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Abstract—Accurate software estimation is a challenging task
from decades while managing a project. A lot of work is done to
estimate with maximum accuracy but increasing complexity and
uncertain risks made it more difficult to achieve. Although its
difficult but not impossible. As estimates play an important role
for the success of software project, therefore requires significant
attention in the early stages of software development activities.
This paper presents the important activities that need to be
performed while estimating. The aim is to provide a life cycle of
activities including estimating project size, effort, uncertainties,
and complexities and so on. Here a line of action is presented
to show a step by step solution which provides ease as well as
accuracy in estimation.
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I. INTRODUCTION

Estimation is a significant activity while developing
software. It provides foundation for managing and planning
a project. The success or failure of software project depends
upon its estimation. The more accurate estimate is, the more
chances to success. Estimates are usually made by experienced
and knowledgeable persons. To develop any software they
express their opinions about how much will it cost based
on their experience. But no one can predict the future, what
problems can arise? what will happen during development?
what is the probability that every thing will go right?
So the target is to achieve estimates that are closer to the
actual figures. Obviously no one can get hundred percent
accurate estimates.

A. Estimation an Umbrella Activity

It is actually a continuous process starts with the early stage
of software development process and remains continue till the
completion. Estimates are often required early, in the beginning
of software development process, within limited time period so
that managers can plan and manage projects. Another reason
for early estimate is to be able to do a contract with the
customer. After providing a baseline, they are often updated
due to various reasons. some resulting from customer side and
some from developers side. Some of them are

• Change in requirements

• Adding more features

• Unpredictable risk

• Inaccurate baseline estimates

• Unclear scope

B. How do we estimate?

We estimate using our previous experience and historical
information; therefore there is a significant improvement in
our estimates with the passage of time. If a manager works on
same type of projects, with similar technology and complexity,
he can predict easily and accurately. But the world is getting
change rapidly. The same case is in software industry. More ex-
perienced persons can make more accurate estimates but rapid
changes in hardware and software technology and evolving
nature of software make it more difficult and challenging to
estimate accurately. The factors that affect estimation accuracy
are

• Project Complexity: the more complex a project is,
the more difficult to estimate.However it is relative
to past experience. A person working on e-commerce
application consider an accounting project more com-
plex but a person working on 2-3 accounting projects
would consider it easy to estimate.

• Project Size: As the size increases interdependency
among various elements also increases. Decomposi-
tion techniques can be used to break a project into
smaller components.

• Structural Uncertainty: Difficulty to compartmentalize
functions and the degree to which requirements have
been solidified.

• Availability of historical information: With the help
of metrics, defined using past projects, estimates can
be more accurate [1]

some other factors affecting accuracy are

• Risk: Degree of Uncertainty involve in the project.
uncertainty increase if scope of software is poorly
defined

• Constraints: Internal or external constraints affect es-
timation accuracy

• Team Skills: Team skills also have an influence on
estimates.

• Team Experience: A team having no previous expe-
rience in domain, technology or platform can affect
estimation accuracy.

• Quality: Estimates get affected with increase in quality
expectations.
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C. Conservative vs. Aggressive Estimates

One of the main factors that affect estimation accuracy is,
our estimates are often aggressive or conservative. It Depends
on human nature, how a person thinks about certain things in
life. If we ask a question ”how much will it take to reach from
one building to another” to two different persons. Each will
have a different answer. Individual Characteristics can affect
estimates. The fact is that if we use single point estimates, then
there are more chances to inaccuracies. To avoid this instead
of using single point estimates always use three points, best
case, most likely and worst case estimates.[2]

D. What we get through estimation?

Estimation results in three dimensions, the effort, cost
and schedule. To do this most of the techniques focus on
estimating project size and effort. And by using effort find out
required resources ,over all cost of the project and schedule
to complete the system. Therefore determining correct project
size and convert it into effort accurately leads to successful
estimate. But unfortunately there is no fixed amount of ratio
in project size and effort required. Project size can be measured
using direct measures like LOC(Line of Code) or by indirect
measures like FP(Function Points). Many tools are available
to convert size into effort. Effort can be measured in person
months.[3]

E. Why do estimates go wrong?

Some reasons of software failures are

• Ambiguous or Incomplete requirements

• Inappropriate size or effort estimation

• Lack of skills

• Off the cuff estimates

Software fails in both cases whether estimates are overrun or
under run. Why do software projects over or under run? Both
have different causes but usually software fails due to overrun
of estimates. The penalty associated with over estimation is
linear while with under estimation is non linear. So under-
estimation can be more disastrous than overestimation. Some
reasons for over estimation are

• Unclear requirements Specification.

• Schedule is not updated with requirements change.

• Aggressive development schedules.

• Insufficient resources.

Some reasons for under estimation are

• to avoid Parkinson’s Law

• Youth Optimism

• Subjectivity and Bias

Fig. 1. Estimation Approaches!

F. Needs of Periodic Estimates

There are some limitations in achieving estimation
accuracy. The uncertainty in software estimates can be
reduced till a particular level at a specific time period. In
the beginning the uncertainty is high due to variability in
input parameters. Later it is due to variability in estimation
models. Periodic estimates are really important throughout
the development period of software projects; so that problems
can be identified in advance and some corrective action can
be done.

At the initial stage, everything is in ambiguity. The description
about project is vague. Although the requirements cannot be
completely understood but the objectives of software project
is completely understood. At this level, the maximum possible
accuracy is plus minus 50 percent. Informal techniques (i.e.,
historical comparisons, group consensus, and so on) can be
used at this stage

When requirements have been confirmed, an estimate
that is function-oriented may be made to estimate project. At
this level, for an experienced estimator the possible accuracy
is plus minus 25 percent.
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Finally, before coding begins, when detail design is done, an
implementation-oriented estimate may be made. The accuracy
of this estimate is plus minus 10 percent.

Fig. 2. Estimation Accuracy!

II. EFFORT ESTIMATION APPROACHES

There are different estimation approaches. Any of the
approach can be used from top down or bottom up. Each has
its own advantages and disadvantages. In-fact two or more
approaches are used simultaneously to estimate effort. The
reason is to get more reliable and accurate estimates. They
can be categorized as follows:

• Expert estimation: In this step estimation is formed on
the basis of processes judgement.

• Formal estimation model: In this step estimation
formed on the basis of mechanical processes, (the use
of formula derived from historical data.)

• Combination-based estimation: In this step estimation
is formed on the basis of judgemental or mechanical
combination of estimates from different sources.

Different tools are available to assist project managers in
effort estimation. They worked on different characteristics of
projects like size, domain, complexity etc. In past, estimation
based on only size of software. Managers analyze existing
data, apply some formula on it to match with previous data.
Obviously this sort of estimation is not so much accurate.
Now different parametric models are also used as well as
expert opinions to increase accuracy rate [4]

A. Project Attributes affecting Estimates

After the software size has been estimated, the baseline of
estimates can be achieved based on some certain attributes of
the project. There are a variety of attributes that can increase
or decrease result of the estimate including the following:

1. The rate at which project requirements may change

2. The experience of the development team with this
kind of project

3. The process or methods used to develop the project
ranging from Agile to Waterfall

4. The specific activities that will be performed during
development

5. The number of increments, iterations, or sprints that
will be used

6. The programming language or languages utilized

7. The presence or absence of reusable artifacts

8. The development tool suites used to develop the project

9. The environment or ergonomics of the office work
space

10. The geographic separation of the team across multiple
locations

11. The schedule pressure put on the team by clients or
executives

12. Contractual obligations in terms of costs, dates, defects,
or features

Fig. 3. Software Estimating Principles

Using commercial estimating tools, these project attributes
can either be supplied by the user or inherited from similar
projects already stored in the estimating tools knowledge base.
In a sense estimating tools share some of the characteristics
of the object-oriented paradigm in that they allow inheritance
[5]

B. Software Cost Components

Software Cost include all of the following factors.

1. Hardware and software costs.

2. Travel and training costs.

3. Effort costs (the dominant factor in most projects)

a. The salaries of engineers involved in the project;
b. Social and insurance costs.

4. Effort costs must take overheads into account

a. Costs of building, heating, lighting.
b. Costs of networking and communications.
c. Costs of shared facilities (e.g library, staff restaurant, etc.).
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III. ESTIMATING STEPS

The proposed Estimation process consists of following
steps

Fig. 4. Estimation Steps!

1. Establish Estimates Scope:

Define the purpose of the estimation, what to estimate,
the degree up to which information is required, the persons
involve in estimation process, the time frame required to
estimate, the process to follow. The aim is to share information
between all stakeholders and clearly assigned tasks and roles
to each of them. Document all necessary information including
top level specification about software, technical requirements,
business requirements, dependencies and so on. Include as
much detail as possible. At the early stage the information is
preliminary and not that much accurate but it will be refine
as the estimation process will go to next step.

2. Gather data:

Find data sources, gather data about software characteristics,
technology involve, constraints, necessary assumptions,
limitations, dependencies, inspect similar legacy software
for historical data, create a document contains all necessary
information. Reusable code or Use of COTS should be
mentioned also. Collect as much detail as possible. Interviews,
meetings, questionnaires, previous documents can be used to
gather detailed knowledge about the software functionality.
At the early stage the estimates contains more uncertainty,
because of unreliable information. Try to put more focus on

information accuracy

3. Identify Risk:

Anything that can go wrong during software development is
a risk. Some are known in advance are some encountered
suddenly. A risk when occurs results in some form of
loss. Usually it affects our estimates. Their impact can be
negligible, marginal, catastrophic or critical. Catastrophic
impact can be disastrous. A risk can be technical, project
or business risk. The goal is to identify the risks, find their
types, impacts and prepare a line of action to manage them.
A person using domain experience can find risk easily, assess
its impact and can make a plan to manage it.

Fig. 5. Elements to Size Software

4. Estimate Size and Effort:

Size is the most important driver for estimation. Most
of the time during estimation is dedicated to software sizing.
Software size include amount of new code as well as amount
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of existing code and other code generated using automated
tools. To avoid uncertainty the size is estimated using three
points whether expressed in LOC or FP. Another important
task is to convert size into appropriate efforts. This can be
done using historical data. Again this needs careful attention.
Only experienced and trained people must perform sizing
and effort conversion tasks. Any automated tool can be used
to measure size and effort software. Usually two or three
different techniques are used to determine accurate size.

5. Establish Baseline Estimate:

Estimates result in budget and schedule. Inaccuracy in
estimates leads inaccuracy in budget and schedule. Different
approaches can be used to make estimates like top-down
approach, bottom-up approach, expert judgement and cost
models. Document all these estimates. cost estimates contains
fixed and variable amount of expenses. Risk estimates should
also include in cost estimates. A reasonable amount of
management reserve is added to estimates. Schedule estimates
should have a reasonable time line to complete the software
within given period. Add also appropriate contingency reserve
for risks having high probability and impacts.

6. Track Project:

Update estimates to reflect scope changes. Compare estimates
with actual schedule and cost to find how much realistic
estimates are and update lesson learned database. Track during
development and after the completion of project. periodic
information is often more effective to find bugs and improve
skills of estimators

IV. CONCLUSION

The paper discusses importance of accurate estimation
with several reasons that causes inaccuracies in estimations.
Different categories of effort estimation techniques are also

provided to help in assessing effort required. Mainly the paper
provides a six point strategy to help in estimation. The most
important activity during estimation is sizing , more time
dedicated to sizing leads successful estimate. . This six point
process will help managers to estimate every type of software
project with more accuracy. The primary conclusion is that no
single technique is best for all situations, and that a careful
comparison of the results of several approaches is most likely
to produce realistic estimates. Another important factor is to
assess risk and quality of project and add a contingency reserve
for these.
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