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Abstract 
 

This paper identifies the essential components of a 
Requirements Engineering (RE) process and provides 
alternatives to the Requirements Analyst (RA) when 
deciding on a particular set of RE methods.  Existing 
methods of choosing RE techniques are discussed, and a 
new technique is proposed specifically for choosing RE 
techniques for projects with critical Time-to-Market 
(TTM) projects. 

The components of the essential RE process as well as 
many other insights into the practice of RE were 
identified by examining the current literature and by 
analyzing the data from 25 completed surveys concerning 
the area of RE.  The survey data provides insight into the 
state of the practice in Requirements Engineering. 
 
1. Introduction 
 

For a company to develop a software product 
efficiently and successfully, it is important for the RE 
phase to be well-defined [1].  Unlike other industries 
where the majority of capital is spent on tangible 
materials, the tangible materials in a software product are 
a very small part of the overall cost of the project.  By far, 
the costliest part of a software product is the development 
of the application.  Reproduction costs are measurable 
and are normally insignificant [2].  Increased costs 
resulting from changes to requirements, however, are 
often much more difficult to measure quantitatively.  As a 
result, software requirements are often quite volatile [3].  
When requirements change, effort is required to modify 
the product to meet the new requirements, thus increasing 
the cost and delaying the schedule of the project.  If 
requirements remain volatile for too long, the likelihood 
of project success decreases dramatically, as modifying 
software to incorporate new/modified requirements is 
often complicated and error-prone [4]. 

Unfortunately, RE is not particularly easy to do well.  
Even when requirements experts are employed in the RE 
phase to help determine the set of requirements, they may 
miss up to half of the necessary end-user requirements 

[5].  To make matters even more difficult, the application 
of large-scale organizational methodologies to the RE 
process of TTM projects has been shown to be largely 
ineffective [6].  Although it is difficult to do well, a sound 
RE process is important if a company wishes to achieve 
repeatable project success [7]. 

The purpose of this research is to provide guidance to 
software developers in determining the appropriate steps 
to take in the RE process for a TTM project and the 
appropriate techniques to facilitate a successful RE 
project phase.  Nikula et al have shown there to be a need 
for education and knowledge transfer from academia to 
industry in terms of RE processes and best practices [8].  
In addition to discussing the fundamentals of RE for use 
in a TTM project, this research also describes an RE 
technique evaluation process which can assist software 
developers in determining the most appropriate set of RE 
techniques for use on a TTM project. 
 
2. The RE Process 
 

Sommerville & Kotonya [10] state that the RE process 
consists of 4 main areas, as shown outlined in Figure 1. 
Although the 4 areas are distinct from one another in their 
process and purpose, they may occur simultaneously in 
the requirements stage of a project. For TTM projects, it 
is desirable that these 4 tasks occur at the same time or at 
least in very small increments. By being able to perform 
the tasks together, the requirements engineer saves overall 
schedule time by requiring less overhead to set-up 
meetings, contact individuals to clarify issues, etc [9]. 
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Figure 1  The RE Process 

It is not necessary for project teams to rush through the 
RE process for TTM projects.  The time spent up-front 
may have significant time savings during the latter stages 
of the project. In a survey of 16 Finnish companies, one 
third reported that even with the ever-increasing need to 
reduce schedule time, they should be spending more time 
and effort on RE [8]. 

The RE process consists of four main activities:  
elicitation, analysis, specification, and validation [10].  
Elicitation is the activity of gathering the requirements 
from stakeholders.  After gathering the requirements, they 
are analyzed to determine areas requiring clarifications, 
logical groupings, etc.  After being analyzed, the 
requirements are documented and validated with the 
stakeholder to ensure that the product developed from the 
requirements will meet the needs of the stakeholder. 

The majority of the RE activities should be completed 
before substantial effort is expended on detailed design 
and implementation.  One artifact of the RE phase is a 
documented requirements specification that has been 
validated by the affected stakeholders.  The validated 
requirements specification might consist of a formal 
requirements document [1, 3], an experimental prototype 
[11], or a combination of the two.  There will likely be 
stakeholder conflict encountered while developing and 
validating a requirements specification, but it is much 
better to start dealing with, and resolving, conflict in the 
early stages of a project rather than waiting until the end 
with the hopes that everything will turn out alright [12].  
A solid RE process requires plans for addressing and 
resolving conflict [3]. 

 
3. Rapid Application Development 
 

Rapid Application Development (RAD) is a broad 
term used in a number of different contexts.  The term 
itself means different things to different people [9]. In the 
context of this research, Rapid Application Development 

is any development methodology or activity whose 
overall impetus is to increase speed of application 
development over that of the traditional development life 
cycles. 

Increased speed of application development can be 
achieved in three fundamental ways: [9] 

1. Perform fewer tasks. 
2. Perform tasks more quickly. 
3. Perform tasks concurrently. 
Points 1 and 2 can lead to a decreased amount of 

development effort, if development effort is defined in 
terms of person-hours or person-months.  Point 3, 
however, does not achieve decreased development effort 
since the overall amount of development effort actually 
increases as a result of the increased coordination 
between actors.  Point 3 also leads to increased 
coordination complexity and increases risk in that actors 
performing concurrent tasks must work from incomplete 
artifacts and/or must coordinate with other actors 
performing concurrent activities [9]. 
 
4. RE Techniques 
 

There are several techniques available to the RA in 
discovering and analyzing requirements.  During the 
course of this research, 25 techniques were evaluated in 
terms of their applicability for use in TTM projects.  The 
purpose behind this analysis was to determine if particular 
RE techniques allow for reduction of time required either 
for requirements engineering, or for the overall project. It 
is possible to do very little requirements engineering, thus 
reducing the time required for requirements engineering 
to essentially nil. This, however, puts the project at great 
risk as time may be wasted reworking the product as 
requirements are discovered [13]. The analysis of the RE 
techniques assumes that the technique, either by itself or 
in combination with other techniques, will be used to 
construct a reasonably complete requirements 
specification within the initial requirements engineering 
phase of the project. 

Each technique was rated against the three methods of 
reducing schedule time as discussed in section 3.  The 
methods were rated using the following scale: 

1. The technique makes no allowance for the 
criterion. 

2. The technique must be tailored to make allowance 
for the criterion. 

3. The technique explicitly makes allowance for the 
criterion. 

Using this scale, the minimum possible score is 3 (if 
the technique receives a rating of 1 for each of the 3 
criterions) and the maximum possible score is 9 (if the 
technique receives a rating of 3 for each criterion).  The 
following table shows the score for each technique 
examined: 



Table 1 RE Technique Scores 

Technique Score 
Joint Application 
Development [14] 

 8 

Informal Modeling [12]  7 
Semi-formal Modeling [15, 
16] 

 7 

Scenarios / Use Cases 
[16,17] 

 7 

Evolutionary Prototyping 
[10] 

 7 

Requirements Testing [18]  7 
Requirements Reuse [19]  7 
Requirements Checklists 
[12] 

 6 

Requirements Reviews 
[20] 

 6 

Requirements Prioritization 
[21]  

 6 

Formal Modeling [22]  6 
Throw-away Prototyping 
[4, 10] 

 6 

Interviews [12]  6 
Quality Function 
Deployment [23] 

 6 

Cooperative Requirements 
Capture [12] 

 6 

Designer as Apprentice 
[24] 

 5 

Observation and Social 
Analysis [12] 

 5 

Focus Groups [25]  5 
Future Workshops [12]  5 
User-Centered Design [10, 
12] 

 5 

Viewpoint-Oriented 
Techniques [10] 

 5 

Requirements Tracing [18]  5 
Requirements Change 
Management [26] 

 5 

Soft Systems Methodology 
[27] 

 4 

Data Mining [28]   4 
 
5. Empirical Research 
 

An on-line survey was constructed to gather 
information from individuals involved in software 
development (http://sern.ucalgary.ca/~cmcphee/RE/RE_ 
Questionnaire.html).  The survey covered several 
different aspects of RE, with the goal of obtaining greater 
insight into how software developers view the RE phase 
and what tools or techniques they see as being most 

useful.  Where appropriate, survey respondents were 
asked to compare TTM and non-TTM projects to 
determine where the two types of projects were different 
in terms of approach to RE. 

The following sections discuss the areas of 
information presented in the survey and the rationale 
supporting the inclusion of questions in those areas. 

 
5.1.  Work Experience 
 

The survey was not targeted at any particular group of 
software developers.  Rather, it was anticipated that 
responses would be gathered from individuals with 
diverse backgrounds.  This section asked questions 
regarding experience both in terms of years of 
development experience and regarding project types and 
industry domains. 

The purpose of collecting this data was to determine if 
there is any correlation between an individual’s 
experience and his views on RE in software development. 

 
The following information was determined from 

responses in this section: 
� Approximately half of the respondents had 10 

years of software development experience or 
more. 

� Approximately half of the respondents have spent 
the majority of their careers working on TTM 
projects. 

� In total, experience level in each of the 5 phases 
of a software development project lifecycle was 
almost the same, with Maintenance being the least 
and Implementation being the most. 

 
5.2.  Project Success Factors 
 

Project success factors are those factors which have a 
major influence on the overall success of a project.  
Specifically, three questions that were asked that have 
been identified as being important project success 
indicators [29]: 
� How do you know when a project is done? 
� How do you know if a project was a success? 
� What is the relative importance of budget, 

schedule, and scope/quality? 
The answers to these questions provide insight into 

how a software developer sees a successful project 
coming together and what they believe to be the most 
important factors in software development projects.  

The following are the general trends in how 
respondents determined that a project was done: 

1. User or QA signoff and/or customer acceptance. 
2. Client takes ownership. 
3. All requirements have been satisfied. 
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And these are the general trends in how respondents 
determined that a project was successful: 

1. Customer is happy/satisfied (expectations have 
been met). 

2. Estimates have note been grossly exceeded. 
3. All requirements have been met. 
 
The top responses both in terms of project completion 

and project success involved customer sign-off and 
satisfaction with the final result.  This suggests that 
having testable requirements is absolutely essential.  By 
creating test cases, we are assuring ourselves that we can 
accurately determine when a project is done.   

When asked about the relative priority of Budget, 
Schedule, and Scope/Quality, the respondents answered 
as follows: 

Most Important Factor

Schedule
, 58%

Quality, 
27%

Budget, 
15%

 
Figure 2  Project Priorities 

 
5.3.  Attributes of ‘Good’ Requirements 
 

This section listed the seven attributes of good 
requirements as defined by the IEEE [30]: 
� Unambiguous 
� Complete 
� Verifiable 
� Consistent 
� Modifiable 
� Traceable 
� Usable 
  On a TTM project, it may not be possible, or even 

desirable, to spend time and effort to ensure that each of 
the attributes is fulfilled.  For instance, one attribute of 
good requirements is identified as being unambiguous 
[30].  Truex [31] argues that we should not strive for 
complete unambiguity, because the environment is always 
changing and there must be flexibility built into the 
system requirements. 

The responses to questions in this section provide 
guidance in helping software developers choose suitable 
RE techniques.  If some techniques are appropriate for 
achieving a particular attribute of a requirement that is 
deemed to be important for a TTM project, then, all other 

things being equal, that technique should be used over 
another technique that does not contribute to achieving 
the same attribute. 

There was little difference between TTM and Non-
TTM projects in terms of what individuals felt to be the 
importance of each attribute.  Attributes that were felt to 
be slightly more important in TTM projects were 
‘Unambiguous’ and ‘Usable’, while ‘Traceable’ was felt 
to be of greater importance for Non-TTM projects.  These 
differences suggest that the respondents are comfortable 
with more ambiguity in the requirements for Non-TTM 
projects than they are on TTM projects.  That said, 
‘Unambiguous’ was still deemed the most important 
attribute for TTM projects, and the second most important 
attribute for non-TTM projects. 

 
5.4.  RE Techniques 
 

This section provided a list of RE tools and techniques 
for which the respondents were to indicate both their 
knowledge level and the perceived usefulness.  If a 
respondent did not have any knowledge of a tool or 
technique, they were not to specify its perceived 
usefulness.  Respondents were also asked for the 
perceived usefulness of each tool or technique on TTM 
versus non-TTM projects. 

This section was included in the survey for three 
reasons: 

1. To determine general knowledge of available 
RE tools and techniques. 

2. To determine overall usefulness of technique. 
3. To determine whether there was a perceived 

difference in usefulness of tools and 
techniques for TTM versions non-TTM 
projects. 

Respondents were asked to rate their familiarity and 
the perceived usefulness (both for TTM and for non-TTM 
projects) of several RE techniques on a scale of 1 to 5, 
with 1 being low familiarity/usefulness and 5 being high 
familiarity/usefulness.  For the usefulness of techniques, 
only respondents who indicated that they had at least 
some familiarity were asked as to the effectiveness of the 
technique. 

Table 2  Top 10 RE Techniques 

Rank Familiarity Usefulness 
(TTM) 

Usefulness  
(Non-TTM) 

1 Scenarios / 
Use Cases 

Prioritization Change 
Management 

2 Semi-Formal 
Modeling 

Change 
Management 

Semi-Formal 
Modeling 

3 Informal 
Modeling 

Scenarios / 
Use Cases 

Reviews 



Rank Familiarity Usefulness 
(TTM) 

Usefulness  
(Non-TTM) 

4 Change 
Management 

Semi-Formal 
Modeling 

Scenarios / 
Use Cases 

5 Evolutionary 
Prototyping 

Testing Checklists 

6 Interviews Evolutionary 
Prototyping 

Testing 

7 Prioritization Reuse Traceability 

8 
Reviews Interviews Viewpoint-

Oriented 
Techniques 

9 Throw-away 
Prototyping 

Reviews Interviews 

10 Checklists Checklists Designer-as-
Apprentice 

 
Although the rankings were not identical, many of the 

same techniques are included in the top ten for all three 
categories.  Most noticeably, Scenarios / Use Cases, 
Semi-Formal Modeling, and Change Management are all 
ranked in the top five.  Not surprisingly, Prioritization 
was thought to be the most useful technique for TTM 
projects, but did not even register on the top ten 
techniques for non-TTM projects.  Techniques that 
normally take more effort in terms of the Requirements 
Analyst’s time such as Traceability, Viewpoint-Oriented 
Techniques, and Designer-as-Apprentice were thought to 
be useful for non-TTM projects, but not as useful for 
TTM projects. 

The rank correlation coefficient was calculated for 
three combinations of the RE technique data.  A rank 
correlation coefficient was calculated rather than an 
absolute correlation coefficient because it is the relative 
usefulness of a technique that is of interest. 

The following table shows the results of this 
calculation: 

Table 3  Rank Correlation Coefficients for RE 
Techniques 

Comparison Rank Correlation 
Coefficient 

Familiarity of Technique 
versus Usefulness (TTM) 

0.729 

Familiarity of Technique 
versus Usefulness  
(Non-TTM) 

0.876 

Usefulness (TTM) versus 
Usefulness Non-TTM 

0.679 

 
All three rank correlation coefficients were positive 

and were greater than the minimum correlation coefficient 
required for a 99.9% confidence limit.  The results lead to 
the following observations: 

1. Technique familiarity is positively correlated 
with perceived usefulness of a technique, both 
for TTM and Non-TTM projects. 

2. Perceived usefulness of RE techniques for TTM 
projects is positively correlated with perceived 
usefulness of techniques for Non-TTM projects. 

An additional rank correlation coefficient was 
calculated to determine the correlation between perceived 
usefulness of RE techniques for TTM projects versus the 
appropriateness of RE techniques for TTM projects as 
calculated by the process described in section 4.  The rank 
correlation coefficient for these two datasets is 0.366 
which is less than the minimum rank correlation 
coefficient for 95% confidence limits for a sample of this 
size, meaning that the correlation is not statistically 
significant within 95% confidence limits. 

This result leads to two possible conclusions: 
1. The technique for determining appropriateness of 

RE techniques for TTM projects as described in 
section 4 is not valid; or 

2. Since perceived usefulness of RE techniques for 
TTM projects is highly correlated with technique 
familiarity, software developers incorrectly 
perceive some techniques to be more appropriate 
than others. 

Respondents who reported that Schedule was 
normally their highest priority had, on average, less 
familiarity with the RE tools and techniques referenced in 
the survey.  This suggests that individuals who mainly 
work on TTM projects have less general knowledge about 
the RE tools and techniques available to them.  
Intuitively, this makes sense as those individuals who are 
not time-constrained are likely to be more willing and 
able to research the RE tools and techniques available to 
them. 

 
5.5.  Personal Preferences regarding RE 
 

This section asked questions concerning personal 
preferences regarding the RE phase of a project.  
Questions related to whether or not an individual liked 
performing RE and the attributes of good Requirements 
Analysts. 

The answers to these questions can be used to further 
refine the usefulness of RE tools and techniques.  If, for 
example, a number of individuals reported that one 
downside of RE is the amount of documentation that must 
be created and maintained, RE techniques which 
incorporate the construction of documentation as a by-
product of the technique would be considered more 
desirable than another technique which treats the 
construction of documentation as a separate activity. 

Respondents who indicated that they had explicitly 
chosen a RE technique in the past were then asked to 
identify how the technique was chosen.  The percentages 



indicated in the following tables do not add up to 100% 
because most respondents who answered this question 
indicated several reasons, and some respondents did not 
answer all questions. 

Table 4  Reasons for Choosing RE Techniques 

Reason for Choice of 
Technique 

Percentage of 
Respondents who 
Identified the Reason 

Previous Experience with 
Technique 

28% 

Facilitates Good 
Communication 

24% 

Company Standard 16% 
Tool Support Available 8% 

 
When asked about the attributes of a good RE 

technique, all respondents, regardless of whether or not 
they had chosen a technique before, were asked to 
respond.  The following table shows those responses: 

Table 5  Desirable Qualities of RE Techniques 

Desirable Quality of RE 
Technique 

Percentage of 
Respondents who 
Identified the Quality 

Easy to Use 32% 
Facilitates Good 
Communication 

28% 

Facilitates capture of 
complete set of requirements 

24% 

Allows for or incorporates 
traceability 

20% 

Improves the product quality 8% 
Tool support 8% 
Incorporates prioritization 4% 

 
Respondents were also asked about what they liked 

and disliked about RE.  The following tables show the 
responses: 

Table 6  Attractive Aspects of RE 

Attributes of RE that are 
most liked 

Percentage of 
Respondents who 
Identified the Attribute 

Defining common goals / 
scope 

60% 

Gaining domain knowledge 28% 
Exploring possibilities 24% 
Team building 8% 

 

Table 7  Unattractive Aspects of RE 

Attributes of RE that are 
most disliked 

Percentage of 
Respondents who 
Identified the Attribute 

Difficulties in 
communicating with 
stakeholders 

48% 

Documentation  28% 
Changing Requirements / 
Feature Creep 

24% 

 
In almost all of the areas regarding personal 

preferences in RE, difficulty of communication and/or the 
importance of communication was high-lighted. This is 
not unexpected, but it underscores the importance of a 
good line of communication between the Requirements 
Analyst and the customer.  RE techniques, whether they 
be applied on a TTM or non-TTM project must enhance 
the analyst/customer communication in order to be 
successful. 

Another important factor in the usefulness of a 
technique was the respondents’ perceived effectiveness 
and/or the ease of use of the technique.  This is especially 
important for TTM projects where the Requirements 
Analyst might not have ample time to become familiar 
with a new technique.  Unless the technique is easy to 
use, the analyst is more likely to go back to a familiar 
technique. 

 
5.6.  Importance of RE 
 

This section asked respondents how much effort 
should be spent in the RE phase of a project in terms of 
percentage of overall project effort.  Respondents were 
asked to determine percentages for both TTM and non-
TTM projects. 

Although not contributing directly to assisting a RA in 
determining an appropriate RE process, the responses 
could be used to provide software developers with 
guidance in terms of the amount of effort that should be 
spent in the RE phase of a project. 

Respondents indicated that whether or not they felt 
that their company spends enough time on RE, effort 
allocated to RE should be approximately 25% of the total 
project effort.  One slight difference was found when 
dealing with non-TTM projects.  For non-TTM projects, 
respondents who felt that their company spends enough 
time in RE actually identified higher RE effort allocation 
than those who felt their company did not spend enough 
effort in RE.  This suggests that when an individual’s 
company does not spend enough time in RE, he 
underestimates the appropriate amount RE effort 
required. 



The majority of respondents (two-thirds) did not 
believe that enough time is spent on RE.  In general, 
respondents recognized that there is a lack of effort spent 
on hashing out requirements details.  Although this is 
recognized, it is difficult to determine how RE effort 
should be spent.  Obviously, in the waterfall process 
model, one could specify that the entire RE should be 
performed (use up all allocated time for RE) before 
starting on the design and implementation.  However, the 
requirements often need to be amended throughout the 
design and implementation stages.  Therefore, upfront RE 
effort is best spent on determining the core, unalterable 
set of requirements with time set-aside at latter points in 
the project to revisit the requirements and to maintain 
traceability of requirements to design, implementation 
and test. 
 
6. Summary and Future Research 
 

The RE process can be seen as consisting of four 
phases that must be addressed iteratively if a requirements 
specification of reasonable quality is to be produced.  As 
identified by Sommerville [10], those phases are 
Elicitation, Analysis, Specification, and Validation.  By 
iterating through these phases, the Requirements Analyst 
gradually discovers the requirements of the system and 
works to refine the complete set of necessary 
requirements.  Explicitly addressing the separate phases 
of the RE process, however, is not sufficient to 
adequately determine the system requirements. 

TTM projects are those for which schedule is the 
driving factor.  Although many RE tools and techniques 
exist, many were developed with the assumption that a 
stable set of requirements exist, and the Requirements 
Analyst must simply determine and document them [1].  
With the changing nature of today’s technology, it may 
be impossible to determine the complete set of 
requirements of an organization [31].  The profitability of 
TTM projects depends on the ability to quickly determine 
and satisfy the needs of a particular market niche. 

A survey was developed and administered to members 
of the software development community, and the 
following conclusions were reached following an analysis 
of the data provided by the respondents: 
� There exists a general lack of knowledge regarding 

available RE techniques. 
� RE Technique usefulness is largely determined by 

familiarity. 
� Individuals who worked primarily on schedule-

driven projects generally have less familiarity with 
RE techniques than do individuals who work 
primarily on budget or scope/quality-driven projects. 

� Good communication is a key factor in successful 
RE. 

� It is important that requirements be unambiguous. 
� The perceived usefulness of RE techniques for TTM 

projects is correlated with perceived usefulness for 
Non-TTM projects but is not correlated with 
theoretical usefulness of RE techniques on TTM 
projects. 

� RE techniques must be easy to use to be considered 
by RAs on TTM projects. 

� Approximately 25% project time should be spent in 
RE, although majority of respondents do not feel 
enough time is allocated to RE in their companies. 

 
There are a number of areas where the research 

presented in this thesis paper could be expanded: 
� Develop a practical guide to Requirements 

Engineering for software developers to use on time-
to-market projects. 

� Evaluate appropriate RE techniques for use when one 
of the other project drivers is most important (Budget 
or Scope/Quality). 

� Evaluate lifecycle methodologies appropriate for 
TTM projects rather than focusing solely on RE 
techniques. 

� Perform controlled experiments to evaluate the actual 
effectiveness of the RE techniques that were found to 
be theoretically suitable for TTM projects. 
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