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Abstract: BPR (Business Process Re-engineering) is an 

organizational mechanism leading organization towards change 
management as and when it is required. In the form BPR, Agile 
practices have had a remarkable impact on Software Engineering 
Management (SEM) in software development organizations 
across the world. It has enhanced collaboration and productivity 
of Software Engineering (SE) teams and improved the level of 
quality of software products. Nowadays Scrum has been trending 
into software development organizations as a standard SDLC 
approach. Scrum is the framework of the Agile methodology, built 
on empiricism control theory, asserts that experience brings 
knowledge and increases decision making capabilities. The 
empiricism control theory is built on three pillars: Adaptation, 
Inspection and Transparency. This research study presents Scrum 
as a trending SDLC framework using empirical analysis. We have 
analyzed literature reviews, case studies, and research surveys; 
and implemented Scrum in our software development unit and 
carried out the reasons, why Scrum is trending in software 
development organizations. How the scrum artifacts, events and 
values play a vital role in upholding the Scrum pillars and 
strengthen the capabilities of Scrum team members to address the 
software engineering management challenges; compared to 
traditional software development approaches. 
 

Keywords: Scrum, AM - Agile Methodology, ABPR – Agile 
Business Process Reengineering, BPR - Business Process 
Reengineering, ESE – Empirical Software Engineering, SPI – 
Software Process Improvement, SEM – Software Engineering 
Management, SE – Software Engineering 

I. INTRODUCTION 

Software development organizations have been 
transforming from the traditional project planning based 
approaches to agile software engineering, to answer the 
question about how a software development can be organized 
to deliver better and faster solutions. Since two decades many 
remedies were suggested to form a standardization of 
software process measurement with the help of comparative 
analysis and empirical reviews. Software development 
organizations which are focusing on customer values, product 
quality, 
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team collaboration and individual adoptions using 
fascinating agile methodologies, have been gaining 
productivity for their software product development 
activities. Agile approaches reduce the effort of 
documentation of project and claims that the result of 
developed source code should be itself a project document, 
representing features and system flow of the software. 
Sjoberg et al [19] presented an outlook of Empirical Software 
Engineering (ESE) research that the software development 
organizations follows different types of practices, software 
engineering standards, technologies and roles to achieve the 
organizational goals. Amongst them, agile methodologies 
constitute a set of practices that have been found 
revolutionary and could bring change in software engineering 
processes and results. According to Dyba [20], relying and 
following on traditional software development theories is like 
an assumption that all the problems in the software world are 
predicated and can be resolved. But in the real software 
world, there are new unpredicted challenges at each step that 
have been never seen and discussed. Agile processes address 
the unpredictable issues by allowing people to use their own 
creativity and problem solving skills to overcome the 
challenges rather than relying on system processes to handle 
the issues. Object Oriented Programming (OOP) software 
engineering practice provides a viable solution to design a 
robust coding structure for the software. The iterative and 
incremental lightweight agile methodologies claim that OOP 
can be implemented at program level only. The step by step 
development and increment of releasable features should be 
cognizant to the agile philosophy of the stakeholders involved 
into software development, [22] argued by Cockburn and 
Highsmith. The agile approaches are about iterative feedback, 
analysis, change and implement the new increment into 
practice. It's not about the rejection even if the level of change 
is very high. Embrace the change; stated by Williams and 
Cockburn [23] in 2003. The high level of change management 
leads towards BPR (Business Process Reengineering) in 
organizational processes. Morien reviewed [28] in 2014, that 
the agile approaches are preferred by many software 
development and management experts and adopted as an 
SEM (Software Engineering Management) approach in their 
software development practices. 

II. RESEARCH OBJECTIVES 

Primary goal of this research study is focus on SEM 
(Software Engineering Management) for the software 
development organizations seeking BPR; with the help of 
empirical case studies and 
literature analysis.  
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Following are core objectives of this research study: 
 Focus on the fascinating agile framework – Scrum 
 An empirical analysis for the reasons, why Scrum is 

trending in SEM. 
 Scrum as an ABPR approach for the software 

development organizations 
This research highlights Scrum as the present and future of 

SEM. The empirical analysis of traditional agile 
methodologies and BPR using Scrum in software 
development organizations based on case study reviews is the 
approach of this research. 

III. BPR AND SEM 

Today’s dynamic technological environment has raised 

emergent change in the software business world that they 
should consistently adapt new policies, structure and 
strategies to compete the industry requirements, [21] 
observed by Nerur et al. The growing interest of Global 
Software Development (GSD) in implementation of agile 
practices in Software Engineering Management (SEM) has 
been leading software development organizations towards 
Business Process Reengineering (BPR). Krunal et al [5] have 
proposed a new PLCF (Process Life Cycle Framework) as a 
life cycle model of BPR (Business Process Reengineering) for 
software product development, to improve capabilities of 
organization. AI (Artificial Intelligence) has becoming a 
trending technology for software development organizations 
in the form of BPR [14]. ML (Machine Learning), a sub 
domain of AI, is scientific and statistical analysis of data that 
can play a vital role in SPM (Software Project Management) 
as a processing unit of SDLC project planning to produce 
accurate output [37]. In 2019, Medapati et al. [38] presented 
that procedural based software layout reduced failures by 
identifying them at early stages. 

IV. AGILE METHODOLOGY (AM) 

Agile software development methods were introduced in 
late 1990, with the approach of iteration and increment in 
software development process. The core principles of agile 
methodology were defined by the software process 
methodologist, known as The Agile Manifesto [2], in 
February 2001. It uncovers the understanding of software 
development requirement using following statements: 

 Collaboration with people is more important than the 
system process. 

 A deliverable software product release is more important 
than the documentation of the process. 

 Customer satisfaction is more important than the 
negotiation. 

 Always ready to accept change in system, where and 
when it is required 

  
The Agile Manifesto is very concise and simple to 

understand and implement but complex to master (manage). 
The manifesto is built on empiricism of software development 
practice and management processes. The vision behind the 
manifesto clearly focuses on the real world scenarios of 
software engineering management and proposed new ways of 

thinking from the development point of view that 
self-organizing, responsibility, accountability and creativity 
should be managed by development team members rather 
than relying on supervisor or management. This led invention 
of the Scrum framework. The Scrum is a framework of AM 
(Agile Methodology) built on principles of manifesto. The 
agile approach and its basic principles are also applicable in 
creative and cultural business sectors like architecture design 
and media advertisements [33]. 

V. SCRUM 

Scrum is a software product development and management 
framework, founded by Jeff Sutherland and Ken Schwaber in 
1993 [8], derived from the principles of agile methodology 
and built on the base of empiricism. Takeuchi and Nonaka 
[7], who are the pioneer of the keyword Scrum, announced in 
1986 that the new Agile based framework has helped global 
transformation of software development and ready to be 
adopted by software development organizations. They 
derived the strategy of Scrum from the game of Rugby with 
the holistic and self-organizing structure in the team during 
the game. Scrum [1] is a lightweight framework which 
enables capability of team to address complex adaptive 
challenges for development and delivery of high value 
products by improving collaboration, creativity and 
productivity.  

 

Fig. 1. Base and Roof of Scrum 

As represented in figure 1, Scrum is built on empiricism 
control theory which is managed by: Artifacts, Values, Pillars, 
Roles, and Events. Adaptation, Inspection and Transparency 
are core pillars of Scrum that uphold empiricism theory of 
Scrum. Successful implementation of Scrum is dependent on 
its core five values: Courage, Commitment, Openness, 
Respect and Focus. The team members learn and explore 
these values, as soon as they are involved into 
self-organization. Product Owner, Scrum Master and 
Development team (members) are only roles in Scrum that 
understands,  
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executes and manages self-organization throughout the 
Sprint as they are considered to be cross functional and having 
all necessary competencies to achieve the sprint goal.  

The main events defined in Scrum are Sprint, Sprint 
Planning, Daily Scrum, Sprint Review and Sprint 
Retrospective, as life cycle events of a Scrum for a single 
Sprint. Product Backlog, Sprint Backlog (SB) and Increment 
are artifacts of Scrum, designed as a base of empiricism of 
pillars, values, roles and events of the Scrum. Scrum is 
flexible across the Sprint cycle by providing a control 
mechanism that allows limiting (WIP) Work in Process for 
the development by the development team members; so that 
they can focus on specific sprint goal to produce an increment 
and that product increment can be released at any point of 
time, if the developed feature meets DoD (Definition of 
Done) of Sprint. The Daily Scrum allows development team 
members to share their thought in the form of suggestions. 
They discuss all the impediments they have had or will have, 
which require input from other team members. Daily Scrum is 
a great example of self-organization. Sprint review provides 
an opportunity for inspection of result of Sprint by Scrum 
team along with stakeholders. Sprint Retrospective allows an 
opportunity for improvements, for the next Sprint. 

VI. EMPIRICAL ANALYSIS 

Rising and Janoff derived from their experiments in 2000 
[24], Scrum limits number of members in a Scrum team 
because the collaboration is one of the core values of Scrum, 
while a large team (more than 9 development team members 
in a single team) increases difficulties in communication with 
each other and becomes resistance for proper implementation 
of Scrum. Limited members in a team, reduces unnecessary 
discussion and conflicts with each other and increases 
development velocity. Duration per Sprint is limited from 1 to 
4 weeks, and if the releasable feature of product will not be 
ready even after a week, there will be possibilities that 
product goal may become obsolete or changed and the 
increment of product will no longer satisfy product vision. 
Highsmith and Cockburn concluded in their experiment in 
2001 [22] that the specific reason of limiting Sprint duration 
is reduction of the significant loss due to change request in 
product structure or vision by the stakeholders. Another 
benefits of incremental approach of Scrum is that the client 
can see the product and share feedbacks on it, which will 
direct Scrum team in considering changes, that are essential 
for the DoD (Definition of Done) should meet client 
expectation; as well as client can also get a direction of future 
of product vision. Ken Schwaber [9], the co-founder of 
Scrum, argued in 2004 that the three pillars of Scrum 
employed by empirical control theory that confirms any 
aspect of the process which affects definition of done must be 
visible to all team members, it should be investigated and 
refined frequently to ensure that unacceptable variables are no 
more affecting. Chatzoglou et al [11] surveyed IT sectors in a 
Greek in 2007 and reported that IT/IS projects are relies on 
the parameters - commitment, knowledge and experience. All 
of these parameters are base of empiricism. In 2008, Cho [15] 
represented benefits of agile practices over traditional SDLC 
methodologies and introduces core challenges like user 

engagement, communication, documentation, working 
environment that can be addressed with the help of 
implementation of Scrum. Dyba and Dingsoyr [18] studied 
literature reviews in 2008 and investigated perceptions of 
benefits and limitations of agile methods using comparative 
analysis. They also identified that Scrum is very popular in the 
software industry compared to other agile methodologies. 

Hossain et al conducted a systematic literature review in 
2009 [16], about execution of Scrum framework practices in 
GSD projects, with the goal of determination of challenging 
factors as a resistance to use of Scrum. They reviewed impact 
of such factors on GSD in terms of coordination, 
collaboration and communication. The base concept and 
strategies of Scrum are built on such factors and can 
overcome impact of the factors; they derived in their 
comprehensive survey. In 2010, Cardozo et al [12] 
systematically reviewed future scope of Scrum and its role to 
improve productivity in software projects and concluded that 
the use of agile based frameworks will increase productivity 
in software development organization. According to scientific 
evidence from their research outcome, Scrum will play a vital 
role in improvement in productivity of software projects. 
Harleen et al [6] surveyed in 2014 in mobile application 
development organization and evaluated that agile software 
engineering management methodologies like Scrum, Lean 
and XP are best suited for their mobile application software 
development unit and improved utilization of resources. 
Scrum has proven itself as a product creation framework by 
stakeholder involvement for improvement in customer values. 
In 2014, Kapitsaki and Christou [39] emphasized from the 
result of their study, that the ratio of successful adoption of 
Scrum is 80%, compared to other agile methodologies. In 
2015, Permana [3] concluded during his analytical study that 
Scrum helps in visualization of quality and risk in the project 
using early customer feedback by highlighting needs for 
change. Santos et al [17] empirically studied integration of 
CBL (Challenge-Based Learning) with Scrum framework in 
2015.  

They found that the integration of Scrum with CBL for 
mobile application development increased productivity and 
quality of software application. Ramos et al observed in 2016 
[26], in their case study for the implementation of Scrum 
control in the research institute project, that regular 
collaboration between team members as a part of Daily 
Scrum, improved pro-activities, respect and accountabilities 
and the opinion survey represents quality improvements in 
their scientific work.  

Khmelevsky et al recommended [31] that the Scrum value 
'focus' helps in delivering qualitative product and improved 
collaboration among distributed Scrum teams, as result of 
their case study on application of Scrum and Agile practices 
in distributed project in 2017. 

 Noll et al [27] performed systematic literature study along 
with an embedded case study in 2017, to evaluate empirical 
results on the role of the Scrum Master as servant leader of 
Scrum team and the role of the Project Manager as a project 
leader of Project team.  
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They hypothesized both roles and carried out the traditional 
project manager is well suited for the Product Owner role in 
Scrum Team; he/she should not be the Scrum Master; as core 
responsibility of product owner to maximize the product 
value with the help of other stakeholders, is just like a 
traditional project manager. 

In 2019, Hanslo et al conducted [29] a qualitative study on 
challenges for adoption of Scrum and carried out factors 
proposing conceptual framework using a questionnaire 
survey. They concluded that Scrum is a trending phenomenon 
of agile approach in South African organizations and 
recommended that the organizations adopting Scrum in their 
software development practices, should consider the factors 
like management of Sprint, complexity and relative 
advantages. Korimbocus et al proposed Scrum as a standard 
framework to cater the challenges for the organizations 
implementing agile practices. During their survey in 
Mauritian software development organizations in 2019 [30], 
they found that knowledge management is crucial factor and 
the main challenge for the organizations and got 
recommendations that it is required to improve knowledge 
management practices like capture, store, share and update 
the knowledge being discussed in their Scrum meetings. In 
2019, Al-Ratrout conducted a case study [32] in web software 
engineering course teaching using agile approaches like 
Scrum and XP, to bridge the gap between real world industry 
experience and academic methodology. He evaluated using 
the result of case study that agile approach has enabled 
communication, responsibility, respect and motivation in 
between students. In 2019, Mathur and Satapathy [34] 
analyzed comparative study on mobile application 
development using hybrid agile practices like Scrum and XP, 
and discovered that agile approaches reduces waste of time 
and strengthen skills mobile software development modeling 
techniques. In 2019, Sharma and Hasteer investigated [35] the 
adoption and popularity of Scrum on the basis of industrial 
survey and found that the software industry has been 
migrating from traditional to agile approach. Sisomboon et al 
proposed the implementation of game theory with Scrum in 
2019 [36], to change behavior software development 
activities and make it fun and motivating by engagement of 
team members with higher interaction. Al-Ratrout conducted 
a case study in 2019 [40], to analyze the impact of agile 
approach in software engineering education to bridge the gap 
between real world practical environment and education 
system. She surveyed and investigated that implementation of 
Scrum and XP both influenced teaching process and 
motivated the students. Ganesh and Narayanan conducted a 
research in 2019 [41], on implementation of Scrum for the 
development of ERP (Enterprise Resource Planning) material 
management feature and concluded that Scrum is fit for 
quality product delivery with an incremental approach. 
Takawale et al in 2019 [10], implemented Scrum as a project 
development model in academic institute to monitor 
improvement in the progress of final year project and carried 
out in their report that the pillars of scrum brought change in 
teaching and learning methodology of team members and 
improved the quality of education in the academic institute. In 
2019, Hariharan et al concluded during they research [43], 
that traditional SDLC like Waterfall and other project 

management practices have limitation which could be 
resolved with the help of implementation Agile Scrum. 
Vijaykumar and Ram [44] measured mean score of key 
parameters of Agile like Collaboration, Knowledge Sharing 
and Trust, in their Scrum team survey and they evaluated that 
Scrum has improved score of knowledge sharing and 
collaboration. While score for Trust was lower. Mkpojiogu et 
al measured [46] positive and negative impact of agile Scrum 
in startup software development organization in 2019, in 
Saudi Arabia. Along with one negative, they evaluated several 
positive impacts also like collaboration and motivation in 
team members for startup and its direct impact on increase in 
productivity of software product. 

VII. SCRUM CASE STUDIES 

A case study is known as qualitative research strategy 
which involves empirical analysis that investigates the careful 
observation of requirement and result in real life context 
phenomenon. Following are several case studies of software 
development organizations that implemented Scrum as an 
ABPR (Agile Business Process Reengineering) framework 
for their SEM (Software Engineering Management) 
processes. 

A. LRN – “Scrum Loaded” 
B. TRUMP – “Scrum Drive” 
C. Scrum Initiative 

A. LRN – “Scrum Loaded” 

LRN [4] initiated with Scrum to deliver a value to its 
organization by training their teams and delivered software 
product 150% more frequently using Scrum. The cross 
location teams at LRN, using Waterfall along with Scrum, 
were inconsistent in their Scrum increment and deliverable 
release. The teams were under direct super vision of project 
managers who were directly supervising all SEM operations 
likes planning, scheduling, task and resource allocation, 
supervised communication and execution; that led overload 
tasks on project managers and it was the potential point of 
failure. 

The Chief Product Officer was seeking BPR for the teams 
to align their product development philosophy of high quality 
value and more frequent software product release by scaling 
development team collaboration strategy. As a part of ‘Scrum 

Loaded’, they enabled self-organization for their 
development teams. They allowed development team 
members to discuss their mistakes openly in Daily Scrum and 
ask for suggestive corrections. They identified several key 
parameters to focus on implementation of change 
management towards ideal use of Scrum. 

As a result of meticulous implementation of Scrum, they 
ignite culture change in organization. According to Scrum 
Master at LRN, it has been an incredible opportunity for 
learning and adapting change and they could see significant 
improvements up to 150% in qualitative deliverable release of 
business value to the customers. This has been the start of new 
phase for LRN towards the target of 200% increment for the 
customer value deliverables. 
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B. TRUMPH – “Scrum Drive” 

The software development unit at TRUMPH [13] underwent 
agile transformation, for their software development practices 
to explore the challenges they had and overcame with the 
implementation of Scrum.  
The head of development division at TRUMPH, initiated a 
BPR to transform traditional practices of software 
development into agile approach. They investigated that lack 
of collaboration was the major issue between the teams and 
team members; even they already had been using Scrum and 
resulted inconsistencies about how to use Scrum in their 
software product development. 

They conducted training of team members as an 
opportunity for them to learn fundamental concepts of Scrum 
and enable shared understanding, by the Professional Scrum 
Trainer (PST). This transformation resulted into 
self-organization, cross functionality and improved 
collaboration in development team members. Some of the 
development team members adopted swarming for their daily 
Scrum practices that helped them in focusing high priority 
Product Backlog Item (PBI) rather than their own tasks and 
strengthened the shared responsibility and accountability in 
the team. The team had also begun applying Scrum values to 
improve stakeholder involvement into the product vision. 
Now they are consistent in implementation of Scrum. 

LRN and TRUMPH are latest case study reviews available 
on Scrum.org that represent how Scrum has successfully 
transformed their SEM (Software Engineering Management) 
processes and improved customer deliverable values. 

C. Scrum – An Agile BPR Initiative 

We have had also problems in software product 
development unit in our software development organization. 
We had been following traditional approach for software 
development processes for internal stakeholders’ products. 
We had more than 50% deliverable were always in delay by 
2-8 weeks and sometimes projects were went into scrap due to 
late delivery as our internal stakeholders had already been 
moved to alternate market place software because of late 
delivery. We were strongly seeking BPR in software 
engineering processes. 

By seeing the success of LRN and TRUMPH we initiated 
implementation of Scrum in our software development unit. 
Initially we faced an issue with matching traditional roles with 
Scrum roles and we decided as a traditional project manager 
(Krunal) may be best fit in the role of Scrum Master and the 
Operational Head as a Product Owner. After completion of 
several Sprints, we observed improvements in our result but 
with very low significant of success ratio. We re-analyzed our 
Sprints that were completed and found out that there were no 
transparent collaboration and suggestions from development, 
as they could not discuss their problems openly in Daily 
Scrum due to presence of a Scrum Master. They could see the 
shadow of a Traditional Project Manager in a Scrum Master. 
We redefined the roles in our Scrum team. Traditional Project 
Manager was assigned a role of a Product Owner; and a 
Technical Team Lead was assigned a role of a Scrum Master. 
Also, we decided that only development team members will 
be present in Daily Scrum meeting. 

 

 

 

Fig. 2. Scrum Flow 

 
Fig. 3. Work Item Flow using Scrum Board 

Figure 2 represents a Scrum process flow for work item. 
Initially work items are pushed in Product Backlog. 
Development team pulls work items into Sprint Backlog 
aiming towards DoD of Sprint. During Sprint Review 
completed work items are verified and then delivered as a 
Product increment.  Figure 3 shows flow of work items in the 
Scrum board for each artifact and the state of each work item 
during the Sprint. After completion of 8 Sprints of duration of 
2-3 weeks; we could achieve the significant improvement in 
our software product deliverable by reducing delay ratio 50% 
to 0%. We felt that our decision for implementation of Scrum 
was correct as Scrum could bring ABPR (Agile Business 
Process Reengineering) in our Software Engineering 
practices and Scrum has proven it with the help of its 
characteristics. We have determined that traditional project 
manager can be fit into Product Owner role, while technical 
team leader can be fit into the role of a Scrum Master. We also 
analyzed and concluded that non-development team member 
should not be present in the Daily Scrum as it impacts on 
transparent collaboration of development team. 

VIII. RESULTS AND RECOMMENDATIONS 

Scrum is a software engineering management framework 
under the umbrella of Agile and on the base of empiricism and 
that are core reasons the Scrum is trending as a standard 
software development approach in software development 
organizations that we carried out as a result of this research.  

The empiricism analysis and its implementation in our 
software development practices confirm that Scrum is an agile 
BPR approach for the software development organizations,  
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which are seeking change in software engineering 
processes. The case study analysis shows that a proper 
implementation of Scrum in software development practices 
has improved the productivity and quality of the developed 
software product and its features. LRN has carried out 150% 
to 200% significant improvement for the qualitative 
deliverable customer values with the help of Scrum. TRUMP 
has transformed their software development practices using 
Scrum that enabled self-organization, self-accountability, 
self-responsibility and improved collaboration in between 
Scrum team members, which help them in consistent Scrum 
implementation and remarkable productivity increase during 
each Sprint. We have reduced delay in deliverable from 50% 
to 0% with the help of Scrum. We have also analyzed that the 
openness; collaboration and transparency in development 
team members have direct impact on productivity. 

A. Strength of Scrum 

Scrum is easy to use but complex to master. We have 
determined that following characteristics (represented in 
tables, followed by the explanation for each) are strength of 
Scrum and makes it the very suitable for software engineering 
practices. 

Table I: Scrum Artifacts 
Artifacts Characteristics 

Product Backlog Transparency, Priority Order 
Sprint Backlog WIP Limit, Work Items 
Increment Releasable Feature 

 
 Table I represents Scrum Artifacts and their characteristics. 
 Product backlog is a transparent ordered list of 

requirements to be considered to shape and build a 
product. 

 Sprint backlog is a list of work items to be done during 
the Sprint and result is known as DoD. 

 Increment is a small unit of working feature of work 
item, which is ready to release on production 
environment.  

Table II: Scrum Values 
Values Characteristics 

Commitment Self-decision 
Courage Motivations Capability 
Focus Target Product Goal 
Openness Visibility and Transparency 
Respect Virtual Bonding and Team Building 

 
 Table II represents Scrum Values and their characteristics. 
 Commitment is a self-decision of each team member of 

team towards achievement of product goal for each 
Sprint. 

 Courage enables capability of team members to solve all 
types of impediments during the Sprint. 

 Focus improves strength of team collaborate to achieve 
the product goal. 

 Openness enables transparency and trust in team by 
sharing thoughts, issues or impediments with team 
members. 

 Respect is the base of team building structure with 
virtual bonding of respect for each other. 

 
Table III: Scrum Pillars 

Pillars Characteristics 
Inspection Validation and Rectification 
Adaptation Improvement and Opportunity 
Transparency Visibility of all aspects of Scrum 
 

 Table III represents Scrum Pillars and their characteristics. 
 Inspection is an opportunity for a Scrum team to validate 

result of Sprint events.  
 Adaptation allows adjustment to be accepted and made 

as soon as possible to minimize deviation. 
 Transparency enables significant visibility for all aspects 

and work item states to each team member of Scrum, 
involved and responsible for the outcome of Sprint. 

 
Table IV: Scrum Roles 

Roles Characteristics 
Product Owner Product Backlog Management 
Scrum Master Servant Leadership 
Development Team Self-organizing and Cross 

functional 
 
 Table IV represents Scrum Roles and their characteristics. 
 Product Owner is responsible for managing visibility of 

product and its priority for development. 
 Scrum Master accountable for supporting and promoting 

implementation of Scrum in organization. 
 Development Team is self-organizing for resolution of 

any impediments during the Sprint. 
 

Table V: Scrum Events 
Events Characteristics 

Sprint Work-In-Process Limit 
Sprint Planning Estimation and Definition of Done 
Daily Scrum Collaboration and Team Bonding 
Sprint Review Inspection and Rectification 
Sprint Retrospective Opportunity of Increment 

 
 Table V represents Scrum Events and their characteristics. 
 Sprint controls pulling mechanism which limits overload 

of inflow. 
 Sprint planning allows self-organizing estimation of 

each state of work item that enables transparency and 
progress towards DoD (Definition of Done). 

 Daily scrum improves collaboration between 
development team members and share their thoughts 
with each other. 

 Sprint review allows inspection of the development work 
and feedback by Scrum team along with other 
stockholders. 

 Sprint retrospective provides an opportunity to analyze 
impediments for the current and adopt increments for 
the next Sprint.  
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B. Recommendations 

The result of this research strongly recommends that the 
ideology and characteristics of Scrum makes it very suitable 
for software engineering management processes. We also 
recommend that Scrum is the better framework than 
traditional.  

But we also suggest that software development 
organizations should consider about the limitations of 
organization and its structure, while adopting Scrum in 
software development practices. The critical analysis of case 
studies represented in this research, opens the next door of the 
research to focus on how organizations can successfully adopt 
Scrum framework. Krunal et al [25] have stepped into this 
direction; to discover and elicit the challenges with Scrum in 
Software Engineering Management (SEM) and concluded 
that it’s time for an Agile Business Process Reengineering 

(ABPR) to improve the productivity of Software Engineer 
(SE) practices by integration of Scrum with other agile based 
framework like Kanban in the form Scrumban [42] as a hybrid 
integration of Scrum and Kanban as well as an integration of 
traditional SDLC like Waterfall with Scrum and Kanban in 
the form of Scrumbanfall [45] as a hybrid framework.  

IX. CONCLUSION 

Business Process Reengineering (BPR) has becoming 
essential in Software Engineering Management (SEM) for 
software development organization nowadays and the same 
we have discussed with the help of empirical literature 
reviews and case studies about Scrum. This research has 
carried out the reasons: why Scrum is trending as an agile 
SEM framework in software development organizations; and 
that are the key parameters and characteristics of Scrum like: 
Pillars, Values, Roles, Events and Artifacts; and all of these 
characteristics are the base of empiricism control theory. 

We have also concluded that Scrum has been helping 
organizations in transformation of their business by initiating 
responsibilities and accountabilities; by creating courage and 
respect; by improving collaboration and self-organization; in 
between the team members, which has resulted in increase of 
core values of business, quality of deliverable software 
product features and customer satisfaction. 

X. FUTURE ENHANCEMENT 

It’s time for a deep dive into the Scrum and needs 

investigation, what are the issues with Scrum or challenges for 
understanding Scrum in Software Development 
Organizations, which aren’t discovered and discussed yet. 

Also need to find out what will be the challenges for Scrum in 
the era of AI (Artificial Intelligence) and ML (Machine 
Learning) and how the Scrum will overcome these challenges. 
Is Scrum ready for integration with advanced technologies 
and their benefits? 
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