
A Case Study in the Banking Sector:
An Ontology for the Selection of Agile and Lean

Software Development Methodologies

Itza Morales , Belén Bonilla-Morales , and Miguel Vargas-Lombardo(B)

FISC, Research Group GISES, Technological University of Panama, Panama City, Panama
{itza.morales1,belen.bonilla,miguel.vargas}@utp.ac.pa

Abstract. Nowadays, the application of methodologies that allow to guide the
process of development of Software in the companies has become a fundamen-
tal aspect to achieve the suitable management of the processes in the projects.
In view of the diversity of existing methodologies, there is a growing interest in
defining strategies that allow the selection and application of the correct method-
ology, which adjusts to the characteristics of the work teams and the software
projects. The aim of this work is to develop an ontology for the selection of the
methodology that, according to its principles, is most appropriate and beneficial
for the development of software projects. The domain of ontology is limited to
the Agile and Lean approaches, without defining for Agile the specific method
that it applies, but it involves any method that is governed by the agile values
and principles established in the Agile manifesto. Onto-logy is applied in two
organizations in the banking sector, allowing recommendations to be inferred for
the use of Agile methodology in both, which will make it possible to reduce the
delivery time of software products, improve communication between project par-
ticipants, and facilitate the engineering of requirements. On the other hand, the
ontology suggests co-regulating characteristic aspects of the Lean practices in
order to minimize costs, optimize processes in the software projects and improve
the organizational culture.

Keywords: Ontology · Agile software development · Lean software
development · Methodologies · Risks

1 Introduction

In the field of software engineering, a growing advance has been perceived in research
on methodologies and good practices of software development, which allows the effi-
cient management and optimization of processes and resources, reduces conflicts in the
assignment of routines and knowledge of the complexity of the projects [1, 2]. In this
context, software development methodologies such as Agile and Lean are implemented
depending on the characteristics of an organization. In fact, the authors in [3–5] discuss
that the Agile methodology emerged in 2001 as an “Agile Manifesto” focused on reduc-
ing the concern about the inefficiency of iterative cycles, customer feedback, workflow
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visualization, which led to the evaluation of new practices to establish principles for the
correct manufacturing of software products.

However, Agile was aimed at small working groups, so a new “Lean” concept was
introduced. It was firstly aimed at the industrial sector and then adopted, and parameters
were established to enable organizations to scale up in the software product market
focusing on three bases: design thinking, Lean production, and Agile development; This
reduces the waste of unnecessary processes and increases the organizational culture
within the team [19, 21].

Indeed, the Agile and Lean methods have made it possible to examine aspects and
factors involved in the analysis prior to the selection of methodologies. To support
this approach, ontologies are constructed. They include a common and unambiguous
vocabulary for a given domain. In the context of software development, their use pro-
vides organizations with an adjustment to the extent of validating their implementation
because they are generally selected and adopted incorrectly due to ignorance of their
principles, implying delay in the management of processes in software projects. In this
sense, studies [18, 36] they emphasize that there are different ontologies focused on eval-
uating the Software development cycle, the processes or the communication between
those involved, for the development of Agile Software and for Software development
in general. Likewise, recent studies include ontologies for Agile software development
methodology, but not for Lean and/or the link between the two in the Software life cycle
processes and within the work team.

Therefore, the need arises for an ontology aimed at the selection of Agile or Lean
Software development methodologies in the banking sector, which responds to the anal-
ysis of aspects of these two approaches. This research considers the characteristics and
requirements of the methodologies for the construction of an ontology with the infor-
mation supplied from the two banking organizations in Panama. In this way, the study
provides organizationswith a recommendation on the type ofmethodology to be selected
for their software department and indicates the risks or points to be improved.

The general structure of this study includes: Sect. 2 presents the background that
covers the Agile and/or Lean Software development methodologies; Sect. 3 describes
the proposed Ontology (development and construction); Sect. 4 presents results; Sect. 5
the discussion and Sect. 6 the conclusions and future work.

2 Background

In organizations, it is essential to consolidate a stable organizational environment, and
effectiveness in the delivery of the Software product. In this context, the studies related to
Agile/Lean software development methodologies in organizations include characteristic
aspects, advantages and risks present during the software product development cycle.
Likewise, the approach ofAgile and Lean are based on continuous integration and design
focused on user feedback [8, 11, 29]. Indeed, Agile and Lean are related to the variables
of requirements, productivity, process, and communication between team members. In
addition, the authors at [2, 5, 15, 24, 26, 29, 33, 39] mention that these parameters
explain that there must be organizational culture to reduce inventory operating costs,
and obtain a return on investment from the use of resources, contributing to the flow of
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quality, and maximizing customer value. Therefore, from the IEEE 1074–1995 standard
to achieve the progress of a project, the monitoring, and control of the processes must
be reviewed and measured; in addition, this standard assesses the background and risk
analysis, contingency planning, project management, and the record-keeping [17]. In
turn, Table 1 presents in detail the aspects of the Agile and Lean approaches that are
involved in the software development process. It shows the main terms, and, according
to both approaches, a description is provided.

Table 1. Descriptive aspects of the Agile and Lean approaches to software development

Terms Description References

Risks (Weak points or failures)

- Agile -Ignorance of principles,
difference in communication
(planning, development, and
collaboration), and there is
no operational difference in
the performance of the team
-Requirement requests,
assignment and distribution
of responsibilities

[6, 10, 11, 39]

- Lean -Risk management involves
the organizational
disposition of the client and
the team, by implementing a
new way of working

[19, 25, 35]

Characteristics

- Agile - Evaluate the iterations
between individuals, less
time in documentation,
collaboration with clients,
and adaptability to changes
- Set requirements and
resource allocation

[4, 6, 12, 20, 28]

-Number of people less than
7 per team
-Flexibility, task
distribution, functionality,
execution quality, process
evaluation and remote
communication

[3, 5, 7, 9, 15, 16, 24, 26, 27, 29, 32, 40]

(continued)
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Table 1. (continued)

Terms Description References

- Lean -Making the assumptions
before the requirements
-Analytical and usability
reports, information on
previous attempts,
stakeholder analysis, and
competitive analysis
-Use communication
strategies (roles): use of a
distributed design
framework maintaining
multiple prototypes in
parallel, adaptability to
media fidelity faced with the
need for communication and
employ agile use cases to
line up the team
-Value with a robust,
flexible, and iterative
approach in collaboration
with Agile end users
-Uses a feedback loop
known as
“build-measure-lean” that
seeks to minimize the risk of
the project and uses the
client’s comments
-Tools for the automation of
process flows and more
people (8–15) per teams

[2, 11, 19, 21, 25, 29, 35]

Advantage

- Agile - Reduces collaboration
and/or culture at a distance
and temporary distance
-Offers clients project
progress as soon as possible
and quality software

[5, 35]

(continued)
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Table 1. (continued)

Terms Description References

- Lean -Allows the identification
and elimination of waste of
those unnecessary
processes, facilitates an
enhancement in decision
-Making in the work team to
simplify development time
and increase learning

[31, 39]

The information presented in Table 1 describes the key elements for both approaches
(Agile and Lean) and offers an overview for the construction and development of
ontology.

2.1 Ontological Language (OWL)

The ontological language [22] processed for years has been transferred to the evolution
of applications in the areas of software engineering. Therefore, the ontologies devel-
oped in [7, 16, 32, 40] are implemented in the sub-parts of the DS in general, which
include: collaboration, workflow, process evaluation, cooperative design, and remedi-
ation. In agreement with [22, 23], the ontologies developed to ensure the traceability
of the requirements in the DSA; Whereas, in [38] consider the types of requirements
and their options for evaluating the time and cost of entering the data on traceability,
the difference between traceability, the existence of points of view of practical bene-
fits, problems in the organization and support of trade trusts. On the other hand, the
ontology for requirements allows giving an intelligence support guide of the techniques
to be used and an evaluation of the quality metrics of the traceability requirements. In
essence, for [14, 36] the ontologies developed in the DSA, are used as a medium to
identify the changes between external clients and the SD equipment; allow permission
to improve fundamental communication in the organization and the capacity to meet the
requirements Meanwhile, the [1, 21, 34, 37] risk management is focused and these were
classified by levels. In this context, according to [17] the IEEE 1074 standard provides
that the types of risks involved in organizations can be processed or activities, where
each process derives an activity in the development of the Software.

3 Material and Methods: Proposed Ontology

This section presents the construction of an ontology focused on the selection of software
development methodologies (SDM) through language-semantic web axis (OWL). This
facilitates the decision-making from the analysis of the domain knowledge and gives an
answer to the problem [13, 30]. The synthesis of previous studies provides support for
the construction of the ontology.
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This allows you to use a specific vocabulary and domain to analyze the information
from two organizations in the banking sector in Panama. It also provides you with a
recommendation on the most appropriate one and draws conclusions on those aspects
that need to be improved.

In thismanner, the seven steps that the ontology to be builtmust include are presented.
Figure 1 shows the classification of these in two stages: the first includes the description
and definition of the domain and the second the construction and results of the ontology;
shown in the following diagram:

Fig. 1. Model with the steps to build the ontology

3.1 Description and Definition of the Domain

The first stage includes the description and definition of the domain, in which the iden-
tification of the organization’s needs is presented with respect to the survey applied
to the two Panamanian organizations in the banking sector. Likewise, Table 2 shows
these 18 questions distributed as follow: questions 4 to 11 evaluate the Agile Software
development methodology and from 11 to 18, the Lean approach.

Indeed, the information obtained from the two organizationswas classified according
to the key questions in Fig. 1; while, from these, the purpose of this study is answered
through 5 research questions to classify the information. Thus, Table 3 presents an ID
for each research question, discussed later in Sect. 5.

On the other hand, the results obtained from the mapping of terms, set out in Sect. 2,
have been classified by the characteristics, risks and advantages of both approaches
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Table 2. Survey to find out the existing level or situation of the organization

1. Is an MDS implemented in your department?

2. What kind of MDS is implemented in the Software department?

3. Do you know the benefits of applying SMD Agile or Lean?

4. Do you consider that there is a relationship between customers and the software
development team?

5. Is there an organizational culture in the team?

6. You consider that there are differences and lack of communication in the team

7. Do you think that the distribution of roles in the team is adequate?

8. The requirements are established and carried out: Risk analysis and planning

9. Requirements are established by carrying out: Risk analysis and planning: Evaluating the
history of project failure

10. Requirements are established by: Evaluating background of project failures: Project
records are kept, and requirements are traceable

11. During the development process, monitoring and control of functions is presented

12. Have there been any failures of requests after the requirements have been established?

13. How is the organization of people per team?

14. Do you think it is necessary to automate the process flow?

15. Iterations between the team and the design thinking are fundamental

16. Do you think that there is a lack of organizational disposition and that the organizational
culture is traditional?

17. Are unnecessary processes occurring during project development?

18. There is a feedback loop for completed projects

Table 3. Research questions (RQ) of ontology

ID Research questions

RQ1 What is the scope of the ontology in the selection of Agile and Lean Software
development methodologies?

RQ2 What are the most outstanding characteristics of the Agile and Lean methodologies to be
inferred from the results of the ontology?

RQ3 What are the risks faced by the two banks?

RQ4 What can be inferred from the recommendation generated by the ontology?

RQ5 How can the risks and failures identified through the ontology be improved in the two
banking organizations?
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(Agile and Lean). Thus, the main terms to use are the following: requirements, orga-
nizational culture, communication, process, productivity and quality, flexibility, and
feedback loop.

4 Results: Construction of the Ontology

This section presents the formal definition of the aspects with which the “Protégé”
software tool works. Initially, a representative class diagram is defined for the ontology
and the relations between them. Therefore, Fig. 2 shows the terms and their relations
using the UML (Unified Modeling Language) representation of the ontology domain.

Fig. 2. UML representation of elements for the ontology

Therefore, for the ontology construction process, there are 8 named classes: method-
ology, risks and characteristics of Agile and Lean; recommendations, rule arguments and
the organization with the subclass (teamwork).

Each of these classes constitutes the domain of the ontology, and its relations, restric-
tions, Object properties, Data properties and Data Types. In fact, all classes are bound to
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the base class< owl.Thing>, which contains the knowledge in which the information is
analyzed. Thus, Fig. 3 shows the general scheme of the ontology. A short description is
presented in a yellow box about the selected class and overview of the content in OWL.

Fig. 3. Scheme overview of relationships of the ontology components.

5 Discussion

As an initial result of the survey, it states that 71% of teams use MDS while 29% it
does not use them. Consequently, the 42.9% uses the Agile methodology, the 14.3%
uses another type of alternative methodology, and the rest do not use any. This reveals
that the Lean methodology is not used in the Software departments. On the other hand,



A Case Study in the Banking Sector 545

the defined ontology analyzes theoretical knowledge through Individuals (organization’s
information) to generate the results through the verification queries; and using SPARQL
Query check that each subject (subclass) would correspond to class (object), through
the expression: SELECT? subject-object WHERE {?subject rdfs: subClassOf?object}.
For example, the logical reasoner HermiT, which incorporated Protégé, was used to
analyze the entered knowledge. The analysis is implemented for 7 banking facilities.
This presents in a visual way the inference by each team. Figure 4 presents two of the
generated results (Left: organization 1; right: organization 2):

Fig. 4. Results for organization 1 and organization 2

From all the results inferred by the ontology, the information is synthesized in Table
4. This presents the organizations (teams), methodology to be used or maintained, as
well as the suggestion of aspects to improve within the Software Development depart-
ment. For its part, in the items (Name: Recommendation and fundamentals to improve)
they are considered the most critical points for each organization; that is, the risks and
characteristics whose level of acceptance are subject to immediate changes in the Soft-
ware Development work process, and need to be improved and properly applied. Table
4 substantiates the information as follows:

The results provide conclusive support to the onto-logy proposal for the selection
of the Agile or Lean methodology based on the questions. Thus, this synthesis of the
information describes that organizations face challenges and risks where choosing the
correct methodology becomes the greatest investment in terms of benefits for the work
team and the use of resources. Therefore, the results described in this section allowed
inferring in 5 questions to answer the ontology, which are discussed below:

RQ1: The proposal provided a solution window to these organizations through the
knowledge inferred through the semantic web language (OWL) to consult and evaluate
the profiles of the organizations before implementing a Software development method-
ology. In fact, the constructed ontology allows to know those weak points of the software
development process and to suggest the type of methodology that should be selected.
Thus, if it is implemented by the team, to indicate the aspects that represent a risk factor
in its development process.

RQ2: In perspective to the scope of the ontology, it is important to highlight that the
focus of this study was to initially identify the most outstanding characteristics of Agile
and Lean for the two banking organizations, described in Sect. 2:

– Thefindings allowed them to be categorized into twogroups:Agile characteristics: dif-
ference in communication, low performance, lack of knowledge of principles, scarcity
of tools, functionality, monitoring and control of processes, flexibility and a team of
less than 7 people.
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Table 4. Recommendations to organizations in the selection of Agile and / or Lean

Name: Recommendation Organization 1 Organization 2

Agile 4 Team Work (Team:1, 2,
6, 7)
Maintain: Team 6,
Implement: Team 1, 2, 7

3 TeamWork (Team: 3, 4, 5)
Maintain: Team 5
Implement: Team 3, 4

Fundamentals to improve Teams

* All Agile principles Team 2 Team 3, Team 4, Team 5

* Risk analysis and
requirements planning

Team 1, Team 2 Team 3, Team 5

* Monitoring and control of
functions

Team 1, Team 2, Team 6 Team 4, Team 5

* Background to failures and
record keeping requirements

Team 2, Team 6, Team 7 Team 5

* Communication difference Team 7 Team 4

* Distribution of roles --- Team 3, Team 4,
Team 5

Optional: Applicability of Lean

* Automate workflows and
processes

--- Team 4

* Organizational Culture and
Organizational Disposition

Team 1, Team 2, Team 6,
Team 7

Team 3

* Feedback cycle Team 1, Team 6 Team 4, Team 5

* Unnecessary processes Team 6, Team 7 Team 5

– Characteristics of Lean: Assumption before requirements, response to change,
collaboration with the customer, design thinking and the team is more than 7 people.

The analysis of the results supports the importance of these characteristics in the
ontology and infers a pattern for both organizations in the seven work teams: the groups
are less than 7 people. They lack the applicability of the principles and the organizational
culture presents difficulties. Even the establishment of the requirements is one of the
key tasks. They also present low attention from the software developers.

RQ3: This raises the question of indicating the risks for the two banks, where the
following should be considered for the organization 1: improving risk analysis and
requirements planning, failure background andmaintenance of the requirements register,
communication differences,monitoring and control of functions.While, for organization
2, an additional risk was identified and indicates the distribution of roles.

RQ4: The preceding analysis from the conceptualization of characteristics to the
recommendation generated by the ontology shows that both Panamanian banking orga-
nizations are suggested to select the Agile Software development methodology, because
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the characteristics and risks of greater incidence are adjusted both in the number of peo-
ple per team, as well as, in its principles. This implies that when implementing Agile, it
must offer both organizations some advantages, such as:

– Better collaboration and interaction between team members and customers, task dis-
tribution, remote communication, improved organizational culture and reduced time
distance.

– Continuous project progress and optimization of communication efficiency and
provides support guidance.

– Improved evaluation of adaptability to changes and a reduced documentation time.
– In practical terms, the ontology inference used a knowledge domain manager of the
team’s characteristic aspects in the software development process.

RQ5: The two banking organizations can improve the weak points previously
addressed and increase the team’s productivity, reducing the process execution time
and the practices that can be adopted afterwards. This implies that it helps in the effi-
ciency, better planning of the requirements and fulfilling not only what is requested by
the client. Also, through the ontology inference, the organizations are provided with
those aspects that are within the Lean context, but that can be improved to automate and
minimize risks in the Software development process execution time.

6 Conclusions and Future Work

The ontologies provide a common and unambiguous vocabulary to refer to the terms
in the applied area, being able to share or reuse these among different applications that
make use of the Ontology. This is the case of software agents (in the field of Web
technologies), which can adequately recognize the elements of an ontology as long as
the previous conditions are met. As a consequence of this, it is worth mentioning that
the ontology in the framework of software development allowed the identification of:

In addition to a common vocabulary, they specify a taxonomy or inheritance of
concepts that establish a categorization or classification of the domain entities. A good
taxonomy is simple and easy to remember. It separates its entities in amutually exclusive
way and defines groups and subgroups without ambiguity.

The vocabulary and taxonomy represent a Conceptual Framework for the analysis,
discussion or consultation of information from a domain.

An ontology includes a complete generalization/specification of its classes and
subclasses, which are formally specified (including their relationships and instances)
ensuring consistency in the deductive processes.

Ontologies are implemented in specific Ontology representation languages so that
the specification of their classes, relations between themand their restrictionswill depend
on the characteristics of that language.

In consideration, the findings of our research as mentioned in Sect. 4, through the
ontology in the domain of software development methodologies, have shown that the
Agile approach in the banking sector solves:

It allows eachof the banking institutions to identify someaspects that are fundamental
during the life cycle of the software product development.



548 I. Morales et al.

The recognition of the inference of the most outstanding characteristic risks of
both organizations, reduces the incidence to failures in the establishment of require-
ments, communication between team members, efficiency and time of execution of the
processes.

It provides team managers with an overview of the current situation in contrast to
the benefits offered by the correct implementation of the Agile methodology in their
projects.

Likewise, this research differs from the studies presented in Sect. 2.1, in essence,
because it has a scope at the level of the selection of the most appropriate methodology,
using an OWL, where the knowledge analyzed covers the phase prior to the implemen-
tation of a methodology; that is, the ontology, through the knowledge of the case study
infers as a main advantage to offer, in the context of software engineering, a previous
analysis to improve the failures and provide suggestions for good practices to the orga-
nizations. On the other hand, as future work, it is proposed to carry out validity by
investigating specific points where a risk assessment (requirements and organizational
culture) was reported from the point of view of data analysis and working with other
non-banking organizations, and their evolution process at the time of implementing the
methodology suggested through this study. In parallel, currently in this line of the Agile
Software development methodology, we are working on the analysis of requirements,
and the initial phase of the construction of an ontology that includes a general domain
language for any organization based on its characteristics, offering a set of suggestions
of the type of practice within Agile to be implemented.
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