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Abstract- The success of software projects strongly depends on accurate estimation of development effort. Pessimistic or 
optimistic estimates are the main reasons behind the failure of software projects. Different nature of software projects makes 
the process of effort estimation very complicated. Despite the fact that numerous effort estimation methods have been 
proposed, the accuracy of estimates is not convincing and the attempts continue to improve the performance of existing 
estimation methods. Prior studies have mostly focused on numerical and quantitative approaches to increase the accuracy of 
estimates. Since the software projects are entirely different from other project types, the lack of analytical and survey-based 
studies can lead to unreliable and inaccurate estimates inside the organizations. The managers must be aware of the situation 
of organization in terms of effort estimation. This paper proposes an evaluation framework to measure and evaluate the key 
indicators of effort estimation inside the organization. The indicators include limitations, obstacles and management issues. 
A survey was conducted by participation of 135 software developers of a large software company. The experimental results 
were analyzed and discussed to clarify the status of indicators inside the organization. Since the capabilities and shortages 
for effort estimation are not the same among the organizations, the proposed framework can be utilized to show the real 
situation of any organizations in the field of software development effort estimation. 
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I. INTRODUCTION 
 
Project management is one of the most important 
activities performed throughout the software projects. 
Main phases of project including analysis, design, 
implementation and deployment are entirely 
dependent on project management process. All 
policies, milestones and responsibilities are organized 
in project management plan. It is undeniable that 
planning and scheduling of project is a critical part of 
project management regardless of project type. In 
first steps of project, project management team 
should decide on several important questions related 
to project planning such as how to arrange 
development team, how to distribute the 
responsibilities, how to determine deadline for 
artifacts, how to determine the duration of project and 
so on. Appropriate response to these questions can 
ensure the success of software project. On the other 
hand, careless answering and lack of attention to 
planning aspects of project may lead to project fault. 
Knowledge of project management team regarding 
the project attributes has a considerable effect on 
dealing with the mentioned questions. Development 
effort is a key attribute of project that influences on 
most planning and managing aspects. This attribute 
refers to amount of effort required for project 
development.  
 
It comprises of all activities done within different 
phases of project. Development effort is basis of 
decision making on management issues at first steps 
of project. Accurate forecasting the amount of effort 
required for performing the project will make the 
development process so smooth and convenient. This 
is why so many researchers have tried to increase the 

accuracy of software development effort prediction 
using various techniques.  
 
Software projects are strongly different than other 
projects because the purpose of software projects is 
producing an intangible product [1]. This fact makes 
the production cycle to be so complicated and 
difficult in software projects. Therefore, complexity 
level of software project management is more than 
other projects. Software project managers are 
confronted with uncertain and unstable production 
which is hard to control. Moreover, customer 
requirements, development technologies and tools are 
changing rapidly in this field. All of these make the 
prediction of development effort to be difficult in 
software projects. As a solution, analyzing of 
effective factors on development effort estimation can 
alleviate the problems existing in this area. 
Investigation of project attributes, limitations, 
management issues and knowledge of developers in 
this area can be useful to draw a conclusion in terms 
of effective factors on management of effort 
estimation in software projects.  

 
II. STUDY BACKGROUND 
 
In 1973, Interactive productivity and Quality (IPQ)[2] 
was proposed by IBM group as the first automated 
tool for software development effort prediction. 
Afterward, Constructive COst Model (COCOMO) 
was invented by Barry Boehm [3]. COCOMO utilizes 
some effort drivers to forecast the amount of 
development effort. It offers several equations based 
on complexity level of project. “Software 
Engineering Economics” [3] is a famous book in this 
area that still numerous researchers employ proposed 
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models in which for effort prediction. Putnam 
Lifecycle Management (SLIM) [4]and Software 
Evaluation and Estimation of Resources – Software 
Estimating Model (SEER-SEM) (Galorath Inc.,1980) 
have used similar principals to COCOMO  [5]. In all 
mentioned models, Line of Code (LOC) was used for 
designing the prediction model. In fact, development 
effort was predicted using LOC as size of project.  
 
Function Point (FP) is so important sizing parameter 
proposed by Albrecht [6]. It was the first idea for 
measuring the size of software project by using a 
functional method. Using of FP showed that it can be 
placed in effort prediction models instead of LOC 
because computing process of FP is more reliable and 
accurate than LOC. Advantages of FP motivated 
researchers to invent new prediction models based on 
function point such as Albrecht-Gaffney[6], Kemerer 
[7] and Matson, Barrett and Mellichamp[8]. 
Introducing of the new version of COCOMO namely 
COCOMO II in 2000 [9] is a significant event in this 
field. COCOMO II considers more details of software 
project for effort prediction. Prediction equations in 
this method were improved by applying several scale 
factors. 
 
In contrary to static methods, there are several 
dynamic models which rely on using past projects 
information. Classification And Regression Tree 
(CART) [10] is one of the dynamic methods in this 
area. It makes a regression tree according to the 
available information of completed projects and uses 
the tree to predict the effort of new project. Analogy 
Based Estimation (ABE) is the other dynamic method 
proposed in 1997 [11]. ABE method works based on 
comparing the attributes of new project and past 
projects to predict the development effort. It is still so 
popular because it follows simple and straightforward 
methods for prediction. ABE have been used widely 
in recent years [12-15]. Latest advancements in 
prediction of development effort are related to using 
of soft computing techniques. Neural networks [12, 
16] and fuzzy techniques [13, 17-19] are most 
important soft computing methods employed in this 
field. 

 
III. PRIOR SURVEY-BASED STUDIES 
 
Several studies [20-25] have investigated the 
accuracy of schedule and effort estimation, which the 
results showed that 59%-76% of projects exceeded 
the determined effort and 35%-80% of which 
exceeded the determined time. Mean value has been 
utilized in most previous studies to sum up the 
overruns in time and effort.  
 
Exceeding the effort indicated in range of 18% and 
41%, while the overrun in time is stated in range of 
22% and 25% [20-21, 24-25]. According to the latest 
Chaos report of Standish group, 32% of software 

projects are successful, 24% fail and 44% are in 
challenge.  
 
Since project managers may take small cost and effort 
overruns [26] easy, it can be helpful to realize the 
status of effort overruns and recognize the projects 
which involved in significant effort and cost 
overruns. Moløkken-Østvold [21] used figures to 
explain the status of effort overruns which results 
stated that high number of projects exceeded the 
determined estimates (below 21%) but only a few 
projects exceeded effort by higher than 100%. 
Totally, from this research, it can be said that the 
mean exceeding in effort (44%) was higher than the 
median of which (21%). Moløkken-Østvold realized 
that large projects were more intended to be under 
estimated. They also investigated if the size of project 
influenced the accuracy of estimates. It must be said 
that due to limited size of sample, it was difficult to 
rely on conclusions from statistical aspect. 
 
Previous surveys [21-22, 27-28] have reported that 
most projects utilized expert judgment or analogy to 
estimate the effort while only 14%-26% of which 
utilized algorithmic estimation techniques. The 
algorithmic techniques comprise of common models 
such as, COCOMO, Use-Case models, FP-based 
models and so on. 
 
Several researches attempted to find the cause for the 
low acceptance level of algorithmic techniques. For 
instance, most of algorithmic methods are unable to 
present enough reliable and accurate estimates [29], 
many companies do not gather enough data to allow 
the development of algorithmic models [30], 
organizations and companies feel not well  to utilize 
techniques that they are unable for fully understand 
[31] and others.  
 
Prior researches investigated the significance of effort 
estimation and they achieved approximately the same 
conclusions. Lederer [23] indicated that almost 84% 
of the developers ranked effort estimation as "very 
important" or "moderately important". On the other 
hand, Moløkken-Østvold [32] indicated that 78% of 
the respondents rated estimation as "most important", 
"very important" or "extremely important". 
 
Investigating whether organizations and companies 
have accepted the existing software effort estimation 
methods is a critical issue in this field. If they are 
satisfied, they will have no decision to enhance the 
estimation methods. Otherwise, they can pay more 
attention toward its improvement. However, it is not 
as direct and simple as that. Lederer [23] found that, 
even though development effort estimation is 
important, developers are neither specially agree nor 
disagree with the existing methods. The mean rank 
was 3.02 on one-to-five point scale (1=very disagree 
5=very agree). The author indicated that, in terms of 
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the considerable importance of effort estimation and 
existing inaccurate estimates, the acceptance of 
developers indicates that they are satisfied with 
current methods and they accept the inaccurate 
estimates. 
 
Moores and Edward [26] indicated that 91% of the 
responding managers and developers said 'yes' to 
answer the question 'do you see estimation as a 
problem?', while only 9% answered 'no'. If this is 
correct, then, it is true that developers and managers 
have accepted this problem as a fact of project.  
 
As development phases proceed, the knowledge of 
developers for software effort estimation becomes 
more and more, and various estimation techniques are 
applied at different project stages for any 
organizations.  
It is explained in [3] that the uncertainty existing in 
effort estimates shows a decreasing process as the 
project proceeds, which is called the Cone of 
Uncertainty [33] . As an addition, Gryphon stated that 
the amount of Uncertainty cannot be decreased 
automatically, but it can be decreased by the accurate 
estimation techniques as the development phase 
progresses [34]. 
 
This matter is addressed by Lederer [35] and found 
that 77% projects performed estimation during the 
primary stages of project, 64% projects performed 
estimation at feasibility study phase, while 51% 
within requirements analysis and 48% in requirement 
design.  
 
However, the software project aspects and process 
have changed significantly since the early 1990’s, 
where the survey by Lederer was conducted.  

 
IV. EVALUATION FRAMEWORK 
 
Development effort is one the most important 
software metrics that must be estimated as accurate as 
possible. This metric considerably affects the 
important parts of software projects including 
planning, scheduling and managing. Lack of paying 
attention to this metric may leads the project to 
unpredictable situations. Complexity and uncertainty 
of software projects causes difficulties confronted by 
former estimation models.  
 
This is because the current estimation models rely on 
soft computing and mathematical techniques that are 
unable to overcome the non-normality of software 
projects. The role of developers in effort estimation 
process is significantly important because most of 
estimation indicators are strongly related to 
developers’ activities. This role can be understood 
and analyzed only by analytical and survey-based 
studies. This papers aims to conduct a survey in 
which three main aspects of effort estimation 

comprises of management issues, limitations and 
obstacle are investigated. 
4.1 Management Issues 
Improvement of effort prediction needs to consider 
several management practices. Effort prediction is an 
iterative activity and it requires controlling and 
managing. Careful management and control of effort 
predict process can ensure the accurate estimates. On 
the other hand, lack of management practices may 
leads the project towards fail. In this section, several 
management and control practices are represented to 
be investigated through survey. We are going to 
explore the importance level of these practices for 
effort prediction. Moreover, it is investigated that 
how organizations and companies consider the 
management practices in effort prediction. Table 1 
shows the management and control practices 
investigated in this study. As seen in the table, 
believe, attention, documentation, team work, 
management of uncertainty, and monitoring are the 
main the sections to be evaluated. 
 

Table 1. Management issues related to estimation 
which must be investigated 

Believe 
 

Estimate the most likely software 
costs.  
1) Do not be confused with the 
bidding strategy type, political 
offer. 
 2) Do not be confused with the 
software project planning process, 
such as: the project manager may be 
in order to improve the team of 
urgency to make the plan cost less 
than the cost of the most likely. 
Managers are aware of benefits of 
accurate effort estimation 
Managers do not think that effort 
estimation is impossible 

Attention 
 

Clearly define activities for effort 
estimation 
Allocate staff to conduct the effort 
estimation 
Define milestone and plan for effort 
estimation 
Continues training of developers in 
field of latest effort estimation tools 
and methods 

Documentation 

Clearly defined and documented 
cost estimates, methods and 
techniques used, assumptions, and 
the participants. 
Create a database of historical 
project effort factors.  
Measure of the impact of recorded 
factors in the history on the project 
effort (such as: software size, 
software complexity, demand 
variability, the novelty of the 
technology, the programmer 
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experience level ...), as a basis for 
effort estimation and control. 

Team work 

The team recognized.  
Estimation process and the results 
are obtained through consultation, 
the project team recognized. 
Task split.  
Consider how appropriate split in 
order to improve the estimation 
accuracy of the software system or 
task. 
Use and refer to a variety of 
methods at the same time.  
Refer to a variety of cost estimating 
methods of estimation results (such 
as: expert judgment, the category, 
the benchmark comparison, 
specification estimation model) to 
compare similarities and differences 
and to improve the accuracy of the 
estimates. 

Management 
of Uncertainty 

Uncertainty and risk factor analysis.  
Analysis and determine the possible 
cause estimates inaccurate and out-
of-control. Such as: unstable 
demand, change the development 
process, lack of historical project 
information as a basis for 
estimation, the lack of monitoring 
of the cost. 
Estimating uncertainties.  
Taking into account the estimated 
uncertainties, given the scope of the 
effort may be floating. 
Reduces uncertainty.  
The planned project activities as 
soon as possible to reduce the cost 
of uncertainty, to manage the 
associated risks. 

Monitoring 

Timely adjustments to estimate the 
target.  
According to the software project's 
progress, the estimated effort is 
adjusted to achieve the required 
accuracy. 
Assessment of estimates.  
Effort estimates are evaluated by an 
independent person. 
Continuous improvement.  
Accurately record effort estimates 
and the effect of cost control, 
continuous improvement effort 
estimation and management. 

 
4.3 Specifications of Respondents  
There are 253 developers located in three sections of 
governmental, private and educational. Based on the 
collected questionnaires, a total of 135 developers 
have participated in this survey. The number of 
developers in three sections is 58, 33 and 44, 

respectively.The developers have different level of 
skill and experiences. This is the reason why this 
parameter has been investigated through the 
questionnaire. The range of developers experience is 
displayed in Table 2. As seen in the table, most of 
developers have more than four years of experience. 
The average of experience for developers is six years, 
which increases the validity of responses. 

 
Table 2. Experience of developers 

Experience (year)  Frequency  Percentage  
2.00  1  7.  
4.00  4  3.0  
5.00  65  48.1  
6.00  20  14.8  
7.00  23  17.0 
8.00  15  11.1 
9.00  5  3.7 

10.00  2  1.5  

Sum  135  100.0  

 
Any project in the selected company (also in most of 
software companies) is carried out by a specified 
team. The developers who answered to the questions 
belong to the different teams. Each team has its own 
responsibilities and size according to the projects is 
allocated to do. It was observed that the most 
percentage of developers belongs to the teams having 
size of 21 to 40 persons. More than 60 developers are 
working in the teams with size of 21 to 40 persons. In 
addition, there are a few developers working in the 
teams having size of 1-5 or 61 to 80 persons. 
Although most of developers belong to the relatively 
large teams, the range of team size is wide enough to 
investigate the effort estimation aspects in software 
projects. 

 
V. EXPERIMENTAL RESULTS 
 
5.1  Limitations and obstacles 
Therefore, the developers have been asked to 
determine the importance level of each obstacle in a 
range of very low to very high. This can show the 
overall limitations that an specific organization is 
dealing with. The outcome of developers’ responses 
to each obstacle has been summarized in     Table 3. 
For each obstacle, it is clear that how developers 
selected an importance level (range of very low to 
very high). 
 
5.2   Management of effort estimation 
Table 4 shows the results obtained from the opinions 
of developers in terms of management issues. The 
results were presented based on the fifteen indicators 
defined to evaluate the management issues. Fifteen 
indicators have been considered in this study to 
measure the status of software development effort 
estimation inside the organizations. These indicators 
were classified into six groups of believe, attention, 
documentation, teamwork, management of 
uncertainty and monitoring. This measurement can be 
helpful for developers and managers to know the real 
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situation of organizations in terms of effort 
estimation. Table 4 displays the responses of 
developers to management indicators. As seen in the 
table, it is clear that how the status of each indicator 

is. For instance, 53.3% of developers have performed 
the first indicator while the rest (46.7%) have not 
performed it.  

 
Table 3. The effect of obstacles on accuracy of estimates 

Obstacle  

Very low  Low General  High  Very High  Sum  

Freq. % Freq. % Freq. % Freq. % Freq. % Freq. % 

Frequent changes in a 
software 

requirements  

3 2.2 12 8.9 24  17.8  66  48.9  30  22.2  135  100.0  

The software 
requirements are not 

clear  

10 7.4 19 14.1 23  17.0  53  39.3  30  22.2  135  100.0  

Lack of historical 
project data 

12 8.9 21 15.6 26  19.3  58  43.0  18  13.3  135  100.0  

Lack of appropriate 
estimation methods 

or estimation process  

11 8.1 18 13.3 10  7.4  71  52.6  25  18.5  135  100.0  

Lack of the support 
of the estimation 

tools  

7 5.2 13 9.6 11  8.1  52  38.5  52  38.5  135  100.0  

Not enough time or 
manpower to carry 

out the effort estimate  

16 11.9 44 32.6 8  5.9  46  34.1  21  15.6  135  100  

Pressure from senior 
managers, customers, 

or others, directly 
specify or modify the 

estimation results  

4 3.0 28 20.7 29  21.5  55  40.7  19  14.1  135  100  

Lack of participation 
of application 

developers  

5 3.7 19 14.1 16  11.9  69  51.1  26  19.3  135  100  

Lack of timely 
supervision and 
control of cost 

according to plan  

9 6.7 26 19.3 30  22.2  57  42.2  13  9.6  135  100  

Lack of analysis of 
software systems and 
the associated risks  

21 15.6 30 22.2 21  15.6  36  26.7  27  20.0  135  100  

Lack of coordination 
among the relevant 
stakeholders of the 
customers, users, 
system design and 

development,  

20 14.8 35 25.9 33  24.4  36  26.7  11  8.1  135  100  

Lack of risk analysis 
and management of 

software projects  

10 7.4 19 14.1 16  11.9  61  45.2  29  21.5  135  100  

Is difficult to estimate 
the skill level of the 
project members in 

technologies  

2 1.5 17 12.6 14  10.4  57  42.2  45  33.3  135  100  
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Table 4. Management issues 

 
 

DISCUSSION AND CONCLUSION 
 
In this paper, a survey was conducted to investigate 
the real situation of effort estimation inside the 
organizations. A total of 135 developers participated 
in this survey to clarify the critical issues in the field 
of effort estimation. The limitations, obstacles and 
management issues were the main aspects 
investigated through the current survey.  
 
As the results of this survey confirmed, the most 
important obstacles against accurate effort estimation 
inside the organization are the lack of support for 
estimation tools and the difficulty of estimation of 
members’ skill level. Moreover, the lack of 
coordination has been mentioned as the obstacle that 
has the lowest level of importance. This can show the 
appropriate cooperation and collaboration among the 
developers working inside the organizations. 
Regarding the management issues, it was observed 
that the most ignored task is uncertainty estimation 
inside the organization while referring to a wide 
range of estimation methods is the most important 
task. 
 
The method of investigation proposed in this paper 
can be utilized in any organization types to determine 
the status of effort estimation issues. Due to the 
diversity of activities and goals of organizations, the 
principles of this survey must be considered prior to 
estimation process. This can be helpful to find an 

overall scheme for current situation of organization in 
terms of effort estimation.  
 
The strengths, weaknesses and important factors can 
be found through a survey and the results can help 
managers to improve the quality of effort estimation. 
As the future work, we are going to increase the 
domain of investigation carried out inside the 
organization. 
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