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ABSTRACT In themodern era, information technology-based solution providers are encountering a growing
request for satisfying the versatile requirements of their customers in terms of software applications. To this
end, specific approaches have been designed to streamline the way of accomplishing software projects in an
efficient manner, i.e., agile-oriented frameworks. Even though previous studies have highlighted variations
of such a framework, the literature has not addressed the adaptations required in response to the gradual
maturity of a wide-ranging case study dealing with software applications. Following a case study-oriented
methodology, this paper focuses on elaborating a set of workable maneuvers to mature the Scrum framework
when applied to portfolio management. Particularly, we highlight how Scrum should be adapted from
its basic setting to a vision and goal-oriented configuration or Scrumban under certain conditions. As a
maturing practice, we propose a heuristic scoring technique to determine the sprint length of subprojects
with different characteristics in the context of a portfolio. The study also introduces a multi-level refinement
structure to enhance the monitoring of the teams’ performance under the proposed mature framework. The
results obtained display a considerable spike in the realization rate of release planning in light of the actual
performance.

INDEX TERMS Agile methodology, project management maturity, smart cities, sprint length, adaptive
project portfolio management.

I. INTRODUCTION
The increasing trend of using software-based utilities beyond
the distinguishing nature of the software development pro-
cess has surged active participants to tailor the prevalent
methodologies for managing such projects ([1]). The flexi-
ble domain of the software projects does not align with the
rigid structure of the classical waterfall methodology. In the
waterfall methodology, ‘‘the project is broken down into a
sequence of tasks, with the highest-level grouping referred to

The associate editor coordinating the review of this manuscript and

approving it for publication was Huiyan Zhang .

as phases’’ (Chapter 18 of [2], pp. 449-492). Hence, a formal
process takes place where the single phases comprise a list
of detailed tasks accompanied by documentation and exit
criteria. In contrast, the concept of agile methodology entails
the application of an iterative and incremental approach for
building up the desirable scope.

The agile methodology has been recently extended into
several branches. The most popular extension can be
attributed to the Scrum framework, which breakdowns the
whole list of requirements into smaller batches. The list is
entitled product backlog and is formed by product back-
log items. Following special instructions, the product is
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incrementally developed without the necessity of sticking to
a pre-defined set of sequences while respecting inevitable
changes in customers’ requirements. However, there is not a
single variation of the Scrum framework that could guarantee
the projects’ successes under any circumstances and during
all periods of the lifecycle.

As a project is matured, it must be synchronized with the
ongoing condition. In other words, prescribing the accurate
version of a framework like Scrum that fits well the projects’
requirements at different stages of the product lifecycle is
of paramount importance. This is exactly the topic of the
current study, which deals with proposing applied practices
for maturing not only a single software project but also a set
of projects at the portfolio level.

This study is centered on a specific aspect of the broad con-
cept of portfolio management, namely, framework-oriented
maturity. Portfolio management encompasses a variety of
aspects such as the selection of the subprojects and the related
processes for managing and handling them. We focus on
illustrating how the Scrum framework has been adapted to
cover a growing number of subprojects with different char-
acteristics in the context of the portfolio management of a
real case study. Other facets such as the subprojects selection
and relative functional processes are out of the scope of the
current paper.

For the sake of completeness, we add that in the case
study, the selection of the subprojects was performed based
on the strategic plans. Also, the communications between
subprojects, such as risk and cost management, were carried
out based on the associated knowledge areas of the PMBOK
framework. However, these aspects are peripheral to the main
focus of this study and are not considered further.

Additionally, the meaning of ‘‘maturity’’ in this paper is
different from that of agile maturity assessment. In a model
of agile maturity assessment, there are some factors that mea-
sure the maturity of each unit (e.g., team/organization). Based
on such an evaluation, the maturity level of each unit is deter-
mined, and the requiredmaneuvers are prescribed for enhanc-
ing the corresponding preparedness level ([3]). In this article,
the term ‘‘maturity’’ refers to how the underlying framework
is matured and evolved. The present study does not aim to
measure the capabilities of the units’ agility towards releasing
software. Its objective is to show thematurity and evolution of
the Scrum framework of the proposed real case study within
a given time interval.

The rest of the paper is structured as follows. Section II
reviews the relevant literature in order to highlight the contri-
bution of this paper compared to previously published stud-
ies. Section III describes the case study and related maturity
framework in detail. Section IV summarizes the empirical
results and implications that follow from implementing the
maturity procedure. Section V discusses the advantages and
managerial implications of the outputs of this study as well
as its limitations. Possible extensions and future research
directions are also highlighted. Section VI concludes.

II. LITERATURE REVIEW
This section is composed of three subsections. The first sub-
section provided the background for the agile-based termi-
nology adopted through the paper. The second subsection
reviews the previous related studies. The third subsection
highlights the contribution of the proposed work.

A. AGILE-BASED TERMINOLOGY
This section concerns the terms ‘‘approach’’, ‘‘model’’,
‘‘method’’, ‘‘methodology’’, and ‘‘framework’’ within our
study and the well-foundedness of their use based on the
existing agile literature. In particular, it is worth to clarify the
reasoning behind attributing methodology and framework to
the agile and Scrum concepts, respectively.

Following [4] and based on the context, agile and its vari-
ations can be associated with approach, method, framework,
methodology, practice, and similar terms.

Herein, agile is referred to as methodology since it is
embedded in the body of project management methodology.
Regarding this specific context and in the same vein as
[5] and [6], the term agile is interpreted as the agile project
management methodology or agile methodology. Further-
more, Reference [6] implies that methodology is used when
it comes to focusing on the policies related to framing the
elements of a framework. In this paper, the term agile is used
exactly with the purpose to address the policy and procedure
of managing a project with respect to the iterative concept.

On the other hand, Scrum is referred to as framework since
its application to the current paper is very much in line with
the definition of framework provided by [7]. According to this
definition, Scrum is a framework as it addresses principles
and guidelines for accomplishing the project. More precisely,
quoting [8], ‘‘Scrum is not a prescriptive process; it doesn’t
describe what to do in every circumstance. Scrum is used for
complex work in which it is impossible to predict everything
that will occur. Accordingly, Scrum simply offers a frame-
work and set of practices that keep everything visible.’’ The
community of Home of Scrum also has considered Scrum by
the term framework: ‘‘Scrum is a lightweight framework that
helps people, teams and organizations generate value through
adaptive solutions for complex problems’’ ([9]).

Despite the above justification for adopting the termi-
nology ‘‘agile methodology’’ and ‘‘Scrum framework’’,
it remains the fact that both the academic and professional
communities are not unanimous about how to exactly char-
acterize agile and its byproducts. One can easily find mul-
tiple studies in the agile literature where the authors do
not distinguish among ‘‘agile approach’’, ‘‘agile framework’’
and ‘‘agile methodology’’, or between ‘‘Scrum approach’’,
‘‘Scum framework’’ and ‘‘Scum methodology’’. Terms like
‘‘approach’’, ‘‘model’’, ‘‘method’’, ‘‘methodology’’, ‘‘frame-
work’’, are mostly used as synonyms and often inter-
changed several times within a given paper/book ([10], [11],
[12], [13], [14]).
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B. RELEVANT STUDIES
Despite the recent attention of researchers to software devel-
opmentmethodologies, the literature suffers from empirically
exploring the maturity procedure of a specific agile method-
ology like Scrum. This is particularly the case when dealing
with the modifications that should be enacted in response to
managing a portfolio of information technology (IT) projects
that are expanded over time ([15]).

Reference [16] studied the conformity of the agile project
portfolio management with the standard one in the context
of 30 organizations varying from 5 to 15 teams. Focusing on
the telecommunications sector, they tried to provide a clear
understanding of the special characteristics related to the
implications of the project portfolio management in an agile
manner. The software development methods of the surveyed
companies were Scrum, Kanban, and Rational unified pro-
cess. The evidence showed that the standard project portfolio
management might not be applicable due to the high level of
interdependencies between agile teams. Furthermore, for the
sake of adjusting the traditional method, efficient remedies
for enabling the indispensable features related to routines and
structure of the agile methodology were pointed out.

By underlining the scarceness of works related to manag-
ing agile projects at the portfolio level, [17] enumerated the
corresponding steps for tailoring the agile portfolio manage-
ment. They included adjusting the organizational structure
beyond content and procedure of the ongoing portfolio to
the agile-based one throughout the project lifecycle. To better
elaborate on the issues pertaining to the agile project manage-
ment portfolio in practice, he also addressed the case studies
of the previous studies.

The case study of [18] illustrated the difficulties to achieve
an agile portfolio level for small and medium sized enter-
prises. The authors concluded that Ocuco Ltd could not suc-
cessfully implement the scaled agile frameworkmethodology
at the portfolio level while effectively surmounting the team
level. The empirical study proposed by [19] focused on trig-
gering the processes enhancing collaboration with customers
into the traditional portfolio management. They concentrated
on the Kanban version of the agile in the project portfolio
context. Reference [20] injected the agile practice, instead
of the waterfall one, into the portfolio management of the
research and development projects of a matured manufactur-
ing company. The author highlighted the limitations arising in
the sequencing problem of accomplishing the tasks, tracking
the work items from team to portfolio levels, and so on.

Reference [21] also considered the transformation steps
and challenges derived from dealing with the agile structure.
Apart from building cross-functional teams and institution-
alizing the common elements of the framework, significant
attention was paid to the continuous integration of the dif-
ferent components defining the working scope. The results
obtained suggested employing more than one agile method-
ology instead of having a common one for managing all the
projects of the portfolio. The prime challenge of the Paf.com

case study was to select the set of tasks covered in the releases
triggered by the lack of visibility over the priorities of the
business ([22]). The problem was resolved by designing a
hybrid approach consisting of the project management body
of knowledge and the tools of stage-gate models.

Reference [23] categorized the contributions of previous
studies in the context of quantitative maturity models related
to software engineering. Their study illustrated the increasing
trend exhibited by project management maturity using agile
development practices. Reference [24] considered critical
factors to successfully mature the IT-based projects drawing
upon processes, outcomes, and roles of project managers. The
authors noted that the IT projects could not be successful by
fulfilling either the expectations of a single stakeholder or
focusing on outcomes while neglecting the resultant cost.

Reference [25] explored the use of Scrum framework in a
telecommunications company using a survey-based question-
naire. Leveling the maturity degree of the Scrum framework
from 1 to 5, a significant number of maneuvers were devised
to maximize the accurate utilization of such a practice in
the company. The authors only provided recommendations
without describing the details. For instance, they mentioned
the necessity of creating key performance indicators (KPIs)
to evaluate the performance of Scrum teams. Reference [26]
argued that since the popular software project management
methodologies have been developed byWest/European coun-
tries, they should evolve now focusing on their application
to developing countries. The authors addressed the necessity
of providing an evolutionary software project management
methodology that considered the lack of professional human
resources, presence of financial problems, and rigid organi-
zational structures.

Reference [27] measured the maturity level of Malaysian
IT companies. A grading instruction was adopted when
considering small and medium-sized companies to jus-
tify whether the maturity level was at a satisfactory sta-
tus. Reference [28] adapted the Scrum framework to carry
out research-type projects rather than software development
ones, concluding that in practice the configuration of the
Scrum framework entails being continuously used by the
employees. Reference [29] compared agile practices under
the Scrum and Kanban frameworks. They explored the fac-
tors conditioning the preference for either framework under
varying circumstances. For instance, Kanban outperformed
Scrum when considering constant changes in the project
scope or the presence of inexperienced teams. Scrum was
recommendedwhen dealing with a high level of team engage-
ment or a project-based environment.

Reference [30] concluded that one of the main inputs of
the agile software product management process is product
vision, which should be updated gradually. According to
their proposed terminology, the expectations of the stake-
holders constitute the vision, which is converted to themes
used for highlighting the essential outputs of the product.
Each theme is then segmented into smaller elements called
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TABLE 1. Literature review in a nutshell.

Concepts. Product requirements are extracted as proposed
solution stories pertaining to the Concepts. Reference [31]
introduced the goal-oriented agile practice for minimizing
risks and vulnerabilities during software development. It is
aimed at detecting underlying interdependencies between the
goals while considering the predecessor/successor criterion
within the planning.

The story point is a specific tool to measure the com-
plexity of tasks during planning in the Scrum framework.
Reference [32] deemed the concept of story point as one
of the embodiments of agile maturity over time. The study
analyzed the improvement of the estimation accuracy of story
points by imposing notifications of both quality assurance
engineers as well as product owners. An alternative matur-
ing practice consists in tuning the settings of the Scrum
framework. In this regard, [33] used a multi criteria decision
making-based approach to optimize the sprint length of agile
software development in terms of the underlying cost and
work intensity of the planned work. However, their approach
requires a cumulative distribution function related to the pat-
tern of performing user stories, which makes it intractable for
projects with lacking data.

C. CONTRIBUTION
Table 1 reviews the related literature, illustrating how most
of the relevant works either conducted a survey or are
review-based studies. These papers focus on assessing the
validity of specific hypotheses and eliciting future research

developments regarding maturity and improvement facets in
agile methodology. Studies rarely propose applied frame-
works for maturing agile portfolio project management in
the presence of more than one practice. The current paper
is readily distinguishable from the previous studies by lay-
ing a strong and applied emphasis on the maturity of the
Scrum-based software portfolio projectmanagementmethod-
ology in three ways.

I. To begin with, the proposed combination considering
multiple drivers of maturity has been absent from the lit-
erature. The main consequences from introducing such a
combination are reflected in the realization rate of planning,
whose increasing trend is illustrated empirically.

II. Furthermore, our methodology simultaneously employs
Scrumban and classical and goal-oriented Scrum frameworks
under flexible settings.

This is a non-trivial adaptive remedy to fulfill the require-
ments of the portfolio management being inclusive of sub-
projects with an inherently distinctive scope and, at the same
time, correlated characteristics. In this regard, a basic set-
ting of the Scrum framework such as the subprojects’ sprint
length is heuristically determined through the designed scor-
ing method. This method consists of a weighting method in
which the importance levels of the underlying factors can be
evaluated based on a scale of three values, namely, 1 (low),
3 (medium), and 5 (high). For each subproject, the sprint
length is determined by the total points assigned to the sub-
project. The scores of the subprojects are then mapped into
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representation intervals defined according to the experimen-
tal setting.

III. Lastly, the study provides a comprehensive set of met-
rics for constantlymonitoring the project lifecycle throughout
all the steps of the Scrum framework. These metrics can
also be applied to inject the necessary insights into the key
participants of the project.

III. SOFTWARE PROJECT MANAGEMENT MATURITY
The current paper provides a basis for answering the research
question of how variations of the Scrum framework can
be used to yield maximum efficiency when managing a
wide-ranging portfolio of software projects. To devise the
practical maneuvers required to adapt and mature the Scrum
framework for software projects, the research methodology
of this paper is laid out in the context of a real case study.
The scale, structure, and special characteristics of the case are
introduced first. Then, the proposed maturing and refinement
body associated with the case study is set out in the presence
of step-by-step enlargement of the case’s scale and real work
constraints.

A. CASE STUDY
The case study of the paper is shaped with respect to a project
called Smart City Mega Project (SCMP), directed by the
large-scale IT solution provider FANAP Company in Asia.
Our case study includes a wide range of software applications
intended to encompass a variety of platforms designed to
facilitate the lifestyle of human beings in the context of smart
technologies. Table 2 describes the typical areas of SCMP’s
subprojects that are gradually created owing to the orders of
indigenous and endogenous stakeholders as well as request-
based requirements.

Starting in 2017, the project was initially set out to institu-
tionalize digital transformation in the banking industry in the
form of fintech-led facilitators such as Neobank. Gradually
and under the financial support of a mega-scale holding,
different businesses have come across each other to inject a
wide spectrum of smart solutions into the project. The project
currently involves a portfolio of 32 subprojects distributed
through the general categories of basic platforms, entertain-
ment, tourism, healthcare system, education, and fast-moving
consumer goods. For instance, the basic platforms category
includes the development of core functionalities for running
software applications such as Single Sign-On (SSO), digital
wallet, Internet-of-Things (IoT) manifesto, cloud services,
and messenger system.

As the size of the portfolio grows through time and dif-
ferent types of subprojects are defined, designing a flexi-
ble yet practical project management methodology becomes
crucial. Herein, it will be shown how the software project
management methodology can be matured to come up with
both an increasing quantity and inherently different nature of
subprojects. This feature will be illustrated in terms of the
SCMP real case study.

TABLE 2. Typical working areas of SCMP’s subprojects.

B. MATURITY PROCEDURE OF SCMP
At the inception of the project, the agile project management
system was used to coordinate related activities by focusing
on the Scrum framework. At that time, the multiplicity of
subprojects was not as high as today. In fact, SCMP began
with a single project in the general category of basic plat-
forms. The trend of SCMP’s exponential growth has been
gradually broken by setting up new working areas associated
with an IoT-based platform, ticketing system, social welfare
application, and so on. These spikes in the portfolio size
were accompanied by increasing interdependencies between
subprojects.
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Methodologically speaking, the Scrum framework has
been utilized from the beginning and is still used to frame
90% of todays’ ongoing subprojects. Scrumban has been
used for some subprojects due to its inherent request-oriented
structure. Other subprojects consist of Hybrid Scrum with
extreme programming whose release planning is made up of
the targets defined in the roadmap. In terms of the method-
ological timeline, even though the Scrum framework has
been the cornerstone to managing subprojects, it has been
gradually matured to fit well with the SCMP’s dimensions
and requirements.

Fig. 1 provides a graphical representation of the sequence
of maneuvers adopted for maturing SCMP portfolio manage-
ment. Each one of the maneuvers represented in the figure
relates to one of the subsections among III.B.1 to III.B.7,
where it is introduced and discussed with respect to its appli-
cation to the case study. The first two maneuvers, involving
agile goal-oriented roadmap and incorporating Scrumban are
related to III.B.1. The third and fourth maneuvers, taking
story point into account and defining retrospective KPIs, are
associated with III.B.2 and III.B.3, respectively. The fifth

FIGURE 1. Maneuvers for maturing SCMP portfolio management.

and sixth maneuvers, facilitating SOS and providing a basis
for the Scrum-based tools pertain to III.B. 4. The seventh
maneuver, setting the sprint length, relates to III.B.5. The
eighth and ninth maneuvers, considering the management of
the peripheral activities and customizing the scheduling is the
focus of III.B.6. The last maneuver, providing a multi-level
refinement tool is related to III.B.7.

1) CONSIDERING ADAPTIVE FRAMEWORKS TO MANAGE
THE PORTFOLIO
We start by demonstrating why the goal-oriented approach
and Scrumban framework are used to deal with the incompat-
ible nature of the underlying subprojects within the portfolio.
There was no certain roadmap when preparing the initial
release planning for a period of threemonths. Time has shown
that devising a vision for products is a must. Although the
main skeleton follows the agile methodology, the planning
space could be isolated from the prime objectives and vision
of the subproject in the absence of a roadmap. This roadmap
should clarify the progressive process of the product.

The main drawback from implementing the standard
Scrum in our case study involved consecutively advancing
the features of subprojects absent future insights regarding
the works’ residuals. Consequently, the value assigned to the
done features as a percentage of accomplished subprojects
was not transparent. By conducting the necessary evaluations
and reviewing the best practices, the agile roadmap, which is
a goal-oriented method, was put into practice. In this regard,
product owners were supposed to devise the objectives for a
specified predictable timeline. Note that the agile terminol-
ogy does not allow to plan for a long interval period due to
the speed of technology advancement, underlying changes,
and risks of software projects.

Taking the goal-oriented roadmap into account, product
owners were asked to visualize the backdrop of a release plan
and specify customers’ requirements as user stories. Product
owners were indeed supposed to draw up master features,
objectives, andmilestones according to the recent needs of the
subprojects and the system analysis conducted. The release
plan was extracted from said roadmap thereby transforming
Scrum into extreme programming. By institutionalizing the
roadmap, positive consequences were brought about, illumi-
nating the trajectory of the next release.

The completion of the product is a key indicator to justify
the functionality of the approaches adopted to promote the
management methodology of the subproject. When subpro-
jects were planned in a feature-based structure, a specific
progress percentage (e.g., 70%) did not convey the level of
accomplishment of the whole product. In other words, the
roadmap-based methodology sheds light on the realization
route of the product and avoids the short-sighted perspective
of project management.

In this regard, releases are defined considering the objec-
tive and master features of the proposed roadmap. The
matured methodology can facilitate computational progress
by highlighting the contribution of each feature to product
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accomplishment. As a result, the evaluation of each team
becomes more accurate, specifying whether a task fulfilled
is critical to realizing the objectives of the roadmap or a
refinement related to the previous features. The tractability of
the subprojects is eased, and new types of features declared
within the evolved methodology.

On the other hand, it has been observed that not all
teams can be assigned periodic release plans and a subse-
quent roadmap. These teams must be deemed request-based
subprojects. These subprojects are managed by Scrumban,
through which they are planned and go through an execution
phase. The most common request-based subprojects consist
of developing reporting dashboards, generating content, and
designing user interfaces and user experiences for different
subprojects. Kanban is not appropriate for our type of request-
based subprojects since its inherent terminology does not
concentrate on capacity assignment. It mainly works by pri-
oritizing and monitoring the work in process backlog items
within its to-do, doing, and done columns. In the proposed
Scrumban, the velocity and capacity of the corresponding
working teams are assessed through the feedback received
from daily and demo-planning meetings.

2) INCORPORATING STORY POINTS
Similarly, to neglecting product vision, story points had also
been initially ignored and planning was done in terms of the
capacity and man-hour of the team members. This avoided
comparing the performance of the teams involved when fac-
ing tasks of different complexity, duration, and priority. Given
the increasing growth in the number of subprojects, the con-
cept of story point has been injected into the body of project
management methodology.

3) MONITORING THE MEETINGS’ OUTPUT
Meetings and events associated with Scrum, particularly ret-
rospective gatherings, have become more purposeful. Ini-
tially, in the retrospective meetings, members stipulated the
strengths and drawbacks of the corresponding team, which
entailed pondering suggestions to improve the result and
imposing decisive action plans. However, nowadays, a set
of KPIs is extracted from the discussions taking place in
these meetings and relative targets are set. For instance, if the
deliverables’ tardiness is inappropriate, an updated delivery
time is considered for the next release.

4) DEVELOPING A CUSTOMIZED PROJECT
MANAGEMENT SYSTEM
The next project management challenge pertains to the inter-
dependencies existing between the increasing number of
subprojects. Accordingly, the features of one release in a
subproject are interconnected with the features defined for
the release of another one. In response, several Scrum of
Scrums (SOS) meetings were held. The need for this sort of
meetings has been gradually covered by the development of a
customized project management system. The interconnected

works between subprojects are handled by this customized
system, which leads to shortening the SOS meetings.

By issuing a specific request, the recipient may ask for
clarification meetings where the upcoming requests of the
interdependent teams are addressed. This sets the basis for
drawing up the subsequent release planning of the master
subprojects, e.g., platforming the category of basic platforms.
In other words, the registration of requests should lead the
influencers of the main subprojects to consider the tasks
required in their upcoming roadmap, release planning, and
so on. Complementarily, the scheduling of the subprojects is
tunned based on the corresponding feature planning, which
enables a high level of collaboration between teams.

In the beginning, there was no specific sort of Scrum tools
except the physical board. Tasks are currently registered in a
shared framework called Share Point, which brings about a
platform for managing knowledge. In addition to preserving
the documents generated, Share Point stores other routine
companions, such as the minutes of the meetings and the mis-
sion history of the employees. The board of the customized
system has been developed like a Team Foundation Server
project management system ([34]). The customized system
manages the requests of the teams involved and constitutes
the main tool for handling the Scrum-based framework and
conducting release and sprint planning.

5) ADJUSTING THE SPRINT LENGTH
Another change associated with the monitoring of the teams’
tasks involved the duration of the sprints. One of the notice-
able concerns in the SCMP’s Scrum-oriented framework
implied considering a prudent time interval for the sprint
sessions. Previously, a similar two-week period was assigned
to the sprint time of every subproject.

Due to the high volume and wide range of differentiation
among SCMP’s products, it was essential to design a frame-
work to analyze whether a given sprint time fitted well an
ongoing subproject. It became clear that the sprint’s duration
of a specific subproject could differ from that another one
(e.g., one, two, or three weeks) based on their distinctive
characteristics. The key factors included agility, the number
of team members, having endogenous or exogenous stake-
holders, etc. After identifying and analyzing the factors, the
project management office evaluated and ranked the subpro-
jects and assigned them the relevant sprint time.

6) UPDATING SCHEDULING MANAGEMENT
The scheduling management practice of the portfolio of sub-
projects requires updating. The Project Management Office
usually plans the total available time of the team members
involved during a sprint while neglecting any requirements
made to conduct peripheral actions. As a prime example,
a technical leader must carry out certain responsibilities for
supporting, reviewing, versioning, refactoring, and merging
the outputs of his/her teammates. There are also unplanned
tasks with the capacity of disrupting the baseline scheme.
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These time-consuming activities had been ignored in the
planning, leading to unmet accomplishments at the end of
sprints/releases and hedging against the identification of the
root cause of delay by the Project Management Office. This
drawback was avoided by segmenting the full working time
into the working time for conducting feature-oriented activ-
ities and that allocated to deal with peripheral affairs. The
latter was not distinctively planned for the members involved
and baseline planning was still far beyond the actual one. The
work of the relative members must therefore be scheduled
now based on the aforementioned peripheral activities. The
remaining time capacity available was allocated to the activ-
ities required for developing the associated features.

After adopting the new task assignment procedure, the
number of failing and incomplete features during the planning
horizon had been drastically decreased and the performances
of teams’ members had been enhanced. As a technical leader
devoted an explicit amount of time to support and guide
the developers, the reworking and debugging activities were
plunged leading to a higher performance. The working hours
of other team participants such as developers and system
analysts had not been fully allocated to the duties of the
planning horizon. A particular percent of their capacities had
been freed to fulfill unplanned tasks per release planning,
as well as to meet the unplanned requirements of stakeholders
and increase their ability to respond to changes.

The diversity of the portfolio forced the project
management office to customize and adapt the scheduling
terminology per type of subproject. For none-employer-
based subprojects, there was no work breakdown structure
or progress percent since the scope entails a higher level of
variability in comparison with employer-based subprojects.
When managing such subprojects, roadmap, release backlog,
and sprint backlog were used to derive the work breakdown
structure and progress report. The milestones of the schedul-
ing were determined with respect to the objectives and master
features. For employer-based subprojects, the work break-
down structure was prepared, the relevant activities defined,
and the tasks scheduled in the specific releases and sprints.
Afterward, daily/milestone-oriented progress and refinement
reports were geared up for managerial decision-making.

7) PROPOSING MULTI-LEVEL REFINEMENT PATTERNS
To synchronize the reporting outputs of the SCMP’s project
management practice with its gradual maturity, a multi-level
refinement framework was presented. In the first level, the
daily progress was measured by scoring the burndown power
and deviation from baseline planning. At the end of each
sprint, performance, team power, and speed metrics were
calculated. The former is the ratio of done hours from the
completed tasks to the total planned hours whereas the lat-
ter compares the rate of done tasks with the power of the
team. Similarly, the amounts of done story-points, new fea-
tures/requirements, improved features/requirements, support,
and bugs fixed were obtained per sprint. Furthermore, the

realization percent, earliness, lateness, and changes of every
release were all considered.

When evaluating the refinement statistics, a lower num-
ber of tasks with changed scope indicates a more accurate
definition of the user stories and identification of customer
needs. Exploring the quantity of resources involved while
estimating the volume of remaining work constitutes another
refining technique for a subproject. The evaluations required
were performed through a detailed analysis of the product
owners prior to the start of a release. Finally, the S-curve
was generated combining user stories time, point, and count.
It was used to illustrate the deviation between the baseline and
actual planning in the context of a given period. Following the
roadmap, the accomplished percent of the proposed master
features and objectives were also evaluated.

IV. EMPIRICAL RESULTS
We describe below the tangible results and implications from
adopting the above maturity steps. These results illustrate
how the framework implemented contributes to the realiza-
tion rate of planning, the scoring method for determining the
sprint length works, and KPIs should be defined to assess
the meetings’ output. Furthermore, we illustrate both the
working mechanism of the proposed multi-level refinement
process together with the application of the developed project
management system.

A. GOAL-ORIENTED PLANNING AND CAPACITY
MANAGEMENT OF MEMBERS
In terms of remedies pertaining to the product roadmap and
management of the working time of teams’ members, focal
symptoms can be monitored within the realization status of
the releases. The realization rate is equal to the percentage
of the done (delivered) story points divided by the planned
ones. To analyze the consequences, we focus on a subproject
that has gone through both classical and matured methodolo-
gies. The comparison of five consecutive releases, prior and
subsequent to running the maturity’s maneuvers, delivers a
significant improvement of 23.5% in terms of the planning
realization rate.

Fig. 2 illustrates how the new methodology outweighs the
initial one, narrowing the gap between the baseline and actual
planning by enhancing the realization rate of releases. Note
that, the subprojects of the first five releases were managed
applying the initial methodology. The new methodology was
used for the remaining releases.

Counteracting deviations from the planned releases could
not be isolated from the impact of managing the capacity of
teams’ members by involving peripheral activities.

For instance, 20% and 10% of the total release working
time was assigned to the unplanned and refactor type of tasks,
respectively.

These values were chosen based on the observation of the
experimental setting of SCMP. Considering different release
plans, it was observed that 20% and 10% of the actual work
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FIGURE 2. Planning realization trend of releases in terms of initial and
new methodologies.

was related to the unplanned and refactor-oriented activities,
respectively.

Although these two values, 20% and 10%, were not
obtained through an optimization formulation, it is clear from
the experimental results that such a time allocation has signif-
icantly contributed to the completion of the tasks of SCMP.

Following the same logic, the float was projected into
the sprint planning together with the corresponding support,
refactor, code review, and clarification-based user stories.
Code review and clarification were specifically designed for
the technical leaders while the other stories were also defined
for the development team. Notably, the perceived impact
of considering goal-oriented planning and capacity manage-
ment of members is to considerably improve the releases’
realization rate and offer flexibility to the planning horizon.

B. VARIABLE SPRINT TIME
As discussed before, finding the appropriate sprint interval
for different types of subprojects was deemed one of the
underlying maturity steps. A heuristic score-based method
has been proposed in which the subprojects with higher
scores involve larger sprint times and vice versa. The method
estimates the sprint period of a subproject according to the
summation of the points attributed to a number of factors,
which include the scale of user stories, stakeholder feed-
back/delivery time, frequency of changes, Scrum culture and
commitment, degree of refinement, and exposition level to
unknown risks.

Regarding each subproject, low, medium, and high labels
were assigned to the factors. These labels have been associ-
atedwith a three-value scale of 1, 3, and 5 points, respectively.
Six factors were considered. Table 3 describes the factors
and the corresponding tendency patterns. Table 4 is used to
aggregate the results. Note that the opinions of the experts
were considered when determining the duration of the sprint
period for the in-between scenarios.

Given six factors and the three-value scale, the lowest
possible score that a subproject could acquire, was equal to 6.
That is:

6 (number of factors)× 1 (minimum points of each factor)

= 6 (lowest possible score of each subproject)

TABLE 3. Factors used to estimate sprint periods.

TABLE 4. Rule determining the Sprit period.

Similarly, the highest possible score of a subproject
equals 30. That is:

6(number of factors)× 5 (maximum points of each factor)

= 30 (highest possible score of each subproject)

Moreover, since the sprint intervals of the agile methodol-
ogy are usually short, 1, 2, and 3weekswere considered as the
possible sprint periods. More precisely, the subproject with
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the lowest score (i.e., 6 points) was assigned one week sprint
length. The sprint length of the subproject with the highest
score (i.e., 30 points) was set to be three weeks. Additionally,
for the scores that fell in the intervals [7], [17], [18], [29], the
experts assigned a sprint period equal to one or two week(s)
and two or three weeks, respectively.

Note that, the lengths of the intervals in Table 4 follow
a specific and consistent rule. The first and last categories
are extreme cases and include just a single value, that is,
the lowest (i.e., 6) and highest (i.e., 30) obtainable scores,
respectively. The in-between categories include almost the
same amount of remaining integer numbers between 6 and
30. Indeed, the available 23 integer numbers were divided
into two categories. In order to keep a consistent format, one
category involved 11 values (i.e., all integers in [7] and [17])
and the other one contained 12 values (i.e., all integers in
[18] and [29]).

The constant sprint period of three weeks considered for
all the subprojects has been changed into the specific val-
ues resulting from the underlying method. For instance, the
sprint length of a request-based subproject associated with
designing the user-interface of the systems was turned into
one week. Subprojects in the working areas of security issues
and delivering a message to a set of recipients have been
planned using sprints of twoweeks. The sprint period of some
subprojects has remained intact and equal to three weeks.
This is the case for the subprojects in the working area of
communication platforms.

To illustrate the reasoning behind thesemodifications, con-
sider the request-based subprojects within Scrumban. Their
sprint length has been shortened to one week since the fre-
quency and changes of requests are high and deliveries should
be accomplished in short periods. Thus, the preference is to
have 10 outputs in oneweek instead of achieving 20 shippable
products in two weeks, accelerating the requirements of the
dependent subprojects. By equipping the subprojects with
such preferences, the proposed practice could contribute to
the efficient accomplishment of SCMP’s portfolio.

C. DEFINING KPIS IN RETROSPECTIVE MEETINGS
Navigating the retrospective meeting in a meaningful manner
is strictly dependent on the content and queries raised by the
parties involved in the session. For instance, assume that the
participants – based on the ongoing performance data of a
team – detect either a high rate of bugs or a low number of
outputs. Then, the associated improvement percent would be
amongst the KPIs of the next release. Assume that tasks are
suspended after a review check.

The minutes of the meeting should include the percent of
user stories waiting to be validated for more than two days in
the next planning period. Moreover, a comparative KPI can
be set to assess the ratio of user stories that are moved to the
QC column within the deadline while excluding refinement-
type tasks. Tasks such as code cleaning, swaggering, updating
docs, and preparing test cases are not counted since they

do not need QC tests or require any commitment from the
product owners to be delivered.

In a nutshell, the perceived impact of defining KPIs in
retrospective meetings is grounded in making the meeting
sessions more purposeful. Such a change provides an oppor-
tunity for taking the observations and comments of the mem-
bers and participants of the project into account. It is indeed
worth to understand whether a subproject has been improved
in terms of a specific KPI based on observations and com-
ments of the members. In this regard, the portfolio can be
improved by using the wisdom of the members and their
constructive hints over a particular facet of the project.

D. ACQUIRING SCRUM OF SCRUMS BY THE CUSTOMIZED
PROJECT MANAGEMENT SYSTEM
In the portfolio management framework, the practice of
accumulating requests from various subprojects is suitable
to efficiently ease the planning of the platform layer that
provides services for other products. In this respect, new
requests should be discriminated if they were to compromise
a release and intervention in the original planning should be
minimized.

As described earlier, to preserve the flexibility of the
proposed matured Scrum framework, 20% of the release
working time is reserved for carrying unplanned user stories.
If portfolio requests were not collected, the rate of unplanned
activities would violate the limits imposed and achieving the
Scrum of Scrums using the most suitable tool becomes a
must. Aggregating the requests of all teams leads to the total
backlog of SCMP. It must be emphasized that some of these
requests are services that should be prepared by other teams
to develop the output required by the stakeholders.

For example, a subproject that involves finding grocery
applications needs a tool to search the marketplace for deal-
ers. This request is sent to a team that is responsible for
managing the system’s content. This team assigns the request
to the artificial intelligence team, which, in turn, engages
another team that runs the service wrapper. Note that a total
of four teams will be involved.

First, the artificial intelligence team has to implement the
search tool while requesting the actions necessary to wrap
the service. Then, the subproject calls the resultant service
from the working team to manage the context of the sys-
tem. Capturing these interconnected requests, specifically in
large volumes, is only possible if an integrated information
management system is used. In fact, SCMP is equipped with
a customized project management system. Being able to
continually update the SCMP backlog in a regular manner
is the main purpose of creating Scrum of Scrum through the
customized project management system.

E. MULTI-LEVEL REFINEMENT FRAMEWORK
Refinement at the release level is conducted by computing the
corresponding deviation metrics, categorizing user stories,
and analyzing the S-curve report. As shown in Table 5, devi-
ations from the release plan are assessed in different ways.
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TABLE 5. Deviation metrics to refine release planning.

From a general perspective, the relative change between the
initial and final release plans is obtained by taking the volume
of releases into account. Computing this volume requires
adding the amounts of story items, story points, and Man/Hr
within a release plan.

For instance, assume that there were 89 items in the initial
release, which turned into 122 items in the final release.
This indicates a 37.08% increase in the story items’ count.
Another deviation metric explores the earliness and tardiness
of subprojects by subtracting theMan/Hrs used to accomplish
user stories from the total capacity of the members of the
teams. Consider the case where 976 and 309.5 hours are
spent to complete planned and unplanned user stories within
a release plan, respectively. A total of 52 working days,
7 working hours per day, and 4 members available to develop
user stories, leads to a capacity of 1456Man/Hr. The resulting
positive difference implies a tardiness of release equivalent to
170.5 hours or 6.09 Man/day behind schedule.

The progressive monitoring of the releases implies double-
checking the deviations of story items, story points, and
Man/Hr in terms of the initial and final plan, separately. The
former computes deviations dividing the difference between
the planned and done number of story items (as well as story
points and Man/Hr) by the value planned in the context of the
initial release. The latter calculates the same formula using
the final release as a reference.

For instance, assume that 64 items out of a total of 89 user
stories are planned in the initial release and 60 could be done
from the initial list. Consequently, 94 items out of the total
122 user stories are planned, which involves 88 done items
pertaining to the final release. As a result, the deviations of the
release progress are 4.49% and 4.92% according to the initial
and final plans, respectively. This comparison reveals that
the extra lag in the actual planning stems from the existence
of unplanned user stories rather than the performance of the
corresponding teams.

At the end of a release, the status of the user stories is also
explored in terms of items’ count, used Man/Hr, and story
points. The categorization encompasses the contribution of
To Do, Rejected, Blocked, Doing, Duplicated, Out of order,
and Done user stories relative to the corresponding factor.
Table 6 describes how to compute the relevant ratios. For
instance, the story point of To Do type stories is obtained
dividing the cumulative count by the total amount of story
points in the To Do list. Shift type statuses refer to the user
stories that need to be transferred from the current release to
the next one whereas out of order items are not moved to the
Doing list due to lack of prioritization.

The final refining step consists in visualizing the com-
parative and cumulative differences in progress between the
baseline and actual plans under the umbrella of the S-curve.
Consider the example presented in Fig. 3. The cumulative
expected progress, as well as the realized one, are calculated
with respect to the count of items and Man/Hr of all user
stories per sprint. It was estimated that 92.62% of the story
items would have been completed in the fourth sprint while
the actual data shows 20.49% less progress. In the same vein,
theMan/Hr utilized falls behind the estimated one by 16.76%.

The categorization of user stories is addressed within
the refinement level of sprints in a more detailed manner.
It describes the status of done user stories in terms of the
frequency of meeting, support, clarification, bug, versioning,
unplanned, and planned ones (a typical example is presented
in Fig. 4). Furthermore, the performance of teams’ members
at a sprint is justified in two ways. First, the state of accepted
works per member is analyzed using a bar chart.

Fig. 5 depicts a ‘‘good performance’’ from the members
of a team in terms of done user stories regarding capacity,
used time, and volume of blocking stories. Note how the
performance of A and D has been weakened due to blocking
tasks related to their user stories. We compute the general
performance of the different team members by dividing the
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TABLE 6. User stories assessment metrics to refine release planning.

FIGURE 3. S-curve describing the refinement of the releases.

Man/Hr used to complete their planned and unplanned tasks
by their corresponding capacities. In our example, the gen-
eral performance coefficients of team members A through
F are equal to 75%, 100%, 100%, 24%, 100%, and 100%,
respectively. Note that, if the sum of planned and unplanned
completed user stories exceeds the capacity, the coefficient of
performance is set to the maximum value of 100%.

The refinement practice concludes by computing the coef-
ficient of performance and speed of the sprint. The coefficient

FIGURE 4. Frequency status of done user stories at sprint level.

of performance is the result of dividing the Man/Hr required
to complete the done user stories by the total time-based
capacity of the team during the sprint. If the numerator of
this ratio is divided by the power of the team, we obtain
the performance speed of the sprint. Power is the product
of capacity and the performance of the team in the context
of the sprint. Both these values are critical metrics providing
significant insights about the participants of a subproject that
can be regularly reported as done in Fig. 6. As a result,
any fluctuations in the performance of the sprints and speed
over different releases, e.g., release 4 (R4) through 8, can be
detected.

Monitoring the daily performance is another step com-
posing the proposed multi-level refinement procedure of
the SCMP’s matured portfolio management. The daily time
devoted to user stories by each member relative to his or her
working hours capacity is illustrated in Fig. 7. The patterns
observed imply that member A has not registered his working
time while B, C, and D have allocated equal, extra, and less
time to focus on the tasks of the ongoing sprint, respectively.

123294 VOLUME 10, 2022



S. Vazifeh-Noshafagh et al.: Maturing the Scrum Framework for Software Projects Portfolio Management

FIGURE 5. Performance of members over the accepted works of a sprint.

FIGURE 6. Coefficient of performance and speed of sprints.

Finally, the burndown graph is employed to double-check the
daily performance of the contributors to the subproject.

This graph compares the planned and actual number of
remaining tasks considering the Man/Hr used daily. The for-
mer subtracts the total Man/Hr capacity from the cumulative
sum of the team’s power whereas the latter computes the
Man/Hr of the tasks available for Product owner-check until
the deadline. Considering the user story items, the graph is
converted into a descending count of the total items minus
those transferred to the Product owner-check column.

Based on the content of Table 7, Fig. 8 schematically
overviews the performance of a team until the fourth day
of the planning horizon. It has been assumed that there are
30 story items, a total capacity of 473 Man/Hr, and the
performance of the team equals 100%. Note that since this
last parameter has been set to its maximum value, the daily
power of a team is the same as the corresponding capacity.

Fig. 8 (a) illustrates how the burndown and remaining
user stories remain unchanged through the first two days due
to the zero capacity of members. When entering the third
day, 49 hours of the capacity are used, and it is expected
that the planned value of the remaining user stories gets to
424 (473 – 49). The Man/Hr of user stories moved to the
PO-check column is equivalent to two hours, resulting in
471 remaining Man/Hr (473 – 2). The first relevant change
in Fig. 8 (b) arises when, on the third day, two user sto-
ries are sent to PO-check resulting in 28 available units

TABLE 7. Sample daily data describing the capacity of a team and tasks
available in the PO check column.

(30 – 2). Fig. 8 (c) summarizes the daily status by computing
the fraction 460/473, which defines a 3% progress at the end of
the third day of our data sample.

In the refinement framework, stakeholders are informed
about the status of the subprojects through general and
detailed progressive data. General data involve illustrating the
S-curve, highlighting excusable and non-excusable delays,
and prospective earliness as well as presenting the percent
of on-schedule, pending, behind-schedule, and ahead-of-
schedule activities.
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FIGURE 7. Typical daily work report registered.

FIGURE 8. Graphs describing daily performance of teams.

The completed, in progress, and upcoming features are
further reported to bring about exhaustive insights for the
decision-makers. Table 8 presents a partial report delivered
to the stakeholders associated with the subproject of a bank
facility carried out by different responsible teams.

Regarding the report, the detailed status of in-progress and
completed activities is shared with the corresponding stake-
holder. This allows the stakeholder to grasp the progresses
that have been made and those that are still to be made. In our
specific case, as Table 8 shows, three activities are currently
behind schedule by 5%, 5%, and 15%. Three activities have
been completedwithin the given deadlines. The responsibility
of performing each activity is also addressed and referred to a
subproject. Therefore, the stakeholder can adopt the required
follow-up for the delayed activities such as displaying, inquir-
ing, and activating the credit cards. Using this type of reports,
stakeholders are kept regularly informed about the detailed
status of the project while their support is secured.

All in all, the discerned influence of the multi-level refine-
ment framework pertains to providing the key participants

of the project with significant information on the baseline
versus actual planning comparison and progress reports. This
information considerably helps the key participants to adopt
the necessary actions for improving the status of the project
at different accomplishment levels.

V. DISCUSSION
This section provides an in-depth interpretation of the results
of the current research. First, a discussion of the advantages
of the results obtained compared with the findings of previ-
ous studies is presented. Second, the managerial insights are
outlined. Hence, the limitations of the performed analysis are
presented. Finally, some future research directions are drawn.

A. ADVANTAGES
As mentioned in Contribution section (Subsection II.C), dif-
ferently from the existing works in the literature, mostly
consisting of surveys or reviews, we focus on assessing the
validity of specific hypotheses for the design of an applied
framework for maturity agile portfolio project management
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TABLE 8. Detailed status of in-progress and completed activities at the stockholder level.

in the presence of more than one practice. The strong
emphasis placed on the maturity of the Scrum-based soft-
ware portfolio project management methodology is the fea-
ture that makes the current paper readily distinguishable
from the previous studies. The applied quality of our study
includes: (I) a novel combination of multiple drivers of
maturity; (II) the simultaneous implementation of Scrumban
and classical and goal-oriented Scrum frameworks; (III) a
comprehensive set of metrics for a constant monitoring of
the project lifecycle throughout all the steps of the Scrum
framework.

We follow a case study-oriented methodology and focus
on elaborating a set of workable maneuvers to mature the
Scrum framework when applied to portfolio management.
In this sense, our study occupies a unique position in the
literature since all the maneuvers for maturing the proposed
portfolio project management were designed considering the
experimental setting provided by the real case study of SCMP.
That is, all the results of this paper were achieved under the
umbrella of empirical experiments associated with SCMP
case study. None of the relevant studies (Table 1) previously
published could benefit from such an advantage.

Regarding, in particular, the proposed heuristic score-
based method for computing the sprint length, its superiority
in comparison with the previous studies is in the availability
of data. In SCMP, where new subprojects are born with an
increasing trend, the sprint length calculation methods based
on the statistical inferences ([33]) are not workable. This is
due to the fact that there is no previous history with rich data
associated with the upcoming subprojects of SCMP. Thus,
the proposed heuristic score-based method outperforms [33],
since it does not depend on the presence of a large amount of
data.

B. MANAGERIAL INSIGHTS
The managerial insights are better understood by focusing
on the role played by the goal-oriented version of the agile
methodology. Employing the goal-oriented version of agile
methodology provides a result-driven basis for participants to
perform their duties in line with the targets preset for the sub-
projects. It hedges the participants, subprojects, and thereby

the whole SCMP against derailing from the predefined short
and concise goals of the upcoming planning horiz

In fact, in any specific field, setting a goal encourages
the involved parties to gear up their attempt and resources
toward meeting the planned outcome as much as possible.
Owing to the presence of such a synergy, this change could
boost the conformity of the businesses’ expectations and the
delivery of products. Freeing a specific percentage of the
participants’ working capacity allows the planning to better
predict what will happen in the actual performance. Thus, the
gap between the baseline and actual planning is significantly
dropped.

From a managerial viewpoint, defining KPIs for the ret-
rospective meetings is the key to a correct interpretation of
the results obtained. In SCMP, KPIs are mainly considered
to secure the engagement of the project participants. They
must be defined so as to allow capturing the comments at
the employees’ level in terms of technical and administrative
aspects, concurrently.

At the managerial level, the successful development of a
customized project management system represents one of the
most suitable tools to aggregate the requirements character-
izing the multiple subprojects of a portfolio and capture their
interconnected dependencies.

In order to understand the usefulness of the adopted
maneuvers, the subprojects must be constantly monitored
through different periods. The comprehensiveness of the
proposed multi-level reporting tools shapes an organized
skeleton to achieve goals whose progress may be more
critical, from the shortest planning horizon to the longest
one.

The insights provided by these tools enable the managers
and stakeholders to keep track of different subprojects and
take appropriate decisions for surmounting possible bottle-
necks and obstacles.

C. LIMITATIONS
First, the remote working condition made the planning and
clarification of requirements complicated. The online imple-
mentation of the proposed method has suffered from the lack
of eye contact with the subprojects’ participants.
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Second, there were intense interconnections among the ser-
vices required for supporting the subprojects. Consequently,
the planning of each subproject could not be done in isolation
from the other ones.

Third, the novelty inherent to some subprojects, often
accompanied by unclear requests and expectations of the
employers, added uncertainties to the body of portfolio man-
agement. When this happens, the trouble is to precisely eval-
uate the employers’ satisfaction with the progressing trend of
the subproject.

Fourth, having to create an agile project management sys-
tem concurrent with the development of the products pertain-
ing to the subprojects constrained the monitoring and control
of the execution of SCMP. Indeed, the project management
office had to face the challenge of not having a customized
system for coordinating the portfolio at the beginning of the
analysis of the SCMP case study.

D. POSSIBLE EXTENSIONS AND FUTURE RESEARCH LINES
The performance of the teams within a portfolio could be
compared in terms of the complexity rate of their done
tasks. Since the strict or lenient attitude of product owners
may influence their estimated story points at the time of
planning, this latter concept could be normalized to disclose
complexity.

We could also analyze the data from previous refinement
reports to predict the performance of teams through the next
releases and reduce the deviation between upcoming baseline
and actual planning.

Finally, we could consider structured decision-making
methods like the analytic hierarchy process (AHP) for com-
puting the sprint length of subprojects. The proposed heuristic
scoring method as well as the other maneuvers for maturing
the proposed portfolio project management were designed
considering the experimental setting provided by the real case
study of SCMP. The use of AHP-oriented methods could
represent an interesting alternative for the development of
future extensions and research lines within other experimen-
tal settings.

VI. CONCLUSION
Coupling the concept of portfolio management with Scrum-
basedmaturing frameworks constituted an important research
gap in the literature. To fill the gap, this paper has applied
a case study research-based methodology defining a set of
procedures to bring about the maturity of a portfolio of a
mega-scale software project. The case study has focused on
the management of a project portfolio related to deliver-
ing social, entertainment, payment, and authentication-based
platforms associated with a smart-based ecosystem.

The paper has illustrated how the case study evolved from
a classical Scrum to an adaptive version encompassing mea-
surable sprint lengths, multi-level refinements, and Scrum
of Scrums capabilities. The adaptive version switched from
goal-oriented Scrum subprojects to Scrumban request-based
ones that developed tools for other subprojects.

The interaction of the goal-oriented framework with the
systematic management capacity of teams’ members led to
a significant spike in the realization rate of releases and nar-
rowed the gap between baseline and actual planning. A cus-
tomized project management system was designed to map
the requirements of one team that had to be developed by
another team. This system provided the basis for conducting
the Scrum of Scrums at the portfolio level of a wide range of
subprojects.

The development of a workable scoring pattern to deter-
mine the sprint length of different subprojects is another
significant contribution of our study. Managerial insights
were provided to the key participants of the project through a
complete set of refinement and reporting items at the different
levels of the Scrum framework. In this regard, Scrum meet-
ings incorporated a special quantitative feedback mechanism
based on key performance indicators.

The methods described could significantly contribute to
the literature on project portfolio management, while wider
implications can also be defined as future research ideas.
In this sense, a discussion has been provided regarding the
advantages, managerial implications, and limitations of the
performed analysis. Finally, a few future research directions
have been drawn.
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