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Abstract
Value delivery is becoming an important asset for an organization due to increasing competition in industry. Therefore, companies apply Agile Software
Development (ASD) to be more competitive and reduce time to market. Using ASD for the development of systems implies that established approaches
of Requirements Engineering (RE) undergo some changes in order to be
more flexible to changing requirements. To this end, the field of agile RE is
emergent and different process models for agile RE have arisen. The aim of
this paper is to build an abstract layer about the variety of existing process
models by means of a metamodel for agile RE. It has been created in several
iterations and relies on the evaluation of related process models. Furthermore, we have derived process models for agile RE in industry by presenting
instances of the metamodel in two different cases: one is based on Scrum
whereas the other is based on Kanban. This paper contributes to the software
development body of knowledge by delivering a metamodel for agile RE that
supports researchers and practitioners modeling and improving their own
process models. We can conclude that the agile RE metamodel is highly relevant for the industry as well as for the research community, since we have derived it following empirical research in the field of ASD.

Keywords
Agile Software Development, Requirements Engineering,
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1. Introduction
Agile Software Development (ASD) is commonly used in environments where
people have to solve complex adaptive problems. Agile methodologies (e.g.
DOI: 10.4236/jcc.2019.72001 Jan. 29, 2019
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Scrum [1], Kanban [2] or Extreme Programming (XP) [3]) are often combined
with Human-Centered Design (HCD) activities [4] when applying them in industry. One objective of this integration of methodologies is to evolve to a value-driven organization where systems can be developed to fulfil user needs by
offering a positive User Experience (UX) [5].
Focusing on value delivery becomes an emergent aspect in system development due to the increasing competition in industry. Therefore, established Requirements Engineering (RE) approaches need to be adapted to the requirements of ASD. Analyzing existing literature reviews related to agile RE [5] [6]
[7] [8], we can observe that a couple of authors propose different process models
for agile RE. Such process models have in common the agile values on which
they rely [9]:
 Individuals and interactions over processes and tools;
 Working software over comprehensive documentation;
 Customer collaboration over contract negotiation;
 Responding to change over following a plan.
Nevertheless, these process models for agile RE differ in how the way of
working is described. For instance, which methods or artifacts are recommended
to use for discovering, refining, prioritizing, reviewing or documenting requirements in an agile environment. We can build an abstract view on this field by
means of a metamodel so as to gain a better understanding of agile RE and reduce the complexity of existing process models. Moreover, the analysis of related
work shows that the description of agile RE management in the literature varies
a lot from each other and that there is no common language. The metamodel for
agile RE helps us to describe key concepts of agile RE management. This gives us
a common definition for this research area and supports us in the development
of a unified language. As the environment where agile is used is complex, due to
the number of diverse people working together in different roles to create one
system, we need an extremely adaptive metamodel for describing agile RE on an
abstract level.
This paper presents a metamodel for agile RE (agile RE metamodel), aiming
to build an abstraction layer about the variety of existing process models in the
field. The agile RE metamodel allows building a common understanding of the
complex research field of agile RE. In addition, we provide two instantiations to
domain specific models for agile RE by means of two cases run in industry: i)
case a discusses on a Scrum-based process model for developing several systems
in the E-government area; and ii) case b presents a Kanban-based process model
used to relaunch an internet-based newspaper portal.
The paper is structured as follows: Section 2 summarizes the related work and
points out the research gap. Then, Section 3 describes the applied method for
creating and instantiating the metamodel. Section 4 presents the metamodel for
agile RE. Later, Section 5 discusses on the instantiation into process models. Section 6 analyzes the results and limitations of this research and finally, Section 7
states conclusions and provides an outlook on future research.
DOI: 10.4236/jcc.2019.72001
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2. Related Work
We conducted a systematic literature review [5] in order to analyze the
state-of-the-art of agile RE with strong focus on stakeholder and user involvement. In particular, we investigated what approaches exist to involve stakeholder
in the process, which methodologies are commonly used to present the user
perspective and how requirements management is carried out. In sum, 27 papers
were included in the study [5] and analyzed according to our predefined research protocol.
The results of the state-of-the-art analysis revealed that the research field of
agile RE is very close to current work practices in companies, since most of the
included studies report results from case studies (19/27 = 70%). In addition,
we observed that agile RE is a complex research field with a lot of different
cross-functional influences, for instance, from the fields of HCD, ASD or RE.
However, we also identified some gaps in present literature. We learned that
building a shared understanding concerning the user perspective is not very well
established in agile environments. Thus, we were not able to find a common
process model for stakeholder and user involvement. Nevertheless, organizations
deal with those shortcomings by integrating additional methodologies like HCD,
Design Thinking, Contextual Inquiry or Participatory Design.
Furthermore, we found studies presenting process models for agile RE [10]
[11] [12] [13] [14]. All these process models share the continuous management
of requirements by involving stakeholder and user. The most related ones are
highlighted below.
Memmel et al. [10] develop a XP-based process model called Cross-discipline
User Interface and Software Engineering (CRUISER). The process starts with an
Initial Requirements Up-front Phase (IRUP) whose results are agile models that
describe user needs by means of agile techniques (e.g. essential use cases, scenarios and prototypes). The gathered information is elaborated and processed
during the different phases of CRUISER.
Kautz [11] carried out a case study with the aim to investigate user and customer involvement in ASD. He does not claim to propose a process model but
the results of the study present an implicitly applied process model. Kautz integrates Participatory Design activities in XP. The agile team can detect problems
concerning misunderstanding of requirements early before they can grow into
larger problems by the application of an onsite customer as well as iteratively reviews with users and customers.
Maguire [12] extends the HCD [4] framework for ASD. The HCD process
consists of the following steps: plan the HCD process, understand and specify
the context of use, describe user requirements, produce design solutions to meet
such requirements and evaluate designs against them. He suggests a set of agile
techniques that can be used in each step. Besides, he proposes a couple of artifacts that are generated while using agile techniques.
Rivero et al. [13] propose a process model known as Mockup-Driven DevelDOI: 10.4236/jcc.2019.72001
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opment (MockupDD). Their approach supports Model-Driven Web Engineering (MDWE) and is integrated into Scrum. In the beginning of MockupDD, a
quick requirements gathering stage is performed resulting in a set of user stories.
Based on this, costumers and users create mockups to represent these user stories graphically. These mockups lay the foundation for the following modeling
process.
Olsson et al. [14] design a process model based on a conceptual model named
Qualitative/Quantitative Customer-Driven Development. It stresses the need for
combining qualitative customer feedback in early stages of development with
quantitative observations in later stages. Olsson et al. treat requirements as hypotheses that are validated with customers before development. Hypotheses are
derived from business strategies, innovation initiatives, customer feedback and
on-going validation cycles.
Analyzing the commonalities of the proposed approaches, we can conclude
that all these process models have in common that they utilize different types of
artifacts, meetings, methods and roles (referred to as agile techniques) for the
management of requirements in an agile environment. In this context, the related work lacks in: 1) providing guidelines that help to choose an appropriate
set of agile techniques for solving a specific agile RE problem [15]; and 2) providing generic concepts on an abstraction layer. These generic concepts are important in today’s business world since companies utilize different types of
process models for diverse teams.
This leads to increasing complexity within an organization (e.g. scaled organization or other teams working with sequential approaches, like waterfall model). This paper proposes a metamodel for agile RE to handle this complexity (see
Section 4). It is evaluated by an instantiation into concrete process models (see
Section 5). To the best of our knowledge this is the first metamodel for agile RE.

3. Research Method
The objectives of this paper are contributing a metamodel for agile RE, which
allows building a common understanding of the complex research field of agile
RE; and showing how the metamodel can be used in industry by means of tailoring domain specific models.
In the following subsections, we will explain how we developed the agile RE
metamodel iteratively. Subsequently, we will demonstrate how the metamodel
can be applied to industry by means of instantiations.

3.1. Developing the Agile RE Metamodel
Figure 1 displays the phases that were applied to develop the agile RE metamodel. In phase 1, we analyzed existing process models for agile RE in order to describe agile RE on an abstract level. Based on the related work and our experience working with requirements in agile environments, we created the initial
version of the agile RE metamodel (phase 2), which was presented to the reDOI: 10.4236/jcc.2019.72001
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search community and then discussed [16]. This metamodel has been optimized
in several iterations by means of discussions with other researchers and practitioners in the field of agile RE as well as further empirical studies [15].
The discussions about the metamodel triggered first improvements. To this
end, we started to elaborate the agile RE metamodel iteratively based on our
learnings. This approach is similar to the concepts of ASD, where products are
created in several iterations. Table 1 shows an overview of the conceptual improvements of the agile RE metamodel in accordance with the events and activities that triggered these improvements. The current version of the metamodel is
presented in Figure 3.

Figure 1. Phases to create the agile RE metamodel.
Table 1. Overview of conceptual improvements of the agile RE metamodel.

DOI: 10.4236/jcc.2019.72001

Version

Trigger

Improvements

v1.1

Learning from
doctoral consortium [16]

Addition of relations between metaclasses and
extension of attributes in several metaclasses
according to ISO 9241-210: 2010 [4]

v1.2

Discussion with
Dr. Jorge Sedeño López

Extension of attributes and changing names

v1.3

Discussion with Jutta Doetkotte
in relation to her bachelor thesis

Extension of attributes and changing names,
types and relations among metaclasses

v1.4

Learning from the study
“Key Challenges in Agile RE” [15]

Extension of relations, deletion of attributes,
change types of attributes,
reorder attributes within metaclasses

v1.5

Learning from the study
“Identifying Agile RE Patterns” [17]

Change attributes and extension of attributes

v1.6

Discussion with Dr. María José
Escalona, Dr. Jörg Thomaschewski
and Dr. Manuel Mejías

Deletion of attributes, change of types of
attributes according to UML notation
and addition of new metaclasses

v1.7

Discussion with Dr. Nora Koch,
Dr. María José Escalona and
Dr. Jörg Thomaschewski

Extension of relations, deletion of attributes
and addition of metaclass Requirement

v1.8

Discussion with Dr. Nora Koch,
Dr. María José Escalona and
Dr. Jörg Thomaschewski

Definition of metaclass requirement as external
class, update of relations and multiplicities,
change of the metaclasses ordering
and deletion of redundant attributes
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3.2. Tailoring the Agile RE Metamodel to Domain Specific Models
The agile RE metamodel needs to be instantiated in terms of conditions of the
specific organizational environment, in order to be used in industry. This step is
related to the approach by Rolland [18], who presents a technique for process
modeling by means of building abstraction levels (process meta-level, process
model and development runs). Following this approach enables us to define how
to apply the agile RE metamodel into practice. Therefore, we have created instances of the metamodel (L2) to derive domain specific models (L1) that could
be utilized in industry. It is worth highlighting that we have slightly adapted the
approach by Rolland to become more systematic. Hence, we recommend using a
profile for building instances of the agile RE metamodel [19].
In this paper, we will present two practical cases for the instantiation of the
agile RE metamodel. On the one hand, we will exemplify a process model for
a Scrum-based process regarding the development of web applications in
E-government areas. The result will be a process for discovering services in the
early stages of agile development (Section 5.1). On the other hand, we will derive
an instantiation of the agile RE process metamodel into a Kanban-based process
model for developing an internet-based newspaper portal (Section 5.2). We have
decided to use these two cases, because they show the adaptability of the agile RE
metamodel in terms of using different agile methodologies.

4. Agile RE Metamodel
The agile RE metamodel (see Figure 3) visualizes the big picture of agile RE
without providing a concrete domain specific model. We can use it to derive a
domain specific model tailored according to the environment where the system
is developed. Moreover, the agile RE metamodel represents a set of generic concepts without describing a domain specific model itself. Therefore, it builds a
framework for a process. Hence, the domain specific model is an instantiation of
the metamodel (see Figure 2).
The agile RE metamodel looks at the cross-functional area of agile RE that
consists of HCD [4] (pink, metaclasses Context of Use and User), ASD (green,
metaclasses Stakeholder, Agile Team, Methodology and Impact), Domain Driven

Figure 2. Modeling agile RE by instantiating the agile RE metamodel.
DOI: 10.4236/jcc.2019.72001

6

Journal of Computer and Communications

E.-M. Schön et al.

Design [20] (DDD, orange, metaclasses System and Domain) and RE [21] (grey
and metaclass Agile RE Activity). The blue metaclasses (Organizational Environment, Agile RE Problem, Agile RE Pattern and Requirements) are part of our
contribution to the body of knowledge of agile RE. The initial version of the agile
RE metamodel is presented in [16], whereas Figure 3 represents the optimized
version.

4.1. Description of the Agile RE Metamodel
The metamodel contains the metaclass User with the following attributes: name,
personal information, behavior, usage behavior, motivation and pain points. The
user is in a context of use during the usage of the system. Thus, s/he is working
with specific equipment in a physical environment while carrying out tasks.
Moreover, s/he interacts in a social environment. In ASD, and for instance in
XP, the user can be part of the agile team, which includes name, members, size
and role. There can be more than just one agile team in a scaled environment.
The continuous involvement of stakeholders is very important to ASD. The
metaclass Stakeholder includes the attributes name, group, need and priority,
where need is related to human needs.
Another important aspect in agile RE is the applied agile methodology (e.g.
Scrum, Kanban or XP). Each methodology comes with its own requirements and

Figure 3. Agile RE metamodel.
DOI: 10.4236/jcc.2019.72001
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has an impact on how RE is carried out. For instance, there is a difference between iterative approaches like Scrum or flow-driven approaches like Kanban.
Therefore, we add the metaclass Impact that is filled at runtime. This metamodel
defines the system to be developed with the following attributes: name, description, feature, business goal and infrastructure. The requirements for each system
differ due to the diverse domains in which the system is used. The metaclass
Domain becomes more important in terms of the era of Industry 4.0. As an example, it can be highlighted that there are a lot of different Internet of Things
(IoT) platforms on the market that need to be customized for a specific domain
(e.g. automotive, utilities or wind energy). The domain is described within the
scope of the metamodel with name, description, condition and regulation.
All these metaclasses are influencing each other and the outcome is described
as metaclass Organizational Environment (completed at runtime). On the one
hand, the organizational environment is changing because of the different
people involved in the process (user, stakeholder or agile team). On the other
hand, it is changing because of the domain or the agile methodology used.
As visualized by the agile RE metamodel, agile RE problems (metaclass Agile
RE Problem) occur in an agile organizational environment (metaclass Organizational Environment). Agile RE problems are solved by agile RE patterns (metaclass Agile RE Pattern). Therefore, the metaclass Agile RE Problem is generalized
by the metaclass Organizational Environment. Agile RE problems occur during
system development in an agile context and they are defined by means of name
and description. Examples of agile RE problems can be “continuous management of requirements” (P4) or “not to lose sight of the big picture during the
implementation of complex requirements” (P3) (see Table 3).
Besides, an agile RE problem is solved by one or more agile RE patterns. The
agile RE problem “continuous management of requirements” can be solved by
the agile RE patterns “continuous refinement meetings with stakeholders” or
“sprint review meetings”. The attributes of the metaclass Agile RE Pattern are:
name, context, tag, problem summary, usage description, example and template.
In terms of RE, the agile RE pattern can be categorized by an agile RE activity
(specified by name and stage). Agile RE activities (see Table 2) are slightly different compared to the activities known from established RE (elicitation, analysis
and negotiation and validation [21]). Agile RE is carried out in an iterative
Table 2. Activities in agile RE.
Agile RE activity
Discovery
Refinement
Prioritization
Review
Documentation

DOI: 10.4236/jcc.2019.72001

Description
Eliciting new ideas/requirements
Clarifying and analyzing new ideas/requirements
Measuring the value that the development will add to the system
Checking if the requirement is implemented in the manner to deliver value
Capturing discussion and decisions around the requirement
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manner and the activities are not split into phases. In comparison to established
RE, they can take place at the same time.
The metaclass Requirement shows how requirements are described in agile
RE. This is an external class of the agile RE metamodel since this metamodel
provides generic concepts that allow modeling the way people work and collaborate in terms of agile RE. The agile RE metamodel does not aim to give details
of the specific shape of a requirement in an agile environment. Therefore, there
are other approaches such as those in [22], or [23].

4.2. Additional Views on the Agile RE Metamodel
The human-centric view plays an important role in relation to agile RE. To this
end, we present additional views on the agile RE metamodel in order to detail
the human aspects it involves.
4.2.1. Metaclass User
The user is a person who directly interacts with the product. As product development is concerned, it is necessary to understand the needs of the user in order
to develop a product, which is valuable to the target group. From a HCD perspective, the analysis of the target group is carried out by means of conducting
user research. To this end, the user should be modeled with at least some basic
information that is listed in Figure 4 as enumerations.
The personal information allows creating a picture of a concrete person with
the aim to avoid self-referential design during product development. Moreover,
using behavior helps people to understand how one specific individual interacts
with the product. The description of behavior constitutes the picture of a

Figure 4. Detailed view on metaclass <<User>>.
DOI: 10.4236/jcc.2019.72001
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concrete user and enables project members to generate an empathetic focus on
his/her needs and values.
4.2.2. Metaclass Stakeholder
The stakeholder is an individual or organization having a right, share, claim or
interest in a system or in the characteristics that meet their needs and expectations [4]. Figure 5 highlights some details that make the definition of stakeholders more clear.
4.2.3. Metaclass Agile Team
The metaclass Agile Team details the composition of the product development
team who actually work on creating a product. Therefore, the enumeration role
(see Figure 6) explains the roles an agile team should entail.

4.3. Agile RE Problems and Agile RE Patterns
We have conducted an empirical evaluation through a study with 26 experts
from industry where we have identified the most important problems in agile RE
[15]. In sum, 6 out of the 20 problems identified have been defined as key problems (see Table 3). In light of this, we recommend some options to address such
problems by means of agile RE techniques.

Figure 5. Detailed view on metaclass <<Stakeholder>>.

Figure 6. Detailed view on metaclass <<AgileTeam>>.
DOI: 10.4236/jcc.2019.72001
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Table 3. Key problems in agile RE [15].
Problems ID

Description of key problems in agile RE

P1

In ASD, functional or technical dependencies with other teams are a challenge
because a considerable coordination effort is required.

P2

In ASD, it is a challenge that stakeholders understand that the development team
can make independent (detailed) decisions.

P3

In ASD, it is a challenge not to lose sight of the big picture during the
implementation of complex requirements.

P4

In ASD, continuous management of requirements is a challenge since not all of
them are fixed at the beginning and they may change over the course of the project.

P5

In ASD, it is a challenge to work out user requirements and quality of
use in cooperation with direct users (end users) of the system.

P6

In ASD, it is a challenge to involve stakeholders throughout the whole
development process in regular iterations, so that system development will succeed.

The combination of an agile RE problem and the corresponding solution
(agile techniques) builds the agile RE pattern. An agile RE pattern is composed
of both dynamic and static parts (see Figure 7). On the one hand, the agile technique Sprint Planning [24] is an activity and therefore represents the dynamic
part. On the other hand, the agile technique User Story [25] is an artifact and
represents the static part of an agile RE pattern.

5. Tailoring an Agile RE Domain Specific Model in Industry
The agile RE metamodel can be tailored to domain specific models in order to be
applicable to industry. In the following subsections, we will present two cases in
which we have built instances of the metamodel. The first process model (case a)
is carried out in an environment that uses Scrum for the development of a web
application for E-government, with the aim to solve the problem of discovering
services (E-government services). In contrast, the second process model (case b)
describes an environment that uses Kanban for the relaunch of an internet-based
newspaper portal. We have decided to show these two cases, because they demonstrate the adaptability of the agile RE metamodel in terms of tailoring domain
specific models for RE based on different agile methodologies.

5.1. Case a: Tailoring in Scrum
Scrum [3] is an agile methodology that can be classified as a time-box approach
comprising a set of roles, meetings and artifacts. Since Scrum is described as a
framework where people can address complex problems, we need to adapt the
framework to the specific context of a project. This case presents an instantiation
of the agile RE metamodel in a project using NDT-Agile (based on Scrum and
Earned Value Management) to create a web application for e-government.
5.1.1. Background of the Project
Junta de Andalucía is the name of the regional government of the Spanish region
DOI: 10.4236/jcc.2019.72001
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Figure 7. Agile RE patterns are composed of dynamic and static parts.

of Andalusia, in the south of Spain, and the body that has developed this project.
The Information and Communication Technologies (ICT) Department of the
Ministry of Culture has been in charge of leading the project in liaison with other departments belonging to the regional government of Andalusia.
In between 2008-2012, the Ministry of Culture transformed itself into an organization capable to operate under SOA paradigm [26]. In 2012, they started to
adopt agile methodologies [27] [28], but there was a lack: the integration of an
activity in the early stages of ASD executing the process of discovering services
that, simultaneously, could cover the requirements represented by User Stories.
The next subsections will provide a description of the agile RE metamodel
tailored within a public administration so as to solve an agile RE problem regarding discovering services in early stages of ASD. In particular, discovering
what services exist in the Services Portfolio, covering the User Story proposed
for a new web application. This problem is related to software reusability in early
stages of the lifecycle development.
5.1.2. Instantiation into a Scrum-Based Process Model
To face up this drawback, it has been essential to identify all entities, resources
and stakeholders in the organizations that are affected by this problem and clarify the relationships among them.
We need several steps to instantiate the proposed agile RE metamodel. First, it
is necessary to match up the entities of the metamodel with the real elements of
the organization. For this purpose, Table 4 shows the relationship between each
entity and the corresponding element. The metaclasses Organizational Environment and Impact are not presented in this table because they are filled at
runtime. Besides, we leave out the metaclass Requirement, since it is external to
the approach (see Section 4.1).
As described before, the metaclass Organizational Environment defines the
context in which the process model is used. The organizational environment is
composed of the metaclasses User, Methodology and Domain (see Figure 3 and
Table 4). The instances of the metaclass Agile REProblem and Agile REPattern
are described in the form of an agile RE pattern. The pattern Discovering services that cover an agile requirement presented in Table 5 is used for the agile RE
activities discovery and refinement.
DOI: 10.4236/jcc.2019.72001
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Table 4. Instantiation of the agile RE metamodel to process model (case a).
Metaclass

Instantiation for case a

System

The system comprises all information systems involved in these
web applications together with the Services Portfolio that belong
to the organization. The IT infrastructure is a key part of the system, too.

Domain

The domain of this problem is related to the e-government
services and the integration into the ASD development lifecycle.

Context of use

User

The context of use is the Ministry of Culture that delivers e-government
services by means of web applications using agile software developments.
The main users of these applications are citizens and public employees.
The users are citizens and public employees as well as the IT
esponsible or even the agile team.

Stakeholder

The stakeholders are people in charge of the different
departments (ministry, IT or business).

Agile team

A team belongs to the IT service made up by a Scrum Master and agile
developers together with a Product Owner that represents the different
interests of stakeholders (the deputy head of the IT department).

Methodology

The methodology followed is NDT-Agile (based on Scrum and Earned
Value Management).

Agile RE problem

Technical or functional dependencies to other teams.

Agile RE pattern

Discovering services that cover an agile requirement (see Table 5).

Agile RE activity

Identification and refinement.

Table 5. Pattern “Discovering services that cover an agile requirement”.
Attribute
Pattern name

Context

Tag

DOI: 10.4236/jcc.2019.72001

Description
Discovering services that cover an agile requirement.
Detecting existing services, which can be found in the service portfolio of
the organization, that cover user stories functionality identified by the
agile team. This pattern is used in early stages of a sprint, directly after
the Sprint Planning (see Figure 8) and it is necessary for the software
reutilization. The identification of existing services is a very difficult
task since the services area is not connected with the agile
techniques that are used in the requirements elicitation phase.
Discovery, refinement and methods.

Problem summary

In ASD, functional or technical dependencies with other teams are a
challenge because a considerable coordination effort
is required (P1, Table 3).
 Detection of services in early stages of ASD.
 Identification of existing services in the services portfolio that
cover the user story proposed for a new web application.
 Reusability of software in early stages of the software
development lifecycle.

Usage description

It applies the process named DS4aRE (“Discovering services for agile
requirements”) that consists of six steps:
1) Indexing the Services Portfolio.
2) Formalizing the agile requirement (see Figure 9).
3) Transforming this formalization into a query.
4) Launching this query against the index.
5) Preparing the result of the query.
6) Obtaining the Candidate Services (i.e. a Service that is inside the
Services Portfolio and would cover an agile requirement).
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Continued

Example

The Ministry needs to develop a new web application to comply with
Law 39/2015 that obliges to make any notification by telematics means.
The Ministry needs to know how many services of the e-government
Services Portfolio could be used in this application to cover the
User Stories identified by the agile team.

Template

DS4aRE process (see Figure 10).

Figure 8 shows the moment in which the agile team must execute the activity
known as Discovering Candidate Services, which has been integrated into the
agile methodology in the Ministry of Culture.
Figure 9 details the elements used during the discovery of Candidate Services
(see Figure 8). In particular, it models the necessary entities to represent a User
Story and other information about functional and non-functional requirements,
users, stakeholders and agile team after finishing the sprint planning in NDTAgile.
Moreover, Figure 10 shows the DS4aRE (Discovering services for agile requirements) process that solves the RE problem exposed in Table 5.

5.2. Case b: Instantiation within a Kanban-Based Environment
Kanban [2] is an agile methodology whose main attribute focuses on continuous
improvement. The application of Kanban starts with making a workflow visible
and proceeds with continuous improvement of the existing process model.
Compared to the time-box approach in Scrum, Kanban is based on a continuous
flow model. In the following case, we will present an instantiation of the agile RE
metamodel into a Kanban-based process model for developing an internet-based
newspaper portal.
5.2.1. Background of the Project
The project was carried out in a medium-sized IT company, located in Germany
[29], specialized in e-commerce, mobile apps and SAAS tools. The project team
consisted of twelve members (one team leader, one project manager, two visual
designers, two UX experts and six developers). The aim was the relaunch of an
internet-based newspaper portal within six months in 2013/2014.
5.2.2. Instantiation into a Kanban-Based Process Model
In the following paragraphs, we will provide an instantiation of the metamodel
(Figure 3) and we will discuss the way of working within the scope of case b.
Table 5 shows the instances of the metaclasses in terms of the applied process
model. The metaclasses OrganizationalEnvironment and Impact are not presented in this table since they are filled during runtime. Moreover, we leave out
the metaclass Requirement, since it is external to the approach (see Section 4.1).
As described before, the metaclass OrganizationalEnvironment defines the
context where the process model is used. The organizational environment is a
composition of the metaclasses User, Methodology and Domain (see Figure 3
DOI: 10.4236/jcc.2019.72001
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Figure 8. Activity “discovering candidate services”.

Figure 9. Value-based agile requirements metamodel for the agile RE pattern “Discovering services that cover the agile requirement”.

Figure 10. DS4aRE process for pattern “Discovering services that cover the agile requirement”.

and Table 6). The instances of the metaclass Agile RE Problem and Agile RE
Pattern are described in the form of an agile RE pattern. The pattern Continuous
management of requirements by means of tools, presented in Table 7, is utilized
for the agile RE activities discovery and refinement.
DOI: 10.4236/jcc.2019.72001
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Table 6. Instantiation of agile RE metamodel to process model demonstrated in case b.
Metaclass

Instantiation for case b

System

The system to be developed is an internet-based newspaper portal.

Domain

The domain where the system is used can be classified
as e-commerce in the publishing sector.

Context of use

User

The main task of users consists in retrieving news, that is to say,
they want to be informed of contemporary issues. Therefore, the first
touch point of users is the home page where they can browse through the
teasers and select the interesting ones for further reading. In most of the
cases they use equipment comprising a mobile platform (tablet or
smartphone). Both the physical environment and the social environment
of users depend on the situation in which they use the system. For instance,
they can use the system in public transport that may be loud and crowded,
or they can use it in their gardens where the sun is shining on the display.
The user of the system is an experienced web user who is interested
in news. Printed media is too slow for her/him and s/he
appreciates consuming videos and additional interactive content.

Stakeholder

There are a lot of different stakeholders involved within the development
process of the system (e.g. management, investors or shareholders).

Agile team

The agile team consists of twelve members: one team leader, one project
manager, two visual designers, two UX experts and six developers.

Methodology

The methodology integrates Kanban with HCD.

Agile RE problem

Continuous requirements management.

Agile RE pattern

Continuous management of the requirements
by means of tools (see Table 7).

Agile RE activity

Discovery and refinement.

Table 7. Pattern “Continuous management of requirements by means of tools”.
Attribute

Description

Pattern name

Continuous management of requirements by means of tools

Context

Established RE approaches fit into sequential approaches to software
development. On the contrary. ASD is used to enhance the
ability to deal with changing requirements over the course of time.
Agile techniques for continuous requirements management
need to be implemented in order to ensure traceability of requirements.

Tag

DOI: 10.4236/jcc.2019.72001

Discovery, refinement and methods.

Problem summary

In ASD, continuous management of requirements is a challenge since
not all of them are fixed at the beginning and they may
change over the course of the project (P4, Table 3).
 Providing a positive UX to the user.
 Carrying out a release evaluation continuously.
 Not interrupting the workflow due to scheduling testing
activities and organization.
 Reducing costs for long-term UX testing.

Usage description

The workflow of the system development is visualized by means of
Kanban boards for different types of tasks (e.g. UX design,
development or operation). One requirement can be tracked along
the workflow and its evolution is managed through the whole
development process (see Figure 11). Organizing the management
of requirements by means of Kanban boards implies a
continuous management and tracking of changes.
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Continued

Example

Figure 11 presents the interaction of two Kanban boards in case b.
We use a third one for operation that was placed on the right hand side
of the development board. Kanban boards represent the workflow from
design through development of the internet-based newspaper portal. One
task from the design board might be split into more than one task on the
development or the operation board. The aim of this procedure is
to obtain a continuous flow within the board and among the boards. For
working with multiple Kanban boards the project team use tool support
by means of JIRA from Atlassian, displayed on several screens on the wall.

Template

See Figure 11.

Figure 11. Example of multiple Kanban boards for pattern “Continuous management of
requirements by means of tools”.

It is worth mentioning that more than one of the presented agile RE problems
occurred along the development of project case b. For instance, it was a problem
not to lose sight of the big picture during the implementation of complex requirements since the development with Kanban is focused on small tasks.
Therefore, we integrate HCD activities by means of a release evaluation [29].

6. Discussion and Limitations
One of the most important benefits of the proposed metamodel for agile RE is
cross-functionality. Agile methodologies are based on cross-functional collaboration of people from different disciplines (e.g. programming, test or UX design). It is essential to consider all the disciplines while creating a process model
for agile RE, for becoming a value-driven organization. The proposed metamodel for agile RE supports the understanding of this complexity and enables
companies to become clear about the influencing parameters. Furthermore, researchers as well as practitioners can use the metamodel for evaluating their existing process models for agile RE aiming to improve them.
The application of the agile RE metamodel allows us to reflect on the agile RE
problems that happened in the presented cases (see Section 5.1.2 and Section
5.2.2) as well as to find out appropriate solutions for handling them.
Once these two cases are analyzed, we can figure out some differences in
terms of the elaboration of information related to specific stereotypes. Basically,
the context of use is deeper explored and more elaborated in case b (see Section
5.2.2). This occurs because of the integration of HCD, as in HCD the context of
use is meaningful in terms of user research. Taking this as an example, we can
discuss whether it makes sense to put some effort in the analysis of the context of
DOI: 10.4236/jcc.2019.72001
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use in case a, and discuss what impact this analysis might have on the value delivery. Besides, they also differ in the manner of how people are related among
them. In case a, for instance, the user is part of the agile team, since some members of the agile team use the system, such as citizens or employers of the Ministry of Culture. Finally, another difference can be observed in the relation between the methodology and the agile RE pattern. In case b, the agile RE pattern
is part of the methodology, since the agile technique Kanban board is rooted in
the Kanban methodology, whereas the agile technique in case a (DS4aRE
process) is a new technique independent of a methodology.
Nonetheless, the analyzed cases in this work present some shortcomings in
terms of the analysis of the organizational environment. We have to state that we
were not able to gather all the data the metamodel would have the capacity to include due to time spent when the case studies were carried out. The final version
of the metamodel was created in July 2017, whereas the case studies were conducted before that time.
As opposed to this, both cases have confirmed that domain specific models
allow us to receive a detailed view on complex organizational environments.
This detailed view enables us to identify problems and impediments that have to
do with people, processes or tools. Furthermore, it helps us to compare specific
excerpts of different organizational environments with the aim to reflect on all
the aspects that run properly and should be shared.
The use of patterns is a reasonable approach since agile RE is a problem-solving approach to ASD. The usage of patterns is widely spread in the field
of software engineering [30]. Most of the proposals rely on the approach by Alexander et al. [31]. The concept of agile RE patterns presented in the agile RE
metamodel (see Figure 3) is also based on Alexander et al.’s [31] understanding
for the use of patterns.
In light of this, the combination of agile RE problems and their corresponding
solutions can be inferred to new agile RE patterns that can make easy sharing the
experience with the community. The gathered knowledge can encourage other
people to solve similar individualized agile RE problems to those presented in
this work.
Nevertheless, there might be some limitations to our research. We have identified the agile RE problems and agile RE patterns by empirical evaluation. It
could be argued that there are some limitations in terms of the general application of the results due to the usage of an expert validation. However, the experts
work for different companies and therefore they have different levels of experience in the agile transformation of an organization. Additionally, the identified
key problems (Table 3) only give guidance for the optimization of existing
process models for agile RE in industry and do not claim to be fully complete.
Deriving a process model for agile RE based on the proposed agile RE metamodel might still be a challenge in some organizations due to the complexity of
the environment (e.g. scaled organization or other teams working with sequential approaches like waterfall model). Nonetheless, the metamodel reduces this
DOI: 10.4236/jcc.2019.72001
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complexity by visualizing the influential parameters that can be changed according to the explicit view.

7. Conclusion and Future Research
This paper presents the agile RE metamodel that builds an abstraction layer
about the variety of existing agile RE process models used in industry. The metamodel for agile RE helps us to describe key concepts of agile RE management.
This gives us a common definition for this research area and supports us in the
development of a unified language. Besides, we have demonstrated how we can
build instances of the metamodel in order to provide process models for industry, concretely in Scrum and Kanban environments. We have presented two cases that analyze an instantiation of the metamodel: in case a, an agile RE process
model for NDT-Agile (based on Scrum and Earned Value Management) is used
for creating a web application that enables the Ministry of Culture to comply
with Law 39/2015; in case b, a Kaban-based agile RE process model is utilized for
developing an internet-based newspaper portal.
We have contributed to the software development body of knowledge by providing a metamodel for agile RE. The metamodel has several implications for
both, researchers and practitioners. On the one hand, the metamodel can be
used to model new process models for agile RE that are strongly focused on value delivery and therefore can be classified as value-driven process models. On
the other hand, existing process models can be evaluated as well as improved by
the metamodel.
Future research may specifically deal with providing practitioners and researches with tool support so that they can improve their agile RE process models based on the proposed agile RE metamodel. We would like to encourage
them to improve their agile RE process models. To this end, we are currently
working on a web application that provides guidance for solving agile RE problems by choosing the proper agile technique. The objective is to share knowledge
regarding agile RE by means of agile RE patterns. The web application is a
knowledge base concerning the most common agile RE problems in industry
and appropriate solutions.
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