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ARTICLE INFO ABSTRACT
Keywords: Context: The increasing use of software and information technology in modern society requires
AHP that the deployment of IT solutions should be more efficient and controlled. In this sense, agile

Agile software development
Agile manufacturing
Decision making

Analytic hierarchy process

methodologies are essential to achieve this goal, but a relevant question arises: Which is the right
methodology for reaching that goal?

Objective: The purpose of the research was to study the prioritization of agile practices and
improvement objectives in the context of software development, using the Analytic Hierarchy
Process (AHP) method. For this purpose, 42 agile practices, 16 improvement objectives, 4 or-
ganizations dedicated to software development in Colombia and 40 professionals in the area of
information and communication technologies in the same country were considered.

Method: ology: The methodological approach used was mixed. On the one hand, we applied a
quantitative approach for the treatment of data with the AHP method and, on the other hand, a
qualitative analysis by consulting experts through a digital survey to validate the prioritization of
the improvement objectives. Questionpro was used as a support tool for multicriteria comparison.
Results: The main results show that applying AHP allowed us to prioritize 6 improvement ob-
jectives and 5 agile practices, where it is highlighted that the prioritization does not discard the
other objects of comparison but allows us to put into practice the prioritized elements to favor
their progressive implementation. The non-prioritized elements could be part of future iterations
of multicriteria comparison that go hand in hand with capacity development and organizational
maturity models in the context of global software development.

Conclusion: It is highlighted that, although there is evidence of the application of multi-criteria
comparison methods in the software development industry, this work applies such methods in
the context of four different agile methodologies, which translates into a precedent for the
conformation of hybrid methodological approaches.

1. Introduction

Industry 4.0 currently supports various types of businesses, perhaps due to the different disruptions of technology in society such as
hypermedia, the Blockchain, and the Metaverse, to name a few. In fact, there is empirical evidence about its use in supply chain
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management [1], healthcare [2], and the banking industry [3]. Now, in relation to software development companies, it is known that
"agile methodologies have become the most popular methods for this activity in the last few years.". However, there is also evidence
that the implementation of these agile management approaches and practices is not an easy task. There is a demand for studies on how
software development companies make decisions about the relevant practices and processes that must be included in their workflows
to generate value for all their stakeholders in short periods of time.

On the other hand, there is abundant literature on large-scale agilism [4-9] which reinforces the previous statement on how to
make decisions about the best processes or methodologies, not only for software development companies but also for companies in any
industrial sector. For example, interesting initiatives appear for project management [10,11] that apply agile approaches to manage
projects, which shows that bodies of knowledge in the field of agilism such as Scrum Body of Knowledge [12]turn out to be relevant for
developing these new initiatives. In addition, the covid 19 pandemic accelerated the implementation of agile work approaches in
which the selection of agile practices became a priority to assess the adaptation to change of work teams [7,13].

[8] wonder what success factors and challenges on agile transformation have been identified in other studies, which shows the
importance of continuing the study of these areas of knowledge based on the large-scale implementation of agile approaches. In
Ref. [14] it is mention that despite the fact that deep organizational change is the highest objective, these changes must be carried out
progressively, which implies that their intensity gradually increases even with the joint application with other more traditional
practices of management.

In fact, on such emerging topics as quantum computing, there is empirical evidence to show that thinking about incorporating agile
practices remains a challenge for the software industry in envisioning what software development will look like in the future [15]. In
parallel [16], show the importance of identifying different agile practices and how they can be integrated when coming from different
agile work approaches, and conclude that the proper selection of these practices will determine the success of software development
projects.

So, a relevant question arises: ;how to know which are the processes or practices that must be selected and included to improve the
workflows in an organization? For [14], the prioritization methods of these practices and improvement objectives are necessary, since
it is relevant to determine the applicability of each of the agile practices in relation to their contribution to the general objectives of
organizational improvement. They also mention that prioritization must consider that the application of some agile practices can
induce the application of others, which means that there are dependencies between practices that can be evident.

In relation to secondary studies that outline prioritization processes, some antecedents were found in the main collections of Scopus
and Web of Science [6,17-19]. These studies outline trends in specific areas such as software testing prioritization and overall software
development, including success factors for continuous process improvement. Other works references in Refs. [20,21] focus on
prioritizing business practices or objectives aimed at satisfying the needs of stakeholders. To illustrate in Ref. [20] evaluated four
different prioritization methods, including AHP, the One Hundred Dollar Method, simple ranking, and MoSCoW [21]. warns that there
is a lack of formal methods to choose the agile practices that should be incorporated into the workflows, although they addressed the
prioritization of these agile practices through techniques based on decision making, the Rule-Description-Practice (RDP) technique,
the AHP method, and the cost-benefit analysis; this coincides with [22], who use AHP as a strategy to prioritize agile practices taking
into account, in addition to business interests, the values and principles of the Agile Manifesto.

Based on the above, it is possible to appreciate the need to expand the number of methods that can support decision-making on the
prioritization of agile practices or, in general, the progressive transition from traditional work approaches to newer ones based on
organizational agility as well as its validation in real work environments. In this study, we return to the results obtained by Ref. [14] to
the extent that they focused on the compilation of practices of four agile management methodological approaches. However, the issue
of prioritizing the 42 agile practices associated with the 16 improvement objectives is still pending work.

This aspect differentiates the work of [14] from the studies of [20,21] since the latter focused on the evaluation of prioritization
methods, while [14] focus on the application of a specific prioritization method to practices from four different methodological ap-
proaches. The prioritization method chosen was Analytic Hierarchy Process (AHP), because it has been validated in similar exercises
such as those presented by Refs. [20,21] and more recently in the research of [22]; additionally, because in the case of considering that
agile practices have significant dependency between them, the AHP method allows assigning a score that indicates that both elements
subjected to the comparison have equal importance.

The AHP method was presented by Saaty [23] and is used to evaluate the opinions of those involved in decision-making processes
to find the relative importance of each of the criteria under analysis; in our case, the importance of incorporating agile practices and
which ones to consider first. Table 1 presents the assessment scale. Even values represent intermediate values, which makes scoring
easier if there is no consensus on odd scores during a decision process.

Table 1

Rating scale.
Value Meaning Explanation
1 Equal importance. The attribute in row (i) is of equal importance to the one in column (j).
3 Moderately Important. The attribute in row (i) is moderately important than the one in column (j).
5 Strongly Important. The attribute in row (i) is strongly important than the one in column (j).
7 Very strongly Important. The attribute in row (i) is very strongly important than the one in column (j).
9 Extremely important. The attribute in row (i) is extremely important than the one in column (j).
2,4,6,8 Intermediate values. Used when there is no certainty of one of the odd values.
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AHP is described as one of the primary and most effective MCDM (Multiple-criteria decision analysis) techniques [24]. The AHP is
used to develop overall priorities for ranking the alternatives. AHP provides a convenient way to decide using available data that is
usually intangible or based on quality properties. The idea of using a hierarchy aims to reduce any given system to a set of pairwise
elements that are comparable against each other [25].

In the case of using this method, it is necessary to construct matrices of order n (nxn) where "n" represents the number of criteria or
decision variables. In order to enable the construction of consistent matrices, the concept of inverse value must be considered; that is, if
the importance of the value of the row with respect to the column is "x", then the importance of the column in relation to the row must
be "1/x" [26].

In addition, according to Saaty in Ref. [23], there is a random coefficient that, in relation to the size of the evaluation matrix, will
determine whether or not there is consistency in the results obtained. Table 2 shows the value of coefficients for matrices with N
between 1 and 10.

With respect to works that have used multicriteria methodologies in software projects, we can mention [27] They create a
comprehensive framework based on Qualtiy of Service (QoS) criteria in ubiquitous environment to rank services, this paper gathers
and classifies the QoS criteria into four classes of architecture, usability, ubiquity, and security. This classification organizes QoS
criteria in a hierarchical structure. Afterward, Analytic Hierarchy Process (AHP) is used to propose a customized service ranking
framework according to the values of each criterion. Other work that uses AHP for software selection is included in Ref. [24]. In this
case they combined AHP with PROMETHEE in the process. And specifically application for analyzes the correlation between agile
values, principles, and practices to enhance project performance is presented in Ref. [22]. They use the Analytic Hierarchy Process
(AHP) to investigate how factors such as project performance, agile values, agile principles, and agile practices are related to one
another, the result indicated the highest rank of priority associated with correlation among each variable. The final result of this study
suggests which practices adopting when the project performance needs enhancement and which moderator can affect the
decision-making process.

This article is organized as follows. Section 2 presents the practices, objectives and studies related to AHP-based prioritization.
Section 3 presents the methodological design in which the phases that were followed to apply the prioritization of agile practices and
improvement objectives are described. Section 4 presents the results of the research, emphasizing the prioritized vectors. Finally, the
limitations of the study and the conclusions are presented.

2. Background
2.1. Agile practices

The agile practices referred to in this work were consolidated by Ref. [14] and come from four methodological frameworks widely
used in the software industry (Lean, Scrum, Kanban, XP), but also in companies undergoing agile transformation processes. Table 3
summarizes these practices.

2.2. Improvement objectives

In [14] also propose 16 improvement objectives, each of which groups a set of agile practices that contribute of those objectives. It
is worth mentioning that the deployment of the practices can be gradual and even combined with traditional practices to facilitate the
fulfillment of their respective improvement objectives. Table 4 summarizes these improvement objectives.

It is evident that both the practices and the improvement objectives are not a straitjacket for the prioritization exercise, due to the
nature of the Road Maps [28,29]. It could well happen that any another system of agile practices and improvement objectives that is
susceptible to prioritization. Fig. 1 presents the practices associated with each improvement objective.

Finally, there are recent works that show the validity of the selection of agile practices for software development processes, for
example Quantum Software development [15], Software tests [30] and A Systematic Literature Review for this topic [16].

Table 2
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Table 3
Agile practices [14].
# Agile practice Method
1 Promote simplicity in all aspects. Offer the simplest solution that can be satisfactory to the customer. Lean, XP
2 Develop and deliver finished work incrementally. Kanban, XP,
Scrum
3 Make frequent deliveries of completed work units. Kanban, XP,
Scrum
4 Hold planning meetings frequently (every few weeks, not months). XP, Scrum
5 Limit the work planned for a period based on your estimate and the corresponding coherence with the capacity of the team. XP, Scrum
6 Organize work into iterations that group work units that are delivered on a scheduled date. XP, Scrum
7 Avoid investing effort in advancing work that is not committed and/or is not close to delivery. Lean
8 Organize the team’s work with the focus on generating a good finished workflow. Kanban
9 Continuous and multi-criteria management of pending work so that it is always duly prioritized. Scrum
10  Limit work in progress (WIP), that is, the number of work units the team has on a given activity. Kanban
11 Form small teams and try to keep their members stable. XP, Scrum
12 Limit the scope of work of each team.
13  Continuous monitoring (frequency of days, not weeks). Kanban, XP,
Scrum
14  Conduct daily meetings of the entire team, face to face, and very short. XP, Scrum
15  Visualization of all the work entrusted to the team. Kanban
16  Integrated management of all assigned work, both at the team level and for each team member.
17  Client in close contact with the team and highly available, even if it is possible to be on site. XP, Scrum
18  That there is a single person who makes decisions regarding the priorities of the team’s work, and who is a good representative of the =~ XP, Scrum
client side.
19  Hold meetings to review the work delivered. Scrum
20  The team organizes itself and makes technical decisions. Scrum
21 Boss with characteristics of leader and facilitator instead of authoritarian and controlling. XP, Scrum
22 Co-location of team members; the entire team working in the same physical space. XP, Scrum
23 Have a physical work space that favors interaction between team members. XP
24  Establish and communicate the vision of the product or service to the team, and reinforce it regularly. XP
25  That the team has, among all its members, the necessary skills to address all the activities required to complete the work. Scrum
26  That the members of the team can be in charge of different types of activities, although they may be specialists in some of them. Scrum
27  Work focused on satisfying acceptance tests agreed with the client. XP
28  Document only what is strictly necessary. Ensure that the use of the documentation is profitable with respect to the effort associated =~ Lean
with preparing it.
29  Establish guidelines to conveniently manage re-work. Lean
30 Have a process improvement leader available to the team. XP, Scrum
31 Setting standards for the team’s technical work. Xp
32 Hold retrospective meetings to assess the team’s performance and its ways of working. Continuous process improvement. Scrum
33  Define and agree on what is meant by "finished work", both for the activities carried out by the team and for the deliverables to the Scrum
client.
34  Work or activities carried out jointly by two or more team members. Xp
35 Do not abuse overtime, negotiate and re-plan in a timely manner to avoid it. XP
36  Reduce interruptions or context changes that affect team members in their work. Lean
37  Establish a discipline of taking advantage of the meetings.
38  Automate tests to ensure that the product maintains the desired behavior when changes are made. XP
39  Postponing until the last minute the assignment of the person in charge of carrying out an activity.
40  Continuously integrate the finished work into the product. XP
41  Promote that team members get to know all the parts of the product or service that have been entrusted to the team. XP
42  Continuously improve the architecture and design of the product to facilitate its maintenance. XP

2.3. Related works

The success of a software development process is associated with a set of decisions that must be made by the team leader and in

which a series of characteristics and situations that can affect each project in a particular way must be taken into account. In this sense,
the literature shows that it is not enough to adopt an agile development methodology because, when trying to implement it rigorously,
the results in many cases are not very encouraging. Thus, in studies such as the one by Ref. [31], the importance of establishing a
framework for selecting processes for software development is highlighted. Aspects such as scale, user experience, time to market, and
other characteristics should be considered. This is an indication that taking the principles and values declared in the Agile Manifesto as
a starting point, a process identification method should be designed to address the aforementioned situation. This research is based on
a multicriteria study based on the application of the AHP.

Time is one of the main factors that affect the development of an IT (Information Technology) project, particularly in software
development, so the work that is carried out in terms of designing strategies for the adoption of agile practices focuses on this factor. In
this sense [31], present an approach called DevOps adapted to the agile methodology that aims to collaborate with software devel-
opment and operation teams in order to provide continuous high-quality software development in a short period of time. Weather.
Although the development of this approach is still incipient, the proposal consists of analyzing the use of the DevOps concept in IT
projects by identifying the challenges and mitigation strategies, and grouping them into categories to evaluate the success of such
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Table 4
Improvement objectives [14].
Improvement objective Description
Avoid delays Avoid or reduce delivery delays.
Manage changes. Effectively manage changes, both in activities and in their priorities.
Reduce overtime. Reduce overtime or unforeseen demand for additional human resources.
Reduce defects. Reduce defects in the work delivered to the client.
Improve communication. Improve communication within the team and with the client.
Involve the customer. Involve the client to a greater extent in the planning, definition, and validation of the work.
Work systematization. Improve the systematization of work.
Continuous improvement. Promote continuous improvement of the process used by the team.
Reduce re-work. Reduce rework due to faulty or incomplete work detected by the team.
Time to market Reduce the delivery time to the customer, accelerate the "time to market".
Multi-project management Manage effectively in a multi-project context.
Work visibility. Make team work more visible.
Timely decisions. Make decisions at the right time.
HR Management Improve human resource management at team level.
Alignment with the business. Alignment of team work with business objectives.
Avoid over-processing. Avoid costs associated with expendable or doubtfully profitable tasks.
Reduce
Rework Avoid Delays
Continuous . B Time to market
Improvement ‘ i

Work

A Manage Changes
Systematization //

Avoid over- Reduce Overtime
processing
Reduce Defects
Customer
Involvement
Multi-project
Business Alignment Management

Improve Communication Work Visibility

Human Resources Timely Decisions
Management

Fig. 1. Agile practices by improvement objective [14].

projects.

In addition to time, the proposal of a roadmap for the adoption of agile practices should pay special attention to the coordination
between teams in software development, mainly in cases of large-scale development since, as proposed by Ref. [32], can be challenging
when relying on agile development methods that emphasize iterative and frequent delivery in teams. Thus, these authors propose four
coordination strategies: 1) align autonomous teams, 2) maintain the overview in the large-scale environment, 3) manage priorities,
and 4) manage architecture and technical dependencies. The proposal extends to defining intra- and inter-team strategies to under-
stand how teams coordinate and manage their unique coordination situation.
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In accordance with the aforementioned considerations, it is imperative to incorporate not only quantitative measures but also
specific qualitative measures in the selection of methodological approaches for making managerial decisions. This holistic approach is
crucial for automating management processes and optimizing agile management, which enables organizations to swiftly respond to
dynamic environmental changes and evolving requirements [33].

Going into a little more detail on "traditional" agile methodologies, strategies such as eXtreme Programming (XP), Scrum, and Agile
Modeling, their adoption for software development also depends on certain criteria. In the study presented by Ref. [34] it is considered
as a multi-criteria decision-making problem. In this sense, it is understood that the selection of an agile method is linked to the
identification of the particular characteristics of each project, which is why it becomes an important research topic. Like the proposal
by Ref. [35], a strategy for the selection of agile methods is presented using the Analytic Hierarchy Process (AHP), which consists of
guaranteeing a positive response in the dynamics of requirements (PRDR), incorporation of requirements changes (IRC), communi-
cation with the client (CWC) and the size of the development team (SDT).

In addition to the AHP [21], propose the evaluation of the cost-benefit ratio in order to classify agile practices according to their
comparative value, taking into account that there are no uniform formal practices and that members must participate in each decision.
Of the project team. This comparison might suggest a true agile development process.

Although the selection of the strategy to implement an agile development process must be based on the Agile Manifesto, it is
important to keep in mind that there are certain criteria for decision making. According to Ref. [18], these criteria are related to Project
Complexity and Reliability (PCR), Project Familiarity and Experience (FEP), Quality and Risk Management (QRM), Experienced and
Adaptive Team (EAT), Team Communication and Democratic Culture (TCDC), Formalization and Documentation (FAD), Customer
Support and Collaboration (CSC), and Clarity of Requirements (CDR).

The paramount importance of the requirements identification process in software development is evident from various teams’
experiences. Project success or failure often hinges on its accuracy. As a [20] asserts, the challenge lies in bridging the gap between
customer expectations and software engineers’ understanding. Addressing this gap not only facilitates task prioritization but also
optimizes resource allocation. Hatton’s work discusses four distinct prioritization methods: MoSCoW, the One Hundred Dollar Method,
Simple Ranking, and the aforementioned AHP. MoSCoW, in particular, offers a user-friendly approach to narrowing the gap between
clients and developers while ensuring consistency, low difficulty, and minimal effort—a set of characteristics also shared by the One
Hundred Dollar method.

Table 5 reviews the characteristics identified in the review of previous work, observing coincidences in some of them.

3. Methodology

Mixed research methods, including qualitative and quantitative approaches, were used for this study. The research variables refer
to the improvement objectives and the agile practices available for comparison. The research question posed for the study is: Which of
the improvement objectives and pre-selected practices represent the greatest importance for each of the companies that were part of
the multi-criteria analysis?

On the other hand, as outlined in the previous sections, the ultimate purpose of agility is to create value for the different stake-
holders through iterative and incremental deliveries. This is based on a continuous improvement approach that, in turn, is supported
by quality models such as Kanban and Toyota System process, among others. Therefore, in order to establish how agile practices

Table 5
Related Works summary.
Related works Reference  Characteristics
Software process selection system based on multicriteria [36] Multi-criteria analysis based on the application of the Analytic Hierarchy Process.
decision making
Challenges for adopting DevOps in information technology [31] DevOps: Approach adapted from the agile methodology. Continuous development
projects and delivery of software focused on development and operations teams.
Coordination Strategies: Managing Inter-team Coordination [32] Intra- and inter-team coordination strategies.
Challenges in Large-Scale Agile
Qualitative justification of strategic management decisions [33] Analysis based on quantitative and qualitative measures in the selection of
in choosing agile management methodologies methodological approaches.
Agile trends in Chinese global software development [34] Multicriteria analysis.
industry: Fuzzy AHP based conceptual mapping
A Method for the Selection of Agile Methods using AHP [37]1 AHP applied to the selection of methodologies.
An Approach for Prioritizing Agile Practices for Adaptation [21] Cost benefit analysis.
A Roadmap for Agility Estimation and Method Selection for [18] Analysis based on criteria such as: Project Complexity and Reliability (PCR), Project
Secure Agile Development Using AHP and ANN Familiarity and Experience (FEP), Quality and Risk Management (QRM),

Experienced and Adaptive Team (EAT), Team Communication and Democratic
Culture (TCDC), Formalization and Documentation (FAD), Customer Support and
Collaboration (CSC), Clarity of Requirements (CDR).

Early Prioritization of Goals [20] Addresses the strategy of bridging the gap between what the client needs and what
the developer understands.
An AHP Analysis of Correlations Among Project [22] This study uses AHP for the analysis of the correlation between agile values,
Performance, Agile Core Values, Principles, and principles and practices and their impact on project performance.
Practices
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contribute to continuous improvement objectives, a prioritization study was carried out on both improvement objectives and agile
practices, all of them extracted from the work of [14]. This prioritization exercise is compatible with higher order thinking activities
according to Bloom’s taxonomy. In fact, the purpose of "Analyze", "Evaluate", and "Create" are evidence of this [38]. Although the work
of [14] is important from the point of view that the categorization of agile practices will facilitate their implementation in software
organizations or industries in the process of digital transformation, it is important to highlight that such practices must be implemented
progressively and at the pace that each organization considers appropriate. In this direction, the prioritization methods to establish
which of all these practices are more convenient for an organization can be studied theoretically, but they must also be validated at the
organizational level.

In order to limit the number of agile practices and improvement objectives, it was decided to determine the absolute frequency of
these variables. Six improvement objectives were selected that had the highest number of associated agile practices, as shown in Fig. 1.
Similarly, the agile practices were selected given their representativeness in relation to the improvement objectives, in this case five
agile practices were selected. This preselection to facilitate AHP analysis is compatible with simple comparison processes such as the
one outlined in Ref. [20]. However, other screening methods such as Qualitative Point Analysis should not be ruled out. In addition, a
review of data from the https://agileroadmap.herokuapp.com platform was undertaken while it was active, and insights were gathered
through a survey of IT graduates using the GSuite Forms platform. These additional steps were conducted to augment the study’s
perspective and enrich the data pool.

With the pre-selection of agile practices and improvement objectives, four software development organizations were selected
through a convenience method. They prioritized agile practices and improvement objectives through a survey published on the
QuestionPro platform.

These companies are in the category of small and medium-sized companies, and all of them are located in Tulud, Colombia.
Additionally, the sectors in which these companies are engaged are sectors such as payments, ERP, inter-municipal toll management,
among others.

Subsequently, prioritization was carried out based on the AHP method proposed by Ref. [23]. To determine the priority of each of
the six improvement objectives, the degree of relative importance of each improvement objective in relation to the others was
calculated. This exercise was carried out with employees of the selected software development organizations. The same procedure was
carried out with agile practices.

Based on Gonzalez’s (2015) proposal [39], we carry out the following procedure.

@ Initially, the objective of the analysis was established. In the context of this research, the objective was to determine which of the
pre-selected improvement objectives and agile practices are most important for each of the companies participating in the study.

@ Classify intangibles. The ranking was represented by each of the improvement goals and agile practices. In other words, how
important is each of the improvement objectives and agile practices for each of the collaborators who participated in the multi-
criteria exercise.

@ Carry out the comparison of each of the six improvement objectives and the five agile practices.

Also, and considering [40], the following was carried out.

@ The degree of importance of a variable in relation to all the others was put into consideration, for which the matrix of paired
comparisons of nxn or order n was constructed, with n = 6 for the case of improvement objectives and n = 5 for the case of agile
practices. The ratings used correspond to those shown in Table 1.

@ The matrices were stabilized using the MMULT function of the Microsoft Office suite.

@ Finally, each row of the normalized matrix was averaged in order to obtain a vector of priorities that was expressed in percentage
terms.

The results were consolidated according to the methodology proposed by Saaty, who proposes using the geometric mean for this
process.

Regarding the validation of the survey-type data collection instruments, the research committee of the academic unit where the
research was conducted was consulted, which endorsed the relevance, suitability and protection of personal data of the individuals
who were exposed to these instruments. The respective communication and endorsement are available upon request.

4. Results and discussion

Due to the significant number of agile practices and improvement objectives, prior to the AHP analysis, on the platform https://
agileroadmap.herokuapp.com/developed within the framework of the work of [14] it was possible (while it was online) to identify
a rating for improvement targets. This rating was the result of an evaluation carried out by all the experts who registered their
RoadMaps on that platform. At the same time, 40 professionals from the IT area were asked to rate the same improvement objectives on
a Likert scale from 1 to 9. A Cronbach’s alpha greater than 80 % was obtained, which reflects the consistency of the instrument used.
Since the ratings were obtained from two different sources of information, it was decided to standardize them to make them com-
parable. Fig. 2 shows these results.

After the normalization of the scores given by two different groups of experts, it is evident that there was no clear orientation on
which objectives turned out to be more important for both groups.
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Subsequently, based on the 6 improvement objectives and 5 agile practices selected as a result of the analysis of their absolute
frequency, the comparison was made based on the AHP method. In parallel, based on the priority vectors, it was possible to conclude
which objectives and practices turned out to be of the highest priority to put into practice in the organizational process flows.

With the prioritized objectives and practices, it was also possible to discuss their applicability and contrast them with the works
outlined in previous chapters. Next, the comparison matrix (Table 6) and priority vectors (Table 7) for the improvement objectives are
presented.

Once the matrix of paired comparisons for the improvement objectives was stabilized, it was possible to identify the priority for
each of these objectives. It is emphasized that "making decisions in a timely manner" has the highest priority of all the objectives; In
fact, there is empirical evidence of works that consider the decision-making process as a key factor in the software industry [41]. In
contrast, "avoid or reduce delivery delays" was the lowest priority objective. Table 6 summarizes the results for the six objectives
evaluated.

It is necessary to note that prioritization does not seek to rule out the least qualified targets. What prioritization indicates is that
efforts should be concentrated to systematically execute the steps so that each of the objectives can be part of the organizational culture
and produce the desired results in relation to the generation of value for the different stakeholders.

For example, timely decision making adds an important knowledge of the organization’s environment through the analysis of
threats and opportunities that affect the projects it develops. In the case of opportunities, for example, performing constant migrations
or upgrades as part of software configuration management. In the case of threats, non-delivery or release of defective products during
each work sprint could be avoided.

Improvement objective 11 "Involve the client to a greater extent in the planning, definition, and validation of the work", is related to
innovative work approaches where horizontal structures prevail that are compatible with agile work approaches in the software in-
dustry, but also in organizations in the process of transformation or incorporation of agility on a large scale. An example aimed at
involving users is user-centered design, which defines the user as a co-author and therefore makes him responsible for the project [42].

The objective "improvement of communication within the team and with the client" shows that it is necessary to establish
communication channels that are mediated by practices typical of agile methodologies such as, in the case of Scrum, the Daily Scrum
and the Retrospective for the team. and Backlog Grooming for communication with stakeholders.

Regarding agile practices, Table 8 and Table 9 outline the comparison matrix and priority vector, respectively.

As shown in Table 8, the best rated practice was “hold planning meetings frequently”. This coincides with iterative and incremental
methodologies whose purpose is to progressively and constantly deliver value to the different stakeholders. The programming of these
meetings must consider the different roles of the collaborators and avoid work overload [43].

In relation to the practices "Organizing the team’s work with a focus on generating a good finished job" and "Visualization of all the
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Fig. 2. Rating of the improvement objectives by the experts.
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Table 6

Preference matrix for improvement objectives.
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8. Improve 1. Avoid or 3. Effectively 7. Make 9.Improve 11. Involve the client
human resource reduce delivery manage changes, decisions at the communication to a greater extent in
management in delays. both in activities right time. within the team and the planning,
the team. and in their with the client. definition, and
priorities. validation of the
work.
8. Improve human 1 0,619166504 1,984006912 0,543946443 1 0,671593799
resource
management in the
team.
1. Avoid or reduce 1,615074448 1 0,665898935 0,586786488 1,034219694 0,440021873
delivery delays.
3. Effectively manage 0,5 1,501729387 1 1 0,683405939 0,808,943,379
changes, both in
activities and in
their priorities.
7. Make decisions at the 1,8 1,704,197,387 1 1 1,135,753,796 1,183,693,809
right time.
9.Improve 1 0,966,912,548 1,46,325,916 0,880,472,514 1 0,89,595,846
communication
within the team
and with the client.
11. Involve the clientto 1,5 2,272,614,296 1,236,180,462 0,84,481,307 1,116,123,174 1
a greater extent in
the planning,
definition, and
validation of the
work.
Table 7
Vector of priorities for improvement objectives.
Improvement objetive Priority
7. Make decisions at the right time. 20,48 %
11. Involve the client to a greater extent in the planning, definition, and validation of the work. 20,28 %
9.Improve communication within the team and with the client. 16,21 %
8. Improve human resource management in the team 14,95 %
3. Effectively manage changes, both in activities and in their priorities. 14,46 %
1. Avoid or reduce delivery delays. 13,61 %
Table 8

Agile practices preference matrix.

4. Hold planning
meetings frequently
(every few weeks, not
months).

8. Organize the team’s
work with a focus on
generating a good
finished work.

15. Visualization of
all the work
entrusted to the
team.

3. Make frequent
deliveries of
completed work
units.

9. Continuous and multi-
criteria management of
pending work so that it is
always duly prioritized.

4. Hold planning meetings
frequently (every few
weeks, not months).

8. Organize the team’s
work with a focus on
generating a good
finished work.

15. Visualization of all the
work entrusted to the
team.

3. Make frequent
deliveries of
completed work units.

9. Continuous and multi-
criteria management
of pending work so
that it is always duly
prioritized.

1

0,432,416,437
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0,700,798,552

0,534,544,751
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1,311,019,423
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0,823,171,254

0,808,943,379
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1,513,331,441

0,719,223,093

1,236,180,462
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Table 9

Priority vector for agile practices.
Agile Practice Priority
4. Hold planning meetings frequently (every few weeks, not months). 30,4 %
8. Organize the team’s work with a focus on generating a good finished work. 19,3 %
15. Visualization of all the work entrusted to the team. 17,5 %
3. Make frequent deliveries of completed work units. 16,8 %
9. Continuous and multi-criteria management of pending work so that it is always duly prioritized. 16,0 %

work entrusted to the team" it can be seen how methodological approaches such as Scrum propose radiators of information that allow
the team to keep team aware of the current status of the project and all its workflow before releasing versions in production envi-
ronments. Example of radiators can be Trello, or Scrumboard. These types of tools are significant for the productivity of high-
performance teams and, just as they were qualified in Tables 8 and it can be seen that they are a priority for the companies that
participated in the exercise.

In relation to the prioritization method used, there is empirical evidence that shows that there are alternatives to the AHP that have
been even better valued in the context of the selection of software products [44]. However, in the context of the present study it was not
possible to assess its effectiveness since no other comparison method was used in parallel. At the same time, works such as the one
presented by Ref. [45] review a comparison exercise based on the use of two prioritization methods, but this time to select
computer-aided design (CAD) tools, which reaffirms that using alternative prioritization methods It is not only a good methodological
practice, but it significantly improves the results of the investigations.

On the other hand, there is also empirical evidence showing that the use of AHP, despite being executed independently, is widely
used and accepted in the academic community. For example, it has been applied to the selection of ERP systems [46,47], in order to be
right about which ERP to choose, taking into account the wide variety existing in the market and the importance of this type of business
management systems. There is also evidence of the use of AHP for decision making for the selection of open source software since [48],
due to the great popularity of this type of solutions, it is becoming increasingly complex to choose the most appropriate tools for the
companies. Likewise, there is also evidence of the use of AHP to support decision making for the selection of multimedia creation
systems [49] and for maintenance management systems [50].

Finally, taking into account that the application of AHP in the software industry has been generalized, and despite the fact that in
the context of this exercise it was used independently to prioritize improvement objectives and agile practices, this work is interesting
as a reference and contribution to the state of the art to motivate the implementation of similar exercises in conjunction with other
prioritization methods.

5. Conclusions and future works

Analytic Hierarchy Process (AHP) is a well-known multi-criteria decision analysis technique designed to help in making complex
decisions. Among the many areas of application (business, engineering, project management, and resource allocation, among others),
we decided to apply it to address a recurrent problem faced by software development organizations that are willing to adopt an agile
methodology for managing software projects.

Based on the work of [14], we took a subset of the 42 agile practices identified and the 16 improvement objectives proposed by
these authors to analyze how to apply AHP to the task of the prioritization of agile practices and improvement objectives in the context
of software development.

With the subset of 6 improvement objectives and 5 agile practices, we surveyed software development experts from 4 software
companies to gather their opinions regarding how those objectives and practices should be prioritized in the contexts of their orga-
nizations. Based on their responses, we applied AHP to decide which objectives and practices turned out to be of the highest priority to
put into practice in the organizational process flows.

From this exercise we can conclude that the use of AHP is an appropriate tool to use for software practitioners in cases where a
software organization must decide how to prioritize which agile practices to select and which improvement objectives to set to
determine the best path to adopt an agile approach to managing the organizational process flows.

The application case of this article, that is, selecting and prioritizing agile practices to support specific improvement objectives, is a
common situation in software organizations that seek to adopt an agile management approach or improve their current software
process. For this usual context, AHP offers clear advantages over other prioritization methods mentioned above in the Related works
section. First, AHP provides a structured framework for decision-making, breaking down complex decisions into a hierarchy of criteria
and sub-criteria, making it easier for decision-makers to understand and evaluate the problem. Second, AHP allows decision-makers to
make judgments based on relative comparisons of experts’ opinions, which is often more practical and feasible in real-world situations
where obtaining precise quantitative data for all criteria may be difficult. Third, AHP can accommodate both qualitative and quan-
titative data, allowing decision-makers to combine subjective judgments with objective data. An additional advantage, relevant to the
practical implementation of this method, is that there are numerous software tools available, making it easier for decision-makers to
apply the method and analyze results efficiently.

Regarding future works, it is necessary to address future work with companies other than software companies and, thus, generate
results that increase the discussion and contributions to the conceptualization and analysis of agility processes on a large
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organizational scale. Although these objectives and practices were taken from a secondary source of information, future work could
include steps so that these objectives and practices could also be selected by the organizations themselves and, therefore, generate a
higher level of contribution to their process flows.

6. Limitations

This study considered only four agile management methodologies, which can be seen as a limitation since there are other meth-
odological approaches that deserve to be analyzed with the approach of multi-criteria assessment methods to evaluate their appli-
cability or notice their weaknesses for instance N-soft sets for support making decision [51]. On the other hand, the use of 16
improvement objectives and 42 agile practices also adds an important bias in relation to the interpretation of the results.

Finally, the work that motivated the multicriteria exercise presented here has a significant emphasis on software development
companies. However, as mentioned in the introduction and related works, the topic of organizational agility transcends software
development companies.
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