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Abstract

Requirements Engineering (RE) is a process for
determining stakeholder needs during the development
of a software intensive system. Research indicates that
RE process quality critically influences the success of
the Software Development Life Cycle (SDLC). This
places significant importance on RE process
measurement. Unfortunately, however, RE process
quality measurement is neglected, possibly because it
is difficult to measure the quality of RE processes, and
therefore, to determine what constitutes a quality RE
process across different types of organizations and
software development projects. This makes it difficult
to formalize RE processes from a quality perspective. |
attempt to address this issue by proposing a definition
of RE process quality that is applicable across
different software development projects. | then propose
some high and low-level measures of RE process
quality and present a framework that identifies factors
that influence RE process quality, followed by a
snapshot of a case study. | conclude with a discussion
of the implications of this framework both for the
quality of the requirements, and for software in
general.
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1. Introduction

Requirements engineering is the practice used to
first identify and then trandate stakeholder needs to
system requirements [1]. RE is theinitia and the most
frequently visited phase of SDLC. RE outcomes
provide inputs not only to almost all other phases of
SDLC [2], but also aid in the different aspects of

SDLC planning, such as project planning, risk
planning, qudity planning, release planning, and
configuration management planning. Research finds
that RE quadlity critically influences the success of the
SDLC [2, 3]. Poor quality RE generates requirements
that are incomplete, inconsistent, conflicting and
unduly complex. Such requirements cause significant
software defects that can be difficult to detect during
system testing [3] and are more expensive to fix than
programming defects [4]. It is therefore important to
implement good quality RE processes (defined as some
attributes of an RE process that is responsible for
maximizing good quality requirements). Good quality
requirements are defined as those requirements that are
useful, complete, consistent, unambiguous and
accurate [5]. Good quality RE can be achieved by
continuously measuring an RE process, and if found to
be deficient, improve it by eliminating the process
problems or gaps (defined as the difference between
the desired and existing states in a process), that cause
poor quality. Good quality RE processes will ensure
that the quality of requirements that are developed is
good (Deming, 1955) [5].

Often, research effort in this direction is aligned
against:

Standard-based approaches, such as CMM or
1SO [6]

Technique-based approaches, like defect
prevention techniques [7]
Examining specific process improvement

program outcomes in industry [8].

Although such complimentary methods are
successful in achieving process improvement to some
extent, their applicability may be limited by the type
and nature of SDLC and RE. Further, Tony Gorschek
(2004) has proposed a validated research outcome for



Industrial RE [9] which is suitable for small and
medium size enterprises based on an abstraction
model. However, there is a need to arive a a
generalized measurement driven process improvement
framework that can examine an RE process of large
and complex projects and measure it as a first step
towards improvement.

The problem is, it is difficult to measure the quaity
of RE processes, and therefore, to determine what
constitutes a good quality RE process. There are three
reasons for this. First, RE processes are complex and
non-standard since RE, by nature, is human intensive
and domain specific [4, 10, 11]. Often, organizations
follow RE processes based on their own RE best
practices, of which only some are clearly and explicitly
defined [12]. However, a degree of formaity of RE
processes is required for a process to be assessed and
improved [13]. Even within an organization with clear
and explicit RE best practices, the RE process for a
particular SDLC may not have a clearly defined scale
for measurement and a benchmark for comparison,
especidly if that software development project is new
to the organization [14]. Second, it is easier to measure
the quality of the product produced by RE processes
than to measure the quality of the process that
generated that product [15]. Third, RE has a complex
relation with the subsequent phases of SDLC [4]. The
exact nature of this relationship may be unpredictable,
and this may influence requirements changes [3, 16].
This complex relationship may also make it difficult to
pinpoint whether a failure in the software product is a
result of the underlying RE process gap or problem
(defined as the difference between the desired and
existing states in a process), or is a result of other
problems such as software usability defects [17]. All of
the above difficulties have contributed to a genera
neglect of RE process quality measurement. This, in
turn, makes the formalization of RE processes complex
from a quality perspective, for instance, establishing
eguivalences between levels 3, 4, and 5 of CMM and
actual RE processes[12].

In this paper, | examine these issues by addressing
the following research questions: A) How do we
measure RE process quality? and B) What factors
influence RE process quality across different types of
organizations and software development projects? |
propose a framework, generdizable to al types of RE
and SDLC methodologies, for measuring RE process
quality and for examining causal factors that influence
RE process quality. Developing a measurement
framework is important because different organizations
can have different sets of goals, quality perspectives,
and fundamental definitions of artefacts that influence
the business; hence a generalized measurement
framework with customizable parameters will increase

the scope and applicability of the improvement
framework. Identifying factors that influence the
quality of RE processes by using the framework can
help us develop ways to control process problems and
improve RE process qudity.

2. The Framework

In this section, | first present high and low-level
measures of RE process quality. | then use a decision
matrix to identify the basic, underlying, and immediate
factors that influence RE process quality, and hence,
the quality of the requirements.

Figure 1 presents the framework based on the
premise that most software projects may not resemble
each other in terms of process and quality definitions;
hence the framework allows itself to be tailored based
on organization and project specifics. This enables the
framework to have certain customized definitions such
as requirements quality and defects categorization.

Figure 1. RE Process quality measurement
framework

The framework supports high-level and low-level
measurement of RE. Finaly, high and low-leve
process measurements are linked to requirements
quality using a decision matrix.

2.1. Measuring RE process quality

The quality of an RE process is based on the extent
to which, the RE process is guiding RE to achieve its
goals [18]. Often, RE goals may be intertwined with
SDL C goals, and may be difficult to explicate. Further,
goas may be project specific, for instance, in a certain
project, meeting almost unachievabl e schedules may be



a god. In such a case, budget may be flexible to
accommodate extra costs, like those associated with
overtime and tools. In some other project, cost saving
may be a goal, in which case, enhanced Return On
Investment (ROI) may be a measure of success.
Although a goal oriented approach enforces specific
quality objectives, eventualy, such goas should be
driven around the voice of the customer [19]. Thus, it
is important to arrive at broader definition of RE
process quality in the context of the factors that
influence customer satisfaction.
| define good quality RE processes as those that:

Produce requirements that are complete, reflect
stakeholder needs accurately, define clear scope,
and aid in reducing the number of requirements
defects | eading to software defects [4].

Optimize the schedule for RE so that the
requirements engineers need less time to
baseline the system requirement specification
against the stakeholder needs, resulting in a
productivity gain [20, 21].

Reduce the amount of rework needed on the
software [4]. Developers and testers rework
significantly on design, coding and testing as a
result of vague, ambiguous, incorrect,
inconsistent, or conflicting requirements,
causing a rise in costs, and overrunning
schedules[22].

Optimize the amount of resources required such
that RE needs smaller RE teams, since rework is
reduced, thereby controlling cost escalation [4,
23].

The unit of analysisis an RE process for alarge and
complex software project or software product,
irrespective of the domain of the application. The data
for this anaysis comes from RE process
documentation,  requirements  documents  and
specifications, RE meetings and requirements defects
that are observed during RE and subsequent phases of
SDLC.

Based on the above definition of quaity of RE
processes, | present high and low-level measures of RE
process quality.

2.1.1 High-level measures of RE process quality.
Generally, organizations are focused on producing
good quality requirements within a defined time and
cogt, in such a way that there is minima rework in the
SDLC arising as a consequence of RE errors. The
parameters that determine if the RE processes are
effective and efficient would be the quantum of good
quality requirements per unit cost. |, therefore, identify

three high-level measures of RE process quality,
namely effectiveness, efficiency, and overal RE
process quality. | define RE effectiveness as the ratio
of the total useful requirements (TUR) to the cost of
determining those  requirements. By  useful
requirements, | mean, requirements that are verified to
return value for investment of time and money; are
tested for correctness by way of one or more reviews,
models and prototypes, and approved by the
customers. RE efficiency is the ratio of the total useful
requirements to the total requirements that were
initially drawn against the stakeholder needs for a
particular release (TR). TR will always be greater than
or equal to TUR, therefore the value of the ratio is
maintained between 0 and 1. Overall RE process
quality is a composite measure of the efficiency,
effectiveness, and other attributes of RE process
quality, such as the degree of automation, RE process
knowledge storage in retrievable form, RE
management and documentation ability.

Based on the above definitions, | propose these
measures.

Let ‘UC = Actua Unit RE cost / component, where
a component can be a system or a sub-system or a
module that is associated with a release number.

Let ‘B’ = Budget available per requirement in that
component to be dlicited, analyzed, validated, verified
and documented. This is usualy based on the
organizations' memory of costs with previous similar
projects. Then,

TUR X B X 100
Effectiveness = ucC
- TUR X 100
Efficiency = R

Table 1 indicates the data required to compute RE
process effectiveness and efficiency.

Table 1. Data required to compute RE
effectiveness and efficiency

Data required to Data collection
determine RE process

Effectiveness

How many
requirements are
defined against
stakeholder needs?

By counting the
requirements that have a
unique identifier and map to
stakeholder needs.

How many of such
defined requirements
are validated for

By counting the
requirements that have a

unique identifier, that




Data required to
determine RE process
Effectiveness

Data collection

Data required to Data collection
determine RE process

Effectiveness

importance and priority
and verified for quality
before exiting RE and
found to be in
agreement with the
stakeholder needs,
therefore included as
part of the release?

have been validated to
add value to customers
business, verified for
quality and found to be in
agreement with
stakeholder needs that
are approved for inclusion
in that release.

How many
requirements are
defective, or put on
hold on reasons of not
having budget or time
or excluded because of
irrelevance?

By counting the
requirements that have
been rejected for being of
poor quality, irrelevance or
of less importance in that
release.

How many good
requirements are
defined per unit cost?

1. By counting the
requirements that have a
unigue identifier, that have
been validated to add
value to customers
business, verified for
quality and found to be in
agreement with
stakeholder needs that are
approved for inclusion in
that release.

2. By obtaining the
component unit that is
followed by the
organization for costing
and by obtaining the RE
costs per component unit
information. For instance,
the unit may be a sub-
system, a module, or a
feature.

What is the budget
available to engineer
per requirement?

By obtaining the cost
information of similar
previous projects from
organization memory, or by
arriving at an estimate for
RE based on a standard
percentage of estimated
SDLC budget.

Data required to
determine RE process

Data collection

Efficiency
How many By counting the
requirements are requirements that have a
defined? unigue identifier and map

to stakeholder needs.

How many of such
defined requirements
are validated for
importance and priority
and verified for quality
before exiting RE and

By counting the
requirements that have a
unigue identifier, that have
been validated to add
value to customers

business, verified for

While effectiveness and efficiency are computed
using these formulas, | propose to examine other
attributes required to determine the Overall Process
Quality Indicator (OPQI) using a tailorable scae.
Table 2 presents an indicative scale to compute overall
RE process quality with some sample data. We can rate
the RE process against the scale by expressing the
agreement or disagreement with each item on a
precision of 1 to k, with pre-determined meanings for
such ratings from low to high.

Table 2. Some indicative overall process

quality data

# | Overall Process Quality Attributes

1. | Project success definition is established, for
instance, delivering agreed functionality within
scheduled time and costs

2. | Project managers are hands-on with sufficient
technical expertise

3. | Project managers are given project
management responsibility with formal training
Procedures exist for software development
RE exists as a separate well-defined process
Majority of software design is done in the early
phase and not during coding

7. | Integration and system testing is done only
based on an approved plan

8. | Acceptance testing is done by a group with
domain knowledge expertise

15 | Development and testing work products is
derived from a common source

16.| Formal testing is defined, for instance, as
integration testing and system testing

17 | All defects found during formal testing are
logged

18.| Defect logging continues until the product is no
longer supported

18 | Not many noticeable releases overrun
schedules

20.| Products are not shipped/released with severe
defects

21 | Development never begins on minimum
requirements specifications

22.| Rapid prototyping is used to represent complex
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Overall Process Quality Attributes

domain area

23 | Input from business/domain experts usually
comes in time

24.| Prioritization and risk reduction are tied
together along with cost and value

25 | Most involved people feel that RE process
needs to be improved

26.| Project managers do not have significant
difficulty to estimate development & testing of
requirements

27 | There are no noticeable conflicts among
developers and business experts about what a
requirement actually meant

While data represented in Table 2 is indicative,
actual projects may have more specific attributes of an
RE process, in which case, we have to make sure that
each item in the above scde measures a different
applicable attribute of the RE process. We may need to
adapt these items to reflect specific issues faced by the
project and RE process.

Total number of attributes and the individual
scoring, can be used to predicate the OPQI.

Once high-level measures of RE process quality are
calculated, low-level measures of process quality
(discussed below) can provide variables that determine
the value of high-level parameters. This provides a
more precise measure of RE process quaity and
determines the process improvement scope.

2.1.2 Low-level measures of RE process quality.
Based on the definitions RE effectiveness and RE
efficiency, it is evident that three parameters, TR, TUR
and UC primarily determine the quality of an RE
process. To increase the effectiveness and efficiency of
an RE process, we have to increase TUR, keep TR and
UC under control. Failure to do this will force an
increase in budget B to maintain high effectiveness,
which is normally the case with most failed projects
(defined as those projects which fail to produce the
anticipated ROI) [24, 25]. | propose that low-level
measures of RE process quality can be obtained by
measuring the strengths of the following three
categories of factors.

Category A. Factors that relate to the extent to which
the RE process is well-defined, practiced and
managed, with tool support as needed, and with
qualified RE staff [2, 4, 26, 27].

Category B. Factors that relate to the organizations'
capability to control and manage changes in such

amanner that @) the total number of requirements
does not change without compelling reasons and
b) requirements changes, as and when required,
occur through awell-defined change management
process which reflects stakeholders commitment
to those changes [4, 28, 29, 30].

Category C. Factors that relae to a the
organizations' capability to estimate RE costsin a
realistic manner and b) the organizations' risk
management capability to control cost escalation
[4, 11, 31, 32, 33].

The stronger the factors that positively influence the
extent to which the RE process is well-defined, and
that increase organizations capabilities to control and
manage change, estimate RE readlisticaly, and manage
risk, the higher the organizations low-level RE
process quality.

Note that the above factors, either by themselves, or
in combination with other factors, can influence one or
more high-level measures of RE process quality. In
addition, the above factors may also interact with each
other.

Table 3 presents an indicative scale for measuring
the strengths of the above three categories of factors.
As with Table 2, we can rate against the scde by
expressing the agreement or disagreement with each
item on a scae of 1 to k, with pre-determined
meanings for such ratings from low to high.

Table 3. Low-level measurement data

# Low-level Attributes — Category A

F1. Objective of RE is well known to
stakeholders and RE staff

F2. Standard definitions of good requirements
exist

F3. RE roles are well-defined

F4. RE process conformance ratings is
established

F5. Requirements tool is in effective usage
Requirements traceability of interest is
defined
Requirements importance levels has been
set up

Fx.




2.2. Factorsinfluencing RE process quality:
The RE process-RE product (Cause-Effect)
decision matrix

| propose a RE Process-RE Product (Cause-Effect)
Decision Matrix that links the quality of requirements
to the quality of the RE processes (measured at both
high and low-levels) used to generate these
requirements [34, 35]. | then use the decision matrix to
identify causal factors that influence RE process
quality.

Table 4 provides a list of variables that measure
requirements quality. It is important to establish
measures of requirements quality at the outset, since
the meaning of requirements qudity can vary across
organizations, projects, and stakeholders[5, 36].

Table 4. Measures of requirements quality

# Low-level Attributes — Category B
Fx+1. | Definition of scope, baseline and changes to
the baseline are known to all
Fx+2. | There is a formal change request process
Fx+3. | There is a clear direction about when
changes have to go through the change
request
Fx+11.| In  principle, strong commitment by
stakeholders to change request process exist
Fx+12 | Change requests are managed through an
effective tool
Fy.
# Low-level Attributes — Category C
Fy+1. RE effort estimate is determined in
advance
Fy+2. RE milestones are agreed by stakeholders,
RE staff and SDLC staff
Fy+3. RE schedules are agreed by stakeholders,
RE staff and SDLC staff
Fy+4. RE costs are agreed by stakeholders, RE
staff and SDLC staff
Fy+5. RE costs are linked to scope and baseline
Fy+19. | Contingency planning for costs is made
based on risk analysis
Fy+20. | Risk analysis is accurate and mitigation
plan is determined in advance
Fy+21. | Risk mitigation responsibilities of all in RE
are known to RE staff and stakeholders
Fy+22. | Availability of stakeholders participation in
terms of time and cost in RE is agreed
Fy+23. | Status reporting mechanisms and
frequency is agreed by stakeholders and
RE staff
Fy+24. | Impact analysis of RE rework on SDLC is
determined
Fz.

Organizations can specify the actions required to

increase low-level measures of RE process quality
based on their current score on each item in the above
scales. | recommend graduad and constant
improvements. This should eventually result in a high
score on al of the aboveitems.

Requirement quality Good Poor
Consistency Increased Reduced
Completeness Increased Reduced
Accuracy Increased Reduced
Conformance to Increased Reduced
standards
Poorly worded Reduced Increased
Ambiguous Reduced Increased
Conflicting Reduced Increased
Errors in modeling Reduced Increased
Necessity of that Yes No
requirement ascertained
Rationale as to why this | Clearly No clarity
requirement is included | made known | on this
Requirement’s position Clearly Not clear
in the hierarchy indicated
Requirement prioritized | Yes No
Status of requirementis | Yes No
known at any point of
time (Proposed, under
review, accepted,
rejected)

Traceability (dependent | Established Not
on, depends) established
Requirement has date Yes No
created, date modified,

and change history

Interpretation of No Yes
requirements is different

by different people

involved in SDLC

Interpretation of No Yes
requirements is different

by the same person at

different points of time,

even though the context

did not change

Linked to system Yes No




Requirement quality Good Poor

testable features

Information for Yes No
estimation (for
development and
testing) is available

Requirements are Yes No
linked to features,
modules and sub-
systems whose ROI
information is available

Invalid assumptions No Yes
made about

requirements

Associated Non Yes No

functional requirements,
if any, described:
Reliability — availability,
failure rate
Performance —
response requirements
(response to end user
input)

Throughput - amount of
data to be processed in
a given time

Timing requirements -
how quickly system
must collect inputs from
sensors before it is
overwritten by next
input value

Security — Administrator
privilege, data backup,
encryption of data
exchange between
server and client
Usability — Entry
requirements —
prerequisites of users,
Learning requirements
— time needed to learn
the system. Handling
requirements — error
and actions on error,
Likeability — niceness to
use, Safety — Shall not
permit these unless this
is in place, shall not
allow based on certain
conditions; shall not
operate based on
certain conditions.
Efficiency, robustness,
portability [4].

and low-levels) should therefore result in poor quality
requirements. The decision matrix is based on the logic
that identifying the factors in the RE process that cause
RE process gaps, prioritizing these factors, and
addressing these factors based on their assigned
priority should reduce the number of poor quality
requirements and increase the percentage of useful
requirements per unit cost. Further, such problem
elimination should increase the effectiveness,
efficiency, overall quality, and ROI of the RE process.

Figure 2 presents an analysis of two typica
problems using the decision matrix. A problem is a
categorized set or singular poor quality requirements
that initiates rework in RE or SDLC.

The decision matrix assumes that the quality of the
RE processes influences the quality of the requirements
[37]. Problems or gaps in RE processes (at both high

Figure 2. RE Process-RE Product (Cause-
Effect) Decision matrix

Figure 2 indicates that, at the high-level, poor
quality RE processes, that is, RE processes that are
neither very effective nor efficient cause Problems 1
and 2. In order to resolve Problems 1 and 2
successfully, we need to identify, prioritize, and
address the underlying factors that cause poor RE
process effectiveness and efficiency. For example, in
the case of Problem 1, Factor F22 causes poor RE
process effectiveness and efficiency. Addressing
Factor F22 is therefore a good first step to resolving
Problem 1, since, by addressing this factor, we at least
partialy address one of the causes of ineffective and
inefficient RE processes. In contrast, addressing Factor
F16 is aless practical choice for resolving Problem 2,
as Factor F16 is itself influenced by many more
underlying factors, and addressing Factor F16 only
marginally contributes to resolving Problem 2.
Further, a more permanent solution to Problems 1 and



2 would involve identifying, prioritizing, and
addressing the basic factors that influence the
underlying and immediate factors causing the
problems. Some research in organizational learning
suggests that the perceived importance of the RE
process, the nature of the RE process, and the
opportunities for learning about RE processes
encountered by the organization may represent some of
these factors (Huber, 1991) [28].

I next examine how we prioritize the basic and
underlying factors influencing high-level measures of
RE process quality, given the multiple interactions
among them.

2.3. Prioritizing the basic and underlying
factor sinfluencing high-level measures of RE
process quality

To prioritize basic and underlying factors, we need
to establish the relations, if any, that exist between
them. Examining these reations will help us to
determine which factors cause what categories of
problems that influence effectiveness and efficiency
negatively, whether these problems are worth
eliminating, and whether eliminating a problem caused
by a certain factor in any way influences other
problems in the process. Table 5 presents a framework
that we can use to examine the relations among basic
and underlying factors. The numbers in this table
(F100, F103, etc.) refer to the items used to measure
the strength of the factors (Table 3).

Table 5. Process gaps interdependency matrix

Factors | Cause Influences Influences
High-level other Factors
measures

F100 A Effectiveness

F103 A, B Effectiveness

and Efficiency

F115 A, C Effectiveness

Fx C Effectiveness F129

F205 F143

: F178, F189

Fy F145,  F178,

Fx
F333 F256, F299
Fz

Organizations can have better effectiveness, or better
efficiency, or both as goas. The above data when
viewed in the context of such goals can indicate
priority for factor elimination.

3. A case study snapshot

The following case study is a small snapshot of the
empirical research that is underway, and | present some
initial findings in determining the process gaps that
influence the occurrence of requirements defects. The
goals of this study were to determine the process gaps
present in a large rea life RE process; to ascertain the
root causes of failures; to suggest ways to close the
process gaps to avoid recurrence. This snapshot is
limited to finding RE process gaps, and not solving
them.

ABC' is a multinational large software organization
that develops large and complex systems that have

significant software component in them. The
organization has a well-established quality
management system for software development

processes. Matured and standard procedures for SDLC
exist within which RE exists as a well-defined process
whose defined purpose is ‘to establish complete and
consistent requirements of software components of the
system’. Requirements management follows manual
methods without the implementation and use of RE
tools. ABC has an average of 13% requirements
defects out of which mgority are due to changes,
omitted and incorrect requirements. There is an
average of 67 days elapsed between logging
requirements defects to fixing them.

The process gaps were examined under the heading
of:

1. RE
2. Change management
3. Estimation and Risk management

Some OPQI parameters were observed based on the
guideline provided in Section 2.1.1 Table 2, which
indicated that the process was above average in quality
in most observed aspects. The figure 3 indicates
sample mean based on some intermediate results with
norma upper and lower closing limits. The X-axis
represents the individual number of parameters used
for assessing the OPQI, and the Y-axis represents the
scoring for individual OPQI parameters. Although this
scale was set from 1 to 7, the graph indicates the scae
from 3 to 7 since there were few responses that

! De-identified for the sake of confidential ity



indicated less than 3 score against individual
parameters.

Sample Mean

Factorsinfluencing OPQI

Figure 3. Sample Mean of OPQI

RE process efficiency measured and averaged across
four projects’ was approximately 87% and RE
effectivenessis not yet determined.

On observing the RE process, some RE process gaps
were noticed, that had the following impact:

1. Causing a large number of the issues found
during reviews, and causing multiple review
meetings compared to what was initidly
planned for.

2. Driving confusions in the meaning of ‘change’.
Changes were being introduced without
obtaining customers commitment to those
changes since requirements are added and
excluded without a formal approval mechanism.

3. Creating rework in RE and rest of the SDLC
phases chalenging the correctness of planning
phase of SDLC.

Some RE process gaps that influenced the quality
of RE were;

RE 1. Significant time loss in findizing the
marketing requirements since a process of
arbitration was followed between distributed
stakeholders and ABC through emails, rather
than process driven information sharing using
detailed documents.

RE 2. Developers dealt with surrogate customers
most of the time, which introduced delays in
getting stakehol der needs right.

2 Names not stated because of ‘ commercial in confidence' nature of
the projects

RE 3. Requirements quality checklist not being used
consistently.

RE 4. Inconsistent traceability from design to
requirements.

RE 5. Modelling not used to improve the clarity of
overly complex requirements.

RE 6. No visible acceptance criteria clearly stated
such that beta testers and stakeholders test
against set acceptance criteria.

RE 7. Requirements testability not covered in detail
in specifications and reviews.

RE 8. Manual reguirements management.

Some change management problems that

negatively influenced the quality of the RE process
were:

CM 1. Requirements baselines were not consistently
communicated to stakeholders so that they
understand the expected commitment to
changes.

CM 2.Customers not being aware of the dynamic
changes that occur to the requirements before or
after basdlining.

CM 3.Requirements added and excluded without
formal approval.

CM 4.Confusions exist between new work and
committed work.

CM 5. Manual change management.

Some risk management problems that negatively

influenced the quality of the RE process were:

RM 1.Risk associated with the impact of
uncommitted changes not consistently assessed.

RM 2.Risk related to not having common source of
information for devel opment and testing was not
consistently assessed.

RM 3.Risk assessment of beginning design and
development on omitted or incorrect
requirements was not established.

Table 6. Process gaps interdependency

matrix
Factors | Causes Influences Influences
High-level other
measures Factors
RE1 A B, C Effectiveness RE2, RE7
and Efficiency
RE2 A B, C Effectiveness
and Efficiency
RE3 A Effectiveness
RE4 A Effectiveness
RE5 A Effectiveness RE4




Factors | Causes Influences Influences
High-level other
measures Factors

RE6 A B, C Effectiveness RE1, RE7

and Efficiency

RE7 A Effectiveness

RES8 A B, C Effectiveness RE1, CM5

and Efficiency

CcM1 A, B Effectiveness

and Efficiency

CM2 A, B Effectiveness CM1

and Efficiency

CM3 A, B, C Effectiveness CcM1

and Efficiency

CM4 A, B Effectiveness RE4, RES,

and Efficiency | CM5

CM5 A B, C Effectiveness

and Efficiency

RM1 A C Effectiveness CM1

RM2 A, C Effectiveness RE4, RE7

RM3 A B, C Effectiveness RE1

and Efficiency

Data from the table indicates that most gaps
influence category A factors. RE1 is probable first
priority candidate for elimination since it influences
category A, B and C factors besides influencing RE2
and RE7. However, to eliminate RE1, other factors like
RE6, RE8 and RM3 have to be completely eliminated.
By eliminating RE6, RE7 can aso be eliminated, so is
a better candidate for eimination. RE8 is the next
candidate since by eliminating RE8 we can aso
eliminate one change management gap. The last onein
the list would be RM3.

A general recommendation would therefore be:

First eliminate RE process gaps.

Then address change management and risk
management on equal priority, or on a priority
adigned against ABC's business goals,
associated costs and other parameters that are
involved in any process improvement exercise,
such as time involved in applying
improvements,  process-user training, and
improvement rational e recording.

4. Discussion

Organizations spend significant amounts of time and
money conducting RE [20, 21, 38]. Yet studies find
that organizations are not very successful in their RE
efforts, resulting in software failures or tremendous
amounts of rework [4]. Defining and measuring RE

process quality, and identifying factors that influence
process quality, can help make RE and its benefits
more relevant and tangible to organizations. This
research thus represents a first step towards eval uating
RE process quality in organizations.

The next step is obviously to determine an
expression as a means for calculating OPQI and to test
the validity and reliability of the measures and of the
framework proposed in this study. In other words, does
this framework have a significant and demonstrable
relation to the process improvement mandate in
organizations, and will it actualy measure the
strengths and weaknesses of one or more RE processes
in those organizations? The success of this research
will depend to a great degree on the accuracy of the
empirical data collected, and the extent to which this
research can be successfully replicated in different RE
contexts.

The data collection effort will involve obtaining
details on SDLC and RE required to measure RE
process qudity. While | have presented some scales
and suggested some techniques to measure RE process
quality, the information needed to calculate RE process
quality precisdly may not be available for every
commercia release of the software. This imprecision,
however, is the very issue that indicates process gaps
or problems in the RE process. Organizations who
propose to use these scales for measuring RE process
quality and the factors influencing it will aso have to
grapple with the usual issues attendant on using scales,
such as customizing the scale to their specific needs,
determining response rate, identifying the ‘right’
respondents, and so on.

Currently, | am evaluating the measurement
framework against real-life RE of large and complex
projects in two different organizations in the context of
their specifics that define their RE best practices. In
addition to testing the validity and reliability of the
framework and the measures, | am researching on
critical success factors of the framework. One such
important factor is iteratively testing the framework on
multiple cases of large and complex projects and
comparing the results in terms of real market successes
of the studied organizations based on the application of
this framework. The issues that have emerged as
critical success factors until now are the tool support
for the framework, and formal customization
techniques of the framework. | plan to address these in
subsequent studies.
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