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Abstract 
 

Software projects typically require effort estimation 
from the Software Development Life Cycle (SDLC) 
staff at the commencement of the software development 
activities. Inaccuracies in effort estimation of software 
projects early on in the SDLC continues to be a 
perennial problem. Typically, improved estimates for 
software projects are provided under circumstances 
where Requirements Engineering (RE) is completed. 
RE provides a key reference in the form of 
requirements for the estimation process. However, RE 
by itself may consume significant effort demanding the 
RE phase to be estimated as the first step in the SDLC. 
It is difficult to establish RE estimates, as RE usually 
has no tangible reference on which estimates can be 
based. This paper provides a practical estimation 
method for large and complex RE processes. We 
demonstrate using a case study snapshot in a large 
software organization that the method provides 
improved effort estimates for the RE process.  
 
1. Introduction 

It is a well-documented and accepted fact that 
software project estimations, in general are 
significantly inaccurate [1, 2, 3]. Failure to produce 
large-scale software in time has traditionally been a 
difficult cost estimation problem. Software has been 
developed for several years now and it is reasonable to 
expect that the experience gained in this time, would 
make software development effort predictions more 
reliable [4]. Unfortunately, characterizations of 
inaccurate estimates is still being reflected in various 
software project failures and the Software 
Development Life Cycle (SDLC) cancellations [5]. 
Genuchten states that over-optimistic planning is the 
primary reasons for project delays pointing to 
inaccurate software estimates [7]. Software cost 
estimation has all along remained an important concern 
for software professionals [6].  

Many factors contribute to the incorrectness and 
inaccuracy of software project estimates, out of which 
not knowing the requirements that represent the 
stakeholders needs has significant impact on 
estimation, and also on managing projects within 
agreed costs and time [7]. This forces us to question if 
the Requirements Engineering (RE) phase is estimated 
correctly and accurately to avoid failure to produce 
good quality requirements (i.e. succinct, complete, 
consistent and unambiguous requirements that 
represent the user needs accurately [8, 9]). 

In the software development industry, we notice 
that RE phase is usually prolonged until an explicit 
termination to commence development. One way to 
avoid this situation in RE is to “pad” the estimates to 
arrive at an extra effort to cover the risks that are 
considered a contingent liability. By making the risks 
public, we can to some extent avoid any possibility of 
RE termination before it produces the desired output. 
Characterization of what RE delivers against its 
various milestones, scheduling of various RE tasks, 
various RE roles linked to RE tasks, and technology 
and automation of RE are all important [10, 11]. 

To distinguish the actual effort from the abstract 
notion of an estimate of when RE can be actually 
completed, we define the following terminology: 

 
1. Estimated time – Time by the end of which RE can 

be terminated with a penalty of risks occurrence. 
2. Requested time – Time in which RE can be 

completed without any penalty. 
 

Having defined the above, we examine various 
causes of errors that influence the Estimated time and 
the Requested time negatively, and address the 
question if RE can be estimated correctly and 
accurately. 

The rest of the paper is organized into various 
sections with Section 2 describing some of the 
software estimation models and their applicability to 
RE, and Section 3 representing a practical RE 
estimation method. We present a case study snapshot 
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in Section 4 along with the results. Finally, in Section 5 
we present our conclusion and future work. 
 
2. Background  
 

Early and accurate estimation of software products 
is an essential prerequisite for the successful control 
and completion of software projects. One of the 
necessary conditions for the SDLC’s continued success 
is the ability to effectively control the three classical 
project-related parameters: cost, time, and earned value 
[12]. In the context of software project management, 
these are roughly equivalent to the notions of 
development effort, time to delivery and functionality 
of the produced system [12].  

Estimation of the size of the development product 
generally ends up in either Lines of Code (LOC) or 
Function Points (FP) [13, 14]. An accurate estimate of 
the classification of the size (small, medium or large) 
of the software to be built is the first step to an 
effective estimate. The source of information regarding 
the scope of the project should, wherever possible start 
with formal descriptions of the requirements - for 
example, a software requirements specification. With 
respect to LOC, all measures are concentrated on code 
as the subject, quantifying its size, its complexity, and 
other characteristics that could be linked to the code 
quality. Therefore, LOC is completely inappropriate to 
measure the RE effort.  

Function Point Analysis (FPA) tries to measure (or, 
more precisely, rate) the system complexity from the 
functional model. FPA and its numerous variants have 
been reasonably popular and useful in practice [15]. 
However, they have a number of serious drawbacks: 

 
• FPA cannot be easily automated, i.e., the measures 

cannot be extracted automatically from design 
• The scope of systems for which they are applicable 

is rather limited because they are best suitable for 
usually database-oriented applications 

• Issues like inheritance, reuse, use of libraries which 
are considered to be essential in the modern object 
oriented paradigm are not accounted in FPA 
 
Further, most importantly, the FPA cannot be 

applied until a significant part (about 15%) of the 
SDLC time and budget available is already spent on 
finding the requirements which acts as a concrete 
reference for estimation. Thus, FPA cannot be applied 
to RE, since RE has no tangible reference on which 
estimation can be based.  

There is a scarcity of RE literature that 
demonstrates RE estimation methods. However, there 
is a general consensus that RE is usually not estimated 

and time-boxed compared to the rest of the SDLC 
processes [16, 17, 18, 19]. We noticed during our 
empirical study that the following situations prevail in 
software organizations that develop large and complex 
projects: 

 
1. RE not estimated, hence is prolonged until some 

point where design or development is triggered. 
2.  RE estimate taken as a percentage of the total 

SDLC effort. 
3. Estimation based on organizational memory of 

previous projects neglecting the context change. 
 
Point 1 above can lead RE to a situation where RE 

delivers insignificant return on its investment. Points 2 
and 3 can produce poor quality requirements that are 
incomplete, ambiguous, and inconsistent, and on their 
own or collectively fail to represent the needs of the 
stakeholders [8, 9]. Thus, it is important to establish a 
simple estimation mechanism to arrive at the RE effort.  

 
3. RE Estimation – A Practical Method 
 

We define our estimation method based on high 
level user goals which become evident based on 
business goals identified during the feasibility study. 
We define a user goal as a purpose towards which the 
potential software system is directed. User goals can be 
developed using any of the methods, such as, goal 
driven intention extraction [20]. Task models focus on 
fine-grained and precisely defined user needs, thereby 
risking a commitment to premature design decisions. 
We believe that in organizations where the ‘voice of 
the customer’ is in focus, a shift from task-oriented to 
goal-oriented RE approach is required for designing 
applications delivering a quality user experience and 
achieving the objectives of the stakeholders [21]. 
Moreover, since task analysis focuses on users doing 
things with the system, tasks do not capture the goals 
of other stakeholders who are not users. Goal-oriented 
methods, on the other hand, provide specific support 
for coping with high-level stakeholders’ goals, 
facilitates the exploration of design alternatives and 
defines requirements at a suitable level of abstraction 
[21]. Further, user goals are context-free unless context 
is explicitly associated. Thus, using user goals being 
the starting point for RE estimation is justified. 

We next characterize the user goals in five RE 
Process dimensions discussed in [10, 11]: 

RE Time and Effort allocation – how RE is 
arranged over time and staffed. 

RE Artifacts that are produced as output of the 
RE process – various deliverables such as 
observations, data, information, effects, or results, in 
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the form of documents or otherwise resulting from the 
process usage. 

RE Tasks – how various RE artifacts are produced, 
and how various inputs are transformed to RE artifacts. 

RE Disciplines and Automation – delineate the 
major areas of concern in the SDLC that can influence 
RE, and technology and tools needed to support RE. 

RE Roles – various roles and the differences 
between them. 
 

In addition to the above, we also consider RE 
process support as a sixth dimension as it is a well-
established fact that the absence of process support has 
a detrimental effect on the SDLC staff’s productivity 
[22, 23, 24]. The research concepts can be easily tested 
against these dimensions due to their realism. 
Applicability of RE research to industry is an issue [25, 
26] and research outcome in this context will increase 
the applicability of this research to practice. 

Having the user goals ready, we next calculate the 
RE Estimated time based on how much effort is 
required for various RE tasks described in dimension 3 
above to elicit, analyze, validate, document and 
manage each of the user goals. An example of RE 
Estimated time calculation will be as in table 1. 

Table 1. RE Estimated time calculation example 

 
 
We now use the rest of the four dimensions 

(Artifacts, Roles, Disciplines and Automation and RE 
Process support) described above to calculate the RE 
Requested time, which is nothing but the very first 
dimension, i.e., RE Time and Effort, using the 
following steps: 

Step1: Assess the risks related to each of the RE 
dimensions described above. For example, risks related 
to the dimension RE Roles could be not having a 
required skilled staff to elicit, analyze, validate, 
document and manage requirements; not having well 
defined roles in RE. 

Next, establish multiplication factors for each of the 
user goals against the identified risks. This lays the 
foundation for the contingency tolerance. The values of 
these factors are highly subjective, based on the risk 
category, risk impact and probability of occurrence. An 
example of this calculation is shown in table 2. 

Table 2. Padding hours calculations based on the risks related 
to the RE Roles 

 
 
Organizations can have different risks compared to 

what is stated in this example and can have different 
weightage for multiplication factors. 

The case study snapshot described in the next 
section provides estimation details for some user goals 
of a real life RE against all the dimensions. 

 
Step2: Having established effort after padding for 

each of the dimensions, we next average the padded 
hours for the rest of the dimensions to arrive at the 
Requested time for each user goal. Table 3 shows an 
example of the calculations.  

Table 3. An example of the Requested time calculation based 
on averaging the padded time for all risks in each of the 

dimensions 

 
 
Step 3: We now have Estimated time and Requested 

time for each of the user goals. By comparing both, 
and arriving at the difference, we can justify the 
contingency and establish Work Break Down Structure 
(WBS) in a modular fashion with achievable RE 
milestones. Establishing a realistic WBS will prevent 
staff over-allocation and conflicting tasks allocation. 
Further, a good WBS can prevent setting up of wrong 
critical paths so that realistic schedules-costs-
allocation-milestones can be achieved [17, 27].  

The advantages of this method of estimation are:  
 

• Having user goals as a reference 
• Well-established structure using RE process 

dimensions 
• Contingency planning at a more detailed level 

instead of arriving at a number that represents the 
entire RE effort and multiplying by a percentage 

• Inbuilt Risk Management (RM) 
• Clarity on assumptions made by the estimator to 

arrive at the effort 
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• Flexibility to add more risks to the columns under 
various dimensions 

• Flexibility to vary the multiplication factors based 
on project specifics 

• Use of spreadsheets to calculate estimates 
 
The disadvantages are: 
 

• This is only a method, this does not guarantee 
accuracy of estimates, since the accuracy depends 
on the realism of the assumptions made by the 
estimator, estimator’s RM ability, and estimator’s 
ability to arrive at a realistic multiplication factor 

• Inaccuracy can be an issue, if detailed review of 
estimates is not conducted 

• Ignorant estimators can misuse the method to over-
estimate as pointed by Kruger and Dunning [28] 
 
Based on the above discussion, we advise that the 

RE estimation method should be used with a great 
degree of care. The next section describes a case study 
snapshot that has adapted this method of RE 
estimation.  
 
4. RE Estimation – A Case Study Snapshot 
 

Although we conducted empirical research in two 
organizations, we could test the solution in only one 
organization Z1 (unspecified for the purpose of 
confidentiality). The following sub-section gives an 
introduction of the case study snapshot and its 
organizational and research context. 
 
4.1 Case Study Snapshot Introduction 
 

Z1 established RE as part of the CMM level 3 
certified quality program. The purpose of Z1’s RE 
process is to establish complete and consistent 
requirements. The main focus on RE is the 
requirements review process for validating (i.e. to 
answer questions like “Do we need this requirement?”) 
and verifying (to answer questions like “Is this 
requirement correct?”) requirements. The RE process 
is manual and various templates stored on the network 
assist process users to comply with the process.  

The purpose of the main research was to observe 
RE processes, measure the deficiencies, if any, and 
apply RE Process Improvements (REPI) [29]. Phase 1 
of the research was problem identification with respect 
to organization’s RE processes, and phase 2 was 
focused on the solution to the identified problems. Z1 
acknowledged that the recommendations given by us 
were planned to be addressed for their REPI.  

 As stated in our REPI recommendations, RE 
estimation inaccuracies and incorrectness was one of 
the strong causes effecting poor quality requirements in 
both the organizations. In a response to a 
questionnaire, 90% of the staff in Z1 acknowledged 
that estimation needed improvement. This was 
subsequently confirmed to be correct as a result of our 
examination of project management data. Therefore, 
we recommended that RE phase should be correctly 
and accurately estimated and WBS for RE should be 
drawn in detail so that Tasks-Schedules-Roles-
Milestones are evident to all involved in RE and focus 
can be set on achieving the RE deliverables in defined 
milestones.  

We were part of Z1’s RE team to implement this 
recommendation where the opportunity was to 
participate in real RE for a product development that 
had complex data structures and data interactions at the 
backend. The product had windows interface with web 
access in the front end with a thin client technology 
supported by a remote application protocol for 
information exchange between the clients and the 
server. Z1’s staff accessed the application locally and 
globally. The product’s backend database exchanged 
data with other interactive databases residing on 
different servers in different geographic locations. 

Our role was to start RE for the product from 
scratch, estimate RE and arrive at product specification 
after taking it through the RE life cycle of elicitation, 
analysis, validation and documentation, and further 
manage the specification throughout the SDLC through 
a controlled Change Management (CM) process. The 
input criteria for this process were the customer’s 
commitment to initiate the project, emails pointing to 
some user goals, and documents briefly describing the 
proposed system in a commercial context. 

The business goals that guided the user goals were 
reduced defects delivered to customers, reduced time 
to market and reduced defects that are cancelled on the 
grounds that defects were logged by mistake because 
the system requirements were not known to the testers. 

As a first step, we tried to arrive at an “experience” 
based estimate (defined by Z1 as a reasonably accurate 
estimate based on staff’s experience). We separately 
sought out estimates from the 3 key SDLC staff who 
had been earlier involved in RE estimations. As 
expected, we obtained significantly inconsistent 
estimation leading to inconclusive outcome of the 
effort. There was a suggestion to seek the highest effort 
amongst the three, which the senior management 
refused to approve. Some time was lost in the process, 
and the estimation progress was deterred, consequently 
RE was put on hold. Having established the failure of 
this method, we proposed to use our simple method for 
RE estimation. On approval, we followed the 
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estimation process described in section 3. The 
implementation of the case study is described in the 
following sub-section. 
 
4.2 Case Study Implementation 

 
 This sub-section presents only a simple and brief 

description of the real life case study snapshot. The 
method described here should not be considered a 
complete model for an RE estimation exercise. 
However, this can be used as an example and may be 
modified according to specific quality management 
systems, estimation methods, the SDLC procedures 
and the cultures of the organizations that use this 
example. 

We consolidated 13 high-level user goals from the 
feasibility study. Depending on the nature of the user 
goals and the size and complexity of the associated 
customer needs, we proposed estimates against each 
user goal that were discussed in a meeting to arrive at a 
consensus. Table 4 shows the RE estimate in hours for 
the 13 user goals. The actual user goals are not 
described here since the project is commercial in 
confidence. Therefore, user goals are mentioned as 
“user goal1” to “user goaln”, as representatives of the 
actual user goals. 

Table 4. Calculating Estimated time 

 
 
The total Estimated time for RE is therefore the sum of 
the individual user goal estimates that totalled to 1546 
hours. 

We next used the rest of the four dimensions 
(Artifacts, Roles, Disciplines and Automation and RE 
Process support) to calculate the RE Requested time, 
using the steps mentioned in section 3. 

 
Step1: Padding the estimates based on the risks 

foreseen in the RE process dimensions 
 
Risk assessment is done in the four RE process 

dimensions namely, RE Roles, RE Artifacts, RE 
Process support and RE Disciplines and Automation. 
We discuss each one of these separately below. 

 

A. Risk assessment with respect to the dimension 
RE Roles 

Risks related to RE Roles were: 
 
1. Skill level of the RE staff was not very good. 

Programmers who had little experience in all 
the phases of the SDLC wrote some 
specifications. 

2. Since RE sub-phases were just defined, RE staff 
could not differentiate clearly between RE 
Analysis and RE Validation. 

3. Customer roles were only defined, but there was 
no signoff by the customer committing to time 
for RE. 

 
Table 5 gives the multiplication factors used for 

each of the three risks and the total average hours after 
padding to combat RE Roles related risks.  

Table 5. Calculating effort after padding the estimates to 
cover the RE Roles related risks 

 
 
Values in column I in table 5 indicate the padded 

estimates after risk assessment for the RE process 
dimension – RE Roles. 

 
B. Risk assessment with respect to the dimension 

RE Artifacts 
Risks related to RE Artifacts were: 
 
1. UML’s potential was not fully exploited even 

though the implementation was based strictly on 
object-oriented technology. 

2. Prototyping was essential for some of the user 
goals to demonstrate that the proposed system 
will meet with the user goals, but Z1 was low 
key on prototyping.  

3. Traceability between requirements was seldom 
established because of the difficulty involved in 
manually managing the relationships. For the 
same reason, traceability between user goals 
and requirements was not maintained. 
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4. The specification template did not address the 
system diagrams and architecture issues. There 
were significant disagreements about what is 
required where. 

 
Table 6 gives the multiplication factors used for 

each of the above risks and the total average hours 
after padding to combat RE Artifacts related risks.  

Table 6. Calculating effort after padding the estimates to 
cover the RE Artifacts related risks 

 
 
Values in column K in table 6 indicate the padded 

estimates after risk assessment for the RE process 
dimension – RE Artifacts. 

 
C. Risk assessment with respect to the dimension 

RE Disciplines and Automation 
Risks related to RE Disciplines and Automation 

were: 
 
1. UML diagramming was done without using 

suitable UML tools. Instead, different people 
used different elementary facilities for drawing 
such as MS Paint, MS Word, MS Visio, etc. By 
doing this, UML drawings were not auto-
validated resulting in inconsistent and incorrect 
models.  

2. RE was not automated. Requirements were 
managed using a word processor and issues 
resulting out of reviews were managed using a 
spreadsheet. This made requirements 
management and issues management complex 
and difficult. 

 
Table 7 gives the multiplication factors used for 

each of the above risks and the total average hours 
after padding to combat RE Disciplines and 
Automation risks.  

Table 7. Calculating effort after padding the estimates to 
cover the RE Disciplines and Automation risks 

 

 
Values in column D in table 7 indicate the padded 

estimates after risk assessment for the RE process 
dimension – RE Disciplines and Automation. 
 

D. Risk assessment with respect to the dimension 
RE Process support 

The key risks related to RE Process support were: 
 
1. RE process was not completely defined in 

agreement with the latest RE research  
2. RE process templates were outdated compared 

to those described in recent RE research  
3. RE process was reluctantly classified as a Key 

Process Area (KPA) despite the post mortem 
project measurement indicated RE process 
failures, therefore lacked senior management 
support. 

4. REPI was thought of as “using suitable RE 
tools” without analyzing the specific needs 
based on RE process shortfalls. 

5. RE process was not measured for its 
effectiveness and efficiency. 

6. Related processes such as CM and RM were not 
linked to the RE process. 

7. RE process did not allow effective reusability of 
the RE knowledge from the organizational 
memory. 

8. RE process did not support rationale 
management of improvement decisions that 
were made as part of their routine REPI 
exercise. 

9. Failures of RE was attributed to other processes 
because of the difficulty involved in performing 
a root cause analysis of poor quality 
requirements.  

 
Table 8 gives the multiplication factors used 

collectively for all of the above risks and the total 
average hours after padding to combat RE Process 
support. Impact of RE process failures is a complex 
exercise [10, 29, 30]. Due to the size limitation of this 
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paper, we have chosen to indicate a collective 
multiplication index. 

Table 8. Calculating effort after padding the estimates to 
cover the RE Process suport 

 
 

Values in column D in table 8 indicate the padded 
estimates after risk assessment for the RE process 
dimension – RE Process support. 

 
Step2: Averaging the padded hours of all 

dimensions to arrive at the Requested time for each 
user goal 

 
Having established effort after padding for each of 

the dimensions, we next average the padded hours of 
all dimensions to arrive at the Requested time for each 
user goal. Table 9 shows a real life estimation 
implementation of table 3 described in section 3.  

Table 9. Requested time calculation based on averaging the 
padded time for all the risks in each of the dimensions 

 
 
Graphically, the difference in the Requested time 

and the Estimated time is represented as in figure 
1.Values in columns B to E of table 9 are obtained 
from the last columns of Tables 5 to 8. Based on the 
Requested time calculations in table 9, it is evident that 
Requested time is 70% more than the Estimated time, 
based on which contingency was planned.  

 
Figure 1. Comparison of Requested and Estimated time 

An important derivative of this research is that 
although Requested time provided for contingency 
planning, Z1 decided that it should thrive to reduce the 
area between the Estimated time line and the 
Requested time line by continuous REPI. This decision 
was instrumental in classifying RE as a KPA. 

 
4.2 Case Study Results 
 

The RE estimation method was tried on two other 
projects in Z1. The results indicated the following: 

 
1. The contingency was above 50% compared to the 

blind-standard of 10%-15% that was commonly in 
practice. However, efforts have been made to 
reduce this by a measurement based REPI. 

2. Assumptions made by the estimators and the 
associated risks were evident to all stakeholders. 

 
RM in RE estimates laid a solid foundation for further 
detailed RM in the SDLC. 
 
5. Conclusion 
 

We surveyed two streams of research as part of this 
work. Firstly, the literature on SDLC estimates with 
focus on RE which recommended the need for a simple 
mechanism to estimate RE starting with the user goals. 
Secondly, the industry process literature on the 
processes used in a range of domains which uncovered 
various RE dimensions to reduce RE complexity [31, 
32, 33, 34, 35]. 

We have convincingly used this estimation 
mechanism in Z1 to improve RE estimation and to 
provide strong evidence to prove that RE is a KPA for 
continuous improvement. Setting various dimensions 
and following the order set is important for this method 
to work. Further, this method does not identify and 
control over-estimation. Therefore, this method has to 
be used with great care, particularly in outsourced 
business situations. The next step obviously is to 
iterate our method in different organizations to 
establish consistency of our findings to prove that this 
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RE estimation method works when carefully tailored to 
suit the organization’s business goals and project 
specifics.  
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