, thus understanding those needs is pivotal.
This thesis does not focus on this phase of requirements engineering as the data
analyzed in Chapter 6 does not include sufficient information on the used elicitation
and analysis practices.

Transforming needs into requirements involves processes like documentation, re-
finement, modeling and specification. The aim of this process is to transform the
stakeholder needs gathered in the previous stage into various requirements artifacts
[21], [27]. The artifacts can be abstract models like UML-diagrams or formally de-
fined requirements. The primary artifact that is created during this process is the
requirements specification, which is a document containing the requirements of the
developed system [30], [31]. This stage is important because unclear documentation
makes implementing the software more difficult and risks errors in the implementa-
tion [24], [30]-[32].

Validating requirements involves processes like validation, verification and test-
ing. This process is intended to prove that the requirements fulfill stakeholder needs
(validation) and that the system implementation is in accordance with the require-
ments (verification). In other words, making sure the software works as intended.
This helps keep maintenance costs down because more defects caught now means
less to be dealt with later [33].

Managing requirements refers to the processes of handling change in the require-
ments engineering process [21]. Small changes to requirements can have unexpected
consequences if not properly managed [23|. Requirements management is not a focus
in this thesis because the requirements analyzed in Chapter 6 are static and there

is no change or its management to analyze.
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The most relevant stages to this study are transforming needs into requirements
and validating requirements, because they more explicitly deal with requirements
artifacts. Themes relating to these stages identified in the literature review are listed

in Table 3.2.

Table 3.2: Themes concerning the stages of requirements engineering relevant to
this thesis

g
HEIEIE TN
Articles ElE|E 18 |2 E
S| = 2T 2|
s o= A =
Akinnuwesi et al. [34] X
Alhazmi & Huang [27] X X
Alshareef et al. [33] X | x
Amaral et al., [35] X
Arenas et al. [36] X X
Arif et al. [28] X
Awan et al. [24] X | X
Bacquet et al. [37] X X | x
Behutiye et al. [3§] X
Behutiye, Seppénen, et al. [39] | x X | X
Bruel et al. [40] X | x
Bugayenko [41] X | x
Frattini & Frattini [42] X
Gérangon & Trudel [43] X
Hagal & Saeid [25] X
Jarzebowicz & Weichbroth [44] | x
Karolita et al. [29] X
Kasauli et al. [45] X
Kravari et al. |22] X
Mashkoor et al. [46] X
Medeiros et al. [47] X
Mokos & Katsaros [48] X | x
Nakamichi et al. [49] X
Nasir et al. [50] X X
Ramesh & Reddy [51] X
Ribeiro & Berry [30] X
Silva [31] X
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3.3 Requirements engineering methodologies

Requirement engineering methodologies are the various techniques that can be used
when writing requirements. As can be seen from Table 3.3, many different method-
ologies exist and there is not any one methodology that is over represented. Indeed,
different projects call for different methodologies, which makes understanding the
strengths and weaknesses of the given techniques important for choosing the ones
that fit the project. The purpose of this section is to give an overview of the different
methodologies identified in the literature review.

The themes in this section are grouped into three different categories that get
their own subsections. The subsection Software development practices delves into
the differences in requirements practices when it comes to Agile and other prac-
tices, Formalization of requirements is about the different levels and techniques of
formalization, and Requirements artifacts discusses the different artifacts that re-

quirements can be documented as.

Software development practices

Software development practices are overarching principles that guide the entire soft-
ware development process. While requirements are a part of all mainstream prac-
tices, there are differences in how they interface with requirements [27]. In this
literature review, 9 studies were identified that researched requirements in Agile
development.

With the exception of one study that compared Agile and "traditional methods"
[27], Agile was the only software development practice as a subject for research in
this literature review. This can be partly explained by the literature review only
including studies from the 2020s, as Agile is currently the most popular practice,
but even then the result is surprising. Another reason for the prevalence of Agile

seemed to be its unique challenges with requirements engineering.
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Table 3.3: Themes concerning requirements engineering methodologies

& é %ﬂ :03 n >
Articles AR E sl A R R A= ©\|
< |Z|C|Z|R|Z| 8|8 |E|R|B|E|I~| 8|8
2 g E Z % (@I =V v DS
g2 o
Alhazmi & Huang [27] X X
Alrumaih et al. [52] b'e
Amaral et al., [35] X
Amorndettawin & Senivongse [53] | x X X
Arenas et al. [36] X
Arif et al. 28] X
Awan et al. [24] X X
Bacquet et al. [37] X X | x
Behutiye et al. [38] X
Behutiye, Seppénen, et al. [39] X X
Bruel et al. [40] X | x b'e
Bugayenko [41] X b'e X X
Frattini & Frattini [42] b'e
Gérangon & Trudel [43] X | x X | x| x
Izhar et al. [54] b'e
Jarzebowicz & Weichbroth [44] X
Karolita et al. [29] X
Kasauli et al. [45] X X
Kato & Tsuda [32] X
Keshk et al. [55] X X
Khalid et al. [23] X X
Kravari et al. [22] b'e b'e b'e
Lorch et al. [56] X
Mashkoor et al. [46] X
Medeiros et al. [47] X X
Mokos & Katsaros [48] X | x| x|Xx X X
Muzammel et al. [57] X
Nasir et al. [50] X X
Silva [31] X X X X | x
ul Hasan & Ali Rana [26] X
Wang et al. [58] b'e

Documentation and specification of requirements were seen as difficult in Agile
due to its focus on face to face communication and lack thorough documentation
127], [38], [39], [50], [53], [55] in addition to the shortcomings of User Stories [27],
[39], [45], [47], [50], [53], [55]. User Story is the main format used for requirements
in Agile methods, but they were deemed insufficient for more complex and technical
projects and many studies proposed improvements to the format [47], [53], [55].

Short iteration cycles and the continuous change were also cited as problematic
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characteristics for requirements [27], [38], [53]. The challenging features of Agile
were seen as especially difficult for non-functional requirements [27], [38], [39], [44],

150}, [53].

Formalization of requirements

Requirements can be either written in a natural or formalized language. Natural
language means plain English (or any other language) sentences, like how this thesis
is written. The strength of natural language is that almost anyone can create and
understand it. These strengths make natural language a widely used method for
creating requirements 22|, [23]. The downfall of natural language requirements is
their inherent vagueness and impreciseness making them ambiguous [22]-[24], [30],
[31], [37], [41], [43], |48] and difficult to verify [37], [48].

Formal methods, on the other hand, have the opposite problem. Formal methods
employ ontologies that strictly define the "vocabulary" of the requirements [48],
[52] and semantics that specify the operations described in the requirements into
a mathematically provable form [22], [40], [48]. This makes formal methods very
precise, but hard to understand and create without specific training [24], [31], [37],
[40], [41].

Semi-formal methods, like controlled natural languages (CNL), are a middle-
ground between the two aforementioned methodologies. They aim to aim to keep
the ease-of-use and understandability of natural languages, while constricting them
for improved preciseness [24], [31], [37], [40], [41]. One way to do this is restricting
the syntax by using patterns, templates and boilerplates, which are predefined ways
to format requirements [22], [23], [31]. Semi-formal methods are, however, ultimately
a compromise as they lose some of the benefits of formal methods [37], [40], [48] and

are never quite as easy-to-use as natural language [53].
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Requirements artifacts

Requirements artifacts are the different documents related to requirements engineer-
ing. Four artifacts were identified in this literature review, and while they are far
from the only artifacts, their inclusion speaks to their prevalence in contemporary
software development.

One of the primary concerns of requirements engineering is satisfying end-user
needs. However, software developers do not always have ready access to end-users,
which is why fictional users called personas are used [29]. Personas model the dif-
ferent intended users of a software and help in, for example, requirements elicitation
[29], [57]. Developers can, for example ask: "Does our software satisfy the needs
of our personas?", which can give valuable insights, if the personas truly represent
the real end-users [29], [57]. Making sure the personas are representative of real
end-users is a challenge [29], [57] and a reason why some practitioners decide no to
use them [58].

Use cases and user stories are both used to represent requirements but differ in
scope and level of detail. User story was the more prevalent of the two with eight
studies covering it, compared to the three of use cases. There was also a difference
in the types of studies that covered the two artifacts. Studies focusing on use cases
discussed how to best use them [31], [42], while studies on user stories were largely
about its deficiencies and how to ameliorate them [47], [53], [55].

The unified modeling language (UML) is not one type of artifact, but is instead
a visual modeling language that can be used to create a multitude of different visual
artifacts. The common theme that arose from the different studies was that UML,
among with other visual artifacts, improve the understandability of requirements

documentation [24], [31], [41], [43].
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3.4 Characteristics of requirements

This section aims to identify and define the characteristics of written requirements
that can then be used in the analysis in Chapter 6. Characteristics of requirements
refer to the different qualities that written requirements possess such as ambiguity
or consistency. Each subsection covers one characteristic with the aim to define the
characteristic, discuss why it is important and how to manage it.

The defined characteristics affect the value and usefulness of requirements and
thus impact the quality of the developed software. Twelve characteristics were iden-
tified and are listed in Table 3.4. Three clusters stand out when examining the
number of studies that cover each characteristics. Ambiguity and non-functional
have by far the most studies with 14 and 10 respectively, traceability, understand-
ability and verifiability have 6 studies each, and the rest have 4 studies or less.

The high number of studies covering non-functional requirements is explained
by it stretching the definition of a "characteristic", as it is more of a category of
requirements. Other than being a broader topic, it fits with the other characteristics
and is covered as such in this literature review for simplicity’s sake.

The reason for the high number of studies covering ambiguity, traceability, un-
derstandability and verifiability might be due to the relative lack of complexity of
covering them. With the exception of traceability, all of the characteristics can be
studied by just examining the requirements themselves without the context of the
project as a whole. This does not mean that studying these characteristics is in any
way easy or that more context would not improve these studies, but simply that
it is possible. This makes studying these characteristics more feasible; familiarizing
oneself with a whole system can be really laborious and researchers might not always
have access to data required for it. The one outlier of traceability does not disprove

this theory, as the context required for understanding traceability in a given project
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is usually well defined, meaning that, once again, an understanding of the whole
system is not required.

This difference can be demonstrated by comparing ambiguity and completeness.
Looking at a single requirement, one can draw conclusions about whether it is am-
biguous or not. While a greater understanding of the system as a whole might
inform that conclusion, it is not necessary, and an argument could be made about
requirements needing to stand on their own, meaning that a greater context could
even be detrimental for the analysis. In contrast, it is nigh impossible to judge the
completeness of a requirement without first understanding what the system is and
what it is trying to achieve.

Characteristics marked with M1-7 in Table 3.4 are part of the quality metrics
discussed in Chapter 4 and used in Chapter 6. Inclusion and exclusion rationale is

elaborated in Chapter 4.

Ambiguity

The ISO/IEC/IEEE 29148 standard [21] states various characteristics that require-
ments should have. One such characteristic is "Unambiguous" with the following
definition: "The requirement is stated in such a way so that it can be interpreted
in only one way. The requirement is stated simply and is easy to understand."|21].
The value of unambiguity is clear. If the person implementing a requirement is not
the same as the one writing it, any ambiguity in the requirement risks misinterpre-
tations, resulting in an implementation that differs from the original intent. This
could lead to costly reworks or even project failure [23].

What is not clear, however, is how to quantify ambiguity. After all, what is
ambiguous to one, might be straightforward to another [30]. The combination of
significance and elusiveness of ambiguity makes it a heavily discussed topic in the

requirements engineering field. This holds true in scientific literature and among
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Table 3.4: Themes concerning the characteristics of requirements. M1-7 are part
of the quality metrics in Chapter 4.
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Alhazmi & Huang [27] X | x X
Amorndettawin & Senivongse 53] X
Awan et al. [24] X X
Bacquet et al. [37] X | x
Behutiye et al. 38| X X
Behutiye, Seppénen, et al. [39] X X X
Bruel et al. [40] X X | X | X
Bugayenko [41] X X
Gérangon & Trudel [43] X X X | x
Hagal & Saeid [25] X | x| X X
Izhar et al. [54] X X
Jaffe [59] X X X X
Jarzebowicz & Weichbroth [44] X
Kato & Tsuda [32] X
Khalid et al. |23] X X X
Kravari et al. [22] X
Kuengjai & Ramingwong [60] X
Melo et al. [61] X X X X
Mokos & Katsaros [48] X X
Nakamichi et al. [49] X
Nasir et al. [50] X X
Ramasamy & Lim [62] X X
Ramesh & Reddy [51] X | x| x|x X | x
Ribeiro & Berry [30] X
Silva [31] X X
ul Hasan & Ali Rana [26] X

industry professionals. Ambiguity was the most discussed topic in this literature
review and in one done by Ramasamy & Lim [62|. Requirements clarity ranked
third in a review of what hinders the quality RE processes by Khalid et al. [23]. In
a survey conducted by Khalid et al. [23| ambiguity was ranked as the most prevalent

problem in requirements elicitation and analysis by industry professionals.
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Traditional ambiguity detection methods involve manual review by trained pro-
fessionals. This scales poorly to larger projects as it takes a lot of time and re-
lies on the reviewer’s understanding of the project [54|. Consequently there has
been much effort made towards automatic ambiguity identification in requirements.
Many attempts employed natural language processing (NLP) to flag requirements
that contain certain cue words that are deemed to cause ambiguity [30], [32], [49],
[54]. These methods focused on different kinds of words and phrases, but what they
all had in common was, that the requirements needed to be manually verified af-
ter flagging. This means that no single word inherently causes ambiguity and that
context is ultimately key in defining ambiguity. For example: Nakamichi et al. [49]
found that the word "sufficient" was prone to causing ambiguity, but only when,
what is sufficient, was not clearly defined in the requirement.

This means that while these NLP-based methods had good recall i.e. they found
most ambiguities present in the requirements, they had poor precision due to having
many false positives that needed to be weeded out via manual review. Izhar et al.
[54] employed machine learning to improve their framework’s precision. While the
model performed well in their tests, the framework’s performance was depended on
the rules used in NLP and training data used for machine learning [54]. This poses
a threat for their method’s generalizability as different contexts and domains might
require specific rules and training data.

Bugayenko [41] had a much more straightforward method for measuring ambigu-
ity: the percentage of ambiguity is the percentage of informally defined methods in a
requirements specification document. Overall, it was a common view that ambiguity
inherently stems from natural language [22|-[24], [30], [31], [41], [43], [48]. To this
end, many formal and semi-formal methodologies were proposed. These methods

aim to reduce ambiguity by having a strictly enforced form for written requirements.
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This is achieved by the use of predefined semantics [22], [24], [31], [41], [43], [48] and
ontologies [24], [48].

Interestingly, there seems to be a juxtaposition between ambiguity and un-
derstandability, as understandability was often described as a weakness of formal
methodologies [24], [31], [40], [41]. Because formal methods follow strict rules, one
has to understand said rules if they want to understand the requirements. A per-
fectly unambiguous requirement is of no use, if only a select few with specialized
training can decipher what it means.

This links to a bigger topic of domain knowledge (DK), which plays a big part in
ambiguity. The requirements engineering process involves stakeholders of different
levels of DK, which can affect how they understand given requirements. Ribeiro &
Berry [30] call this process, where a person reads an ambiguous requirement and un-
knowingly comes to a conclusion about what it means, subconscious disambiguation
and it can lead to positive or negative outcomes. On one hand in a team of people
of similar levels of DK, possible ambiguities might solve themselves, as every team
member disambiguates them the same way [30]. On the other hand, in situations
where DK varies greatly, such as in procurement where the customer has a vast
DK of their field e.g. healthcare and the supplier has technical DK, subconscious
disambiguation might lead to a situation where the customer and the supplier have
different understandings of the requirements [30], [49].

Ambiguity prevention can take many forms per the literature review. One ap-
proach is using formal methods [22], [24], [31], [41], [43] while ensuring understand-
ability [24], [31], [41]. More about understandability Section 3.4. Second approach
is using natural language but paying close attention to cue words and phrases that
are prone to causing ambiguity [30], [32], [49], [54] and dissolving those ambiguities
by using quantifiable definitions and metrics [49], [54], while keeping differences in

domain knowledge in mind [30], [49]. Third option, proposed by Ribeiro & Berry
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[30], is giving ambiguities no special attention. They pose that most issues with am-
biguities solve themselves as long as there is enough discussion among stakeholders

30].

Completeness

The ISO/IEC/IEEE 29148 standard [21| defines completeness separately for indi-
vidual requirements and sets of requirements. The definition is the same in practice:
"The artifact contains all necessary information to convey its purpose fully on its
own.", but varies in scope.

For individual requirements the purpose to be conveyed can be a single function-
ality, quality metric or other part of a larger whole that requirements are used to
communicate. So, if a requirement represents a single functionality, it is considered
complete, if this functionality can be fully understood via this single requirement
alone [21]. Whether a requirement is complete can be up to interpretation. Ramesh
& Reddy [51] proposed a template for requirements in which completeness was mea-
sured by adherence to the template i.e. does the requirement contain information
defined in the template.

Comparatively, for sets of requirements completeness means, that the whole
entity, e.g. a piece of software, described in the requirements can be fully understood
via the set of requirements alone [21]. In practice this means two things: the set has
to contain all necessary requirements [25], [59] and the individual requirements have
to be complete [51]. There were no concrete metrics for when a set of requirements
has all the necessary requirements. Hagal & Saeid [25| suggest using UML activity
diagrams to help gauging completeness and Jaffe [59] petitioned for better guidelines
for completeness and pointed out that other characteristics, like robustness, are
reliant on completeness. Ramesh & Reddy [51] measured a set’s completeness as a

percentage of individual requirements that are complete in the set.
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Only three articles covered completeness. Out of them one covered it in both
contexts and two in the context of a set of requirements. No article covered both
aspects of a set’s completeness and one article requested more guidance on the
matter. This lack of research on the topic can mean that it is not seen as a serious
problem to be studied or that there is a research gap. Jaffe’s [59] plea for better
guidance and the inconsistent coverage on the completeness of sets suggest that a

research gap exists.

Consistency

Consistency is defined for a set of requirements in the ISO/IEC/IEEE 29148 stan-
dard [21]. A set is consistent if none of the requirements conflict or overlap and the
units, measurements and terms used are the same in each requirement [21]. Ramesh
& Reddy [51] extend this with the concept of internal consistency, which means that
a requirement does not conflict with itself.

The different dimensions of inconsistency have different ramifications for a
project. Conflicting and overlapping requirements can lead to costly reworks or
wasted hours if they get implemented. If two conflicting requirements are imple-
mented, at least one of them needs to be reworked or scrapped. Similarly imple-
menting overlapping requirements means that time and effort gets wasted on the
overlapping feature when it gets developed multiple times. It is, therefore, impor-
tant to understand how requirements interact with one-another and with the system
as a whole. Hagal & Saeid [25] suggest using dependency tables to track the relation-
ships between requirements and activity diagrams to track how requirements link to
the functionalities of the larger system. In this way consistency relates to traceabil-
ity: knowing how requirements were derived will help in detecting and preventing

conflicts and overlaps.
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The other dimension is term consistency, which means that the terms, units and
measurements are the same from one requirement to another. Inconsistent use of
terms can cause confusion when one has to wonder if "Operator" in one requirement
refers to the same thing as "User-Operator" in another [31]. This can also make
spotting overlapping and conflicting requirements harder. If two requirements use
different terms to mean the same thing, the overlap between them is more difficult to
detect than, if they had used identical language. Limiting the vocabulary of terms
[31] and controlling the semantics of requirements [31], [43] can help improving

consistency.

Correctness

Correctness of requirements mean that they are accurate representations of stated
needs that the project intends to fulfill [21], [25], [51]. An incorrect requirement
provides no value to the project as it fulfills no needs, despite how, for example,
unambiguous or understandable it might be.

Correctness cannot be quantified per se as it is an amalgamation of different
characteristics like traceability, necessity and consistency [25], [51]. Only two articles
discussed correctness, which might be explained by its patchwork nature; other

articles simply discussed the characteristics that correctness amounts to.

Level of detail

Level of detail refers to the level of abstraction and granularity of requirements [26],
[39], [59]. The ISO/IEC/IEEE 29148 standard [21] instructs that the level of detail
of requirements should be "appropriate". This might seem frustratingly ambiguous
but there is a good reason for this: one correct level of details does not exist [26],
[39], [59]. The appropriate level depends on a multitude of factors like the stage of

development or if the requirement is safety critical [39], [59].
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Most requirements start with a high level of abstraction, i.e. low level of detail,
and get refined to lower levels of abstraction [39], [59]. For example, in agile software
development it is common that a requirement starts as an epic and gets refined into
multiple user stories and sub-tasks [39]. This process is important because each
refinement step is an opportunity to discover errors in the requirements [59]. It is
also conducive to a healthy distribution of level of detail in requirements. As the
higher level (low level of detail) requirements get refined to more lower level (high
level of detail) requirements, the end result is that the number of requirements
correlates with their level of detail. [26]

The consequences for an inappropriate level of detail vary based on if the level
is too high or too low. Specifying requirements at a higher level of detail than
necessary is inefficient [39] and hinders reusability [26]. Both of these issues are
costly as they waste valuable development time. Requirements of too low level of

detail risk being incomplete and ambiguous [61].

Necessity

The ISO/IEC/IEEE 29148 standard [21]| that necessary requirements are such that
their absence would cause a deficiency in the system, and that this deficiency cannot
be fulfilled with other requirements. Hagal & Saeid 25| suggest tracking necessity
with a table that has all requirements and their sources. Source in this case means
a need of the system.

This highlights how correctness and necessity complement one another. Both re-
late to fulfilling system needs and both are required for those needs to be adequately
represented. This also ties to traceability as it is difficult to evaluate necessity if the

need that the requirement intends to fulfill is not known.
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Non-functional

Non-functional requirements (NFR), sometimes also known as quality requirements,
determine the different qualities of the system. NFRs govern qualities from numer-
ous different categories like: usability, performance, reliability and security. [21]
Where functional requirements dictate what the system should do, non-functional
requirements tell how it should do it. For example: functional requirements deter-
mine what an "Add to cart"-button should do on a online shopping platform and
NFRs determine how much latency is acceptable in the operation and what the but-
ton should look like. The line between functional and non-functional requirements,
however, is not always as clear cut [59].

Even though NFRs describe no functionalities, they are important to a project’s
success [27], [38], [39], [50], [61]. Lack of or poor NFRs accrues technical debt [38],
[61], which can lead to poor or even incorrect implementation of functionalities. This,
in turn, increases maintenance costs and the need for reworks. NFRs also affect the
quality of the development process as developers can use NFRs to determine when
they are ready with a functionality and they support a robust validation process.
[38]

There is no consensus on a single correct way to handle non-functional require-
ments, rather there is a myriad of different methods that are employed depending
on the context 38|, [39], [44], [50], [62]. Many of the same virtues apply to NFRs as
do to functional requirements, e.g. unambiguity, traceability and understandability.
One characteristic, however, that is more emphasized for NFRs is re-usability [50],
[53]. While some functional requirements might be reused in similar projects, many
NFRs are far more likely to apply to a greater variety of different projects.

Non-functional requirements are often discussed specifically in the context of ag-
ile software development. In this literature review, out of the 10 articles discussing

NFRs, 6 did so in the context of agile. This can be partly explained with the general
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rising interest towards agile, but additionally, NFRs are seen to be uniquely chal-
lenging for agile due to minimal documentation, focus on functionality, shortcomings

of User Stories and short iteration cycles [27], [38], [44], [50], [53].

Prioritization

Requirements prioritization means ranking them by importance [27], [60]. Prioriti-
zation allows development teams to focus on the requirements that bring most value
to the project [23|, [27], [60]. Prioritization is crucial for the success and quality of
a software project [23].

Prioritization is often associated with agile software development [27], [60]. Re-
quirements are prioritized continuously throughout the development process to max-
imize stakeholder value and as a way to validate requirements [27]. However, pri-
oritization is also important at the very first stages of development such as in pro-
curement. Proper prioritization of requirements in RFPs gives potential suppliers a

better understanding of the clients needs and results in better offers.

Technical debt

The future development costs caused by suboptimal design or implementation in
software development is called technical debt (TD). While technical debt is usually
associated with coding activities, it naturally extends to requirements in two ways:
the debt of the requirements themselves [61] and debt caused by insufficient require-
ments [38]. These are clearly linked as TD of requirements will translate into general
TD if it is not managed before the requirements are implemented. The rest of this
chapter focuses on the TD of requirements.

The definition for TD of requirements used by Melo et al. [61] is: "the distance
between the optimal requirements specification and the actual system implemen-

tation". Melo et al. [61] identified the leading causes of TD in requirements and
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low level of detail and ambiguity were the most notable. Overall, while all stages
of requirements engineering were represented in the causes, causes relating to doc-
umentation and specification were most prominent [61]. This result supports this
thesis’ focus on those stages.

Technical debt can be intentional or unintentional [61]. Unintentional debt occurs
due to mistakes and inexperience and intentional debt is strategically taken to gain
short-term benefits [61]. An example of intentional technical debt in requirements
is leaving ambiguity in the requirements so that the details can be specified later,
once the needs are better understood [30]. Intentional debt is unproblematic and
often a vital part of software development, as long as it is managed and repaid [61].

Melo et al. [61] describe a lack of tools and research on TD of requirements. The
latter is corroborated by this thesis as only 2 of the studies in this literature review

discussed TD of requirements.

Traceability

Requirements very rarely come to be in their final form. Usually requirements start
as a need to be met by the system that is then refined to the final requirement
[59]. This is not a process in which objective truths are being discovered, rather
it is a process that involves subjective choices, judgment calls and design decisions.
The ability to trace these different stages of a given requirement’s life cycle is called
traceability and is often achieved with documentation [21].

Proper traceability is important in software development for two main reasons.
Traceability is crucial for validation because it is difficult to validate requirements
if it is not known what is the need they are trying to fulfill and what influenced the
decision behind their design [21], [25]. The other avenue where traceability is key,
is making changes to requirements [23]. Changing a single requirement can have

knock on effects on the whole system due to dependencies between requirements.
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It is, therefore, important to understand all dependencies before making changes so
that they can be taken into account.

Traceability relies on documentation. For this reason, software development
practices, like agile, that rely on light documentation can struggle with it [27]. Trace-
ability matrices [23] and expansions to the User Story format [25] were suggested

for documenting traceability.

Understandability

Requirements need to be understood for them to bring any value for the project. To
this end, writing requirements in natural language, i.e. the way we normally talk
and write, seems like the best choice, as all stakeholders are most likely proficient in
communicating that way. This innate understandability of natural language is also
its pitfall because the understandability stems from inherent ambiguity and impre-
ciseness [22|-[24], [30], [31], [37], [41], [43], [48]. This ambiguity and impreciseness
can be an insurmountable issue in safety critical systems.

Formal methods, on the other hand, are very unambiguous and precise but suffer
from poor understandability [24], [31], [37], [40], [41]. Formal methods utilize math-
ematical concepts, which makes them difficult to understand for stakeholders who
do not possess the required domain knowledge [24|, [40]. This is especially prob-
lematic for requirements due to the variety of stakeholders that need to understand
them. For example, it is not necessarily a problem if a client does not understand
the software’s code as long as the software performs as they expect, but they need to
understand the requirements so that they can verify wether the requirements repre-
sent their needs accurately. For this reason, most research around understandability
focuses on formal methods.

One way to breach the gap between natural language and formal methods is

using semi-formal methods like controlled natural languages (CNL). Requirements
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written in a CNL resemble natural language but adhere the structural and semantical
rules of the given CNL. [24], [31], [37], [40], [41] While improving understandability,
semi-formal methods compromise some of the benefits of formal methods [37], [40],
[48].

Model transformations offer a way to aid understandability, while keeping all the
benefits of formal languages. As the name implies, model transformations change
requirements from one model to another [24], [37], [40], [41]. This is done to attain
the benefits of the more understandable informal models and the precision of formal
models. The transformation can be implemented in either direction: taking formal
requirements and presenting them in a more understandable model like an UML
diagram [24], [41] or writing requirements in an easier-to-use semi-formal language

and transforming them to a formal language [37].

Verifiability

Verification refers to the activity of determining wether the system satisfies the spec-
ified requirements [21]. In other words, does the system have all the functionalities
defined in the functional requirements and does it meet all the quality attributes
defined in the non-functional requirements. Verifiability refers to how ’easy’ a re-
quirement is to verify.

Verification can be manual or automated [37], [40], [50]. Manual verification in-
cludes code reviews, tests and checklists [39], [50]. The chosen verification technique
depends on the type and abstraction level of the requirement [39], but verification
can be made easier at any level by writing the requirement in a way that ensures
verifiability.

Concrete and measurable metrics enhance verifiability [54]. It is, for example,
much easier to verify that an interface loads in 0,2 seconds than it is to verify that

the interface is "fast and responsive". In practice any method that clearly conveys
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the expected behavior of the requirement makes it more verifiable. These methods
include Definition of Dones [39] and verification rules [50].

Manual verification can become unsustainable in larger projects [40] and it has
the potential for human errors [37]. Automatic verification aims to rectify these
issues. For requirements to be automatically verifiable, they need to be interpretable
by a machine, which in practice means using formal methods [37], [48]. However,
using a formal method might not guarantee automatic verifiability for a given project

as defining a domain-specific ontology might be required [48|.



4 (Quality indicator metrics for

requirements

This chapter introduces the quality indicator metrics for requirements that were
used to analyze requirements in public RFPs in Chapter 6. The metrics were created
based on the preceding literature review and aim to evaluate the quality of software
requirements.

Section 4.1 elaborates on each selected metric, seen in Table 4.1, explaining their
reason for inclusion, scope and application. Section 4.2 goes over metrics that were
considered, but ultimately excluded from the final quality metrics.

Scope refers to what the unit of assessment is. Metrics that have requirement
as their scope are applied to each requirement individually and metrics with the
RFP scope are applied to the RFP as a whole. For example, the scope for AM1 "No
ambiguous terms" is requirement, which means that each requirement is individually
scored for if they contain ambiguous terms and correspondingly the scope of UN2
"Visual artifacts" is RFP, which means that the whole RFP gets a single score for
if it includes visual artifacts.

Each metric has individual scoring criteria, but all scores are between 0 and 1,
where 1 means that the requirement or RFP abides by the metric and 0 means that
the requirement or RFP is in conflict with the metric. For metrics of requirement

scope, all individual scores are summed and divided by the number of requirements
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and then multiplied by 100 as seen in equation 4.1. For metrics of RFP scope, the
score is multiplied by 100 as seen in equation 4.2. This gives a final score between 0
and 100 for each metric, where a score of 100 would mean that the RFP fully abides
by the metric. The overall quality score of the RFP is the average of the scores of

the different metrics.

>~ Requirement scores

Metri = x 100 4.1

etric score of req scope Num of requirements (4.1)

Metric score of RFP scope = RFP score x 100 (4.2)
Metri

Quality score = 2 Metric scores (4.3)

Num of metrics

While the intention of this metric is to evaluate the quality of the requirements
in RFPs, it is to be noted that the resulting score does not directly measure quality.
Rather, the score measures indicators of quality. This means that the metrics do
not intend to show that an RFP with a quality score of 80 is objectively better than
one with the score of 65, but that the former is most likely better as it has more
indicators of quality.

This is an important distinction because requirements are complex and varied
and cannot be made to fit one mold of "quality". Sometimes a little ambiguity is
necessary to leave room for different solutions and other times it is justified to not
have a self-contained requirement. These are, however, exceptions and the metrics

aim to capture the frequency of ’best practices’ in the requirements.

4.1 Included metrics

The section details reason for inclusion, scope and scoring for each metric in Table

4.1.
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Table 4.1: Software Requirements Quality Metrics Framework

Category ID Metric Scope Description
AM1 No ambiguous terms Req Requirements avoid vague or subjec-
tive wording
Ambiguity AM?2  Clear sentence structure Req Sentences are unambiguous in re-
gards to e.g. modifiers and refer-
ences
AM3  Single interpretation Req Requirement can be reasonably in-
terpreted in only one way
Completeness COM Requirements are self-contained Req Requirement can be understood
without reference to external re-
quirements or documents
LOD1 Requirements are atomic Req Requirements describe a single func-
tionality or constraint
Level of Detail LOD2 Sufficient specificity Req Requirements contain enough detail
to guide implementation
Non-functional NFR  NFRs are defined RFP NFRs are explicitly defined in the re-
requirements quirements specification
Prioritization PRI Requirements are prioritized RFP Requirements have different weights
UN1 Requirements are understanable Req Requirements understandable
Understandability UN2 Visual artifacts RFP Visual artifacts like UML-diagrams
are used
UN3 Domain knowledge taken into RFP Technical and domain specific lan-
account guage and terms are explained
Verifiability VER  Requirements are verifiable Req Requirements can be verified via

testing

Ambiguity metrics

AM1 "No ambiguous terms" evaluates requirements on their use of ambiguous terms.

Ambiguous terms are words that are prone to causing ambiguity. Several studies in

the literature review flagged specific words that were deemed ambiguous [30], [32],

[49], [54]. While the use of an ambiguous term does not inherently cause ambiguity,

it is still worthwhile to pay attention to them, as they make requirements prone to

it.

AMT1’s scope is individual requirements and it is scored in the following manner:

AM1 =

1 < The requirement does not contain ambiguous term(s).

0 < The requirement contains ambiguous term(s).
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An example of a requirement that would score a 0 from AM1 is: "The quality of
the software is sufficient". The word "sufficient" is an ambiguous term as it does not
really tell anything substantive about the expected quality of the software. Note,
however, that if the requirement went on to explain what it meant by "sufficient",
it would still score a 0 from AMI1, as the metric is only interested in the use of
ambiguous terms and not on the ambiguity of the requirement.

AM2 "Clear sentence structure" evaluates the requirements on the ambiguity of
their sentence structures. Ambiguity stemming from an unclear sentence structure
can be more difficult to spot than one stemming from ambiguous terms, making it
more prone to subconscious disambiguation [30].

AM2’s scope is individual requirements and it is scored in the following manner:

1 < The requirement’s sentence structure is clear.
AM?2 =

0 < The requirement’s sentence structure is unclear.

An example of a requirement that would score a 0 from AM2 is: "Confidential
data or patient information shall not be displayed to unauthorized users". It is not
clear if the modifier "Confidential" refers only to data or also to patient information.
In other words, does the restriction apply to all patient information or only to
confidential patient information. Again, AM2 is only about if there is an unclear
sentence structure and not if it leads to the requirement being ambiguous.

AM3 "Single interpretation" evaluates requirements on if they can be reasonably
interpreted only in one way. Ambiguity in requirements of RFPs can cause issues
throughout the procurement process. Ambiguities that are caught early cause extra
work for the client and supplier alike as the ambiguities need to be ironed out,
ambiguities that are caught after suppliers have left their proposals can lead to
unnecessary rejections or restarts of the whole process and ambiguities that are

uncaught can lead to unsuitable software and difficult contract negotiations.
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AM3’s scope is individual requirements and it is scored in the following manner:

1 < The requirement has only one reasonable interpretation.

AM3 =
0 < The requirement has multiple reasonable interpretations.

Example requirements given for AM1 and AM2 would score Os for AM3 also, but
AM3 is does not always match the other metrics. For example, a requirement that
contains an ambiguous term that is then specified in the same requirement could

differ in rating for AM1 and AMS3.

Completeness metrics

COM "Requirements are self-contained" evaluates requirements on if they can be
understood without reference to external requirements or documents. Self-contained
requirements are easier to understand and verify as all the required information
exists in the requirement itself.

COM’s scope is individual requirements and it is scored in the following manner:

1 < The requirement does not rely on external information.
COM =

0 < The requirement relies on external information.

An example of a requirement that would score a 0 from COM is: "The software’s
data must be handled in accordance with Appendix A". There is no way to under-
stand the requirement without reading Appendix A. Other examples include using
domain specific terminology that cannot be assumed to be known or referencing
functionalities or constraints of other requirements. These types of requirements
can often be justified as, for example, referencing an accessibility standard is far

more practical than explaining it fully in a single requirement. However, an over-



4.1 INCLUDED METRICS 42

reliance of external referencing can make a requirements document difficult to read

and comprehend.

Level of detail metrics

LOD1 "Requirements are atomic" evaluates requirements on if they describe only
one functionality or constraint. Non-atomic requirements that describe multiple
functionalities or constraints are common in RFPs as the projects are in the earliest
day of development and requirements tend to be general level. The more function-
alities a single requirement describes, the less detail any one functionality has. This
can introduce ambiguity to the requirements.

LOD1’s scope is individual requirements and it is scored in the following manner:

LOD1 1 < The requirement describes only one functionality or constraint.

0 < The requirement describes multiple functionalities or constraints.

An example of a requirement that would score a 0 from LOD1 is: "The system
collects usage data and creates daily reports based on the data". The requirement
clearly has two functionalities and separating them into two distinct requirements
would make them atomic.

LOD2 "Sufficient specificity" evaluates requirements on if they have enough de-
tail to reasonably guide implementation. Low level of detail is understandable for
requirements in RFPs due to the early stage of development, but overly vague re-
quirements might leave out details that causes the suppliers to submit unsuitable
solutions.

LOD2’s scope is individual requirements and it is scored in the following manner:
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(
1 & The requirement contains enough detail

to guide implementation.

LOD2 =
0 < The requirement does not contain enough detail

to guide implementation.

This metric was scored by evaluating if a software engineer could be reasonably
expected to start implementing the feature based on the given level of detail. For
example the requirement "The system supports customer support in their daily
work" would score a 0, as there is no mention of how the tools should support or
really even in what. Comparatively the requirement "The system displays pending
customer support tickets ranked oldest to newest" has enough detail for an engineer
to start their work. Obviously the requirement still does not give the full picture
of how exactly the functionality should work, but it has enough detail to guide the

implementation.

Non-functional requirements metrics

NFR evaluates RFPs by if they have recognized different categories of non-functional
requirements. Not only are NFRs important for a projects success [27], [38], [39],
[50], [61], there are also many different categories of them. Ten of the most common
categories of NFRs were identified of the collected RFPs and the RFPs were scored
based on how many of the categories were explicitly recognized. Accounting for
different categories in the requirements indicates that the quality of the software is
a consideration for the procurer in addition to its functionality.

NFR’s scope is RFP and it is scored in the following manner:

Num of categories in RF'P

NFR =
10
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For a category to be counted towards explicitly recognized, it has to be named
as a category in the requirements document. An RFP with no categories would
score a 0 and one with integration, usability and data protection categories would
score a 0,3. The ten categories of non-functional requirements identified in the
RFPs were: information security, integration requirements, technical requirements,
data protection, availability, accessibility, usability, performance, architecture and
scalability. A service level agreement was also counted for availability as many
RFPs had availability requirements in the SLA rather than in the main requirements

document.

Prioritization metrics

PRI "Requirements are prioritized" evaluates RFPs by if the requirements have
different weights. Prioritizing requirements guides development as the most valuable
features can be implemented first. In procurement prioritization typically means
having mandatory and optional requirements and possibly having different weights
for the optional requirements. Weighted optional requirements give the clients better
tools to evaluate proposed solutions and offers suppliers better insight into what is
important for the solution.

PRI’s scope is RFP and it is scored in the following manner:

1 < Optional requirements are weighted.
PRI =< 0,5 < Optional requirements exist, but are not weighted.

0 < All requirements are mandatory.

Requirements documents in RF'Ps mention whether the requirements are manda-

tory or optional. Some RFPs have only mandatory requirements and score a 0 from
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PRI. RFPs that have optional requirements that are unweighted i.e. score no points

or all score the same points score 0,5 and ones with differing points score a 1.

Understandability metrics

UN1 evaluates requirements on if they are understandable. Understandability is
essential for requirements to bring any value to the project. For RFPs poor un-
derstandability can result in a redoing of the whole procurement process because
supplier cannot provide a good solution if they do not understand what is being

asked.

UNT’s scope is individual requirements and it is scored in the following manner:

1 < The requirement is understandable.
UN1 =

0 < The requirement is not understandable.

Understandability for this metric means that the reviewer has a general idea of
what the requirement means. UN1 is not about if the idea is correct, but just that
the requirement is coherent and legible enough to convey some idea. This makes
UNT1 very subjective to score, for what is understandable to one, might incoherent
to another. This, however, is not as troublesome as it might seem, because the vast
majority of the requirements present in RFPs should be understandable to most peo-
ple and any significant portion of an RFPs requirements not being understandable
should be cause for concern regardless of the reviewer.

UN2 "Visual artifacts" evaluates RFPs on if they include visual artifacts to aid
understandability. Visual artifacts mean visual representations of the requirements,
procured system or its intended use cases. These include UML-diagrams of the
desired architecture or Use Case diagrams. Visual artifacts aid understandability
an thus help suppliers create better proposals.

UN2’s scope is RFP and it is scored in the following manner:
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1 & The RFP contains visual artifacts.
UN2 =

0 & The RFP does not contain visual artifacts.

UN2 scores visual artifacts simply for their existence and not for their quality or
comprehensiveness. This was done to make the quality metrics more manageable to
use, as UN2 is just one of twelve metrics, and because the mere existence of visual
artifacts is an indicator of quality, that not all RFPs pass.

UN3 "Domain knowledge taken into account" evaluates RFPs on if domain spe-
cific language and terms are explained. Procurement efforts usually end up with
experts of two or more different domains working together and they cannot be ex-
pected be familiar with one the other domains at least from the get-go. For software
procurement the supplier is usually an expert in software development while the
client is an expert on their respective field and the requirements are full of terms
and language specific to both domains. Including an appendix that explains all the
terms can help bring both parties on the same page on what the requirements mean.

UN3’s scope is RFP and it is scored in the following manner:

1 < The RFP explains domain specific terms.
UN3 =

0 & The RFP does not explain domain specific terms.

UNS3 is scored for the existence of a vocabulary instead of its quality for similar

reasons as UN2.

Verification metrics

VER evaluates requirements on if the are verifiable. Verifying means checking if
the system abides by the requirements. In software development verifying lets the
team know that they are building the software right and in procurement it allows

the suppliers to better evaluate if their proposal fits what the clients are looking for.
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VER’s scope is individual requirements and it is scored in the following manner:

1 < The requirement is verifiable.
VER =

0 < The requirement is not verifiable.

An example of a requirement that would score a 0 from VER is: "The autho-
rization system is resilient brute force attacks". The requirement lacks any concrete
ways to verify wether the system completes the requirement or not. The requirement
"The system locks a user account for 30 minutes after 5 consecutive failed login at-
tempts" has the quantifiable metrics of "30 minutes" and "5 consecutive attempts"

that can be tested to verify if the system works as intended.

4.2 Excluded metrics

This section briefly discusses metrics that were considered but discarded.

Metrics pertaining to correctness and necessity were not included because scor-
ing them would have required a thorough understanding of the projects and the
needs driving them. While most RFPs contain documents that aim to explain those
factors, they do not satisfactorily meet the need for two reasons. The documents
greatly vary in detail and thoroughness and because of the nature of errors regarding
correctness and necessity. If the requirements contain a requirement that is not nec-
essary for solving the underlying problem, the same error is likely to be duplicated
in the accompanying documents because the people creating the documents do not
understand the problem.

Traceability metrics were excluded as projects that are being procured are in
the earliest stages of development so there is little to trace. In addition the selected
RFPs do not include any traceability documentation.

Consistency and completeness metrics could not be properly analyzed due to the

sampling approach detailed in Chapter 5. For completeness, only completeness of
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individual requirements could be analyzed because completeness of a set would re-
quire analyzing each requirement in the set. Consistency could in theory be analyzed
within the sample, but in practice that did not yield meaningful results. Initially the
analysis included three consistency metrics: "consistency of terms", "no overlapping
requirements" and "no conflicting requirements", which were ultimately excluded.
A third level of detail metric was considered and scrapped. LOD3 was meant
to measure if requirements were too specific as to unnecessarily restrict possible
solutions. The issue with this metric was in the word "unnecessarily". Without a
thorough understanding of the system, its goals and future environment, it would
be nigh impossible to make such judgment calls. A possible solution was to forgo
the judgment and simply score based on if the requirement restricted the "how" and
not only the "what". The issue with this approach was that certain categories of
requirements, like integration, would have almost all scored low, and the randomness

of how many requirements of those categories were in the sample would have had a

large part in deciding the final score.



5 Methodology

This thesis aims to contribute to the understanding of procurement competency in
Finland by designing a framework for evaluating quality indicators in requirements
and by applying the framework on public REPs. Thus, this thesis represents applied
research with a deductive research logic and the research purpose is evaluation. This
thesis has elements of design research and case study.

The evaluated requirements are natural language documents that are manually
transformed into quantifiable data through the quality indicator analysis. This
makes the research process a mix of qualitative and quantitative with a positivist
research approach.

Data collection, sampling and analysis processes are further elaborated on in the

following Sections.

5.1 Data collection

The data used in this study is requirements specifications from Finnish public re-
quests for proposals. The data is collected from RFPs found in the procurement
platform HILMA. HILMA is owned by the Ministry of Finance and maintained by
Hansel [63]. Hansel is a centralized procurement body owned by the Ministry of
Finance and Kuntaliitto, an organization compromised of the municipalities in Fin-
land [64]. As HILMA is owned and operated by the public administration, it falls

under domestic and EU legislation governing the transparency of data in the public
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sector [65]-[67]. These laws, in addition with the procurement act that demands
public procurement be transparent [68|, permit the use of data found in HILMA for
research purposes.

The HILMA database can be filtered with Common Procurement Vocabulary
(CPV) codes. CPV is a classification system for public procurement, which consists
of nine digits. The first two digits define the division, which are broad categories
that can be further specified with the following digits. For example, 42000000 is
the code for "Industrial machinery" and it can be further specified for "Cooling and
ventilation equipment" with 42500000.

The CPV division that is of interest for this thesis is 72000000: "IT services: con-
sulting, software development, Internet and support". Division 72 contains various
IT services from IT support to data classification. Of those services, this thesis is in-
terested in software development, which can be found under, for example, 72230000:
"Custom software development services". However, the search is conducted using
the main division code of 72000000 due to the inconsistent CPV usage in the RFPs
found in HILMA.

HILMA also offers other filtering options, like the region or scope of the RFP, but
those are left empty to get a wide sampling of different projects and because they
are not relevant for the outcomes of this study. The two types of RFPs that are left
outside this study are dynamic purchasing systems (DSP) and expired RFPs. DSPs
are not included because they are used for ongoing client-supplier relationships and
handle requirements in a different manner. Expired RFPs are not included due to
most of them containing deprecated links, making data gathering impossible.

The data collection process progressed in steps. First, all of the RFPs not re-
lated to software development were left out based on their name and description in
HILMA. Second, only RFPs with clearly defined requirements were selected. While,

RFPs with vague or non-existent requirement specifications would make for an in-
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teresting research, they are out of scope for this thesis as it is about quality of the
requirements.

The data collection was conducted in 9.-10.5.2026 and yielded 19 RFPs. The
selected RFPs represent a varied sample of typical Finnish RFPs including both
smaller domestic projects and larger EU projects. Although the RFPs are publicly
available, they are anonymized in this thesis as the goal is to evaluate the quality
of requirements in procurement as a whole and not to critique specific procurement
organizations. The RFPs are identified as RFP1-RFP19 in this thesis.

The selected RFPs had separate requirements documents that were Excel sheets

in 17 of the RFPs and PDF documents in 2.

5.2 Data sampling

The total number requirements was determined using the COUNTIF-function for re-
quirement in Excel sheets and manual counting for requirements in PDF documents.
All in all, 4511 requirements were identified accross the 19 RFPs.

Due to the high number of requirements and quality metrics that would be
applied on the requirements, it was determined that the analysis would be conducted
on a sampled dataset. This was done so that the number of examined RFPs could be
kept high in order to form a more comprehensive understanding of the overall quality
of ICT procurement. A low number of analyzed RFPs would have compromised the
general applicability of this thesis.

The sampling strategy was designed to fit the research questions. RQ2 needs the
sampling to be done in a way that allows comparing the RFPs with one another and
RQ3 requires that functional and non-functional requirements can be compared. To
achieve this a two level stratified sampling was conducted in which the requirements
were first stratified based on the RFP and then stratified based on if requirement

category.
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A stratified sample means dividing the data population into separate subpopu-
lations that are then sampled. So instead taking a random sample out of the whole
pool of 4511 requirements, the requirements were divided into 38 pools (19 RFPs
times 2 requirements categories) that were sampled individually.

The data was already stratified based on RFP as the requirements were in sep-
arate documents, but they also needed to be stratified based on requirements cat-
egory. This was done using the categorizations present in the requirements docu-
ments. Every RFP’s requirements documents were categorized and the categories
were analyzed. Three main categories were identified: functional requirements, non-
functional requirements and organizational requirements. Organizational require-
ments involve, for example, employee training and project delivery and they were
excluded from the analysis due to the thesis’ focus on software requirements.

Each RFP categorized the requirements in different ways. Most RFPs had a
functional requirements category, but some had the functional requirements cat-
egorized under different components of the procured system. Some RFPs had a
non-functional requirements category, but most used the subcategories listed in Ta-
ble 6.2.

Once the relevant requirements were identified, they were collected in Excel to
perform the sampling. Requirements from other Excel sheets needed no processing,
but those from PDF documents needed to be cleaned to make them suitable for Ex-
cel. The data cleaning involved removing unnecessary information and line-breaks.

A sample size of 10% was selected to provide a large enough dataset for mean-
ingful analysis, while keeping it practical for manual review. The sampling was
done proportionally for the RFPs and equally for the requirements categories. This
means that 10% of each RFP’s requirements were included in the sample and the

10% was equally sampled from functional and non-functional requirements. If the
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Table 5.1: Number of requirements in RFPs and their samples
Total Sample

RFP All Func | NFR | All | Func | NFR
RFP1 | 257 |99 134 [ 26 |13 13
RFP2 | 399 | 258 | 137 |40 |20 20
RFP3 | 113 | 14 66 11 |5 6
RFP4 | 235 123 84 24 12 12
RFP5 | 339 | 223 |68 34 |17 17
RFP6 | 158 | 39 47 16 |8 8
RFP7 | 360 | 182 | 111 |36 |18 18
RFP8 | 167 | 39 111 17 | 8
RFP9 144 74 71 14 7
RFP10 | 66 23 16 7 4
2
9

RFP11 | 53 18 26 )
RFP12 | 175 | 84 38 18
RFP13 | 621 | 175 | 38 62 |31
RFP14 | 238 | 143 | 45 24 |12 12
RFP15 | 67 36 31 7 4 3
RFP16 | 60 15 9 6 3 3
RFP17 | 243 | 204 | 39 24 |12 12
RFP18 | 209 | 113 | 73 21 |11 10
RFP19 | 607 | 264 | 180 |61 |31 30
Total | 4511 | 2117 | 1324 | 453 | 227 | 226

10% could not be equally divided by two, the category with more requirements got
the larger sample.

Table 5.1 lists all RFPs and their total number of requirements and sample sizes.
As can seen from the Table, the total sample is a bit over 10% at 453 requirements
due to rounding. Organizational requirements are included in the Total column,
which is why functional and non-functional requirements do not amount to the
amount of all requirements.

The sampling was conducted using Excel’s RAND function by giving each re-
quirement in a stratified pool a distinct random number and by ordering them based
on the number. This randomizes the order of the requirements, after which the top
n requirements were selected as a part of the sample, where n is the appropriate

number shown in Table 5.1.
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5.3 Data analysis

The total number of requirements and the number of mandatory requirements were
determined using Excel’s COUNTIF-function for requirements found in Excel sheets
and manual counting for those in PDF documents.

The quality analysis was conducted according to the metrics defined in Chapter
4. The sampled requirements were collected in an Excel sheet where each row was
a requirement and each column a metric. Every requirement was manually scored
against each metric, with the exception of RFP metrics that were scored once for
each RFP. Excel was then used to count the final scores for each RFP according to

Equations 4.1, 4.2 and 4.3. A combined quality score was also calculated.



6 Requirements analysis results

This chapter goes over the results of the analysis conducted on the requirements of
the selected RFPs. Section 6.1 gives an overview of the general characteristics of the
RFPs like number of requirements. Section 6.2 presents the results of the quality

indicator analysis. The results are interpreted in Chapter 7.

6.1 Overview

Table 6.1 shows the general characteristics of the chosen RFPs. As the table shows,
the size of the RFPs, in terms of number of requirements varies greatly. The largest
RFP (RFP13) with 621 requirements was over ten times the size of the smallest
(RFP11) with 53 requirements.

The average number of requirements was 237 and the median was 209. Figures
6.1 and 6.2 show that over half (10) of the REFPs had between 100 and 300 require-
ments. Just over third of the RFPs fall within 100 requirements of the most common
group with four RFPs having under 100 requirements and three having between 300
and 400 requirements. Two outliers had over 600 requirements.

As can be seen from Table 6.1, the majority of RFPs used the EU procedure with
only four using the national procedure. Out of the five smallest RFPs, by number

of requirements, four used national procedure and one used EU.
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The ratio of mandatory requirements varied form 62,7% to 100%. Five RFPs

had only mandatory requirements. The average ratio was 87,5% and the median

was 94%.

As can be seen from Table 6.1, the number of identified non-functional require-

ments categories varied from 2 to 8 with the average being 5,1 and median 5. Table

6.2 shows the identified categories and the number of RFPs they were identified

in. The most common NFR categories were information security and integration

requirements and the least common were architecture and scalability requirements.

Table 6.1: Characteristics of the choosen RFPs
] = §
- -
= E 4;5 E‘ )
RFP S 2 | = 2 | =
=T - T R R
IR = 5| =
= Z.
RFP1 EU | 257 | 256 | 99.6% | 6
RFP2 EU | 399 | 375 | 94,0% | 7
RFP3 FI | 113 94 | 832% | 7
RFP4 EU | 235 | 195 | 83.,0% | 4
REFP5 EU | 339 | 260 | 76,7% | 5
RFP6 EU | 158 | 158 | 100% | 5
RFP7 EU | 360 | 278 | 772% | 7
RFPS8 EU | 167 | 167 | 100% | 3
RFP9 EU | 144 | 109 | 75,7% | 4
RFP10 | EU | 66 61 |92,4% | 2
RFP11 | FI 53 53 100% | 3
RFP12 | EU | 175 | 175 | 100% | 5
RFP13 | EU | 621 | 466 | 75,0% | 6
RFP14 | EU | 238 | 188 | 79,0% | 4
RFP15 | FI 67 42 1 62,7% | 8
RFP16 | FI 60 60 100% | 2
RFP17 | EU | 243 | 234 | 96,3% | 5
RFP18 | EU | 209 | 206 | 98,6% | 7
RFP19 | EU | 607 | 572 | 942% | 7
Total - | 4511 | 3949 | 87.5% | -
Average | - 237 | 208 | 87,5% | 5,1
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Table 6.2: Categories of non-functional requirements identified in RFPs, ranked by
how many RFPs included them

Category Prevalence
Information security 17
Integration requirements 15
Technical requirements 14
Data protection 13
Availability 11
Accessibility 7
Usability 7
Performance 6
Architecture 3
Scalability 1

6.2 Quality indicators

The results of the quality indicator analysis are shown in Figures 6.3, 6.4 and 6.5.
The same results are color coded in Appendix A. Each column represents a category
introduced in Chapter 4 and each row represents the scores the RFPs scored in
the categories. All categories are scored from 0 to 100 where the higher number
represents a higher number of quality indicators. The last row represents the average
scores of all RFPs put together.

The quality indicator scores varied from 40,8 to 81,1. Figure 6.6 shows the
quality indicator scores and normalized sizes of all RFPs sorted from smallest to
largest. Normalized size means the number of requirements divided by 621, which is
the number of requirements in the largest RFP. Larger RFPs tended to have better
quality indicator scores.

The overall quality indicator score for all requirements was 65,6, for functional
requirements it was 68,8 and for non-functional requirements it was 69,1. The best
performing metric for all categories was UN1 "Requirements are understandable"
and the worst performing was VER "Requirements are verifiable".

Out of the 453 requirements, 143 contained ambiguous terms i.e. scored a 0

from AM1. Out of those 143, 101 scored a 0 from AM3 "Single interpretation".
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This means that, in the analyzed dataset, a requirement that had an ambiguous
term, was ambiguous 70,6% of the time. The same figures for AM2 "Clear sentence
structure" were 44 and 26, which gives an ambiguity rate of 59,1% for AM2. If a
requirement got a 0 from both AM1 and AM2, the probability that it was ambiguous
was 94,1%, with only one of the 17 requirements being unambiguous. Out of the
131 requirements that were ambiguous per AM3, 20 scored a 1 from AM1 and AM2.
This means that there was a 15,3% chance that a requirement was ambiguous even
if it did not contain ambiguous terms and had a clear sentence structure.

Functional requirements contained less ambiguous terms and had less require-
ments with multiple interpretations, but had more requirements with unclear sen-
tence structures than non-functional requirements. Overall, functional requirements
had more quality indicators when it comes to ambiguity. When all three metrics are
summed together, functional requirements had a combined ambiguity score of 79,2
and non-functional requirements had 74,0.

As shown by Figure 6.7 and Table 6.3, the metrics with the largest difference
between functional and non-functional requirements were AM1 and LOD2. The two
metrics were also the only ones where the difference was over 10 points and overall
the difference was only 0,2 points in favor of NFRs. Ambiguity, overall, favored
functional requirements while level of detail fared better with NFRs. Functional
requirements were slightly more self-contained (COM) and verifiable, while NFRs
were a bit more understandable.

Four out of the nineteen RFPs had no prioritization of requirements. This is
contradictory with Table 6.1 that shows five RFPs with 100% mandatory require-
ments. This discrepancy is due to RFP8 having only mandatory requirements, but
also marking some of those requirements as "Possibly optional". This is why it has a
mandatory rate of 100% in Table 6.1 and a PRI score of 50. Five RFPs had optional

requirements with no or equal weights and ten had differing weights.
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RFP|AM1|AM2|AM3|COM|LoD1|LoD2| PRI [UN1{UN2(UN3|VER|NFR| All
73,1|92,3|65,4| 69,2 | 69,2 | 61,5|50,0({92,3| 100 | 100 {61,5(60,0|74,6
70,0(82,5(92,5(77,5| 52,5 | 82,5|50,0(93,8| 100 | 100 {67,5(70,0|78,2
45,5(81,8|63,6| 54,5 | 45,5| 63,6 | 100 |86,4| 100 | 0,0 {45,5(70,0(63,0
62,5|95,8|62,5| 79,2 | 45,8 | 50,0 | 100 |79,2| 100 | 0,0 |33,3(40,0(62,4
88,5(84,6/80,8(88,5|61,5|61,5| 100 (96,2| 100 | 100 {61,5(50,0|81,1
62,5| 100 |68,8| 75,0 | 81,3 | 56,3 | 0,0 | 100 | 100 | 100 |37,5(50,0(69,3
61,1/88,9|72,2| 75,0 50,0| 58,3 | 100 (91,7100 | 0,0 {47,2(70,0(67,9
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Figure 6.3: Quality indicator scores for all requirements

Just over half of the RFPs contained visual artifacts (UN2) and just under half
contained a vocabulary of domain specific terms (UN3) with eleven and nine respec-

tively. Six RFPs contained both and five neither.
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Figure 6.4: Quality indicator scores for functional requirements
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Figure 6.5: Quality indicator scores for non-functional requirements
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Table 6.3: Quality indicator metrics for functional and non-functional requirements

and their differences

Metric | Func | NFR | Diff
AM1 77,1 59.7 | 174
AM2 87,7 | 92,9 | -5,2
AM3 72,7 | 69,5 3,2
COM 79,3 72,1 7,2
LOD1 48,0 56,6 | -8,6
LOD2 52,0 69,9 |-17,9
UN1 90,5 949 | -44
VER 43,2 36,7 6,5

All 68,8 69,1 | -0,3




7 Discussion

7.1 Requirements quality indicator metrics

The drawbacks of the requirements quality metrics, designed in Chapter 4, were
caused by the split focus of this thesis. This thesis aimed to contribute to the
measuring of requirements competency by designing a framework for evaluating
requirements and by measuring the current state of procurement competency. One
of these goals pushed the metrics to be more comprehensive and granular, while the
other pushed for breadth at the cost of depth. This can be most plainly seen in the
excluded metrics discussed in Section 4.2. Entire categories of metrics had to be cut
in order to accommodate the sampling approach that allowed for more RFPs to be
included in the analysis.

This is not to say that these decision were made in poor judgment or that they
hurt the thesis, quite the contrary. While applying the metrics to a wide range of
RFPs and requirements limited their design, it was necessary to demonstrate the
need for such tools. The requirements analysis showed that there indeed are differing
levels of competency in Finnish ICT procurement.

However, if the metrics were to be further developed, they would benefit from a
tighter focus. The two avenues where the metrics could be valuable are: a tool that
procuring organizations can use to evaluate their project’s requirements and a tool

for en masse analysis of requirements in RFPs. The first would help create more



7.1 REQUIREMENTS QUALITY INDICATOR METRICS 66

competent procurement artifacts and the second would create better understanding
on procurement competency.

If the metrics were to be developed as a tool for procurement organizations
to evaluate their own metrics, they would need to be more comprehensive. The
excluded metrics discussed in Section 4.2 would be included and more than the
publicly available documentation could be incorporated. The scoring system could
also be expanded to allow for more expressive and actionable results. For example,
metrics like PRI and UN2 that score solely based on the existence of prioritization
and visual artifacts could be expanded to include the quality and validity of those
elements. These additions would not have the same feasibility issues as the metrics
in this thesis, because only one set of requirements would be analyzed.

The metrics descriptions and scoring criteria would also need to be expanded
for them to be easier to apply for a varied user base of different levels of domain
knowledge. The metric most in need of further guidance is AM2 "Clear sentence
structure". The metric is based on an article by Ribeiro & Berry [30] where they
introduce multiple different forms of ambiguity caused by sentence structure. The
article provides multiple examples but they do not always translate well and a list
of examples in Finnish would be helpful.

Unified quality metrics for requirements in Finnish public procurement could
provide useful on multiple fronts. The competency of procurement documents and
individuals would increase as the metrics could be used to verify the quality of
requirements in RFPs as well as used for training. They would also create knowledge
on the importance of different elements of procurement as the quality scores more
and less successful projects could be compared.

Developing the metrics for mass analysis of requirements would require either
further simplification of the metrics or automatization of the process. Manually

scoring each requirement on twelve metrics, some of which require interpretation
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and judgment, is unsustainable for any larger analysis. Natural language processing
approaches could be developed to automate scoring of some or all metrics. This
type of mass analysis of requirements in RFPs would provide a comprehensive view
of the state of competency in ICT requirements, which could be then used to target
training and guidelines on areas that seem lacking.

Ultimately, the first approach seems more promising. A tool that directly helps
procurers create better quality requirements has more potential to positively impact
procurement competency. Additionally, if the tool was widely used, it would also
create data on the overall competency of procurement in Finland.

This would not replace the self-assessment tool already in use, but support it.
Combining the self-assessment and requirements quality data would bring a new
layer of depth to the understanding of procurement competency. Currently the self-
assessment tool data is used in focusing training on areas that are ranked low, but
a lack of training might not always be the reason for failed procurement.

For example, cases where the self-assessment shows high competency, but the
quality indicators are low, could mean that there are organizational or procedural
deficiencies that make producing quality difficult even for competent professionals.
This would allow for much more targeted responses to issues, ultimately improving

the quality of public procurement in Finland.

7.2 The state of ICT procurement in Finland

The requirements in Finnish RFPs varied greatly in amount and quality. Interest-
ingly, as Figure 6.6 shows, the RFPs with more requirements also tended to have
better quality scores. This validates the findings in two ways. First, a larger amount
of requirements shows that the project is important and that effort has been put
into defining its requirements, and the fact that the quality indicator scores align

with this speak to them really measuring what they claim. Second, due to the sam-
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pling strategy, some of the sample sizes were really small and it could have produced
volatile results, which did not happen. This indicates that the metrics are robust
and reliable even in smaller sample sizes.

Even so, the sampling strategy would have benefited from reconsideration. The
idea behind it was to make sure that the RFPs had a proportional impact on the
overall quality scores, but the smallest sample sizes ended up too small. This is
a threat to the validity of this thesis even though the results did not show any
anomalies.

As mentioned in Section 6.2, ambiguous terms (AM1) lead to ambiguity 70,6%
of the time and an unclear sentence structure 59,1% of the time. This means that
both factors are worth paying attention to when defining requirements, but it also
shows that neither make requirements necessarily ambiguous. This means that now
words or sentence need to be forbidden from requirements engineers, but that they
are to be used intentionally, knowing their tendency to ambiguity and how to avoid
it.

Simply avoiding unclear sentence structures and ambiguous terms is not sufficient
as 15,3% of the ambiguous requirements had neither. 15,3% might seem low but
considering the average RFP in this thesis had 237 requirements, 15,3% amounts
to roughly 36 ambiguous requirements. 36 requirements are enough to potentially
cause a lot of headaches in contract negotiations.

Overall, ambiguity was lower for functional requirements. This may show that
the functionalities of the procured systems are what client organizations tend to
focus on and have a more concrete understanding of, while NFRs are left on a
general level. This could be explained with domain knowledge, as the clients are
experts on what they want to do with the system, but not so much on how the

system should do it. The exception was AM2 "Clear sentence structure" where
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NFRs had functional requirements beat. Functional requirement were often more
complex and especially prone to modifier ambiguity (explained in Section 4.1).

This more complex nature of functional requirements could also explain the
lower score in understandability. Functional requirements also relied more on do-
main specific language and concepts that made some of the requirements difficult to
understand.

Overall, UN1 "Requirements are understandable" was the highest scoring metric
in the analysis. This is partly because the bar is quite low, simply comprehending a
natural language sentence, but at the same time, the score is not to be overlooked.
The requirements deal with complex system and the fact that the vast majority of
the requirements were understandable, speaks to understandability being something
that is considered in the procuring organizations.

NFRs scored higher on both metrics related to level of detail. Functional re-
quirements tended to bundle multiple functionalities into single requirements, which
shows in the low LOD1 "Atomic requirements" score. Though, the score was not
much better for NFRs either. This is to be expected and not too alarming for re-
quirements at the earliest levels of development. Requirements tend to start on a
more abstract level and get refined further in the development process.

The starkest difference between functional and non-functional requirements in
the analysis was with LOD2 "Sufficient specificity". One of the reasons for this
was that NFRs referenced other documents, like usability standards, more than
functional requirements did. This can also be seen in the lower COM "Requirements
are self-contained" score for NFRs.

Another reason for the low specificity score for functional requirements is fear
of over-specification. Many requirements described a functionality in such a general
manner that there really is no way to even start developing it and this is generally

how the requirements are supposed to be. Requirements in public procurement
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should not restrict the possible solution too much, unless there is good reason for
it. This is yet another example why these scores are not to be taken as objective
metrics for quality, but as indicators of quality that need to be interpreted.

Verifiability was the lowest scoring metric for both categorizes of requirements,
with NFRs being the worse performer. This is in line with a previous study from
2010 that found NFRs in Finnish RFPs to be largely unverifiable [17]. Writing
requirements in a verifiable manner is difficult in public procurement, because you
do not yet know all of the details of the system. Even so, verifiability was the metric
with most room for improvement.

All in all, functional and non-functional requirements got nearly identical total
scores with only 0,2 separating the two. This means that there does not seem
to be that much of a difference in the overall quality of functional requirements
and NFRs. The differences in the metric scores show, however, that the two have
different pitfalls and can not be handled the same way. For example ambiguity needs
to be more closely considered when defining NFRs and level of detail more of an
issue for functional requirements. This is yet another example as to why this kind
of evaluation is useful.

Prioritization scored the highest for the RFP-wide metrics with over half of the
RFPs scoring a full points with having optional requirements with differing weights.
Still, the overall mandatory requirement rate was quite high at 87,5%. This means
that while prioritization is utilized in a majority of the RFPs, the utilization is still
quite shallow overall.

Visual artifacts were slightly more prominent than domain specific vocabularies.
This result was surprising, because visual artifacts require more time, effort and
expertise to create than term explanations. This could indicate that visual artifacts

are either more well known or seen as more important.
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The most frequent NFR category, as shown in Table 6.2, was information secu-
rity. This is hardly surprising, as it is the category with the most potential damages
on poor execution. The low frequency of performance, architecture and scalability
requirements could be explained by some RFPs including them under integration,
technical and availability requirements. The number of usability requirements is
lower than in a previous study [17], but the counting methods were different. Lehto-
nen et al. [17] counted requirements with specific keywords, while this thesis counted
stated categories of the requirements.

The state of ICT procurement could be described as ’varied’. The RFPs varied
in size and quality. The most uniform feature of the requirements was that they
were presented in an Excel sheets and even that was not universal, as two RFPs
had them in PDF documents. The fact that there were such big differences, not
only between RFPs, but also between different metrics, shows that there is a need

for more research on the competency of procurement processes and artifacts.



8 Conclusion

The goal of this thesis was to contribute to the understanding of public ICT pro-
curement competency in Finland. Procurement competency is a topic where a lack
of understanding has been identified [3] and improving this understanding has been
named as one of the goals of a national initiative [4]. This was chosen as the topic of
this thesis due to its societal relevance and because the means by which procurement
competency knowledge is currently created is insufficient.

Currently procurement competency is measured solely with a self-assessment tool
[5], which is good for measuring the perceived competency of procurement but only
hints at the competency of the actual procurement processes and artifacts. A survey
on industry professionals has also shown that vendors have a conflicting perception
on the competency of procurers [9]. For these reasons, this thesis poses that the
procurement processes and artifacts should also be measured to get a comprehensive
understanding of procurement competency.

This thesis contributes to the measuring of procurement competency by propos-
ing software requirements quality indicator metrics and by conducting a quality
indicator analysis on requirements found in public RFPs. Software requirements
were chosen due to their importance on a projects success and because of the poor
reputation of ICT procurement in Finland.

The thesis answered the following research questions:
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¢ RQ1: How can the quality of requirements in public RFPs be mea-

sured?

¢ RQ2: What is the quality of requirements documentations in Finnish

RFPs?

e RQ3: Are there differences in quality between functional and non-

functional requirements in Finnish RFPs?

To answer RQ1, a literature review was conducted to determine the factors that
could be used to measure the quality of requirements in public RFPs. Three view-
points were identified: requirements engineering stages, requirements engineering
methodologies and characteristics of requirements. Ultimately, the characteristics
of requirements were selected for the basis of the metrics and seven characteristics
were selected that were included in the metrics.

The selected characteristics were ambiguity, completeness, level of detail, non-
functional, prioritization, understandability and verifiability. Requirements quality
indicator metrics were designed to measure the selected characteristics.

19 RFPs were selected and analyzed with the quality indicator metrics to answer
RQ2. The analysis showed that the RF'Ps varied highly in size and quality indicators.
The larger RFPs tended to have higher quality scores. The results show that there
is a need for more research on procurement competency.

To answer RQ3, functional and non-functional requirements were compared and,
while the results different between metrics, the overall scores were similar. This
shows that neither category is neglected in public RFPs, but also that their quality

is dependent on different factors.
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APPENDIX A. COLOR CODED QUALITY INDICATOR RESULTS A-2
RFP|AM1/AM2[AM3[coM|LoD1[LoD2| PRI [UN1| UN2 [UN3[VER|NFR] AU
1 [731 65,4/ 69,2 | 69,2 | 61,5[50,0 61,5/60,0/74,6
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4 |62,5 62,5/ 79,2 | 45,8 | 50,0 79,2 33,3/40,0/62,4
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6 68,8/ 75,0| 81,3 56,3 37,5/50,0/69,3
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13 [75,8 66,1/ 72,6 53,2 67,7 32,3/60,0|76,4
14 |79,2 79,2/ 79,2|62,5|70,8 37,5/40,0/61,7
15 |28,6|85,7|28,6| 85,7 | 42,9 | 42,9 80,0(46,8
16 66,7|83,3] 33,3 50,0 83,3 46,1
17 |75,0 66,7/ 75,0 | 50,0 | 50,0 (50,0 50,0/62,2
18 |66,7/76,2|57,1| 66,7] 38,1| 57,1]50,0|85,7 70,0[59,2
19 [62,3]91,8]68,9]82,0{ 50,8] 47,5 27,9(70,0(66,1
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Figure A.1: Color coded quality indicator scores for all requirements
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Figure A.2: Color coded quality indicator scores for functional requirements



APPENDIX A. COLOR CODED QUALITY INDICATOR RESULTS A-4
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Figure A.3: Color coded quality indicator scores for non-functional requirements
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