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ABSTRACT

Eliciting requirements is the most crucial part of software
development.  Deficient, ambiguous and  worthless
requirements are among the major causes of failure of any
project. The process of requirement elicitation in Extreme
Programming must include some systematic approach to
simplify the process such that requirements elicitation may be
carried out efficiently. As a part of this research, an algorithm
has been developed for creating House of Quality matrix and
an approach named “XP-QFD” which integrates Extreme
Programming (XP) and Quality Function Deployment(QFD),
has been implemented in a small scale project that helps in
delivering quality software by efficient prioritization of user
stories and saving data in orderly manner for better decision

making.
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1. INTRODUCTION

The term “requirement” defines a bounded characterization of
the system scope that can be generated by different
stakeholders. It includes the information essential to
communicate an understanding of the problem and to support
relevant stakeholders in its resolution.[1]

Five of the eight main factors for project failure deal with
incomplete requirements, low customer involvement,
unrealistic expectations, changes in the requirements, and
useless requirements.[2]

Table 1. Main causes of project failure

Problem %
Incomplete requirements 13.1
Low customer involvement 124
Lack of resources 10.6
Unrealistic expectations 9.9
Lack of management support 9.3
Changes in the requirements 8.7
Lack of planning 8.1
Useless requirements 7.5
[2

A successful project requires active participation of the
stakeholders, such that they can share their views, and this
would result in more stable requirements. Lack of
communication may lead to missing or inconsistent
requirements. Table 1 clearly depicts that deficient
,ambiguous and worthless requirements are among the major
causes of failure of any project. So it can be concluded that
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one of the most critical phase of a project is to gather
requirements effectively.

Successful companies in today’s dynamic global economy are
those that are able to efficiently design, develop, and
manufacture products that will be preferred by customers over
those offered by competitors [3]

2. EXTREME PROGRAMMING

Extreme Programming (XP) is a methodology for software
development that focuses on high customer integration,
extensive  testing, code-centered  development and
documentation, refactoring and paired programming [4] It is
a set of twelve practices and four principles, which makes XP
successful and well known among all the agile software
development methods. [5]

XP has attracted attention because of its fierce denial of many
well-accepted software engineering practices considered as a
sound approach to the development of intensive software
systems. In the core of XP practices are programming
activities and strong emphasis on oral communications,
automated tests, pair programming, storytelling culture and
collective code-ownership at any time in the XP project. [6]

2.1 User Story

User story is a brief description of a need, a feature or a desire
from the point of view of a specific user role in the software
project. [7]

User stories are written by customer to signify what should be
accomplished by the desired software, which doesn’t provide
any thorough or formal specifications of the system. The
foremost task of developer is to understand these stories, then
the stories are assessed and an estimate is provided to the
customer. Then the user stories are prioritized. The user
stories are placed on Story cards

2.2 Problems in XP

Customers rarely have an apparent idea for the software to be
developed, which may lead to missing requirements.
Customer’s requirements may vary daily. There may be many
reasons: the client may come up with more prospects of the
new system to be developed; or due to changes in client’s
organization; and most of the times, when customer sees the
first part of the running project, he/she may have some new
suggestions.
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Mostly, the customers define their requirements in natural
language, but it doesn’t provide an adequate structure to make
a good set of requirements. It is very difficult to manage the
requirements that are unstructured, which makes decision-
making process difficult or may lead to wrong prioritization
of user stories. It is very crucial to select suitable requirements
from the set of inconsistent requirements Therefore, the
process of requirement elicitation in Extreme Programming
process must include some systematic approach to simplify
the process such that requirements elicitation may be carried
out efficiently and that approach is Quality Function
Deployment.

3. QFD

Quality function deployment (QFD) is a powerful customer-
oriented tool to facilitate the customer needs. QFD approach
is helpful to prioritize and implement the new layout solutions
at the onset of the design stage before the actual layout
implementation. [8]

Quality Function Deployment can help to quell many of the
fears executives face when discussing a move to an Agile
development methodology. It helps them to know that there is
a plan in place for development, and that their development
teams are not going to aimlessly add features to their
applications as they see fit. Additionally, it helps stakeholders
to manage their feature pools from a high-level vantage point,
without devoting endless hours to reviewing and re-reviewing
individual features. [9] QFD performs evaluation and
comparisons of competitor’s products, also considering all
precedent response of the customer which helps to define the
most essential needs. The inconsistent requirements can be
recognized before coding begins. This decreases the time
required for retooling and operator training.

Quality Function Deployment (QFD) can be used as an
effective tool for capturing and refining the requirements.
When applied to a project, QFD will enable its success. More
specifically, QFD will: [10]

(1) Help to improve quality of product by focusing on
customer requirements up-front and throughout the
development cycle;

(2) Improve the communication and help in efficient decision-
making.

(3) Reduce costs of projects, by enabling concurrent
engineering and by reducing costs associated with late-in-the
life-cycle rework, [10]

(4) Enable cataloguing of key performance requirements, for
parameter-based modeling of the target application and
systematic reuse of requirements across projects [10]

QFD approach has been used as a tool for defining new
products, as well as for improving existing products. In
substance, QFD builds the relationship between "target” (what
to do) and "measure" (how to do) [11]
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The House of Quality (HOQ) is the prime planning tool used
in QFD to interpret voice of customer into design
requirements that focus on achieving the target values [12]

4. THE PROPOSED APPROACH:

An approach was proposed in [12] which integrates Extreme
Programming and Quality Function Deployment for
improvising the requirements gathering in Extreme
Programming and analyzing risk associated with each user
story. This approach has been implemented in elicitation
phase of “WeighStack” software application. In order to
enhance the capability of the above approach, an algorithm
has been proposed, which also helps to prioritize user stories,
and analyze risk, along with a new column in HOQ which
helps to analyze whether the user story needs to be
disaggregated or not. This approach has been named as “XP-
QFD”.

Sometimes it is difficult to implement a story in a single
iteration, and then these stories are split into smaller set of
user stories. In this research paper, a new column, i.e.
“disaggregation “ has been added to the HOQ matrix, along
with user stories, which indicates whether there is a need to
disaggregate that particular user story or not. If a user story
can be completed in a single iteration, then “0” is assigned,
and if it needs to be split into more than 1 story, then a”1” is
assigned. The HOQ matrix has been shown in Fig.1.

4.1 Algorithm:

A set of user stories U and Software characteristics (technical
Descriptors) S is given. Put U at left side of H.O.Q and S at
top of H.O0.Q. The variable C denotes Competitive assessment
of U and S, | denotes Importance to customer. The target
value for U is denoted by T1. For rating of software, SF i.e.
Scale up factor is determined. Sales Point is denoted by SP.
The algorithm analyses the risk associated with U based on 3
factors: Volatility (V), Completeness(C), Complexity (Cx),
based on which, Risk Index (RI) is determined. The variables
D and T2 denote degree of difficulty and target value for S
respectively.

1. [Find Relationship R between U and S.]
If R=strong, then:
SetRi= @
Else if R=medium, then:
Set R:=0

Else if R=weak, then:

Set R:= \V4
Else:
Set R:=Blank

2. [Find Strength of Relationship SR.]
If SR= positive, then:

Set SR:=+
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Else If SR=negative, then:
Set SR:=-
Else:
Set SR:=Blank
3. Read:C.
4. Read: I.
5. Read: T1.
6. Set SF:=T1/C.
7. Read: SP.
8. Set ABSOLUTE WEIGHT:= I*SF*SP.
9. Set INDEX:= V+C+Cx.
If INDEX=0 to1, then:
Set RI:=L
Else If INDEX=2 to 4, then:
Set Rl:=M
Else If INDEX=5 to 6, then:
Set RI:=H.
10. If Iteration > 1, then:
Set DISAGGREGATION:=1
Else:
Set DISAGGREGATION:=0
11. Read: D.
12. Read: T2.
13. Set aj:= row vector of absolute weight for S(j=1 to m)
Set Rij:= weight of R(i=1 to n and j=1 to m)
Ci= column vector of I(i=1 to n)
m= number of S
n=number of U [13]

n
14. Set Absolute Weight:= 3- @ R;C
=1

[13]
15.Set bj:= row vector of relative weights for S (j =1 to m)

Set di:= column vector of absolute weights for U (i = 1 to
n)
n
Set Relative Weight:= bi- @ Rjd
i=1 [13]
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Based on the above algorithm, House of Quality Matrix has
been created for WeighStack Software Application, which has
an additional column i.e. Disaggregation as shown in Fig. 1.
The values of Absolute Weight and Relative Weight help in
prioritization of user stories and corresponding technical
descriptors.

4.2 Acceptance testing:

After each release, Acceptance tests were created to test
whether the user stories were correctly implemented, and
customers verified their correctness. In this case, the
acceptance tests indicated that the product delivered is
satisfactory to customers. Although, according to customer’s
feedback, some changes were also suggested, but overall
acceptance level of customer was positive

5. QUESTIONAIRE

Subjective evaluation technique was followed, in which a
questionnaire was prepared. All the stakeholders of the project
were asked to fill the questionnaire and they had to rate how
strongly they agreed or disagreed with the corresponding
statements.

1. Was the requirements management effective?

2. Were the requirements elicited using a precise
method?

3. Adequate customer involvement was there?

4. The requirements related to the software were
scoped to fit within the methodology?

5. Were the requirements complete enough to
recognize the sub-problem types within the project?

6. Was there any repository for organizing the
requirements properly?

7. Were the suggestions for enhancement or
improvement accepted by the customers or the RE
team?

8. If any change occurred in customer requirements,
was it feasible to accommodate change in HOQ
matrix?

9. Were the customers able to identify the most
important requirements?

10. Were the important quality attributes considered?

11. Was an analytical approach followed to rate the
risks?

Each question had 4 options associated with it, namely:
Strongly agree/ Agree/ Disagree/ strongly disagree and No
Comments. The evaluators were asked to choose 1 option for
each question. Each option had a score associated with it. The
scores associated are stated as: Strongly agree: score= 4,
agree: score=3, disagree: score= 2 , strongly disagree :score=1
and no comments: score=0.

Adding scores from each item, a “Final score” was calculated.
Based on evaluation of each stakeholder, an average score
was calculated, which is the ratio of adding final score of each
questionnaire to the total number of evaluators. The average
score obtained was 37.4.
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Fig. 1. House of Quality Matrix for WeighStack
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6. COMPARATIVE ANALYSIS
Table 2 shows the comparison of XP-QFD with the 3C
approach

Table 2: Comparative Analysis
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Feature 3C XP-QFD

Prioritize User Stories
Limited

Valuable small releases
(e

Categorization of Risk involved with
each user story

Provides baseline for Competitive
Analysis

BYRYNR

Acceptance Tests

(e
Provides basis for Cost Estimation s

Resolve conflicting requirements

7. CONCLUSION

XP-QFD has been implemented in WeighStack software
application. This approach has been helpful to improve the
decision making process and for prioritizing user stories, and
identifying risk associated with each user story. The
“disaggregation” column helps to identify which user stories
may take more than one iteration to be completed. The
conflicting requirements can be identified and resolved. The
data can be saved in orderly and structured manner. The
results of acceptance testing and questionnaire indicate that
this approach has been able to satisfy the customer to a great
extent.
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