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Abstract
Not understanding customers’ real needs is the most common reason
for failure of a software project. Requirement errors are the most
expensive to fix – these errors easily consume 25 percent to 40 percent
of a project’s budget. The Agile approach has made it possible to work
closely with the customer, understand the requirements and implement
the functionality progressively and in collaboration with all the
stakeholders. So, Agile methodologies address the problem by using an
iterative and incremental approach. At the same time, one of the
primary objectives of Six Sigma is to align business goals with the
requirements of customers. The DMAIC (Define, Measure, Analyze,
Improve, Control) phases are focused towards the expectations of the
customers and provide valuable tools to address these. Two popular
agile methodologies, Scrum and Extreme Programming, have been
considered in the proposed paper. This paper addresses the most
common issues in agile software development.
Keywords: Six Sigma, Agile, Lean, DFSS, CTQ.

1. Introduction
This paper has the following structure; section 1 includes the basic introduction about
Six Sigma and agile methodologies. In section 2 a comparison between Six SigmaAgile and other conventional approaches has been done. Section 3 is all about Agile
methodology and Section 4 is about Six Sigma. Section 5 includes the mixture of Six
Sigma and Agile approaches to produce better results which is the main motive of this
paper. Section 6 tells how Six Sigma tools can be used with agile software projects.
Section 7 is the case study of how Agile-Six Sigma is used in educational institutions.
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Agile literature provides surprises for software measurement professionals: for
example, time-consuming size judgment approaches. Though, dimensions for agile
software development are readily available than in traditional environments. We use
Six Sigma transfer functions to map development project controls onto process
responses. Agile software development methodologies treat software development as
knowledge acquisition by accepting change. This facilitates measuring software
processes for performance and quality.
Six Sigma orientates products and services towards quantifiable customer values. It
provides tools and methods to eliminate and prevent defects whereby anything which
diminishes customer values is termed as a defect. A Six Sigma approach for Software
has not concerned with bugs found by engineers. Non-adherence to specification for
instance does not automatically imply that customers see this as a defect.
Specifications may be wrong, or may not be of any value to a customer, and therefore
non-adherence to specification won’t be seen as a defect. This makes defect-counting
difficult, especially in software, as only the customer value counts. Weaknesses that
engineers classify as minor may end up as major defects in customer’s perception, and
vice versa. Customers might ignore major technical weaknesses of software if it does
not affect business. However, in traditional software development models, the
customer viewpoint is not readily available to the development team. To make
processes measurable for Six Sigma, various views of stakeholders such as engineers,
customers, users, etc. have to be taken into account. In Six Sigma this is accomplished
via Transfer Functions, mapping process controls onto the process response. In
software development, transfer functions consist of measurable software engineering
practices.

2. Six Sigma and Agile V/S Conventional Approach
To address the challenges posed by the traditional methods, a lightweight methodology
called "Agile" was developed more than a decade ago. It includes XP, Scrum and other
feature-driven development methods. Agile methods try to overcome the limitations of
the dynamic nature of systems development projects.
One key innovation of Six Sigma involves the absolute "professionalizing" of
quality management functions. Prior to Six Sigma, quality management in practice was
largely delegated to the production floor and to statisticians in a separate quality
department. Formal Six Sigma programs adopt a kind of elite ranking terminology
(similar to some martial arts systems, like Kung-Fu and Judo) to define a hierarchy
(and special career path) that kicks across all business functions and levels. One of the
biggest benefits of Six Sigma is that it brings discipline to the use of facts and
measures to guide significant and predictable results.

3. Agile Software Development
Dissatisfaction with the software design methods of the 1980s and 1990s led to the
creation of agile methods. These methods

Amaalgamation of Six Sigm
ma and Agilee

501

•
•
•

o the code rather than the design
Focus on
Based on
o iterative and incremeental develo
opment (IID
D) approach..
Are intended to deeliver workking softwarre quickly and evolve this quicklly to
meet chhanging requuirements.
The aim off agile methhods is to reeduce overh
heads in thee software pprocess (e.g
g. by
limiiting docum
mentation) and
a to be abble to respo
ond quicklyy to changinng requirem
ments
withhout excessiive rework.
The word Agile meanns “markedd by ready ability and to move w
with quick easy
gracce and haviing a quick resourcefull and adaptaable characcter”. Speciffication, dessign,
impplementationn and testinng are interr-leaved an
nd the outpuuts from thhe developm
ment
proccess are deccided througgh a processs of negotiaation duringg the softwaare developm
ment
proccess. The main
m principlles of agile methods
m
aree:
1. Custom
mer involvem
ment: Custoomers shoulld be closelly involvedd throughoutt the
developpment proccess. Theirr role is provide
p
annd prioritize new sysstem
requirem
ments and too evaluate the
t iteration
ns of the systtem.
2. Incremeental deliveery: The software
s
is developedd in increm
ments with the
customeer specifyinng the requirrements to be
b included in each incrrement.
3. People not processs: The skillss of the dev
velopment team
t
shouldd be recogn
nized
b left to develop
d
theiir own way
ys of
and expploited. Teaam memberrs should be
workingg without prrescriptive processes.
p
4. Embracce change: Expect
E
the system
s
requ
uirements too change annd so design
n the
system to accommoodate these changes.
5. Maintaiin simplicityy: Focus onn simplicity in both thee software bbeing develo
oped
and in the
t developm
ment process. Whereveer possible, actively woork to elimiinate
complexxity from thhe system.
The Scrum
m approach is a generral agile method
m
but its focus is on manaaging
iteraative develoopment rathher than specific agile practices.
p
Sccrum projeccts are split into
iteraations (sprinnts).
Extreme Prrogrammingg (XP) takess an ‘extrem
me’ approacch to iterativve developm
ment.
Incrremental devvelopment is
i supportedd through sm
mall, frequeent system reeleases.

LEA
AN

A
AGILE
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5. Six Sigma(DFSS) Used With Agile
Define - understands the target environment, users, stated and latent requirements, and
important result measures. In an Agile world, DFSS would drive for the best global
understanding of those things possible on the first iteration along with building on the
learning of the next time around. One aspect of most Six Sigma tools is the way the
data is captured, distilled and stored, making it easy for a team to revisit and build on
its thinking during a subsequent cycle.
Measure -includes tools for prioritizing requirements which can help focus effort
on the ones most suitable for iteration. Six Sigma guidance can help any software team
pay attention to what matters most to customers and the business. That is in line with
Agile principles. Here analysis of the CTQ’s takes place. CTQ refers to characteristics
that are Critical To Quality, product capabilities, production process capability, and
risks.
Analyze - looks at solution choices at the appropriate level(s). DFSS would
underline the importance of having an overall architecture and implementation plan as
a backdrop and principle for iterations. This is recommended in the Agile community
as well – where DFSS tools for quickly appraising iteration-level learning about the
architecture, design/feature set, or implementation could support Agile’s quick but
informed thinking. Predicting cost, schedule and performance, even for an iteration, is
an important part of the DFSS-driven dialogue with the business. Teams that iterate get
lots of practice forecasting and comparing predictions with actuals.
Design/Build -constructs the capabilities appropriate for the current iteration. What
is meant by “tracking product and process performance” can be auto-sized based on
the risk and opportunity at hand for iteration. At any level of scope or scale, DFSS still
offers efficient approaches and tools for managing those aspects of a team’s progress
during this stage.
Verify -checks product and development process performance as appropriate.
DFSS provides some effective tools for testing and measuring technical and business
results. As an incremental delivery is made at this stage, the target environment is
changed as now it includes the cumulative incremental deliveries. New learning in the
next Define phase can drive the next iteration, with each DFSS stage posing and
answering questions using the data and scope appropriate for that cycle [5].
Some common messages are beginning to emerge from several software-relevant
areas – Six Sigma for software, Agile development and Lean thinking. The links
between Design for Six Sigma (DFSS) and Agile have been explored recently, but now
a broader view yet can illustrate the way that Lean thinking, evolved from just-in-time
manufacturing, aligns well with both Agile and software Six Sigma.
Table 2: Relationship between Six Sigma and Scrum roles [6]
Six sigma
Champion
Black belt
Green belt

Scrum
Product owner
Scrum master
Team member
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6. Using Six Sigma Tools in an Agile Software Project
It may be counter-intuitive to consider using Six Sigma tools in an agile software
project. Six Sigma’s genesis was in the manufacturing world where one of its primary
goals has been to reduce process variation. On the other hand, Agile software
development is built on the premise that complex software projects, unlike
manufacturing, cannot be successful in an environment using defined process control.
Instead, Agile development supports empirical process control that relies on
continuous inspection and adaptation of the process used.
Six Sigma offers a groundbreaking way of reducing defects in the end product –
something that any software project can definitely use. Hence, it makes a lot of sense
to at least evaluate the possibilities of integrating both processes.
Agile software methodologies, based on the principles of the Agile Manifesto, are
typically adaptive processes that provide a process framework. This framework guides
a development team to build software using a process adapted to suit the domain of the
project. This approach actually opens up possibilities of using appropriate tools,
including tools of Six Sigma that can help improve the quality of the product.
There are many areas of software development that can benefit from Six Sigma.
The fact is, there is a low-barrier approach to deriving benefits of Six Sigma, in a
controlled way, while following an Agile software development methodology.
Before going any further, it is important to acknowledge that Six Sigma is a major
initiative usually involving the entire organization. The scope of a Six Sigma project
often is much wider than a single software project. Therefore, this discussion will be
limited to only certain aspects of Six Sigma that can be implemented relatively easily
and provide maximum return on investment [7].

7. Agile and Six Sigma in Educational Institutions
Education sector which is considered to be most one of the most dynamic yet
inefficient and unsteady business today needs a tool to create, monitor and improve
quality of its each deliverable and delivery processes. This necessity of the education
sector can be very well fulfilled by the inception of Agile and Six-Sigma concept in
education sector. Since teaching is a learning practice; it has to be updated as the new
technologies arrive in market to enhance the knowledge for the development of both
teachers as well as students. In today’s world of globalization Quality has taken a
centre stage due to the continuous competition among institutions, emergence of new
technologies and the knowledge driven economy. Here institutions act as business unit
while qualified students are outputs who are either consumed by society and / or
industry as end customers. And in quality centric world it is of prime importance that
the product i.e. the students meet high quality standards for society and industry or
company jobs. Implementation of Agile and Six-Sigma can help establish this
confidence and accelerate the value creation process [11].
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Six sigma factors
• Timely processes of critical work like timely issuance of results
• Acquiring quality students as well as faculty members
• Improving teaching techniques to impart quality education in efficient and
timely manner
• Reducing waiting time waste for activities such as form submissions, fee
payments
• Benchmarking institutional performance vis-a-vis other institutions
• Establishing procedures and eco-system which will help students to acquire
specific qualities of their interest while fulfilling social and industrial criterions
[11].
Agile factors
• It is difficult for the inexperienced students to detect mistakes made in early
stages before the development process reaches last stages. Finally, as in the
planning of the scope and the project milestones some students do not take part
in; it provokes a lack of commitment in the rest of them by giving changing
surroundings.
• Scrum enables the students to have a better teamwork environment and a better
communication that results in high-quality products.

8. Conclusion
In an agile paradigm, every aspect of development like requirements, design is
continually revisited throughout the lifecycle. When a team stops and re-evaluates the
direction of a project every two weeks, there’s always time to steer it in another
direction. The results of this “inspect-and-adapt” approach to development greatly
reduce both development costs and time to market. Agile empowers teams to
continuously re-plan their release to optimize its value throughout development,
allowing them to be as competitive as possible in the marketplace. The central idea
behind Six Sigma is that if “defects” can be measured in a process, one can
systematically Fig. out how to eliminate them and get as close to “zero defects” as
possible. It’s a management approach that aims to achieve the apex of quality by
measuring, analyzing, improving, and controlling processes to root out defects and
boost bottom-line results.
This leads to the conclusion that Six Sigma tools and techniques, if used in
conjunction with the Agile process, can enhance the effectiveness of gleaning the real
needs out of customers.
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