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Abstract: Mobile application development is a highly competitive environment; agile methodologies
can enable teams to provide value faster, with higher quality and predictability, and a better attitude
to deal with the continuous changes that will arise in the mobile context application (App), and the
positive impact of that on sustainable development through continuous progress. App development
is different from other types of software. For this reason, our objective is to present a new agile-
based methodology for app development that we call Agile Beeswax. Agile Beeswax is conceived
after identifying the mobile development process’s issues and challenges, and unique requirements.
Agile Beeswax is an incremental, iterative development process composed of two main iterative
loops (sprints), the incremental design loop and the incremental development loop, and one bridge
connecting these two sprints. Agile Beeswax is structured in six phases, idea and strategy, user
experience design, user interface design, design to development, handoff and technical decisions,
development, and deployment and monitoring. One of its main strengths is that it has been created
with academic and business perspectives to bring these two communities closer. To achieve this
purpose, our research methodology comprises four main phases: Phase 1: Extensive literature review
of mobile development methodologies, Phase 2: Interviews with mobile application developers
working in small to medium software companies, Phase 3: Survey to extract valuable knowledge
about mobile development (which was carefully designed based on the results of the first and the
second phases), and Phase 4: Proposal of a new methodology for the agile development of mobile
applications. With the aim of integrating both perspectives, the survey was answered by a sample of
35 experts, including academics and developers. Interesting results have been collected and discussed
in this paper (on issues such as the development process, the tools used during this process, and the
general issues and challenges they encountered), laying the foundations of the methodology Agile
Beeswax proposed to develop mobile apps. Our results and the proposed methodology are intended
to serve as support for mobile application developers.

Keywords: agile methodology; mobile application development process; mobile application issues and
challenges; process improvement; software engineering; sustainable software development; survey

1. Introduction

Smartphones, tablets, and apps have become words and technologies central to our
lives. Mobile applications (apps) have become the center of attention for everyone, given
the favorite features and opportunities smartphones offer. The availability of high-speed
internet combined with the remarkably fast, easily accessible interface in a smartphone
has increased the convenience apps bring. We have apps for advertising, education,
communication, shopping, cooking, and much more, all at our fingertips; there is an urgent
need to develop apps.

According to statista.com [1], users downloaded 28.3 billion, 8.2 million apps from
Google Play and Apple App Store, respectively, in the third quarter of 2020. In contrast, in
2019, the number of mobile app downloads worldwide was 204 billion, and the global mo-
bile app revenue was 462 billion dollars. The number of apps available in the Google Play
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Store as of Q4 2019 was 2.57 million, and in the Apple App Store 1.84 million. Furthermore,
statistica.com projects that the total number of app downloads will increase to 258 billion
by 2022. The increase in apps has led to an increase in the growth of developers and app
development companies.

Our objective in this work is to propose an agile methodology for the mobile applica-
tion development process. We intend that the methodology integrates expert knowledge
from an academic and industrial point of view. To do this, first, a review of the scientific
literature is carried out where the methodologies proposed by other researchers are stud-
ied, at the same time that some expert developers are interviewed to analyze their mobile
development processes. With everything learned, a survey is designed and conducted
to extract information more specific and complete from experts both in industry and the
academic community. Finally, a new methodology for mobile development is proposed,
which tries to transfer the knowledge obtained from these two contexts.

Consequently, this paper describes two studies performed in the field of mobile devel-
opment. On the one hand, our literature review reveals interesting mobile methodologies.
However, it also shows the existence of very few works on app development methodol-
ogy based on practical research in real environments—that is, involving developers. This
lack of information implies an insufficient understanding of the development process
that developers adopt in companies and of the tools and challenges they face during this
process. Challenges include user experience and user interface, time to market, planning,
requirements, development skills, complication testing, and intense competition with
app competitors.

On the other hand, the paper proposes and analyzes a questionnaire designed to
be administered to specialists in mobile application development and researchers and
academics in the same field. The questionnaire is focused on the adopted development
process, the tools used during the development process, the main issues and challenges
involved in the process, and the valuable experts” opinions and recommendations. The
results of the experience with experts are shown and discussed in the paper. Finally, the
knowledge gathered from these two studies is integrated to form the basis of the new agile
methodology to develop mobile applications, which we have called Agile Beeswax.

Therefore, the two main research contributions of this work are: (1) an in-depth
analysis of the existing mobile development methodologies, which has been carried out
using theoretical and empirical methods and including specialists in mobile application
development and researchers in this field during that process; and (2) the proposal of
the methodology Agile Beeswax for the agile development of mobile applications. An
important innovation factor of this work is the intersection of the academic and business
worlds in the definition of this new methodology designed from previous experience in
both worlds and the combination of the three main practices: management agile practices,
technical engineering practices, and operational practices.

The rest of the paper is structured as follows: Section 2 discusses the literature review
and related research. Section 3 describes the study design and description of our research
methodology, data collection, and the questionnaire description. Section 4 discusses the
questioner information and data collected. Section 5 discusses mobile application develop-
ment. Section 6 presents the proposed mobile app development methodology. Section 7
concludes with recommendations for future work.

2. Literature Review and Related Work
2.1. Background

First published in 2001, agile methodologies for software development came into
existence to accommodate changing business requirements and to manage the challenges
facing software developers. These methods rely on practitioners’ experience and many
developmental practices with a focus on early delivery of quality software. Agile software
development (ASD) reinforces iteration, development, adaptability, and collaboration
throughout the development process. “Agile” means continuous integration, simple design,
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working software over comprehensive documentation, and customer collaboration over
contract negotiation [2].

Agile methodology is not a straightforward linear waterfall model; it takes an itera-
tive approach to software development. Agile projects consist of several smaller cycles
(sprints in the Scrum model). Sprint is one timeboxed iteration in four weeks or less of
a continuous development cycle. Agile development enables the development life cycle
to adopt changes more quickly, minimizing risk. Its customer-centric focus helps to re-
spond to changes during software development through its iterative approach. The agile
development methodology enables companies continually to redesign their releases to
improve their value throughout the development process, making their apps competitive
on the market. The agile methodology’s main objective is to focus on customers’ needs
to deliver customers’ requirements on time during the development cycle. According to
Flora et al. [3], the continuous interaction between the development team and customers
makes the process more flexible and transparent.

In turn, mobile software development is the set of processes and procedures used in
developing software programs for mobile devices such as smartphones and tablets (mobile
apps). Mobile app development differs from traditional software development for personal
computers. Because mobile devices are battery-powered, smartphones have poor, unstable
connectivity and less energy. They also have small screens, many different screen sizes,
and central processing unit (CPU) and memory limitations.

Wasserman et al. [4] summarized how mobile app development differs from tradi-
tional programs’ development: interaction with other apps or embedded apps; and the
combination of native and web apps. Mobile apps have very complex tests and problems
of transmission through gateways and phone networks. Some apps may have restrictions
from telecom providers. Mobile app development is now moving toward cloud computing,
which affects development processes. Stressing the difference between a mobile device
and a desktop PC, Kumar et al. [5] identify the greater challenges and concerns that face
app developers, such as compatibility with various platforms, the incongruity of hardware
utilities, total cost, and scheduled time. Kumar also discusses the importance of user
convenience, front-end design, and restructuring for greater usability, use of the screen,
design pattern, and development of worthy apps.

Agile methods are expected to overcome some of the limitations and constraints in
the apps development process. Because they enable lighter and faster development, agile
methodologies are a natural fit for mobile app development, as Mahmud et al. [6] note.

2.2. Related Work

Agile methods can thus be adjusted as needed to develop a mobile app. To this aim,
researchers in the agile development of mobile apps have proposed a variety of agile
methodologies to match these challenges and special requirements. Some of them are
reviewed below.

Mobile-D: In 2004, Abrahamsson and his team [7] presented Mobile-D as a devel-
opment methodology for mobile apps. This methodology was developed in the VIT
Technical Research Center in Finland, with the collaboration of three companies that de-
velop mobile software products and services as part of the AGILE-ITEA project. It is an
agile development approach confined to developing practices (Programming XP), life cycle
coverage (rational unified process (RUP), and Scalability (Crystal methodology). Mobile-D
was adjusted for small teams working on a short development cycle and seeking to deliver
a functional mobile app within 10 weeks. The methodology has five phases composed
of different tasks, stages, and practices. The exploration phase plans and establishes the
project. The initialization phase verifies all critical issues during the development process.
The production phase implements the product requirements by applying an iterative,
incremental development cycle. The stabilization phase checks the project quality. Finally,
the test and fix phases provide user feedback, after which the development team corrects
any defects found.
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Mobile application software agile methodology (MASAM): Y] Jeong introduced
MASAM [8] in 2008 for developing apps that run on a mobile platform. This method
is based on agile methodology with special properties. According to Y] Jeong, MASAM’s
design supports small mobile development teams; its approach is agile for the rapid devel-
opment process in four phases. The preparation phase summarizes the project and assigns
roles, responsibilities, and set-up. The embodiment phase seeks to understand user needs
and defines the software product architecture. The product development phase includes
an iterative extreme programming development sequence, carried out through test-driven
development with continuous integration. Finally, the commercialization phase integrates
product launch and sales.

Hybrid methodology design process: in 2008, Rahimian and Ramsin et al. [9] pre-
sented this new approach. Motivated by the belief that no single process fits all situations,
they merged agile methodology and information technology (IT) principles based on a com-
bination of agile methodologies: ASD and new product development (NPD). Methodology
engineering aims to construct new methods from existing ones, and this hybrid process
emphasizes “the design, construct, and adapt methods, techniques, and tools for the de-
velopment of information systems” [10]. Devised as a top-down, iterative, incremental
process, the hybrid methodology design process contains the following tasks. At the end of
each iteration, it prioritizes the requirements and selects the design approach, application
of the selected design approach to defining the methodology, revision and refinement of
the methodology, description of the abstraction level for the next iteration, and revision
and enhancement of the requirement, in turn prioritizing these for the next iteration.

The hybrid methodology design process has four iterations. The first uses a generic
software development life cycle (SDLC), adding practices commonly found in agile method-
ologies. The second includes activities from NPD. In the third iteration, new practices
and activities are integrated into ASD. The fourth and final iteration adds prototyping to
decrease the expected technology-related risks.

Scrum for the development of mobile applications: in 2010, Scharff and Verma [11]
published a study that put Scrum into practice as a development process and method for
use in mobile app development. In a case study at Pace University, these authors defined
a model for working with Scrum in a classroom with a group of students, a professional
certified Scrum Master in the software industry, and a real product owner to provide the
requirements. The aim was to develop a mobile app with which waiters could manage
orders and bills more efficiently in a restaurant in Senegal.

Scrum Lean Six Sigma (SLeSS): In 2011, Cunha et al. [12] proposed SLeSS as integration
of Scrum and Lean Six Sigma for mobile apps. To achieve performance and quality, LSS
should be implemented as a quality framework with teams already using Scrum in their
development process. SLeSS supports adaptation to change requirements in the earlier
stages of the project life cycle and delivers versions more rapidly with fewer failures.
SLeSS is above all an incremental approach. After executing Scrum as a development
methodology, LSS should be implemented as a quality framework. The SLeSS approach
has five phases: DMAIC (define, measure, analyze, improve, and control). Based on a real-
world project, SLeSS was used in a practical environment with real mobile app software
development in the P&D laboratory. The customer was a cell phone manufacturer with a
team of 12 developers working for six months. The project achieved a functional product
within the required working hours.

MADeM: In 2016, Alsabi and Dahanayake [13] proposed MADeM. Based on Mobile-D
methodology [7], MADeM is a methodology for SMART (simple, meaningful, adequate,
realistic, and tractable) modelling in lightweight mobile app development. MADeM tried
to use a collection of specific models drawn from the SMART model and a methodology
engineering approach in specific phases. These approaches include Unified Modeling
Language (UML), modelling approaches, activity diagrams, class diagrams, use case
diagrams, and user view diagrams.
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Mobile Ilities: Danielo Martinez et al. [14] in March 2020 presented a framework called
Mobile Ilities for mobile app development based on agile and Scrum methodologies that
consider the specific needs, characteristics, and challenges of mobile development. Mobile
Ilities propose elements such as connectivity, security, platform, flexibility, and energy. The
authors applied this agile Scrum framework as work assignments for computer science
students and assessed the results as positive, potentially providing a guide for novice
developers during the mobile app development process. It is difficult to generalize these
results, however, especially because the framework was applied in an academic environ-
ment and the app created was limited to one university. Furthermore, the developers were
unfamiliar with the iterative approach in general, had no interaction with any client, and
performed no user testing.

2.3. Literature Review

The reviewed methodologies are impressive, there is an important gap in terms of
methodologies that consider a pragmatic approach to how companies/developers develop
their apps. We only found a few experimental studies that have been exposed to the
development of mobile applications in real contexts. Although none of them propose a new
methodology to develop these mobile applications, these studies helped us in developing
our methodology, which will be presented later in this paper. We show some of them.

Flora et al. [3] (2014) presented a survey related to improving the mobile application
development process. The main participants were the mobile app development team
members, Agile experts, and researchers. This survey considered the use of various
agile approaches for successful mobile app development, Agile approaches such as XP,
Scrum, and Lean. Furthermore, the survey was performed to determine what appropriate
Agile practices are currently being used in mobile app development, practices such as
development in iterations and short development cycles, customer involvement, and if the
team can adapt to changes. The study’s findings show that Agile naturally fits the needs of
mobile application development and how these Agile methods have the chance to enhance
the speed and quality of mobile application development.

Kirmani M. [15] (2017), in his investigation, indicates that agile methods are suitable
for the development of mobile applications. The work’s issues were: agile methods are
suitable for fast-paced markets, customer’s satisfaction is important, frequent delivery, the
scope for changes, the delivery cycle is short, there is an appropriate collaboration between
businesses and developers, and where a good design and simplicity. This study found
that 86% of survey participants thought agile methods and practices are suitable for app
development. This study shows adopting these agile methods are applicable to enhance
speed and quality of app development.

Arshad et al. [16] (2018) investigated the main challenges during the development
process of native, web or cross-platform hybrid mobile applications in an empirical study
on the mobile application. They identify challenges via a systematic literature review. As a
second phase, they try to identify more challenges by collecting data from mobile applica-
tion developers using structured interviews to enable practitioners to specify additional
challenges. This systematic literature review showed that fragmentation, testing, user
experience, compatibility, and change management are the most common challenges in
mobile application development. The identified challenges considered as critical by the
participants in the interviews were fragmentation, testing, reuse of code, lack of tools sup-
port, lack of expertise, and change management. Further challenges were found through
interviews, which were not found in the literature review, for example, lack of training, lack
of teamness and enrollment, lack of communication, and lack of knowledge management.
Authors conclude that to be successful and an effective application, these challenges and
problems should be considered. In their opinion, identifying these challenges will assist
teams in the development of mobile applications. They recommend that practitioners
should give more attention to the challenges identified in academia and industry.
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According to our review of related works, we can indicate that the analyzed works
contribute to the problem of mobile development but are very specific and/or partial. None
considers how mobile apps are being developed in the industry during the design and def-
inition of the phases of a new methodology (the main objective of our work). Since mobile
apps are becoming more complex and critical, companies and researchers should adopt
development processes that address more aspects of the process covered by today’s agile
methodologies. Such methods are necessary to provide a fully structured understanding
of the development process [12] with extended documentation. In response to this need,
we have conducted a study to improve understanding of the mobile app development
process in the industrial market to assess how similar they are and determine the similari-
ties and differences between industrial processes and academic proposals. Our goal is to
provide a single methodology that integrates expert knowledge from both the academic
and industrial communities. We need to integrate and research other agile methods that
can be developed or improved to make them compatible with the development of mobile
apps. More importantly, we must determine how research can be linked to and integrated
into the real development process adapted by professionals and researchers. We believe
that our study will lead to an increase in scientific research on methodologies to develop
mobile apps, especially on integrating agile methods available with practices learned from
development companies and app experts.

3. Materials and Methods

In this study, we deepened our understanding of the mobile app development process
in the industrial market and the academic community. We outline the main development
process followed by some mobile app companies and researchers in the field to determine
the aspects and perspectives shared by researchers and academics.

3.1. Methodology

The research methodology comprises four main phases (see Figure 1): Phase 1: Exten-
sive literature review, Phase 2: Interviews, Phase 3: Survey, and Phase 4: Proposal of a new
methodology for mobile app development.

Phase 2
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Figure 1. The applied research methodology.

The main results of phase 1 have been summarized in the section Literature Review
and Related Work (Section 2). Then, the initial interviews (phase 2) were performed
using a simple guideline and we obtained very useful information from five companies of
mobile development (as will be described in Section 4.1). In order to design these informal
interviews, based on our study goals, we began with an in-depth analysis of the mobile app
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development methods recorded in previous research, such as in [15,16]. These interviews
with specialists who develop mobile apps allowed us to achieve a deeper understanding of
the mobile app development process, issues, and challenges [17].

After the initial interviews, we performed a more extensive literature review (phase 1
again) with the aim of maintaining a balance between the proposals made by researchers in
the academic world and the everyday reality in mobile development companies. Based on
the knowledge obtained in phases 1 and 2, an extensive online questionnaire was designed
for the process of developing mobile applications (phase 3), (a full questionnaire with the
answers is available in Appendix A). After completing the questionnaire design based on
literature reviews and interviews with experts, an interview was conducted with software
developers and academics researcher to test the validity of the content and the construct of
our questionnaire; it seeks to cover all phases and objectives in the mobile app development
process. Thus, phases 1, 2 and 3 complete a comprehensive study (theoretical and practical)
about the development of mobile applications. Phase 3 will be detailed in Sections 3-5.

The main contributors to our survey were software, mobile app companies, mobile
experts, researchers, and academics. The conducted survey is explanatory and exploratory,
and very important conclusions have been extracted from the surveyed experts (detailed in
the following sections), constituting the basis for the design of a new methodology, Agile
Beeswax, presented as a result in this paper (phase 4 in Section 6).

3.2. Data Collection

We surveyed many specialists in mobile software development, researchers, and
academics in the field of software development. The questionnaire respondents were also
experts in the mobile application development process, academics, and researchers in
this field. We chose the participants carefully; some interviewees were questionnaire
respondents. We went to the respondents” workplaces, contacted them by phone, or sent
an email or paid a visit to motivate them to complete the questionnaire. These individuals
were invited to participate voluntarily in the survey. Finally, the survey was a combination
of closed and partially open-ended questions. We began analyzing data by studying each
response individually, analyzing first the academics’ and company experts’ responses
separately and then all responses together.

3.3. Sections of the Questionnaire Described

The questionnaire was designed as part of our current research to identify the best
agile methods followed by researchers and app developers and determine how to merge
these methods to construct our new agile methodology (A full questionnaire with the
answers is available in Appendix A).

The questionnaire contained 46 questions, divided into three main sections as follows:

e The first section requested information about the participants, such as specialty,
country of origin, and age.

e  The second section involved the participant’s organization, including information
such as whether or not the organization developed apps, size of the company or
organization, number of apps developed in the organization, whether or not the
organization used agile methods in app development, and whether or not it believed
that agile systems are ideal for app development.

e  The third and main section of the questionnaire, which asked about the app devel-
opment process, consists of seven subsections, with 5-6 questions in each section,
as follows:

(1) The idea and strategy: the focus of this section was how the app idea origi-
nates, the tools used to develop the idea and manage the team, whether the
organization conducted marketing research on the competitor and user ratings
and reviews, and whether they were developing a roadmap and target group
for the app.
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(2) User experience design: this section asked about whether the organization
was implementing wireframe, workflow, or a clickable user experience (UX)
prototype, and whether it performed iterations to improve the UX. This section
also asks about the tools used in this stage and about user feedback.

(3) User interface (UI) design: we asked how the developers move from the
wireframe to the Ul mockup design, what tools they used, whether the pro-
totype was clickable, whether they tested the workflow model, whether they
performed iterations during the design of the Ul, and whether they usually so-
licited user feedback during UI design. We also asked if they had full approval
from customers before moving to the development stage.

4) Design technical decisions: this section asked about choosing the host envi-
ronment, how this environment affected performance and scalability, what
tools were used to create the web API (Application Programming Interfaces),
whether Structured Query Language (SQL) was used, what tools were used to
develop a web technology platform, and which approaches were used to build
the app—native or cross-platform hybrid or web technology.

) Development: we asked about reuse of code throughout the development
and team management processes, as well as user integration into the process,
and whether developers used specific tools to help them integrate users. We
focused on agile principles, for example, whether the developers used the
Sprint in Agile methodology. We also asked about sprint planning and the
tasks to be performed during a sprint and after each sprint. Did developers
request feedback from the project manager or quality assurance for review.

(6) Testing: this section asked whether developers used tools for testing (in-
cluding specific automated tools) and whether they had a test plan and a
checklist for verification and tests, testing app features, user-friendly testing,
regression testing, performance testing, and user acceptance testing. We also
asked if the designers reviewed the testing process to make sure their vision
was implemented.

(7) Deployment and monitoring: this section asked if the developers performed
monitoring for their apps, which tools they used, whether they monitored app
store ratings and reviews, and how these ratings could affect updates?

4. Results

More than 110 invitations to complete the questionnaire were sent, approximately
40 responses were received, and five responses were excluded. The full questionnaire is
available in Appendix A. In this section, we will present the main results and founding
of our research. This section contains four subsections. Section 4.1 discusses previous
work that is part of our study. Section 4.2 will talk about general information about the
participants. Section 4.3 will discuss the development process adopted by experts and in
Section 4.4 the development tools used in the development process.

4.1. Our Previous Work

At the end of 2018, to better understand the mobile application development processes
adopted in real companies and the issues and challenges related to it, we interviewed
five mobile application development experts from five different companies. Our study
was focused on the development process they usually follow, and the tools used in this
process, as well as general issues and challenges. In [17], we published the main process
adopted for each company, followed by the main conclusions learned in the mobile app
development process.

Table 1 [17] summarizes the professional characteristics of the interviewees. In these
interviews, we ask the candidate persons to participate in a semi-structured interview. The
interviewees were experts in mobile app development. We interviewed five experts (ID1 to
ID5) from five different companies. Each interview session took about 25 to 40 min. The
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interviewees have 5 to 7 years an average experience in mobile apps, with the average
size of the teams was 11 to 50 persons [17]. These interviews focused on the development
process that had been followed, and the tools used in this process, as well as general
issues and challenges during the development process. The interviewer used a list of
questions and key points to be covered through the interviews: for example, (a) what is
the method followed in developing mobile applications? From ideas and requirements
gathering to the end of the project. (b) What are the tools used in each stage of mobile
application development? (c) What are the obstacles and problems facing you during the
development process?

Table 1. The first round of interviewees [18].

Interviews Summery

Role
Software experience years
Mobile Apps Experience
Organization Size

Number Of Apps Developed

ID1 ID2 ID3 ID4 ID5
Project Manager Project Manager Project Manager Project Manager  App Developer
11-20 6-10 11-20 6-10 11-20
6-10 5 5 4 6-10
21-50 21-50 11-20 11-20 6-10
5-20 5-20 5-20 5-20 20-30

During this work, we noted that the main phases on mobile apps development are:
prototyping, design (user experience, user interface), development, testing, and launch and
deployment. In addition, our little study revealed that all companies had the development
phase as a core focus and an essential stage of mobile application development. In this
study, another point in common between the five software companies was that obtaining
the customer’s requirements is the first challenge the developers face at the beginning of
the project. One step further, it was possible to notice that all companies were working to
integrate the customer, making them part of the development cycle, keep them updated
and take timely notes to get together to the desired mobile application. Most interviewed
experts indicated that they prefer not to go to the graphic design phase until most of
the customer’s requirements are taken. Finally, another interesting result was that all
companies that use native tools to develop mobile applications were preferred to perform
testing through the same native tools’ simulators. The knowledge gained from this previous
work was exploited to design the survey conducted in this work.

4.2. General Information about the Participants

In this section, we will present and argue the main results and findings of our research,
some of these data will be represented graphically. Although the results obtained in each
question of the survey can be consulted in Appendix A. Our research participants com-
prised experts at companies (80%) and academics 20% (see Table 2 for more information).

Table 2. The main participants” information.

Participants Description
Gender Male (77%) Female (23%)
Academic/Worker Companies experts (80%) Academic (20%)
Age Under 44 years old (83%)
Country Majority from Jordan and Spain
Experience Develop apps (90%)

Company size
App Platform

Less or equal five employees (51%) five to twenty employees (40%)
Native platforms (60%) Hybrid cross-platforms (36%) Web platforms (33%)

Team management tools JIRA (43%) Team management (40%) Teamwork project (33%)
Methodologies been adopted Agile (84%) Scrum (56%) eXtreme Programing (XP) (13%) Kanban (13%)
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Most of the participants were software mobile app developers in the top level of
software management. They developed apps in native platforms (60%), some in hybrid
cross-platforms (36%), and some in web platforms (33%). However, 90% of experts worked
in companies that developed apps (see Figure 2); 40% of participants had an experience,
having developed more than 10 apps; 17% had developed more than 20 apps. Fewer than
51% of participants worked at a small organization and about 40% at a medium-sized one
(Figure 3). Table 2 represents the participants” information that includes the demographic
characteristic, roles of participants, organization size, and methodology and tools usage.
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Figure 2. Participants Work.
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Figure 3. Organization size.

In terms of tools and methodology, nearly 43% of participants used JIRA as a team
management tool, 40% used Trello, and 33% used Teamwork Project. Also, approximately
84% have used agile methodologies to develop mobile apps (Figure 4a), 56% used Scrum,
about 13% eXtreme Programing (XP), and about 13% Kanban methodologies in the devel-
opment process (Figure 4b). Nevertheless, 61% of participants believed that agile was the
best method for app development; about 36% said this was sometimes the case.
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Figure 4. Adopting agile approach in the organization. (a): using agile in the development process;

(b): agile approaches in the organization.
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4.3. Development Process

This study identified six main phases in participants’ mobile app development lifecy-
cle. These phases were: idea and strategy, UX design, UI design, design to development,
handoff—issues and decisions, development, and deployment and monitoring. This sec-
tion presents all the results obtained in these six main phases, as well as their sub phases,
as shown below.

(1) The Idea and Strategy

This stage contains three main sub phases: idea, strategy, and marketing campaign.
The resulting phase output follows this sub-phase.

(a) Idea: once you have the idea, you must start planning for your app. The best place
to start planning is market research for competitors. See the user’s ratings and reviews.
Nearly all participants start with market research (59% said always; 43% said sometimes).

All great and major achievements start with an idea. You ask, “How can I make a new
idea reality or make an existing idea better?” Think about a problem you can fix. Talk to an
expert about the problem to understand why there is no solution yet, or how they might
fix the problem. Ask how an app can be part of the solution. Such questions can give you
a new or improved idea. Can you solve the problem with an app with the time that you
have? Try to think about different ways to find customer needs or customer adaptations.
Once you have your idea, start planning your app. The best place to start planning is
market research to identify competitors. Check the reviews to learn what users say about
your idea.

(b) Strategy: tries to identify challenges when planning an app strategy. It is essential
to construct a roadmap. About 59% of participants always define app roadmaps, and 27%
sometimes do.

It is important to identify your roadmap. What is your app? What is its future? What
do you want your app to become someday? Write what your app has to do, consider its
core functionality, and think about what you could add in the future.

(c) Marketing campaign: start with the marketing strategy. Participants agreed on
the importance of marketing to the app’s success. Approximately 53% of participants
made a marketing plan; 30% did sometimes, unless the app was for internal or business to
business (B2B) use. Start with marketing strategy, you can see that participants agree with
the importance of marketing for the app’s success.

(d) Phase Output: after you have your idea and your strategy, you could summarize
them in an internal report. Approximately 44% of participants said they did this; 35%
said they sometimes wrote a final report. About 43% of participants used JIRA as a team
management tool, 40% Trello, and 33% Teamwork Project. At the end of this phase, after
some iterations, you will obtain a final report.

(2) User Experience Design

After reviewing the goals and requirements with the user and the team, you start writ-
ing and creating blogs containing the data and functions that should be in the application
and how to organize and present them. You can start with just a pencil and paper to sketch
the wireframe, representing what you need and visualizing the customer needs. Over 93%
of participants start with a whiteboard or paper and pencil for wireframe design.

The user experience phase has three main sub phases: wireframe, workflow, and test
workflow, followed by the phase output resulting from this phase.

(a) Wireframe: the wireframe is the way of representing design content. At this stage,
you should start by drawing and creating screens with their functionality and data. Most
participants used whiteboards to create their wireframe (43%); others used paper and
pencil (46%); still others used other tools, such as Sketch (23%) or InVision (23%).

At this stage, it is important to have conceptualized and included most of the app’s
functionality. Changing something now costs only the drawing, but later you will have to
rewrite the code and redesign.
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(b) Workflow: workflow refers to the pathways between wireframe badges that the
user can navigate within the app. Most participants agreed on doing a workflow (53%);
38% said they sometimes did a workflow. Think carefully when you draw the workflow.
See how many clicks you need to perform or finish each task; it should not take many clicks.
If the task takes too many clicks, go back to your wireframe and try to fix the problem
there. Be sure you have made the app more usable. Check and recheck all features in each
iteration. Additionally, check the functionality and usability of your design.

Most participants perform iterations between the wireframe and workflow (46% yes;
36% sometimes), as shown below in Figure 5. You can draw your workflow on the white-
board or on a paper with a pencil. InVision can help too.

50% 46%
40% 36%
30%
18%
20%
0%
Yes, frequently No Sometimes

Figure 5. Using iterations to improve the design.

(c) Test workflow: building a tappable click-through model for your app can improve
design. Participants were less excited about building a tappable click-through model: 24%
did not use one, 45% did, and 30% sometimes did. For this model, 50% of participants used
Sketch, and 22% used InVision. InVision can help to test the wireframe and workflow, after
which you can import the design. The model can even be sent to users to be tested without
functionality, with no code on the phone. Try to find problems, update, and continue.

(d) Phase Output: at the end of this phase, after some iterations, you will have a
tappable UX prototype.

(3) User Interface Design

The user interface phase contains three main sub phases: style guidelines, replace-
ment/mock-up, and test again, followed by the phase output resulting from this phase.

(a) Style guideline: follow the style guidelines to improve app usability and avoid
mismatched parts and disjointed design. Familiarity is an important property of good Ul
design. Choose the right color and font. Consistent design language makes the app more
comfortable to use. Try to determine who your customers or users are. Use your app day
or night to minimize clutter. Teams with extensive experience help to deliver an app that
works superbly for everyone. It is important to understand that there is no one-size-fits-all
approach. User interface style guides are custom-made to the app’s specific needs.

(b) Replacement-Mockup: a mockup is the version that most closely approximates
a real product. To move from wireframe design to U], start replacing the app wireframe
elements’—colors, buttons, logo, photos, etc. Approximately 37% of participants used a
Sketch for this task. You can design your style with a Sketch, import it from InVision, and
construct your click-through model prototype.

(c) Test Again: most participants tested their model again; more than 57% answered
that they did, whereas only 9% said they did not. After finishing the user interface design,
62% of participants always asked for user feedback and 32% sometimes did (see Figure 6).

Based on these findings, we conclude that it is important to go back to your click-
through model prototype, repeat testing, take your time, and be sure of the design, usability,
and user feedback. Remember that changes after this point can be costly.

(d) Phase Output: at the end of this phase, with some iterations, you will have a
tappable user interface prototype.
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(4) Design to development handoff- issues and decisions

One management issue/problem in developing an app is the transition from design to
development. Most obstacles to a smooth transition come from the gaps in understanding
and poor communication between the design and development teams. Try to have the
same team handle design and development. It is good to use some tools to ensure this
smooth transition, such as Sketch (27%), Photoshop (42%), or Zeplin (6%).

80%
62%
60%
40% 32%
0,
20% 6%
0% [ ]
Yes, frequently No Sometimes

Figure 6. User feedback after user interface (UI) design.

The design to development handoff phase contains four main sub phases based on
the issues and technical decisions to be considered: customer approval, technical design,
front-end /back-end, and database.

(a) Customer approval: Figure 7 shows that about 90% of participants got final
approval from the customer after finishing the app design. When you finish designing
your app, it is important to obtain approval from customers to be sure that the design is
what they need and want.

50% 47%
40%
30%
20%
9%
0%
Disagree Agree Absolutely agree

Figure 7. Starts the development phase after the customer accepts the design.

(b) Technical Design: you can use many technologies and programming languages
to build a mobile app. Every technology has specific strengths. Some are less expensive,
some perform less. You must choose a reliable technology.

(c) Front-End: it is the layer above the back end and it includes all software or hardware
that is part of a UI, including user-entered data, buttons, programs, websites and other
features. Most of these features are included in the UX. There are three approaches for
a mobile app: native platform, cross-platform hybrid, and web technology. Native apps
are exclusively developed for a specific operating system. They are native to a device
or platform. They use the development tools and languages that the respective platform
supports, like Objective C for iOS (mobile operating system created by Apple )or Java
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for Android. Thus, what is built for an Android platform will not work for an iPhone
iOS platform. Native apps are known for their high performance and speed with high
development costs. For their part, web-based applications can be accessed through a
mobile browser; they are responsive websites that adapt to the user’s device. Web apps
are known for accessibility from almost any device, and their performance depends on
internet connections. Finally, cross-platform hybrid apps are mixtures of native and mobile
web apps. They look and act exactly like native apps but are built using multiplatform
technologies. Hybrid apps are known as easy to build but slower than native apps. Another
way to classify mobile applications is by their purpose. There are 33 app categories on
Google Play Store and 22 categories on iOS App Store, apps such as: games (21.86%),
business (10.11%), education (8.68%), lifestyle (8.62%), utilities (6.12%), entertainment
(5.79%), and travel (3.8%) [18].

It is good to know that most participants develop their apps on the native platform
(60%), cross-platform hybrid (36%), and web technology (33%). Participants use HyperText
Markup Language (HTML) (46%), JavaScript (45%), and Ionic (30%). Participants use
Google-Cloud (44%) as an API database hosting, and Amazon Web Services AWS (39%).

(d) Backend (Web API/Server): it is the part of a mobile app that is responsible
for security, data storage, business logic, and code that allows it to work, and a user
cannot access that. When you develop a web-based app, you must choose the language.
Participants used JavaScript (47%), PHP (Hypertext Preprocessor )(44%), and C# (34%).

(e) Database: it is so important to design a reliable and will organize data for your
app; most of the participants use SQL, 12% do not.

As to hosting infrastructure, the location where the database and API will be hosted,
45% of participants used Google Cloud and 31% Amazon’s Web Services AWS. In choosing
the hosting infrastructure, it is essential to consider its effect on cost, performance, scalabil-
ity, and reliability. The hosting infrastructure should be shared with your customer. Most
participants share this with their customers; about 53% said they did, while 31% said they
sometimes did.

(5) Development

Mobile app development is an iterative process. Most participants used iterations or
sprints in the development processes (about 50% said yes; 35% said sometimes, as shown
in Figure 8).

60% 50%
50%
40% 35%
30%
20% 15%
—

0%

Yes, frequently No Sometimes

Figure 8. Working in iterations in the development phase.

The development phase contains four main sub phases: sprint planning, development,
testing, and review, followed by the phase output resulting from this phase.

(a) Sprint Planning: the Sprint planning meeting’s team members must decide what
elements need to be achieved in the next Sprint. 60% of participants started with sprint
planning; 27% said they sometimes did. Sprint starts from sprint planning, the list of tasks
to be implemented during one iteration. Each task must clearly define the time needed for
each task and its requirements. Developers must be involved in the process to guarantee
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a full understanding of each task. Each sprint starts with sprint planning, development,
testing, review, and customer or user feedback.

When developers start planning for the sprint, they must begin to explore how they
can reuse code. About 65% of participants reuse code through the development process;
only 8% do not (Figure 9).

At this point, you can begin to review your design and change it if necessary. Updating
design is much better than updating code, and good design apps cause fewer problems,
with fewer changes during the development phase.

70% 65%
60%
50%
40%
30%
20%
10%

0%

24%

9%
—

Yes, frequently No Sometimes

Figure 9. Reuse code.

(b) Development: you start to develop the functionality of your app when you com-
plete the sprint. It is important to return the results to the project manager or to quality
assurance for review. Figure 10 shows that about 70% of participants do this; 15% said they
sometimes do. The team is crucial to success in this phase—a full understanding of the
specific backlog requirements was worked on. If success is not achieved, the team must
let the project manager know what is missing. Agile principles in developing apps are a
means to break all requirements for product backlog milestones and starting development
by building your app backlog by backlog in iterations and cycle/sprint backlog. Use an
iterative, incremental development cycle.

80% 70%
60%
40%
20% 15% 15%
o0 B B
Yes, frequently No Sometimes

Figure 10. PM and QA review after each sprint.

(c) Testing: For a more genuine experience, developers should not test the apps. If
the QA team is doing this job, start with functional testing, including a test plan and a
list of actions to check. About 67% of participants performed functional testing with a list
of actions to check; 27% sometimes performed functional testing (Figure 11). Functional
testing usually focuses on user-friendly usability, performance testing, and responsiveness.
Performance testing and app responsiveness are important in late sprints. 77% of partici-
pants use and focus on user-friendly usability testing, 67% on user acceptance testing, and
55% on performance testing. Try to involve designers in the testing process; let them check
whether the vision they described was developed. Most participants agreed (47% said yes;
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50% said sometimes), as shown in Figure 12. Remember to do regression testing. After you
finish testing a sprint, you must go back and test the previous sprints.

On-device testing: be sure to test your app on numerous screen sizes and in different
versions. You can use native tools or automated testing tools such as Google Firebase (28%
of participants) and native tools (28%).

90% 77%

68%

55%

39%

I

User-friendly - Performance Regression User None
Usability testing- testing- testing  acceptance
testing previous sprint testing

Figure 11. Application testing.
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Figure 12. Designers review in the development and testing phases.

We believe it is important to test the app on physical devices. The most important
testing is user acceptance testing and security testing. Owners or candidate users are the
reason we build the app.

(d) Review: at the end of each sprint, talk with stakeholders to learn from everything
you did in the sprint. Try to learn; the goal is to improve the process in each iteration. Try
to find testers such as potential users, listen to their feedback, and then make decisions.
You can launch a beta test or give your app to a real user to test. After you finish your
reviews, it is good to perform one final development sprint to fix any remaining problems.

(e) Phase Output: after each iteration, you will have a beta app. At the end of this
phase, after some iterations, you will have a fully functional app.

(6) Deployment and Monitoring

The deployment and monitoring phase contains two main sub phases, deployment
and monitoring.

(@) Deployment: this is the last stage in the mobile app development process. It
involves the selection of a day and finally conducting a formal launch of the application.
After the deployment process is complete, the application becomes accessible. The web
app requires a server backend to host your data. You must choose which server to use.
Participants recommend a server with a scalable environment, such as Amazon Web
Services. With such a server, your app will not fail if it becomes popular. To be deployed in
the Apple store or Google play store, your app must meet these companies’ requirements.
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(b) Monitoring: the app’s review always shows a long list with the history of app
updates, including bug fixes, changes, new features, and performance updates. Some tools
can help you to monitor your apps, such as Google Analytics for app analytics (67% of
participants use it).

4.4. Development Tools

Note that all participants use different tools in the development process. While they
do not focus on a particular type of tool [18], they focus more on some tools than on others.
Figure 13 summarizes the tools that the participants used in each phase and sub phases.
Most participants use the native platform for developing the app (61%), cross-platform
hybrid (36%), web technology apps (33%). We also note that most participants use the
native platform in the testing phase.
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Figure 13. Tools used during the application development process.

Authors should discuss the results and how they can be interpreted from the perspec-
tive of previous studies and of the working hypotheses. The findings and their implications
should be discussed in the broadest context possible. Future research directions may also
be highlighted.

5. Discussion

Developing mobile apps is still a challenge. During the conducted three-phases
study, we have shown the main phases and procedures adopted by mobile app developers
in a real environment and by researchers in academia, as well as the tools used in the
development process.

The literature review and related work section identified agile methods for mobile
app development. We also explained how agile methods are naturally suited to app devel-
opment and how apps are mapped onto agile themes. This study sought to understand
a mix of agile techniques and methods based on what we have learned and experts and
researchers’ recommendations in app development to construct a general model for app
development. We found no studies that analyzed a mixture of all the above.

In this study, we found six main phases adopted by participants in the mobile ap-
plication development lifecycle, which are: The idea and strategy, UX design, UI design,
design to development handoff- issues and decisions, development, and deployment and
monitoring. The agile approach was preferred, that is, adopted by most participants; 84%
used agile methods to develop mobile apps, while 61% believed agile methods were the
best way to develop apps and 36% believed they sometimes were. Most participants
(56%) used Scrum methodology in mobile app development, and about 13% each used XP
and Kanban.
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Agile methods have a history in mobile app development. We included some of
these methods adopted in previous studies. Furthermore, some studies concluded that
agile methods are an ideal, natural fit for their mobile app development practices, with
Scrum as the most used method. Martinez et al. [14], Flora et al. [3], 20. Ghandi et al. [19],
Holler et al. [20], and Ashishdeep et al. [21] agree that the agile methodology is best for
mobile apps because it follows a set of iterative, incremental approaches that help the
project adapt to changes.

When you adopt agile approaches in your organization, you know that one point in
the Agile Manifesto is customer collaboration over contract negotiation. User-centered
design (UCD) is the core of your development process. UCD is a design philosophy
and iterative process that aims to understand user needs and create products that meet
end-users’ needs. UCD focuses on understanding users and their framework through all
design and development stages to achieve the greatest satisfaction and best user experience
possible [22]. This study shows that 62% of participants request user feedback during
and after finishing UI; 32% said they sometimes do. Most participants (90%) requested
user feedback and obtained final approval after completing the design phase. About 53%
of participants shared and sought user feedback by choosing the infrastructure to host
applications with clients and considering how this choice will affect cost, performance,
scalability, and reliability; 32% said they sometimes perform these tasks.

Aguilar and Zapata [23] argue that it is useful to integrate UCD and agile method-
ologies for software development to achieve software products with a higher degree of
usability. Pratt et al. [24] recommended reaching the highest user satisfaction rate. We must
place the user in the center of the design process. According to Rubin et al. [22], UCD is
valuable for achieving greater usability in software.

One of the main challenges facing developers was moving from the design to the
development phase. Our findings on best handoff practices suggest using the same team
for design and development services in the project and using some of the tools available to
manage the handoff. We found that 80% of participants tried to use some tools to handle
the transition from design to development.

When you start planning for the sprint, determine how developers can reuse code.
Approximately 65% of participants reuse code throughout the development process; only
roughly 8% said no. These figures match many studies and reports. One interesting finding
in the report by Mojica et al. [25] is the practice of high software reuse among mobile app
developers. Additionally, Ruiz et al. [26] argued that 61% of Android app classes appeared
across two or even more different apps.

Iteration and incremental model/Sprints: most participants (48%) answered that
they used an iterative design between the wireframe and workflow; 36% reported that
they sometimes do. Mobile app development is an iterative process; most participants
used iterations in the development processes. Most participants (50%) answered that
they performed sprints and iterations in the development process; 35% reported that they
sometimes do.

For Rubin et al. [22], the design, modification, and testing of the product should be
an iterative process. The Manifesto for Agile Software Development [2] states that agile
methodologies are iterative and incremental, focusing on short, frequent cycles and the
functional product.

When you complete the sprint, it is essential to send the results back to the project
manager or quality assurance for review. About 70% of the participants do this, and 15%
do it sometimes. Team collaboration is the key to success.

The iterative model demands a new process for product development and testing. In
Shivageeta et al. [27], testing in the iterative model means that each iteration goes through
unit testing, component testing, and integration testing. During the final iterations, the
product goes through system integration testing and acceptance testing. Functional testing
starts with the test plan and a list of actions to test. Approximately 67% perform testing;
27% sometimes do. Performance testing and app responsiveness are necessary for late
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iterations -sprints. 77% of participants use and focus on usability testing, 67% use and
focus on user acceptance testing, and 55% focus on performance testing. According to
Mascheroni et al. [28], various authors affirm that continuous tests are the key to solving
quality problems in continuous delivery based on continuous testing. Try to involve
designers in the testing process. Let them see whether their vision was developed as
they described it. Most participants agreed on using this phase (47% said yes; 50% said
sometimes). Rubin et al. [22] recommend that users and the design team are in direct
contact throughout product development, including the testing phase. To ensure a more
genuine experience, testing should not be performed by the developers.

It is evident that none of the companies included in our previous study [17] has faith-
fully or integrally adopted any existing development methodology, and this corresponds to
the majority of questionnaire participants, much less reviewing existing academic propos-
als to improve these processes. We believe work is needed to develop new methodologies
that embrace the solid principles previously identified by the academic community, as well
as the latest advances and interesting proposals developed and developing in the scientific
community, while at the same time presenting the feasibility the company needs, enriched
by the industry’s experience.

Based on this discussion, we can extract a set of characteristics that a suitable method-
ology for mobile development should have. For example, this new methodology should
take into account the main phases in the mobile development process identified from the
expert knowledge, these are: idea and strategy, UX design, UI design, design to develop-
ment handoff- issues and decisions, development, and deployment and monitoring. In
addition, the new methodology should be based on agile and Scrum management prac-
tices and project management practices. This methodology should support: small release,
customer involvement and feedback, self-organization, fixed meetings, and short sprint
iterations. In addition, an really useful methodology for mobile development should add
more operational practices, manage the mobile app as a product, and control the process
in order to effectively move from the design to the development. On the other hand, an
iteration and incremental model should be the core in the mobile app development process.
Finally, we cannot forget how important engineering practices are to develop an app. Thus,
the new methodology should contemplate: code reuse, continuous integration, continuous
delivery, and small releases. In the next section, a new methodology is proposed following
these considerations (reflecting in what way the results obtained are incorporated within
our proposal).

6. Proposed Mobile App Development Methodology

This section presents our proposed methodology for developing mobile apps: Agile
Beeswax. After the extensive research performed in our in-depth study of mobile app
development methods used by mobile application experts and academic communities, as
well as an extensive literature review, we concluded that many practices and principles
from both communities should be combined for the successful development of mobile
apps. We had to classify and scrutinize many of these practices to determine which were
the best, most widely used, and easiest to implement for all communities. After classifying
these practices, we found that they could be divided into three main categories: Agile
and Scrum management practices, engineering practices, and operational practices (see
Figure 14). Agile Beeswax practices are based on the intersection of all these practices.
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Figure 14. Agile Beeswax Practices.

6.1. Main Practices

Agile and Scrum practices: in the first place, some Agile and Scrum practices are
adopted in Agile Beeswax because they have been demonstrated to be effective methods
for developing mobile apps [3]. As Figure 4b shows, most participants use Scrum in
developing mobile apps. Scrum is an agile project management framework that uses a
small- to medium-sized team. The team is managed by a Scrum Master, whose main job
is to remove all team restrictions on completing the task. Scrum’s approach is to direct
and manage iterative cycles at project level. Relatively lightweight and timeboxed, Scrum
provides fixed meetings and an all-time project overview, with details of delays, to-do lists,
and a completed task list. Scrum is also well known, widely used, and easy to understand.
Schwaber [29] describes Scrum as iteration-based, quick to adopt changes, offering short
sprints, and matching the requirements changing of mobile projects.

Agile and Scrum practices include, for example, project management practices, small
release, customer involvement and feedback, self-organization, fixed meetings, short
sprint iterations, sprint retrospective meetings, high control process, sprint and sprint
planning, backlog creation, scrum master, retrospective and review meeting, product
backlog, sprint backlog, the product owner, the scrum team, and fitting small-to-medium
project size. Agile Beeswax uses some of these practices, not all of them. However, since
Scrum is a management framework and does not say much about specific engineering or
technical practices for software development, it must be supplemented with engineering
and technical practices, which are essential to mobile app development.

Engineering and technical practices: in the second place, the app development process
requires some core engineering and technical practices borrowed from XP and software
engineering and other approaches to support functional and non-functional capabilities
such as reliability, performance, and security. Engineering technical practices include
behavior-driven development, continuous integration, continuous delivery, small release,
refactoring, accept changes in iteration at any time, test-driven development, requirement
prioritization, unit testing, coding reviews, and automated acceptance tests. Agile Beeswax
includes some technical engineering practices, as shown in Figure 14.

Operational practices: in the third place, although Agile and Scrum provide a project
management framework, and we have specified engineering practices for software and
mobile development, we need another hand to manage the full process that guides every
step of a mobile app: “the product” lifecycle from start to end. There, operational practices
are included in Agile Beeswax. Operational practices focus on evaluating the development
process, project management practice, eliminating waste, continual learning and improve-
ment, continuous delivery, planning for unplanned work, flexible processes, accepting
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changes in iteration at any time, ready to adapt to changing priorities, whole team master,
customer involvement, issues that require immediate response and cannot wait for the
next sprint planning session. Since the participants used Kanban and Lean, we decided to
incorporate some of their operational practices to Agile Beeswax.

Agile Beeswax practices: as a conclusion, the development of mobile apps requires the
intersecting of all these three types of practices. Therefore, Agile Beeswax practices are an
intersection of Agile and Scrum practices, technical engineering practices, and operational
practices (see Figures 14 and 15). Agile Beeswax has major adaptation, little adaptation,
and no adaptation practices in all above practices.

Agile Beeswax practices include techniques and practices used by experts in app
development, major adaptation practices such as: working in short iterations in the design
and development phases, fixed meetings, sprint review, product backlog, test-driven
development, continuous integration, design improvement, small releases, and incremental
design and development, coding standards, simple design, user center design, control of
design to development handoff, continuous testing, regression testing, waste elimination,
amplification of learning, delivery as-fast-as-possible, team empowerment, and continuous
learning and improvement.

Intersecting parts such as operational engineering practices, or Agile-Scrum engi-
neering practices that are shared with the same practices, such as operational engineering
practices, we can clearly find that they are in common with, for example accepting changes
in iteration at any time, customer involvement, or ongoing delivery. These intersections
are outside the scope of our proposal. Our interest is in using practices from among these

three types.

6.2. Agile Beeswax Main Phases

Figure 15 presents the proposed methodology for developing mobile apps: Agile
Beeswax. Main rules and phases are explained in the following sections. (This section
repeats some parts of Section 4.2. See Figure 13 for reference to the best tools).
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Figure 15. Agile Beeswax Methodology.

(1) Idea and strategy:

This phase contains three main sub phases: idea, strategy, and marketing campaign.
Idea: apps start from an idea. This idea may be a solution to an existing problem, a way to
cover some of users’ needs, etc. Once you have the idea, start planning for your app. You
need a strategy. Strategy: in defining the strategy, start by evolving the idea into a successful
app. Identify challenges, a roadmap, and your app’s futures. Write out what your app
must do and its core functionality. App strategy involves identifying what your app is,
what is it for, what you want from your app, and what you hope it will become someday:.
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Marketing campaign: start with a marketing strategy. Develop a marketing plan.
Phase Output: Once you have your idea and strategy, write an internal report to record all
of these elements. With some iterations, you will have a final report at the end of this phase.

(2) User experience design:

After reviewing the goals and requirements with the user and the team, start writing
and creating blogs that contain the data and functions to appear in the mobile app, and
ways to organize and present them. With just a pencil and paper, you can start to make
the wireframe, which presents what you or customers need visually. Start with a medium-
sized mobile screen when wireframing. The UX phase contains three main sub phases:
wireframe, workflow, and test workflow. Wireframe: the way to show design content; this
phase should begin by drawing and creating screens, and the app’s functionality and data.
Workflow: the pathways between wireframe badges that the user can navigate within the
app. Check functionality and usability. Perform iterations between the wireframe and
workflow. Test workflow: Build a tappable click-through model to improve app design.
The goal of such testing is to see whether the screens work together and to review your
design decisions. Using tools like InVision can help to test the wireframe and workflow,
find problems, update, and continue. Phase output: with some iterations, you will have a
tappable UX prototype at the end of this phase. Ask for user feedback while developing
and after completing UX design.

(3)  User interface design:

The Ul phase contains three main sub phases: style guidelines, replacement/mockup,
and test again. Style guidelines: Follow style guidelines to improve app usability and to
avoid mismatched parts and disjointed design. Replacement/mockup: start replacing the
wireframe with app elements, colors, buttons, logo, photos, etc. A sketch can help in this
phase. Test again: test your model again, and ask for user feedback. Phase output: with
some iterations, you will have a tappable user interface prototype at the end of this phase.

(4) Design to development handoff- issues and decisions:

The goal of this phase is a smooth transition from design to development. Most
problems come from the gaps between teams of designers and developers. Tools such
as Sketch, Photoshop, and Zeplin can help to ensure a smooth transition (see Figure 15).
The design to development handoff phase contains four main sub phases based on the
issues and technical decisions to be considered: customer approval, technical design, front-
end /back-end, and database. Try to obtain final approval from the customer. Then choose
the technologies and programming languages to be used to build the mobile app, including
approaches using native platform, cross platform hybrid, and Web technologies. You must
choose the right tools—HTML, JavaScript, ionic, etc.; the API and database hosting; and so
on. It is extremely important to design a reliable API that will organize data for your app.
In choosing where your database and API will be hosted, we recommend sharing this with
your customers. Section 4 discusses this issue in more detail.

(5) Development:

Mobile app development is an iterative process. After identifying the project manager
or project master he will be mainly responsible for leading the sustainability work. That
means identifying and prioritizing different work items. The development phase contains
four main sub phases; sprint iteration: developers must be involved in the process to
guarantee full understanding of each task. Development: once you complete the sprint,
start to develop the app’s functionality. Agile principles in developing apps are a means
to break down all requirements to product backlog milestones. They enable you to start
development by building the app backlog by backlog in iterations and cycles-sprint backlog.
Apply an iterative and incremental development cycle. Testing: start with functional testing
using a test plan and checklist of actions. Try to include designers in the testing process.
You must perform regression testing. On-device testing: make sure to test your app on
numerous screen sizes and in different versions, using native tools or automated testing
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tools (see Figure 15 for tools you can use in this phase). The most important testing is user
acceptance testing: We built the app for the users. Review: At the end of each sprint, talk
with stakeholders to learn from everything done in the sprint; try to learn for continuous
improvement in the next sprint. Your goal is to improve the process in each iteration.
Try to find testers who resemble potential users. Try to accept their feedback and then
make decisions. After you finish your reviews, it is good to perform one last development
sprint to fix any previously discovered problems. Phase output: with some iterations, each
iteration will produce a beta app, and you will have a fully functional app at the end of
this phase. Section 4 discusses this issue in more detail. List of tasks to be implemented
during one sprint: sprint planning, development, testing, and review.

In the development phase, the technical debt and issues become part of the sustain-
ability work. Common types of technical issues are: refactoring bad code, removing dead
code, updating old libraries, bad log messages, introducing better techniques and tools,
cleaning up any code, not following agreed upon standards, fixing technical defects and
many more. Fixing these is an important part in the sustainability in mobile application
development process. Writing some automated tests should be standard in most cases. It
is one thing to write automated tests, the other is to make your application more testable.
Improving APIs and refactoring your code can result in a much easier application to test.
This is an excellent example of sustainability, as you are doing work that will benefit the
project in the future by making it easier and faster to write strong tests. Having a stable
development experience is important for sustainability as you have a good codebase. With
that in mind, making sure you are using the right tools becomes an important part of
project development.

(6) Deployment and monitoring:

The deployment and monitoring phase has two main sub phases, deployment and
monitoring. Deployment: The hybrid-web app requires a backend server to host your data.
You must choose which server to use. If you deploy in the Apple Store or Google Play Store,
you must make sure that your app meets their requirements. Monitoring: monitoring the
app for updates includes bug fixes, changes, new features, performance updates, etc. Some
tools can help you monitor your apps, such as Google Analytics for app analytics. Section 4
discusses this issue in more detail. Developers will also need tools to measure energy
consumption and emerging tools that identify expected energy use. Reducing energy
consumption results in better sustainable systems impact. Making the application easy
to support is highly important feature of sustainable mobile app development. Adding
the ability to alert and creating monitoring dashboards are common ideas to improve
monitoring and support.

6.3. Main Rules of Agile Beeswax

There are two main iterative loops, the iterative incremental design loop and the
iterative incremental development loop. One bridge connects these loops (sprints). We call
it the design to development handoff and technical decisions.

(1) First loop: design sprint.

Incremental UX, incremental Ul

The idea of Incremental UX and Ul is to design iterations of a component that
can be developed one by one.

The first design iteration must satisfy the basic user needs.

We apply the first phase of requirements engineering.

Start by creating the wireframes; then add user stories for each screen.

Start the design sprint by defining the new requirement and blocks.

(2)  When you complete one sprint in the design phase and have approved the front end,
send it to the second loop, crossing the bridge (design to development handoff and
technical decisions).

(3) Second loop: development.
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e In the second loop development phase; we apply some Scrum practices to the

development phase.
Before starting the first sprint, we apply the second phase of requirements engineering.
Product owner defines the main requirement of the app and begins to break
the high-level requirements into smaller user stories for each app screen, in
discussion with customers and other stakeholders.

e  Product owner writes user stories as a Scrum product backlog and initiates a
prioritization session with the architect and some developers.

Sprint typically lasts 2—4 weeks.

In Sprint 1, Day 1, start with the sprint planning and sprint planning meeting.
The product owner presents the Scrum backlog items, prioritized from highest
to lowest. The team discusses which items and stories will be completed by the
end of this sprint.

e  Testing requires some engineering practices, such as test-driven development,
continuous testing, continuous integration, continuous delivery, and automated
acceptance tests. Testing should be performed regularly, as it will significantly
reduce the financial costs incurred at each stage. The deeper the development
cycle, the higher the costs incurred in fixing bugs. It is often important to fix the
planning and original design documents when creating different test cases.

o  Complete the sprint by reviewing its results and adding functionality.

(4) General rules.

Focus on continuous feedback.
Have a fixed meeting. Meetings need not be daily, but it is important that they
are fixed schedule meetings.

e  Build your app incrementally, block by block, until you reach the final product
with acceptable feedback.

e  Some operational practices, such as continuous learning and improvement, are
needed at the end of each sprint.

e Asan operational practice, sprints must be flexible so that they can incorporate
some modifications during the sprint’s life.

e  After reaching the last sprint and receiving feedback, move to the deploy-
ment phase.

e  Some companies do not reach and interact with customers through a maintenance
contract. If this is the case, you have reached the end of the process.

e If you have a maintenance and upgrade contract, move to the monitoring phase
and continue updates and upgrades.

e  Designers are always in the development phase, working on updates, and in the
sprint review.

The same occurs in test-driven development and continuous integration, which in-
crease value delivery. Using XP practices provides quick frequent delivery, teamwork, and
nominally documents upfront. It is a high-discipline method that requires committed per-
sonnel who are not necessarily IT department personnel. It also requires each team member
to have an intimate knowledge of XP for successful development of mobile projects.

6.4. Applicability and Limitations

Agile Beeswax has been focused on native applications and it has been conceived
for small to medium-sized mobile application development since that size of projects are
those committed by the experts consulted in our study. It is also necessary to specify that
Agile Beeswax is not intended to be a methodology for all types of apps. For example, in
the case of games, specific methodologies are used that include narrative design and tests
of gameplay, among other differentiating characteristics [30]. Therefore, Agile Beeswax
can be suitable for commercial categories, but it is not suitable for gaming educational
apps (for instance). In addition, Agile Beeswax is a methodology following the agile
approach; consequently, it may be adapted for use. Therefore, there is no one-fits-all mobile
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application, although, with accumulated experience, users of this methodology will be able
to choose the best practices to build their apps. This section is not mandatory but may be
added if there are patents resulting from the work reported in this manuscript.

6.5. Comparison with the Reviewed Methodologies

Table 3 compares our methodology Agile Beeswax with others methodologies pro-
posed by other researchers who have made significant advances in their understanding
of relevant factors that influence the mobile development processes (see Section 2.2). The
table summarizes the main methods proposed for developing mobile applications to per-
form the comparison we have selected the most common characteristics that have been
used to evaluate each contribution. Consequently, the proposals are collated in terms of:
used agile methods (Such as Agile Software Development ASD, used non-agile methods
(such as New Product Development NPD and Software and systems Process Engineering
Metamodel SPEM), its experimental condition during the creation of the proposal (or not),
if the methodology is based on the knowledge of expert developers (or not), if it is based
on academic knowledge, if it implements a management approach (or not), if it applies a
technical engineering approach (or not), if it applies an operational approach (or not), and
the structure of the methodology (depending on its weight).

Table 3. Comparing the existing methodologies and our proposal (Agile Beeswax).
Mobile Process Mobile D Hybrid MASAM Scrum SleSS MADeM Mobile Ilities Agile Beeswax
Year 2004 2008 2008 2010 2011 2016 2020 2021
Agile XP, Crystal ASD XP Scrum Scrum, Lean XP, Crystal Scrum Scrum
Non-Agile RUP NPD RUP, SPEM _ Lean Six Segma RUP _ Lean, Kanban
Experimental Yes No No Yes Yes No Yes Yes
Based on Experts Yes No Yes No Yes No No Yes
Based on Academic No No No No No No No Yes
Management Approach No Yes No Yes Yes No Yes Yes
Technical Engineering Approach Yes No Yes No No Yes No Yes
Operational Approach No Yes Yes Yes Yes No Yes Yes
Methodology Structure Heavy Weight Light-weight Heavy Weight Light-weight Light-weight Heavy Weight Lightweight Light-weight

All methodologies included in the table could be used as mobile application devel-
opment processes. However, selecting which one is more suitable in general terms is
problematic since they have different issues in different contexts (academic or industrial).
For this reason, our research goal has been to provide a single comprehensive methodology
that integrates all characteristics mentioned in Table 3 into one methodology. The proposed
method, Agile Beeswax, is a set of mobile development processes that would be used in
different contexts and environments (with the limitations previously indicated), which
was born from an experimental approach (interviews, surveys, etc.) involving academic
and industry.

7. Conclusions and Future Work

To fulfill our research goals, we performed in-depth analysis of the methods for
developing mobile apps through an extensive review of previous research and interviews
with specialists in developing mobile apps.

Based on the information and results obtained, we designed a lengthy, detailed online
questionnaire on the process of developing mobile apps (Appendix A). Our study has
advanced understanding of the mobile app development process adopted in the business
world and the academic community. The synthesis of these processes provides a greater
understanding of issues and challenges, as well as the tools currently used.

Companies must respond more quickly to market changes. We have discussed why
agile approaches are best suited and a natural fit for the mobile app development process.
To succeed, mobile app development requires numerous techniques and specific project
management practices from agile and Scrum, technical and engineering practices, and
some operational practices.
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Synthesizing our research has enabled us to present a methodology that encompasses
the specific features of mobile app development, Agile Beeswax. Agile Beeswax practices
are an intersection of Agile and Scrum practices, engineering technical practices and
operational practices, and a complete phase-based structure and a set of application rules
that have been specified to facilitate its adaptation and use. By following the Agile Beeswax
methodology and practices, IT service providers and the academic community can ensure
that they will develop and deliver strong app solutions that help companies to achieve
their business objectives.

Our future research will start asking experts to validate if our findings are correct
and if the proposed methodology is consistent with them. We are developing a full Agile
Beeswax methodology with all explanations needed to be presented to experts developing
mobile apps for validation, evaluation, and development. Some of these experts will be
those previously interviewed (semi-structured interviews have already been performed
with this aim). This methodology will be developed and improved based on expert advice
and guidance and will be compared to present the differentiation with what has been
presented in this paper. We will also present the methodology to some companies to
adopt this methodology when developing mobile apps to evaluate and improve their
methods. The information gathered will allow for refinement and revision of the Agile
Beeswax descriptions and introduce examples compiled into the proposed methodology’s
practical application.
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Appendix A
Table A1l. Questionnaire.
ON Category/Questions Possible Answers % Each Answer
About the Participants

ON1 Cender Mail 22.9%
Femail 71.1%
20-34 42.9%
35-44 42.9%

QN2 Age 45-54 5.7%
55-64 8.6%
>64 —

QN3 Country
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Table A1. Cont.

ON Category/Questions Possible Answers % Each Answer
QN 4 Iidentify my work in Company 80%
Academic 20%
I[jf(s} %(rllefr)esigner 2:9%
Mobile app developer 34.3%
Tech Lead/Manage 20%
ON5 I'm a specialist in Top management level 25.7%
Marketing 2.9%
Software Engineer 37.1%
Software Tester 8.6%
Other ... 2.9%
About Your Organization
Yes, frequently 48.6%
QN6 Elcgisﬂ}eloal;; (;I;ganlzatlon develop No, never 11.4%
Sometimes 40%
Never 5.7%
The number of main apps that have been Less than 5 apps 25.7%
QN7 developed by your organization in the last 5to 10 apps 37.1%
five years are 11 to 20 apps 14.3%
More than 21 apps 17.1%
Less than 5 employees 51.4%
5 to 10 employees 25.7%
ON'8 What is the staff siz'e of the mobilg _ 11 to 20 employees 14.3%
development team in your organization? 21 to 50 employees 2.9%
51 to 100 employees -
More than 100 employees 5.7%
Does your organization usually use agile Yes, frequently 48.6%
QN9 methodologies in mobile apps No 17.1%
development process? Sometimes 34.39%
None 28.1%
Scrum 56.3%
ON 10 Agile approaches used in r@obil.e application xP 12:5%
development in your organization are . .. Kanban 12.5%
Lean 9.4%
Other ... -
Do you believe that agile methods and its Yes, always 61.8%
ON 11 practices and rules are appropriate for the No 2.9%
development of mobile applications? -
Sometimes 35.3%
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Table A1. Cont.

ON Category/Questions Possible Answers % Each Answer
The Idea and Strategy
When you start thinlldng of developing an Yes, frequently 54.3%
app, do you usually implement some market
QN 12 research/competitive audit-focusing on No _
other apps that are carrying out the same
idea and its user rating and reviews? Sometimes 42.9%
Yes, frequently 38.3%
Do you usually write a final report after .
QN'13 finishing the planning-strategy stage? No 20.6%
Sometimes 35.3%
Yes, frequently 29.4%
Do you usually create a marketing campaign .
QN 14 for your app? No 17.6%
Sometimes 52.9%
Yes, frequently 58.8%
Do you usually define the roadmap for your N
QN15 app to be successful from day one? No 14.7%
Sometimes 26.5%
Kanbanchi 0%
JIRA 43.3%
Wrike 0%
Trello 40%
QN 16 Which tools are you using in a project and Axosoft 0%
team management?
Planbox 10%
Zoho Projects 10%
Teamwork Projects 33.3%
Other ... 3.3%
User-Experience Design
Do you usually start to collect your Yes, frequently 63.7%
QN 17 requirement and functionality using a No 6.1%
Whiteboard and pencil and paper?
Sometimes 30.3%
Whiteboard 43.3%
Pencil and paper 46.7%
Balsamiq 10%
If you usually draw a wireframe presenting
ON 18 the functionality and data, which tools are Sketch 23.3%
you using to draw your wireframe? UXPin 0%
Mockplus 10%
Invision 23.3%
Other 3.3%
Do you usually create workflows that Yes, frequently 52.9%
QN 19 present the pathways users can travel within  No 8.8%
the app?
Sometimes 38.2%
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ON Category/Questions Possible Answers % Each Answer
Do you usually do iterations between Yes, frequently 45.5%
QN 20 wireframe and workflows to improve No 18.2%
the design? Sometimes 36.4%
Do you usually test your wireframe and Yes, frequently 24.2%
A e S
Prototype- this will come later) Sometimes 45.5%
Whiteboard -
Pencil and paper 3.7%
Balsamiq 11.1%
ON 22 gl yes; which tools do you use to make a Sketch 48.1%
ppable UX prototype? UXPin 3.7%
Mockplus 18.5%
Invision 22.2%
Other ... 3.7%
User-Interface Design
Whiteboard 28.1%
Pencil and paper 31.3%
QN 23 vai};ichilat;oeli (:li}}a]g}e/s?o yolu use to7move from Balsamiq 9.4%
gn elements! Sketch 37.5%
None 12.5%
Other ... 3.1%
Balsamiq 29.6%
ON 24 Which tools usually do you use to make a Mockplus 18.5%
tappable UI prototype? Invision 29.6%
Other ... 3.7%
When you finish all UI screens, do you Yes, frequently 57.5%
QN 25 usually test again click-through “workflow- No 91%
model to be sure that it still works and have
correct dataflow? Sometimes 33.3%
o ‘ Yes, frequently 61.8%
SE sk o er eadback N 9%
Sometimes 32.4%
Sometimes 27.3%
Zeplin 6.1%
Do you usually use any tools to ensure a Sketch 27 49,
QN 27 smooth transition from design to the
development process? Which? Photoshop 42.4%
None 18.2%
Other ... 3%
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ON Category/Questions Possible Answers % Each Answer
Absolutely agree 43.7%
Do you agree not to move to the o
QN 28 development phase until you get mostly full Agree 18.8%
approval from the customer that this is what Usually agree 28.1%
he wants and needs?
Disagree 9.4%
Design Technical Decisions
Native platform 60.6%
Which approaches do you usually use to . N
QN 29 build your app? Cross-platform hybrid 36.4%
Web technology 33.3%
Java 56.3%
C 3.1%
C++ 6.3%
C# 34.4%
Go-lang 0%
Which languages do you usually use to build ~Javascript 46.9%
QN 30
your Web API? PHP 43.8%
Python 9.4%
Ruby 0%
Haskell 0%
Go 3.1%
Other ... 3.1%
Yes, frequently 35.3%
ON 31 Do you usually use SQL for mobile apps No 11.8%
databases? :
Sometimes 52.9%
HTML 45.5%
Cordova 15.2%
Javascript 45.5%
Phonegap 3%
N 32 Which language or tool do you normally use Tonic 30.3%
Q when you are developing a web platform? JQuery 24.2%
Intel XDK 0%
I'have never developed a web 6.1%
based platform e
Css 30.3%
Other ... 3%
Do you share the importance of choosing the ~ Yes, frequently 51.5%
QN 33 hosting environment with the customer, and No 15.2%
how is it essential in performance and ’
scalability? Sometimes 30.3%




Sustainability 2021, 13, 1909

310f33

Table A1. Cont.

ON Category/Questions Possible Answers % Each Answer
Amazon AWS 31%
ON 34 Which hosting providers do you usually use ~ Rackspace 3.4%
?
for your APIs and Databases? Google-Cloud 44.8%
Other ... 3.4%
Development
When you start the development process, do Yes, frequently 50%
QN 35 you use an iteration model “Sprints- in agile  No 14.7%
?
methodology’ Sometimes 35.3%
When you start planning for the sprint, do Yes, frequently 58.9%
QN 36 you focus. on the Fasks to be ’implement'ed No 11.8%
during this iteration and estimate the time
needed to finish this task? Sometimes 26.5%
Yes, frequently 64.7%
Do you try to reuse code throw the .
QN 37 development process? No 8.8%
Sometimes 23.5%
When you complete a sprint, do you send Yes, frequently 67.7%
QN 38 back the results to your project manager or ~ No 14.7%
your proj 8
. s
quality assurance for review? Sometimes 14.7%
During development, do you usually use Yes, frequently 6.1%
QN 39 tools or platforms ('lee Hockey app) to share No 48.5%
the reviews or testing with other developers
or with the client? What are these tools? Sometimes 45.5%
Testing
Yes, frequently 66.7%
In functional testing, have the testing team N
QN 40 have a test plan and list of actions to check? No 6.1%
Sometimes 27.3%
Use.r—frlendly—Usablhty 77 4%
testing
Responsiveness and its
performance-performance 54.8%
ON 41 Which one of these testing do you use to test testing-
app features? Regression testing-testing 38.79%
previous sprints- o
User acceptance testing 67.7%
None 6.5%
Other ... -
Yes, f 1 47%
Do app designers review each feature to be es, frequently /
ON 42 sure that their vision was implemented as No 2.9%
described in the design phase? -
Sometimes 50%
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Table A1. Cont.

ON Category/Questions Possible Answers % Each Answer
Amazon AWS device farm 12.5%
Native tools 25%

If you are using automated specific device

QN 43 testing, which tools you are using? Google-Firebase 28.1%
Idon’t use 53.1%
Other ... 3.1%
Deployment and Monitoring
Yes, frequently 58.8%
After deploying your app, do you monitor N
QN 44 app store ratings and reviews? No 8.8%
Sometimes 29.4%
Sentryfor app crashing 6.5%
HockeyApp for app crashing 6.5%
Facebopk Analytics for app 19.4%
Analytics
Apptentive for app Analytics 3.2%
ON 45 Which one of these tools do you use to help ~ Google Analytics for app 6.2%
you in monitoring your app? Analytics
Appsee for app Performance 6.5%
Prometheus for app o
6.5%
Performance
None -
Other ... -

Finally, can you specify the time needed in
every stage in the mobile development
process in percentage? 1. Planning and

QN 46 strategy. 2. User experience and user
interface design. 3. Development. 4. Testing.
5. Deployment and monitoring. % Example
of answer: “ 1: 20%, 2: 30%, 3: 30%, ... .
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