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Abstract

Effort estimation continues to be a weak link in software project management.
As part of a research project into improving the cost estimation process, a
review of current cost estimation techniques is described. A number of
problems are identified with these techniques, in relation to the applicability of
the techniques in different environments and in the omission of key project
attributes. Improvement of the cost estimation process using locally-calibrated
models with explicit product, process and resource issues is recommended.

Introduction

The problems of software development have been widely reported [1,2] and it is
commonly accepted that the difficulties lie as much in project management as
in technical development. Project management is a term embracing a number of
management techniques that are necessary to develop a product which meets its
technical requirements (both explicit and implicit) on time and within an agreed
budget.

A key aspect of project management is the ability to estimate the required
effort and schedule for the project. Estimation involves consideration, and
quantification, of the factors involved in the development. These include the
processes by which the software is developed, the personnel and support
resources involved and the nature of the product itself. The ability to correctly
estimate effort is a key skill for a project manager, which is critical to
developing a product on time and to an agreed budget. Accurate estimation
provides both the developer and the customer with clear targets for developing
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the product and, as the project progresses, forms a baseline against which the
actual values can be compared.

The success rate of many software development projects, however, suggests
that predicting the likely cost and duration of a project remains a major problem.
Surveys of organisations [3,4] indicate that :

e only 25% of projects come within their originally predicted cost and
schedule
66% of companies significantly underestimate the time and cost

e costs for similar projects can vary by up to 200%

Given the importance of estimation to successful project development, these
failures indicate that current estimation techniques do not appear to be
appropriate for the task. A number of estimating techniques exist but each of
them has limitations. This paper reviews some of these problems and suggests
ways in which the estimation process can be improved.

Definition of an Estimate

The generally agreed definition of an estimate [5,6] is a prediction (of effort,
schedule, staffing levels, etc.) that is equally likely to be above or below the
actual result. The estimate is a prediction based not on one number but rather
on three - the most likely value and the upper and lower bounds. The quality of
an estimate is a function of how quickly it converges to the actual.

There are a number of problems in making estimates [5,6,7] which include :

lack of estimating experience
e problems of interference from superiors
bias inherent in the estimation process

The lack of experience in estimation, due to the size and duration of software
projects, leads to non-estimation [5]. At the most extreme end of non-
estimation is the situation where estimation simply means giving one’s superiors
the values that they want to hear.

This aspect of interference can be extended to the situation of using estimates
for motivation, unrealistic estimates being used to attempt to make staff work
harder. This inevitably leads to a reduction in the quality of the product and to
demotivated staff [8].

Studies have clearly shown a tendency to over-estimate one’s own abilities
[5,6], leading to the situation where the effort involved in a task can be
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underestimated. This situation is avoided when estimating someone else’s
capabilities. A key factor in successful estimation appears to be a detachment
form the actual task itself, though this has practical difficulties.

A solution to these problems is to provide estimation techniques which use
quantifiable project data at different points in the project lifecycle, making it
possible to validate more objectively the prediction process. This will provide
project managers with a framework for estimation, utilising the knowledge from
previous projects. It should remove some of the bias in project estimates and, as
the model will provide results based on specific scenarios and constraints, the
effect of unrealistic objectives will be clearly shown.

Cost Estimation Techniques

Although known as cost estimation, these techniques generally predict effort
and schedule rather than cost. A number of different estimation techniques
[3,6,7,9] are in use to predict the cost of software projects, including :

e Estimation by Analogy. Comparing one or more completed projects to a
similar new project to predict cost, schedule or effort

o Algorithmic Models. These provide one or more algorithms which predict
effort and schedule as a function of product variables.

e Expert judgement. Predictions based on the skills and experience of one or
more experts.

These techniques can be used in either a top-down or bottom-up fashion.
Top-down estimation generates an overall cost from the global properties of the
system, which is then split among the various components. A bottom-up
estimate is generated by estimating each component separately and summing the
results to give a global cost.

The strengths and weaknesses of all of these techniques are well documented
[9]. It can be said that none of the methods are better than the others in all
cases and, as such, more accurate estimates are likely to be obtained by using a
combination of methods, rather than relying on a single technique.

Two other methods, which are in fact examples of non-estimation [5], are
used on projects [6,9] :

e Parkinson. A Parkinsonian principle (“work expands to fill the available
volume™) is used to equate resources with cost.

e Price-to-win. The cost or schedule estimates is equated with that believed
necessary to win the contract.
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While all estimation techniques have proponents and have had some degree
of success [43,44], the most widely reported technique is the algorithmic model.
This paper will focus on the use of algorithmic methods for estimation.

Algorithmic models

An algorithmic model is a formula, or set of formulas, used to predict the costs
likely to be incurred in a project. The variables involved in a project fall into
three categories - product, processes and resources. The number of variables
are considerable and it would be very difficult to model and assess all of them.
The approach taken in algorithmic models is to generate single factor models,
which are a simplification of all the factors involved.

The models generally provide direct estimates of effort or duration. Most
are empirical models (generated by applying statistical techniques to data from
previous projects) with one main input, which is usually a prediction of software
size. The models take the general form :

c
effort = a + b * (size)

where a, b and c are constants derived by the statistical analysis of the data.

A selection of the more-widely known models is described by Boehm [9],
COCOMO being the most widely used. All of these use Lines of Code as the
main input, though the definition varies between models.

The format of each of the models is generally similar, the exception being the
exponent term (c in the equation above). While most studies suggest that ¢ > 1,
exhibiting diseconomy of scale [9], others suggest the relationship should be
linear [6,41] i.e. ¢ =1. There is even the suggestion of economy of scale, as
described by Walston-Felix study, but this relationship is not generally accepted.
The techniques usually also support a method for predicting the nominal
duration of the project, from which most researchers agree that the relationship
has the form that nominal duration is proportional to effort to the power of one
third [6,9,10,11].

The models have a number of adjustment factors, known as cost drivers {9],
which may effect productivity and are used to adjust the basic estimates. These
drivers are assumed to be independent of each other.

A variation of these models are constraint (or time-sensitive) models, which
describe a relationship over time between two or more cost parameters. These
models are used principally to quantify the effects of varying schedule against
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effort and staffing levels. The most widely known technique is the SLIM
estimation tool [12], a proprietary product utilising the Rayleigh curve
representation of staffing levels [13,14]. COCOMO [9] has a similar
mechanism, though it also places a limit on schedule compression beyond which
a project is not feasible.

Some Problems with Algorithmic Methods

Algorithmic models are derived from existing data and are tested against that
data. Another important test, however, is the validation of the model [9, 21] by
evaluating it against systems other than those involved in determining the model.
The models have been used and analysed in a number of ways [7,10,15-20,22-
28], which have led to a number of consistent points emerging :

e the methods rely on an estimate of size, a product measure usually expressed
in lines of code (LOC). This has two main drawbacks - the inability to
estimate LOC accurately at the start of the project and the late availability of
the actual LOC. Better sizing techniques, using actual data available early in
the project, would improve this.

o lack of evidence for the successful use of cost drivers. The cost drivers
allow the effort and schedule predictions to be tailored to specific project
circumstances. Most studies suggest that :

- application of cost drivers does not improve accuracy of estimates

- the subjective nature of the drivers causes difficulties in their use

- the drivers are not always appropriate

- the drivers are not independent of each other

- only a limited set of product, process and resource issues appear in the
cost drivers. This is especially true in the case of personnel issues and
is a function of what was considered important when the model was
generated.

It appears [10,18] that locally-derived models, as they more closely reflect a

specific environment, generate more accurate results than general-purpose

models. For specific projects, however, an assessment of particular

characteristics must still influence the predictions and this needs to be

incorporated.

e the time constraint models are suspect, in particular :
- the zero staffing assumption at start of design, from the Rayleigh curve,
is not valid in practice
- different models predict different behaviour . SLIM [12] predicts that
constraining the schedule (i.e. the nominal duration) increases effort,
while relaxing schedule reduces the effort. COCOMO [9] predicts an
increase in effort if the nominal duration is increased or decreased.
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An investigation of the relationship of effort and schedule to staffing levels,
and the effect on project personnel of these effort and schedule constraints,
needs to be further investigated.

The way ahead in cost estimation research is to develop cost estimation
models using site-specific information but, for different projects within that site,
to allow specific variation due to differences in processes, the actual product and
the available resources (especially personnel). Some of the directions suggested
above are discussed further in the following sections.

Product Issues

Research into the area of product issues has focused on specification of product
characteristics and, especially for effort estimation, functional sizing techniques.

Specification of Product Characteristics

All sofiware products are a combination of factors, such as functionality,
performance and reliability [50,51,53]. The presence, or absence, of these
functional and non-functional requirements will affect the prediction of effort
and schedule on a project. Each software product will address these attributes
in a different manner but, in all cases, the attributes need to be specified in terms
that can be measured. Various methods for quantifying these factors have been
proposed [51,54,55] along with various measurement techniques [6]. The
COQUAMO approach [50,51] has adopted a similar approach to COCOMO [9]
but based on assessing and measuring the requirements of a system. It remains
to be shown, however, how this approach could be used in effort prediction.

Functional Sizing Techniques

The earlier a size measure is available the more useful it is as a predictor [5].
User requirements can be analysed to give some measure of size but the first
meaningful measure available to a project occurs at the end of the requirements
analysis phase, just prior to the commencement of the software design [4,5]. A
number of specification metrics have been postulated, the most widely known
and used being Albrecht’s Function Points [29,30] and its variant known as
Mark II [31], both of which are now in very common use [6,37]. DeMarco
developed a technique ideally suited to the structured analysis methodology
[5,40], while other measures have been suggested for use with CASE tools [35].

In essence, these techniques rely on counting the number of occurrences of
different types of entities, classifying each with a weighting factor, and summing
these weighted values to produce an unadjusted count, a measure of functional
size. By considering a number of technical complexity factors, each with
different weightings for different perceived complexity levels, an adjustment
factor relating to the product environment is determined. This is subsequently
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multiplied to the unadjusted count. This subsequent variation in size is intended
to reflect the variation in difficulty between products with the same functionality
but differing environments. The value can be related to productivity (from past
projects) or, by use of Line of Code expansion figures, as an input to algorithmic
models such as COCOMO [9].

Problems with Functional Sizing Techniques
A number of major problems, however, exist with FPA as a sizing or an effort
estimation technique [7,10,18,19,32,34-40], which can be summarised by :

e variations in functional size due to counting differences. In particular, two
areas cause concern !
- the wide variation in counting practices between organisations and even
between individuals within organisations
- the variation in size from the requirements document against the size
from the actual system, due in part to the effect of ‘creeping elegance’
but also due to the amount of information available

e the use of adjustment factors is subjective and appears to add no value to the
accuracy of results. The factors are not independent and many are
contentious. There is also the problem of similarities in adjustment factors
with those in algorithmic models, leading to aspects being counted more
than once

o the lack of accuracy as a predictor of effort. This is especially true outside
of the areas for which they were originally intended but even in the data
processing area the relationship of size to effort does not give consistently
accurate results.

The use of a counting technique using information early in the lifecycle is
undoubtedly the best approach but a consistent counting method must be
developed, independent of adjustment factors, and the relationship of this count
to effort predictions needs to be better understood. Work is currently underway
to standardise the counting process [49].

Process Issues

Recent interest in software engineering has focused on the development process
as a management problem. Standards [51,52,56] such as the TickIT scheme,
ISO 9001 and the Capability Maturity Model have been developed to provide
defined processes for all of an organisation’s activities. These processes cover
not only development but supporting issues such as configuration management
and corrective action. The philosophy behind these documents is that good
processes will lead to good products.
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While these techniques seek to improve the quality of the product, there is as
yet little evidence to equate different processes to the effort required on a
project.

Personnel Issues

Any successful estimation technique needs to address resource issues such as
available hardware, sofiware and personnel. ~ While different hardware and
software will affect the effort and schedule on a project, the most difficult
aspect to quantify is the personnel issue. A few studies have been carried out in
this area [18,34,42,46,48] but a number of interesting points have been made,
including :

use of new support tools has an initial detrimental effect on productivity

e back-end support tools do not appear to have a significant effect on
productivity

e it has been suggested that more experienced staff are more productive than
inexperienced staff

e some studies suggest team structure and individual characteristics have an
effect on the quality of the product, while others suggest that project
management techniques cancel out these aspects

e it has been demonstrated that, regardless of feedback from a project,

estimators will continue to be influenced by the initial estimate

the effect on staff of constraining project duration is not well defined

It would appear that the effect of personnel on software development costs,
both at the beginning of a project and as the project progresses, is still not very
well understood.

Local Calibration

Calibration is the process of tailoring a model to the specific environment in
which it is being used. The original intention of the cost drivers (of whatever
form) was to allow a single model to be applied on different sites and to
different types of development. The problems with these adjustment factors
have been highlighted already and this approach seems to have limited use for
the majority of industry. An alternative technique is to develop a model unique
to a particular environment, which should more accurately reflect that
environment. A number of studies [16,17,19,22] suggest that local models are
more accurate than all-purpose models. Generation of a local model, however,
is not an easy task. It involves [47] the following activities :

e collection and maintenance of a database of past projects
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e a statistical analysis of the data to derive an appropriate model relationship
e testing and validation of the model

The MERMAID [18,41,45] approach to effort estimation utilises this locally-
defined modelling technique. It allows for a model to be directly calibrated
using only local data and, for a specific project, makes use of feedback data as
the project progresses. The take up of this technique, however, will require a
clear demonstration of the accuracy of the approach and the provision of tools
and techniques to facilitate collection and analysis of the data.

It will also be necessary to understand exactly how project managers use the
feedback data and what effect this will have on controlling the project. While
the technique supports some aspects of the process view, by developing
different models for different lifecycles, the impact of different personnel or
product attributes needs to be investigated.

Conclusions

Software effort estimation is of crucial importance in software development.
Recent results indicate that, while current algorithmic methods are of some use,
the process of effort estimation needs to be improved. = The way forward in
effort estimation would appear to be the generation of locally-defined models
with the following characteristics :

e the primary input to be a size measure, which can be compared with other
organisations

e the size measure needs to be adjusted to reflect product characteristics other
than simply those concerning functionality

o the adjusted product size be tailored by local factors (such as the processes
and resource issues) to derive an effort and schedule prediction

It is in the area of addressing process and resource issues that our current
research is focused. In particular, the following aspects are being investigated :

e how the effects of personnel issues can be explicitly modelled in the
estimation process, especially in relation to the modelling of staffing for
different process and products

e how the feedback information available to a project is used and, in
particular, how this affects the personnel involved

The intention of this work is to develop a framework in which these different
attributes can be assessed and measured within a locally-defined estimation
model.
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