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Abstract: This study presents three structures for clearly expressing functional requirements (FRs) and
quantitative non-functional requirements (qt-NFRs). Expressing requirements with these structures will
allow the understanding of requirements by stakeholders and software developers. The first structure is
the SURE format, which is composed of three main sections: a title, a short definition, and a detailed
description. The second proposed structure is a template to facilitate the definition of the title and
description of unambiguous FRs. It is based on the application of CRUD operations on a certain entity,
calling it the “CRUDE” structure. Finally, the third structure serves as a template to make it easier to
clearly define the description and title of qt-NFRs. It is based on the application of system properties
to computer events or actions, calling it the “PROSE” structure. In this, it is very important to specify
those metric values that are desired or expected by the stakeholder. To know how much the definition
of FRs and qt-NFRs improved when the proposed structures were used, 46 requirement specification
documents elaborated as homework by students of the “Requirement Engineering” course offered at the
University of Guayaquil between 2020 and 2022 were evaluated by five experts with more than 10 years
of experience in software development for Ecuadorian companies. The findings showed that students
reduced the percentage of unambiguous FRs and qt-NFRs from over 80% to about 10%. In conclusion,
the findings demonstrate how crucial the three structures proposed in this paper are to helping students
develop the ability to clearly express requirements.

Keywords: requirement specification; functional requirements; non-functional requirements;
requirements engineering education; software engineering

1. Introduction

The four steps of requirements engineering (RE) that are usually included in it are the
elicitation, analysis, validation, and specification of requirements [1]. This manuscript will
focus on the last step. According to [2], the full expression (specification) of a requirement
is not just a simple statement of stakeholder needs; it must be expressed in language
that everyone involved can clearly understand. It implies that the requirement must be
understandable to:

1. Those in charge of putting the requirement into practice (software developers).
2. Those in charge of demonstrating that the built system satisfies the requirement.
3. Those in charge of demonstrating that the system satisfies the needs of the stakeholder.
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Thus, a requirement specification may be expressed as follows: A requirement state-
ment without technical words (user requirement) and the technical characteristics of the
requirement, useful for the development team (system requirement) [3]. Furthermore,
requirements are classified into several categories, among which functional (FRs) and
non-functional (NFRs) requirements stand out [1,4].

One of the main issues with large-scale projects is the lack of clarity when expressing
software requirements [5]. Uncertain requirements may result in the production of unsatis-
factory software systems [6]. Therefore, convincing the stakeholder to define their product
requirements is one of the most crucial success factors [5,6].

FRs and NFRs are frequently specified using Natural Language (NL) [7]. Nonetheless,
all specifications in NL have inconsistent and underspecified terms [8]. The Spanish [9,10]
and English [6] languages have contradictory meanings and ambiguous syntax. In addition,
the NFRs are not clear, are poorly recorded, are communicated informally, and are poorly
understood [11]. Furthermore, FRs and NFRs across domains are presented quite differently
depending on the company culture and organizational structure [12,13]. As a result, the
RE community has been researching the common issue of ambiguity when expressing
requirements in NL for about 20 years [13].

Templates have proven to be an effective tool for reducing ambiguity when require-
ments are expressed in NL [14]. However, to the best of our knowledge, there is no single
syntactic structure that is ideal for specifying unambiguous FRs and NFRs in NL. Rather,
recommendations for requirements quality, professional judgment, industry standards,
and best practices are used to express clear requirements [15,16]. All of this motivates us to
develop frameworks that help students define clear user and system requirements.

The major contributions of the manuscript are as follows:

• For expressing understandable requirements for both stakeholders and software
developers, a format called SURE is proposed, which is composed of three main
sections: a title, a short definition, and a detailed description.

• To facilitate the definition of unambiguous FRs in NL by students, the CRUDE struc-
ture is proposed, which is based on applying CRUD operations to a particular entity.

• To help students define unambiguous qt-NFRs in NL, the PROSE structure is presented.
It is based on applying characteristics to a computer system or an action/event thereof.
This manuscript provides a table with system properties and suggested metrics to
facilitate the specification of those metric values that the stakeholder wants/expects.

• The CRUDE and PROSE structures have been tested on 46 requirements specifica-
tion documents requested as homework in RE courses taught at the University of
Guayaquil between 2020 and 2022. The results demonstrated that students decreased
the percentage of unambiguous FRs and qt-NFRs from more than 80% to around 10%.
The results show, in summary, how important those structures are to the student’s
capacity to express requirements clearly and concisely.

The remaining sections of the paper are structured as follows: In Section 2, prior
research relevant to this investigation is provided. Section 3 offers a concise overview of
the proposed structures to unambiguous requirement specifications in NL. The results
and discussion of the outcomes are detailed in Section 4. Lastly, Section 5 encompasses
concluding marks.

2. Related Work
2.1. On Functional and Non-Functional Requirements Definitions

Regarding what constitutes functional requirements (FRs), there is a very wide agree-
ment. It expresses a function that a system must be able to perform and what the system
ought to do [4]. In other words, FRs are defined as those requirements that specify the
inputs to the system, the outputs (responses) from the system, and behavioral relationships
between them [1].

On the other hand, non-functional requirements (NFRs) are important for the success
of a product [11]. However, within the requirements engineering community, there is
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currently no agreement on what NFRs are or how best to elicit, express, and validate
them [11,17]. Moreover, NFRs are inadequately documented, conveyed informally, poorly
understood, and unclear [11].

Among the most accepted classifications of NFRs is dividing them between quantita-
tive and qualitative [18]. Compliance with quantitative NFRs (qt-NFRs) is verified with
some quantitative measurement [19], while qualitative NFRs (ql-NFRs) do not have direct
verification. In the latter, compliance can be verified through a subjective judgment of the
interested parties about the implemented system through prototypes [17]. In this study,
we will focus on the first ones (qt-NFRs), while the ql-NFRs will be the object of study in
future work due to their complexity.

2.2. Specification Issues in Natural Language

While the format for requirements descriptions are still being explored, it is important
to choose a language that both developers and stakeholders can readily comprehend, as
stated in [20]. The authors also state that there are many ways to describe requirements:
NL, goal-oriented, scenario-based, formal language, UML, logical description, and more.
Between them, NL has been around for a long time and is even recommended as the best
language for requirement specification [7]. Furthermore, NL enables diverse stakehold-
ers—who can possess differing experiences and backgrounds—to exchange knowledge
with one another [13].

Beyond the advantages, requirements expressed in NL often present ambiguous terms
as well as unequal use of language [8]. For example, in 40 approved NASA requirements
specification documents, some problems were identified in the language used to convey
requirements and the structure of individual requirement statements [21]. To overcome
those issues, the work presented in [3] suggests the use of requirements templates and
patterns for information systems that might help in expressing requirements during the
requirements elicitation phase of RE, maintaining the benefits of using NL, and avoiding
an early formalization of requirements. Moreover, controlled NL representations for
expressing software requirements have been proposed by [22–25], these will be discussed
in detail below.

2.3. Templates for Functional Requirements

Some templates have been raised for facilitating the definition of FRs. However,
beyond advantages, they have some limitations that we will mention in the following lines:

• In [3], some templates and patterns have been proposed and taken into consideration
for several scholarly projects; actual software firms in Spain have even successfully
employed them. Nevertheless, some characteristics of the information gathered in
the “Specific Data” section of their proposed formats are not taken into account in
their study. For instance, it is not stated what type of data each attribute is or how
long it is. Additionally, there are no guidelines provided to prevent the creation of
unclear requirements in the “Descriptive Name” portion of their proposed format,
and amalgamations of requirements such as “Sales Module” or “Register Data” can
be defined.

• The book presented by [22] proposes a template that divides a requirement statement’s
syntactic structure into many pre-defined slots. Six slots are presented in their tem-
plate, namely: (1) an optional precondition; (2) the name of the system; (3) a modal
(shall/should/will) indicating the importance of the requirement; (4) the necessary
processing functionality (this slot can accept three forms depending on how the func-
tionality is to be rendered); (5) the object for which the functionality is required; and
(6) optional extra details about the object. However, some requirements are excluded
from that template, such as “For each communication channel type, the system needs
to maintain a configurable timeout parameter” [14]. Moreover, when the glossary
terms are unknown, this method is ineffective because it is unable to identify sentence
fragments that match the template slots [14].
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• In [23], a template called “Easy Approach to Requirements Syntax” (EARS) is proposed.
In it, four slots are considered, namely, (1) an optional precondition; (2) the system
name; (3) a modal; and (4) the system response that illustrates the system’s behavior.
However, it only describes user FRs, omitting the details of attributes, data types, and
data format, details that are valuable to software developers.

All in all, some templates have been proposed to facilitate the definition of FRs.
However, they have some opportunities for improvement, such as (1) the lack of guidance
to avoid creating ambiguous requirements, (2) the existence of FRs that do not fit the
template, or (3) the omission of details of attributes, data types, and data format, details
that are valuable to software developers.

2.4. Templates for Non-Functional Requirements

A few templates have been proposed to make the process of defining qt-NFRs easier.
Besides benefits, they do have certain drawbacks, which we shall discuss, as follows:

• In [24], the “SENoR” method for eliciting NFRs is presented. In it, the use of Non-
functional Requirements Templates (NoRTs) for defining qt-NFRs are proposed. It
consists of three parts, namely,

1. Core–basis: this refers to the crucial, unchanging portion of a statement.
2. Parameters: this refers to a collection of variables, often an object’s attributes,

the value of which needs to be ascertained in order to make an NFR specific
and measurable.

3. Optional parts: this refers to a group of selectable sentences. The amount
of phrases that can occur in an NFR depends on the type of optional part,
i.e., (1) 0..*—zero or more; and (2) 1..*—one of more.

Beyond the valuable quantification of NFRs proposed in NoRTs, it only defines a
requirement at the user level (user requirement) and does not describe the technical
aspects that allow compliance with it (system requirement). Furthermore, for inexperi-
enced requirements elicitors, learning the NoRT structure to define qt-NFRs can be a
bit complex since the manuscript does not provide any lists of parameters or optional
parts to choose from.

• In [25], the use of a list of ISO25010 subcharacteristics is proposed for the definition of
qt-NFRs through the NoRTs template. However, a list of metrics to define the value
expected by the stakeholder in each sub characteristic is not provided, making its use
difficult for inexperienced requirements elicitors.

All in all, some templates have been proposed to facilitate the definition of qt-NFRs.
However, they have some opportunities for improvement, such as (1) the non-specification
of the technical details to comply with what was requested by the stakeholder (system
requirement), and (2) the absence of a list of metrics that facilitates the specification of
values expected by the stakeholder in each qt-NFR.

2.5. Our Proposal

In this work, we may utilize parts of the format described by [3], but we are adding some
structures to prevent students in the University of Guayaquil’s Software degree program from
unambiguously defining FRs and qt-NFRs at both the user and system levels.

For specifying FRs, we will relax the definition of user FRs provided by [22,23] being
able to use the same ones (or not) but emphasizing the application of a CRUD operation on
an entity. In addition, we address the definition of the system’s FR with the subsequent
definition of entity attributes, as well as the data types, length, and format restrictions (if
necessary) for each attribute that is involved in the requirement.

Additionally, for facilitating the definition of qt-NFRs, we will relax the NoRT template
proposed by [24,25], using the same idea, which is the definition of the expected value
of a particular property of the system. Finally, to facilitate the definition of qt-NFRs by
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inexperienced requirements elicitors, we will provide a list of computer system properties
and metrics.

3. Proposed Structures

The three proposed structures for unambiguous requirement expression in NL are
described in detail in this section.

3.1. Format SURE to Specify User and System Requirements

To specify user and system requirements, we propose the Structure for Unambiguous
Requirement Expression (SURE), which is shown in Figure 1. Three primary sections are
contemplated in it, namely: a title, a short definition, and a detailed description of each FR
or qt-NFR. The short definition will contain the specification of a user requirement, and
the details will include the definition of a system requirement. Both may be distinguished
thanks to the SURE format, allowing the understanding of requirements by stakeholders
and software developers. As mentioned (Section 2.5), our SURE format is based on the one
described by [3].

CODE:

TITTLE:

SHORT 

DEFINITION:

DESCRIPTION 

AND 

RESTRICTIONS 

DETAILS:

REVISION DATE 

AND VERSION:

PRIORITY:

User 

requirement

System 

requirement

Figure 1. Structure of the SURE format, used to specify both user and system requirements in
software projects.

When defining requirements using the SURE format, steps shown in Figure 2 must be
adhered to.

Step 2 
Adding a short 

definition

Step 1
Defining the 

title

Step 3
Adding description 

details

Figure 2. Steps to specify both user and system requirements in software projects through the
SURE format.

Templates proposed for expressing FRs and qt-NFRs, such as EARS [23] or that
presented by [22] for the case of FRs and NoRTs [24,25] for the case of qt-NFRs, can be used
within step 2 to describe user requirements. However, we have proposed two structures to
facilitate the unambiguous definition of both FRs and qt-NFRs. Below are specifics on the
structures and how the three main sections of the SURE format should be filled to define
FRs and qt-NFRs.

3.2. Using the SURE Format to Specify Functional Requirements

An example of FR specification in the SURE format can be seen in Figure 3. The require-
ment “Register soccer referees” for a system that manages the assignment of referees and
the information generated by them in each match of a certain soccer sports championship
is described as an example of a FR and illustrated in Figure 3.
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It is crucial to note that there are other ways to describe FRs outside of using the SURE
format. For example, while outlining interface requirements, it is vital to consider the use
of low-fidelity or high-fidelity prototype tools, including Figma and Adobe Xd. In any case,
the use of the SURE format is recommended for those cases in which CRUD operations
applied to an entity are addressed.

CODE: RF-1

TITTLE: Register soccer referees

SHORT 

DEFINITION:
The system must allow the registration of the following fields: Name, Last 

name, Age, Training received, Sex, Membership status, Email, User

DESCRIPTION 

AND 

RESTRICTIONS 

DETAILS:

The system must allow the registration of the following information: 

• Name. It must contain a maximum of 32 characters, including uppercase 

and lowercase letters. 

• Last name. It must contain a maximum of 28 characters, including 

uppercase and lowercase letters. 

• Age. The age of the referees will only be written in numbers. 

• Years of experience. It should be written only in numbers. 

• Training received. It will not have a character limit, it will consider 

uppercase, lowercase, numbers and symbols. 

• Sex. It will indicate if the sex is female or male 

• Membership status: enabled or not enabled 

• Email. It must contain a maximum of 32 characters, including numbers and 

symbols. 

• User. It must contain a maximum of 12 characters including lowercase, 

uppercase, numbers and symbols.

REVISION DATE 

AND VERSION:

26/12/2020

Version1.0

PRIORITY: High

User 

requirement

System 

requirement

Figure 3. Example of a FR expressed in the SURE format.

Below is a detailed explanation of how to fill the title, brief definition, and description
sections when expressing FRs in the SURE format.

3.2.1. Using the CRUDE Structure to Define the Title

The structure proposed to construct the titles of FRs is based on CRUD (Create, Read,
Update, and Delete) database operations. We apply these CRUD activities on an entity to
express FR. We have called it the CRUDE structure (CRUD operator + Entity).

The following are examples of CRUD actions applied on the “User” entity: Create,
Read, Update, and Delete Users. Synonyms for CRUD operations also enable the definition
of FR’s titles while adhering to the same structure, i.e., CRUD operator + Entity. Table 1
displays a selection of titles that follow the CRUDE structure.

Table 1. CRUD synonyms.

CRUD Operator Synonyms

Create register, add, insert
Read search, list, generate report, print report

Update edit, change, modify, update, correct
Delete remove, drop, omit, cancel

FRs that follow the recommended CRUDE structure avoid merging many requirements
into one. Determining the title of a FR as a “customer module” is an example of combining
many requirements. The word “module” embodies a combination of several operations,
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since this module is responsible for managing the registration, modification, search, and
deletion of customer records.

Although the term “module” does not explicitly relate to any kind of object or entity,
entities might utilize this word to group FRs related to any particular entity. For example,
the FRs for the customer module could include “register customer”, “search customer”,
“modify customer”, and “delete customer”. Furthermore, this module may also have the
following FRs: “list customers by ID” and “generate customer report by date”.

Since “data” does not relate to a specific entity but to its records, another example of
ambiguity is defining “register data” as the title of any FR. It is thus recommended that before
enrolling in the RE course, students have some acquaintance with object-oriented modeling.

3.2.2. Adding a Short Definition

The SURE format includes a section called “short definition” that provides a synopsis
of the properties that the system is required to manage for a particular entity. As shown in
the example of Figure 3, the data usually relate to the fields that require updating, recording,
or those considered as search fields. More examples of short definitions of FRs are shown
in Table 2.

Table 2. Examples of titles and short definitions of FRs.

Title Short Definition

Register enrollment

The system will request the registration of the following information:
The ID of enrollment, student code, course code, academic cycle,

status, and timestamp. The status will be equal to ‘A’ (active).
A timestamp will be added by the system.

Cancel enrollment
The system must allow the cancellation of registration associated

with a student and a course. To this, the status will be changed from
‘A’ (active) to ‘I’ (inactive).

Make payment
The system will request the registration of the following information:

ID, invoice code that you wish to pay, and the user code that
processed the payment. A timestamp will be added by the system.

Register course
The system will request the registration of the following information:

course code, title, description, time interval, and registration limit
(quota). A timestamp will be added by the system.

Search course by title The system must allow the search of courses by title.

Register soccer referees
The following information must be collected and registered by the

system: Name, Last name, Age, Training received, Sex, Membership
status, Email, and User.

You can additionally specify the type(s) or profiles of people that can access to these
operations. Stated differently, the “description” section contains technical details like
attribute length and data type that support the user’s FRs, which are described here.

3.2.3. Adding Description Details

The “Description and constraints details” section of the SURE format should describe
information useful to software developers, such as the length and data type of each attribute,
in addition to the brief explanations provided in the preceding section. For instance,
Table 2’s brief description of the title requirement “Register soccer referees” includes
information on each of the characteristics, which is displayed in detail in Figure 3. In
some cases, it is necessary to provide the format in which the data will be represented.
An example of this would be “MAT00001”, which is a registration code consisting of five
integers after the prefix “MAT”.

In addition, some sequence of steps must be indicated so that the user can perform
the required operation. However, more details of them can be better modeled using some



Electronics 2024, 13, 2206 8 of 18

behavioral diagrams such as sequence diagrams, time diagrams, collaboration diagrams,
automation, data flow diagrams, etc.

3.3. Using the SURE Format to Specify Non-Functional Requirements

An example of qt-NFR specification in the SURE format can be seen in Figure 4. The
short definition contains the specification of a user qt-NFR and the description contains the
definition of a system qt-NFR. The requirement “System robustness” is presented as an
example of a qt-NFR and is illustrated in Figure 4.

CODE: RNF-1

TITTLE: System robustness

SHORT 

DEFINITION:

The system must be operated within a maximum of 30 minutes after 

the failure occurs.

DESCRIPTION 

AND 

RESTRICTIONS 

DETAILS:

In the event of a system failure, it will take no more than 30 minutes

to restore the system to an operational state.

REVISION DATE 

AND VERSION:

26/12/2020

Version1.0

PRIORITY: High

System 

requirement (with 

technical words)

User requirement 

(without technical 

words)

Figure 4. Example of a qt-NFR expressed in the SURE format. Technical words are marked with blue
and red text.

3.3.1. Using the PROSE Structure to Define the Title

The structure proposed to build the titles of qt-NFRs is based on the application of
system properties to a particular system or event. It will be called the PROSE structure
(Properties + System/Event). Table 3 presents properties of a software system as well as
suggested metrics that allow specifying the values expected by the stakeholders to consider
the requirement fulfilled.

The criteria used to select the metrics suggested in Table 3 consisted of reviewing those
that have been proposed in the literature. They are cited in the “Reference” column of the
table. We have not limited the search to those works published during the last 5 years,
since relevant software metrics to evaluate the properties of computer systems have been
proposed long before.

To validate the suggested metrics of Table 3, we made use of “Definition Validity”,
which, according to [26], is met if the definition of a metric is sufficiently precise and
unambiguous to allow the implementation of its collection in a special and deterministic
way, implying full clarity and a lack of ambiguity. To evaluate whether the suggested
metrics met the “Definition Validity” criterion, we consulted five specialists from the fields
of software development and business management, who will also help us in the evaluation
of ambiguity in FRs and qt-NFRs within the experimental section. The experts were three
men and two women, software engineers with more than 10 years of experience in software
development for Ecuadorian companies.

Based on system properties, an example of a qt-NFR would be “Registration speed”.
In this case, the “Speed” property is being applied to the “registration” transaction. In the
example in Figure 3, the “Robustness” property is being applied to a particular system.

An alternative to defining the title of a qt-NFR through the PROSE structure is to
describe it directly using any system property metric. For example, “Transactions processed
per second” could be the title of a qt-NFR, which, in this case, refers to the speed property
of the system over the transaction operability action. However, this alternative has the
disadvantage of not expressing (directly) what property of the system we are referring to.
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Table 3. List of system properties and their suggested metrics.

System Property Suggested Metrics Reference

Transactions processed per second [27]
Speed Response time to user and/or events [28]

Screen refresh time [29]

Lines of code [30]
Size Bytes (KB, MB, GB, PB, etc.) [31]

RAM memory capacity [32]

Training time [33]
Usability Number of help screens [33]

Task completion time [33]

Mean time between failures [34]
Reliability Probability of unavailability [35]

Failure occurrence rate [36]
Availability periods/hours [37]

Restart time between failures [38]
Robustness Percentage of events that generate failures [39]

Probability of data corruption after failures [40]

Safety Number of incorrect functionalities (“bugs”) [41](Functional correctness)

Security Number of vulnerabilities [42]
Time to fix critical vulnerabilities [43]

Resilience Time to recover critical transactions [44]
Proportion of requests that were be lost during a disruptive incident [45]

Compatibility Number of supported operating systems [46]
Number of supported languages [47]

Modularity

Number of times that the methods listed in a module are used by the other modules
in the system

[48]

Size (measured in non-commenting lines of code) of each module/package and the
number of modules in the system

[49]

Complexity The number of paths that are possible in a system [50]
Number of functions that are difficult to understand in a system’s code base [51]

It is important to mention that Table 3 does not show all the properties that can be
evaluated in a system but only presents the most popular ones. For example, in the field
of the Internet of Things, you can have the following properties: scalability, real-time,
timeliness, availability and reliability of service, security, and reusability [52]. For each of
them, their respective metrics and values expected by the stakeholders must be defined.

Finally, requirements such as any programming language (java, Python), libraries and
versions to use, and supported languages, among others required by the client, should
be written in the constraint section of the requirement specification document. However,
design or implementation details and additional restrictions on the software should be
excluded from such a specification following IEEE STD 830-1998 [53].

3.3.2. Adding a Short Definition

In the “short definition” section of the SURE format, we express a synopsis of the
system property and its value expected by the stakeholder. This can be seen in the example
of Figure 4. This synopsis corresponds to a user-level requirement and should therefore be
narrated in simple terms, without the use of technical computer words. More examples of
short qt-NFR definitions are shown in Table 4.
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Table 4. Examples of titles and short definitions of qt-NFRs.

Title Short Definition

System robustness The system must be operated within a maximum of 30 min
after the failure occurs.

Transaction reliability
After a power outage, the system must allow purchase

transactions to be carried out in less than 1 min. In addition, it
must be available 24 h a day, 7 days a week.

System usability A user of the system should not make more than three errors
per day on average.

System compatibility The system must be prepared for its respective use in
Windows 7 or higher.

Something important to mention is that, in this short description, the expected values
for the metrics that are part of that requirement must be indicated. In this way, we can avoid
the definition of ambiguous and non-measurable qt-NFRs such as “The system must be
easy to use”. That requirement refers to the usability property, but we cannot quantitatively
validate compliance with that requirement. The correct thing would be to use a metric
and indicate its expected value, such as “A user of the system should not make more than
three errors per day on average”. Thus, by indicating an error limit value for a user, we can
verify that the system is easy to use.

3.3.3. Adding Description Details

The “description and details of restrictions” part of the SURE format must provide
technical information that allows to achieve those expected values defined in the previous
section of the format (short definition). Examples of this section are presented in Table 5.

Table 5. Examples of titles and description details of qt-NFRs.

Title Description Details

System robustness
The system must follow the master-slave replication model so
that in the event of a failure, it can be operational in less than

30 min after the failure occurs.

Transaction reliability

The system must have both its .war artifact and its database
replicated so that after a power outage, the system can

continue operating in less than 1 min. In addition, the web
application must be hosted on a cloud server so that it is

available 24 h a day, 7 days a week.

System usability

The system interface must consider Norman’s principles for
the location of the elements of each screen. In addition, 20 h of

training must be provided to users in the use of the sales
module operations. After this, a system user should not make

more than three errors a day on average.

System compatibility

The system must be prepared for its respective use in any
Windows 7 or higher environment, meeting the following
minimum requirements: Screen resolution 800 × 600, or

higher. RAM memory capacity: 4 GB or higher.

4. Results and Analysis

To assess whether the proposed CRUDE and PROSE structures help students define
unambiguous FRs and qt-NFRs through the SURE format, 46 requirements specification
documents from the RE courses offered at the University of Guayaquil between 2020
and 2022 were evaluated. Each document was developed as a course assignment by five
or six students. Students had to document different cases of business systems such as
the following:
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• System to handle the sale of fruits, vegetables, soft drinks, alcoholic beverages, meats,
personal hygiene, and home cleaning materials.

• System to manage advertising work orders.
• System to manage the distribution of drivers to vehicles to transport material from

suppliers’ warehouses to customers and manage payments.
• System to manage all the usual procedures of a travel agency: maintenance of accom-

modations, transportation companies, meals, complementary services, etc., always
storing rates, characteristics, schedules, and other significant data.

• System to manage properties, which includes the management of both the fees paid
by the owners, as well as all the expenses that occur and are of a common nature.

• System to manage ambulances, both requests for services and the assignment of
ambulances, drivers, and doctors to each of those requests.

• System to manage the payments of municipal taxes related to the circulation of vehicles.
• System to manage activities within an automotive mechanics workshop.

Before and after the training class, which addressed the CRUDE and PROSE structures
(proposed in this manuscript), they were required to create a minimum of thirty FRs and
ten qt-NFRs in the manner shown in Figures 3 and 4.

Regarding the students, the selected sample corresponds to students enrolled in two
groups of RE courses offered at the University of Guayaquil between 2020 and 2022. The RE
course is taught in the second year of the Software Engineering degree. Normally, six to
eight RE groups are opened each semester, each with a maximum of 35 students. Thus, the
selected sample ranges from 25% to 33% of the RE courses offered each semester during
the period 2020–2022. Furthermore, the majority of students are between the ages of 19–22.
The distribution of men and women is usually equal.

Regarding the experts, five specialists from the fields of software development and
business management assessed the ambiguity in FRs and qt-NFRs of the 46 requirements
specification documents. To determine if any FR or qt-NFRs are ambiguous, the points
described in Table 6 were checked by them. It is enough that a requirement does not comply
with a criterion of its type (FR or qt-NFR) for it to be marked as ambiguous.

Table 6. Criteria used to determine if a requirement was ambiguous.

Type Criteria

FR

Does not generate double interpretation?

Does it define the application of any CRUD operation to any entity?

Does it define the data types, lengths, and restrictions for each attribute involved in
the requirement?

qt-NFRs

Is clearly described the system property being evaluated?

Is the system property value expected by the stakeholder described?

Are the technologies or techniques with which this requirement can be met
described?

A requirement is classified as ambiguous if three or more experts have indicated it
as ambiguous. In addition, they were asked to point out which part of the SURE format
contained ambiguity. Below, we present the results obtained for both FRs and qt-NFRs.

4.1. Functional Requirements
4.1.1. Ambiguity in the Functional Requirements

The results of evaluating the FRs expressed on the requirement specification documents
before explaining the CRUDE structure to students are displayed in Figure 5. It shows that on
average, more than 200—or more than 80% of the requirements specified—have been deemed
unclear by the majority of experts for each semester, whereas fewer than 60 requirements have
been deemed clear by them.
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Figure 5. Evaluation of FRs collected before explaining the CRUDE structure to students during the
period 2020–2022.

Conversely, Figure 6 displays the findings of the assessment of the FRs that were gathered
following a class in which students corrected the requirements to comply with the CRUDE
structure. It shows that, for each semester, the majority of the experts have determined that
over 200 requirements are unambiguous, while less than 20 requirements—or less than 10%
of the requirements—have been deemed unclear by them.

293
277

260 257 259

17 18 13 19 14
0

50

100

150

200

250

300

350

2020-C2 2021-C1 2021-C2 2022-C1 2022-C2

Fu
nc

ti
on

al
 R

eq
ui

re
m

en
ts

Academic Semester

Unambiguous Ambiguous

Figure 6. Evaluation of FRs collected after explaining the CRUDE structure to students during the
period 2020–2022.

4.1.2. Format Sections with Ambiguity

Furthermore, on the FRs that were marked as ambiguous and collected before ex-
plaining the CRUDE structure, the experts were also requested to identify which part
of the SURE format presented ambiguities. Figure 7 displays the findings. According
to the findings it presents, the requirement title specification is where the majority of
misunderstandings in FRs come from.

Additionally, concerning FRs that were marked as ambiguous after the session cover-
ing the CRUDE structure, experts were asked to identify which part of the SURE format
presented ambiguities. Figure 8 displays the findings. According to the findings, the
majority of ambiguity in FRs stems from the requirement title definition, just like in the
prior instance.
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Figure 7. Evaluation of the SURE format sections on those FRs indicated as ambiguous before
explaining the CRUDE structure.
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Figure 8. Evaluation of the SURE format sections on those FRs indicated as ambiguous after explain-
ing the CRUDE structure.

The findings shown in Figures 7 and 8 enable us to conclude that, in the majority of
cases, when a FR has been flagged as unclear, the requirement title is similarly unclear. In
other words, vague FRs generally arise from a poor explanation of the requirement title.
Conversely, it is considerably simpler to construct unambiguous FRs when the title is clear.
To assist the student in developing clear FRs, the results emphasize the significance of
creating effective requirement titles utilizing the CRUDE structure.

4.2. Quantitative Non-Functional Requirements
4.2.1. Ambiguity in the Quantitative Non-Functional Functional Requirements

The results of evaluating the qt-NFRs gathered before the training class that covered
the PROSE structure are displayed in Figure 9. It shows that, on average, more than
80 requirements—or more than 90% of them—have been deemed unclear by the majority
of experts for each semester, whereas fewer than 10 qt-NFRs have been deemed clear
by experts.

Conversely, Figure 10 displays the findings of the assessment of the qt-NFRs of the
projects that were gathered following a class in which students corrected the requirements
to comply with the PROSE structure. It shows that each semester, the majority of the
experts have determined that close to 90% of qt-NFRs are unambiguous, while less than
10 requirements—or close to 10% of them—have been deemed unclear by experts.
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Figure 9. Evaluation of qt-NFRs collected before explaining the PROSE structure during the pe-
riod 2020–2022.
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Figure 10. Evaluation of qt-NFRs collected after explaining the PROSE structure during the pe-
riod 2020–2022.

4.2.2. Format Sections with Ambiguity

Additionally, experts were also asked to identify which part of the SURE format
presented ambiguities for those qt-NFRs that were marked as ambiguous and collected
before explaining the PROSE structure. Figure 11 shows the findings. According to the
results, the short definition of qt-NFR is where most misunderstandings come from.

In addition, concerning the requirements that were flagged as ambiguous, the experts
were asked to identify which part of the SURE format presented ambiguities for those qt-
NFRs that were marked as ambiguous and collected after explaining the PROSE structure.
Figure 12 displays the findings. According to the results, the majority of ambiguity in
qt-NFRs stems from the requirement’s short definition, just like in the prior instance.

The findings shown in Figures 11 and 12 enable us to conclude that, in the majority
of cases, when a qt-NFR has been flagged as unclear, the short definition and description
details of the requirement are also not clear. In other words, vague requirements generally
arise from a poor definition of the metric values that must be achieved to comply with
what the stakeholder requires. On the contrary, it is considerably easier to formulate a
clear qt-NFR when the expected metric values of any system property are well-defined.
To Help the student specify unambiguous qt-NFRs, the results emphasize the importance
of defining the metric values expected by the stakeholder when considering the system
properties and suggested metrics presented in Table 3 of the PROSE structure.
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Figure 11. Evaluation of the SURE format sections on those qt-NFRs indicated as ambiguous before
explaining the PROSE structure.
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Figure 12. Evaluation of the SURE format sections on those requirements indicated as ambiguous
after explaining the PROSE structure.

5. Conclusions

This manuscript proposes three structures to help students define unambiguous func-
tional (FRs) and quantitative non-functional requirements (qt-NFRs). It entails completing
the SURE structure, a format with three main sections: a title, a short definition, and a
detailed description. To express unambiguous FRs, this study proposes a structure called
CRUDE, which is based on CRUD operations performed on an entity. The format’s descrip-
tion part also contains the fields or attributes that must be updated, registered, or used as
a search field. Moreover, we propose the PROSE structure for specifying qt-NFRs. It is
based on the application of properties to computer systems. In it, it is crucial to indicate the
metric values that must be achieved to satisfy the expectations of the stakeholder.

In total, 46 requirement specification documents from the University of Guayaquil’s
RE courses taught between 2020 and 2022 were taken into consideration to assess the
improvement in the definition of FRs and qt-NFRs while using the proposed structures.
To evaluate its applicability in business systems, five experts from the fields of software
development and business management assessed the ambiguity in FRs and qt-NFRs of
the requirements specification documents. The results demonstrated that the percentage
of unambiguous FRs and qt-NFRs decreased from more than 80% to around 10% when
the structures recommended in this study were put into practice. Moreover, much of the
uncertainty in FRs originates from the requirement title specification. Nonetheless, it is
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simpler to define clear FRs when the title is clear. On the other hand, much of the ambiguity
in qt-NFRs originates in the specification of their short definition. However, it is easier to
define qt-NFRs when the values of the suggested metrics are defined within the PROSE
structure. Overall, the results show how important the three structures presented in this
manuscript are when helping the student define unambiguous requirements.

The creation of serious games that enable interactive learning of the structures sug-
gested in this paper may be taken up as future research. Furthermore, we leave as subse-
quent work the study of structures that facilitate the unambiguous definition of qualitative
non-functional requirements (ql-NFRs).
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