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Abstract 

Software effort estimates is an important part of software development work and provides 
essential input to project feasibility analyses, bidding, budgeting and planning. Analogy-based 
estimates models emerge as a promising approach, with comparable accuracy to arithmetic 
methods, and it is potentially easier to understand and apply. Studies show all the models are 
sensitive to the quality and availability data, thus requiring a systematic data treatment. In this 
paper, it is proposed a data pre-processing method for use in software effort estimate. The results 
of it on applying on applying Case Based Reasoning - CBR that enables us to enhance the 
precision of the estimates. 
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1 Introduction 

Due to the great development of hardware and software and with the advent of globalization, it has increased the 
competition between software enterprises. There is a constant search for software every time more robust, with bigger 
quality, in agility in time with low cost. 

An effective management of projects are crucial for an enterprise to reach the goals and to maintain itself in this 
competitive market. Therefore it is necessary an implementation of a group of activities, among them there are the 
making of size estimation, effort, cost and time for development required to deliver a certain software. 

An estimation of accuracy and concise effort (quantity of men/hours required for the development of the software) 
are crucial for the effective management of the software project. However, the bibliographical canvas made by Young 
and others [19] reveals worrying data, 59% to 76% of the projects are delivered with an effort superior than.  And 35% 
to 80% are delivered in delayed term. In Brazil the cenary is a little different, according to the research made by the 
Science and Technology Cabinet – STC, only 45,7% perform estimates for software effort[12]. There are no specific 
studies that identify the causes of the low index of effort estimates use, but the low levels of trust in the models can be a 
possible cause.  



 
 

 

Despite of extensive researches, the software community is still challenged when it comes to effective estimates. As 
results of these researches several different models have been suggest, which include: regression analysis [15], 
COCOMO [7], Analysis Point per Function [3], estimation by analogies [16], clustering techniques [20] and artificial 
neural nets – ANN [8, 14]. 

The results of a research using case based reasoning [4], about the data group COCOMO [6] point out that a 
preliminary analysis of the historical data increases the trust of the estimates. Although the data analysis has been 
performed, it was not established a systematic procedure, that other researchers can apply to the generation of their 
models. 

Considering what is exposed, it is necessary to have a systematic approach that can be applied for the performing of 
estimates with a higher level of precision. The goal of this study is to present a method data to support the data pre-
processing for software effort estimation. It was performed a case study using reasoning based on cases, about the data 
group ISBSG (International Software Benchmarking Standards Group) 10th version [9] based on the group of variables 
selected with the application of the method data presented. 

The article is organized in six sections. In the next section presents a brief description of the work related to the 
application of different approaches for software estimates, followed by a description of the CBR technique. The method 
the pre-processing data are then presented. Later it will be presented a case study. The last section presents our final 
remarks. 

 
2 Related Study 

Techniques of data mining have been frequently used to exploratory data analysis in software engineering, as observed 
in the International Workshop about Software Repositories Mining. 

 Several methods for exploratory data analysis have shown efficiency to the estimates executed, among them the 
probabilistic models used by Sentas and others [15], the Ordinal Regression method – OR, clustering applied in order to 
perform software quality estimates [20]. In this study, it is applied ANOVA to verify the impact of the independent 
categorical variable over the dependent variable. This method adjusts itself to situations in which the data group presents 
a large number of categorical variables. 

 Over the thirty years it was already suggested that the analogy formed a good base of forecasting the software 
effort [7]. Therefore a tendency has been established when referring to the application of CBR to solve problems related 
to management of software projects. The development of a system, based on CBR, similar to a software specialist and 
with accuracy bigger than the model for estimates COCOMO [7] or points per function [3], was proposed by Vicinanza 
[18]. This system was named Estor. However, as it was conceived it is necessary the acknowledge of a specialist so as to 
derive rules of estimates and create a Case Base. Another project based on CBR to perform estimates it is the FACE 
(Finding Analogies for Cost Estimating) [6]. 

 Studies show that CBR presents advantages when compared to other management techniques of knowledge and 
paradigm of Artificial Intelligence [1]. Therefore the use of CBR brings reductions to the problems associated to 
specifying and codification of knowledge, manipulation of cases that failed and makes it easier for the users to identify 
situations apts to a high risk. Another factor that overcome the sympathy of the users is the fact that the CBR is similar 
to the way a human solves the problems. 

  
3 Case Based Reasoning - CBR 

CBR is a technique, based in analogy, that will solve new problem getting answers from previous problems. In the 
reasoning by analogy it is searched the identification of similar characteristics in earlier and current problems, with the 
goal of evaluating answers to develop a better solution to the new problem. Considering that the quality of a CBR 
system which is strongly related to its experience, in other words, it depends on the number on relevant cases that 
composes a data base. According to Aamodt and Plaza [1], the knowledge referred to previous experiences (cases) is 
used to solve new problems, considering what a solution is found through the recovering of a similar case in the past. 
The cases are described as a group of characteristics, attributes, such as the size of a file, the number of interfaces or 
development method. CBR solves the new case via the recovery and adaptation of earlier cases (solved previously). 

The CBR process is described by Aamodt and Plaza [1] and consists of four steps: codification, recovery, reuse and 
retention. These four items constitute a cyclic process. So that, whenever a new problem is presented, it is decoded in a 
vector of attributes (or descriptions of the problem) and effects the search in the repository’s memory, the bigger the 
degree of attributes overlapping, the more effective will be the similarity measurements and the case recovery. The goal 
is to make a decreasing classification of similarity to the new case and  to use solutions known of the closer k cases. 
Therefore, the solutions derived from the recovered cases can be adapted to be better adjust to a new case using rules, a 
human specialist or simply a statistic procedure. For this last case, the system is called Nearest Neighbor Technique (K - 
Nearest Neighbor – NN). When this new case is completed it is incorporated to the cases base. 



 
 

 

Therefore, the cases base grows with time and with the new knowledge acquired. It is of extremely importance a 
maintenance of the cases base, because the bigger it is the better will be. It is relevance to the reuse of new cases. 

 
4 A Method Data Proposed 

When an enterprise participates in a contract bidding or even develops a software in the own organization, make effort 
estimation is a critical activity. The problem considered in this article is the development of a method data that can help 
some projects manager to predict the quantity of effort used to development of a new software. 

 If an enterprise already has a group of items collected in its historic database, it can be used to predict a new 
software effort estimate and whether it does not it should create a measurement program to collect and store a historic 
data of its projects. 

 Thus, before collecting data about the parameters to an estimate model it must be carefully defined what factors 
influence the effort of projects in a determined organization. Besides that, it is important to have an idea of how the 
parameters must be used to produce effective estimates. 

 The method data presented in the First Figure is constituted of three steps: the data preparation, the pre-processing 
of data and the making of effort estimates. 

  

 Figure 1: Method data developed 
  
   Selection of variables: the selection of variables will occur through knowledge expressed in the literature about 

factors that influence the software effort and eventually it will be able to be used the previous knowledge of the project 
manager to help the selection. 

1. Analysis and treatment of lost data: an occurrence of lost data forbids the application of some techniques of 
prediction, about the data group. To solve this problem lots of researches have been performed in an investigate 
on the application of lost data treatment technique, in other words, the blank space in the variables. Among 



 
 

 

these techniques there are some contrasts: omission techniques [13], imputation techniques [17] and technique 
of lost data tolerance[2]. 

2. Normalization of numerical variables: when applying a statistics technique, it is common to verify whether the 
numerical variables is close to a normal curve. There are different ways to decide if a group of values have 
normal distribution: a) the formal tests of normality [21]; b) simple visual methods such as normal probability 
graphic. When a variable stabilization is required, a natural transformation, in other words, log in the e base, is 
effective; for more information about transformations see Hoaglin et al. [9]. Thus, when a non-normality occurs 
in numerical variables it is suggested a logarithm transformation. 

3. Division of the group of data in subgroups of test and training: it has been done the same procedure as in [11] 
with the goal of investigating the precision of an estimation built in this study. Kitchenham developed a simple 
procedure to investigate the precision of the predictions done by his model over the COCOMO database. Based 
in this process, it was omitted a subgroup of projects (the group of test data), after that it was developed a 
model with the remaining projects (the group of training data) and finally it was evaluated the precision of the 
predictions of a model over the test data group. Thereby, it was created six pairs of training and test groups. The 
training group was built to remove every sixth project, beginning from the first project. Each removed data 
group represents the respective test data group. 

The second step of the method data refers to the pre-processing of a treated data group. The pre-processing must be 
done to identify a subgroup of variables that have a bigger significance over the effort. Previous researches developed by 
authors [4] and [5], show that the data pre-processing have a very significant impact in the precision on estimate models 
of data effort. The approach of pre-processing used, adapted from Kitchenham [11], is constituted of the following steps: 

1. If necessary, to transform the variable corresponding to the effort to enhance a normality, in particular, the 
variance stability. Logarithms transformations are, generally, effective. To obtain more information about 
logarithms transformations consult [4] or [17]. 

2. Apply simple variance analysis (ANOVA) using each factor (to variables of nominal or ordinal scales), and 
simple regression analysis to each variable of absolute scale. 

1. Identify the most significant factor, in other words, from a group of factors that have a statistically significant 
effect over the effort, chose the one that has the smallest mistake term. 

2. Remove the effect of the most significant factor (in other words, for each level of the factor, it should be 
reduced the medium factor value from the project effort value) and obtained the residues. 

3. Apply ANOVA using each remaining factor over the residues. It should be reduced the levels-of-freedom 
applied to a mistake term (because K-1’s levels-of-freedom were used to remove the impact of the most 
significant effort, in which K is the number of levels of the most significant factor). 

4. Eliminate the redundant factors. The factors that were considered significant in an original analysis, but did not 
have a significant effect over the residues,they are confused with the most significant factor of previous 
analysis. Confused factors must be identified and excluded from a subsequent analysis. Although there is the 
risk of a factor being removed without need, it is important to recognize that over the use of this procedure it 
can be obtained an acceptable model. It reduces the risk of occuring certain analysis problems and it could be 
the base for some future researches, but as any other analysis technique, it cannot guarantee the generation of a 
real model. 

5. Identify the next most significant effort. Only the factors that have a significant effort based on variance 
analysis over the residues must be considered, and again, if there are lots of candidate factors, chose the one 
that has the smallest mistake term. 

6. Remove the most significant factor effect and obtain the second residue. 

7. Repeat the analysis procedure until all the significant factors are removed, or until there is not enough levels-of-
freedom to continue. It must be assured that there are at least four levels-of-freedom available for a mistake 
term rather than ten. 

   Factors of the absolute and interval type can be easily included in the analysis procedure. Their impact over the 
variable answer can be evaluated using linear regression and calculating the medium square due to the regression 
equation. If a factor of an absolute or interval type is considered as the most significant, its effect should be removed and 
the residues analysis should continue. In this case, the levels-of-freedom attributed to the mistake term in the subsequent 



 
 

 

analysis must be reduced to one. It is important to note that in statistic, the variable and factor terms are used 
indistinctly. 

The third step it is the application and it refers to the making of the software effort estimate using a technique to be 
chosen according to the abilities and knowledge of the team responsible for the estimates, for example: Case Based 
Reasoning – CBR, Artificial Neural Nets – ANN, statistics techniques, among others. 

 
5 Case Study 

In this section it is presented the data group used in this analysis, the preparation and approach techniques followed to 
construct and evaluate cases. 
         To make this study it was used the ISBSG database, tenth version [9], and it was applied in it the method data 
described in the first Figure, which consists of a pre-processing of the stored data in this repertory and 
afterward  evaluation of the variables that influence the case. 

  
5.1 The Data Group 

The data group used was the ISBSG (International Software Benchmarking Standards Group), 10th version, [9], that 
consists of a total of more than 4100 projects, originated from the enterprises located in 24 different countries. Due to 
the fact of being a data group containing projects implemented less than 9 years ago and using software development 
with modern techniques, it is widely used by the academic community for the making of several researches in the 
software estimate area ([8]) and others). 

5.2  Data Preparation 
In this subsection it is described a sequence of preparation of the original data group. 

5.2.1 Variables Selection 

The initial process of variables selection it is based on literature studies about variables that influence the effort [5]. It 
was selected 14 independent variables (Table 1) and the dependent variable: (Summary Work Effort). 

 
Table 1: Independent Variables 

ABBREVIATION VARIABLES 

TAMEQ Max team size  

SDB Data base system 
FERRCASEUS CASE tool Used   

METOADQ How methodology acquired 

TECNDESV Development technique  

LINGPROG Programming language 
PLATFDES Development plataform                     
TAM Adjusted Function Points                       
TIPDESEV Development type                                     
AQTTRA Architecture                                    
TIAPLIC Application type                                       

TIPLING Language Type 

SISOP Operating System 

 

5.2.2 Analysis and treatment of Lost Data 

Due to a big quantity of lost data contained in the ISBSG repository, what means the blank spaces in the variables, the 
prediction becomes difficult. Thus, to solve this problem, it was considered   an omission in this study, due to its 
simplicity. For example, all of the registers referred to the variable Development Techniques, which did not contain 
any data were eliminated. After this procedure, the resultant data group used in this study was composed by 403 
projects. 

As most part of the variables selected containing categorical data, it has being necessary to pre-process the 
registered data. Therefore, it was attributed numerical values for each factor, in each project. Besides, it was applied a 
procedure to convert the adjusting factors for levels, according to the illustration in Table 2. 



 
 

 

Table 2: Independent Variables 

 
VARIABLES CATEGORY NÍVEL 

1-5 1 
6-10 2 TAMEQ 
11-25 3 
ACESS 1 
ADABAS 2 
DATACOM 3 
DB2 4 
IMS 5 
ORACLE 6 
SQL SERVER; MS SQL 
SERVER 

7 

IDMS-DB 8 

SDB 

Others 9 

Yes  1 
No 2 FERRCASEUS 
uninformed 3 
Developed Inhouse; 1 
Purchased; 2 METOADQ 
CombinedDeveloped/Purchased; 3 
others 4ª generation 1 
COBOL 2 
Outras ApG 3 
Access 4 
ORACLE 5 
Java-C#--C++ 6 
C 7 
NATURAL 8 
SQL 9 
ABAP 10 
Visual Basic 11 
PL/I 12 
TELON 13 

LINGPROG 
 
 

PowerBuilder 14 
Very low 1 
low 2 
middle 3 

TECNDESV 
 

high 4 
MF 1 

MR 2 
PLATFDES 

 
PC 3 
New Development 1 
Enhancement 2 

TIPDESEV 
 

Re-development 3 

AQTTRA 
Client Server 
Stand alone 
Mult-tier 

1 
2 
3 

TIPAPLIC 
 

System (application) 
network 
Secutity/ critical 

1 
2 
3 

MERCDEST 

In-house for internal business 
unit; 
Outsourced for internal Business 
unit; 

1 
 
2 



 
 

 

Continuos Table 2: Independent Variables 

 

 

 

 

 

 

 

 

 

 

 

 
Variance analysis – ANOVA is a method, generally applied to decide whether different levels of a factor affect the 

answer of a variable (in this case, effort). This analysis permits to test if there is a significant differences between the 
medium  levels in each factor. It restricts to the mediums of  levels from each factor for the proposal of this study. 

Each one of the categories variables were submitted to the ANOVA process of only one  factor to verify the impact 
of each factor over the original dependent variable and to identify the categories that need to be connected in each factor. 
Through these tests it was possible to compare each category (level) of a factor with all of the other categories in the 
same factor and determine the significance of the difference. Based on the result obtained from this analysis, the 
categories of each independent variable which are not significantly different were connected and recoded in 
homogeneous groups for each factor. 

5.2.3 Normalization of  the Numerical Variable 

It was verified that a numerical variable, Summary Work Effort and Adjusted Function Points, it did not have a normal 
distribution for them to be applied to a static methods, such as regression analysis and variance analysis. As these are 
parametric statistic methods and require an approximate normal distribution, the first step is to evaluate if the effort (the 
answer variable given by the Summary Work Effort) has a normal distribution. The second Figure shows the effect of 
producing a graphic representation of normal probability to the values of gross effort of the second group of data 
training. 

The diagram of data scattering is clearly not linear. Thereby, it is reasonable to assume that the data do not have a 
normal distribution. To enhance the normality it was applied a normal transformation, in other words, log in the e basis. 
The third figure shows the diagram of normal probability after the application of a logarithm transformation over the 
effort values of the second training group. 

 

 Figure 2: Diagram of the normal probability for the raw data 

It is easy to note that the data scattering diagram is more linear. Therefore, the analysis procedure shown in the 
case studies was done over the transformed data. The variable Summary Work Effort (workers effort/ month) and 
points per function adjusted were transformed to enhance the normality. 

MERCDEST 

In-house for external business 
unit; 
External for external business 
unit; 

3 
 
4 

4GL 1 
3 GL 2 TIPLING 

 ApG 3 
BCIS, DOS, WINDONS, IMS, 
OS/2; VMS  V6; .NET; SAP 

1 

AIX;HP UX 
904;MSP;MVSESA;UNIX, 
SUN,PICK;SINIX;SOLARIS 

2 

SISOP 
 

HP UX; WINDOWS NT4; 
MVS; WINDOWS; MVS; MS 
DOS; V5; MVS; OS/2; 
WINDOWS; OS/2;Unix 

3 



 
 

 

 
Figure 3: Diagram of the normal probability for the transformed data 

5.2.4 Subdivision of the Data Group 

Based on the technique presented in the fourth section, there were built six groups of test and training. Thereby the test 
data group 1 was built removing the projects: 1, 7, 13, 19, 25, 31 (…), the test data group 2 was built removing the 
projects: 2, 8, 14, 20, 26, 32(...), this process was repeated for the selection of six test groups. Knowing that all of the 
403 projects of the ISBSG data group [9] were used to construct the model the learning data group counts with 5 groups 
containing 335 projects and one with 336 projects. 

5.3 Pre-processing of variables 

The approach (adapted from Kitchenham, [11]) was applied over six learning data group derived from the ISBSG data 
group. This section explains the approach followed  the selection of these variables which will  be used after in the 
application of CBR in the pre-processed group. 

5.3.1 Variables selection 

The problem in the estimate using a data group with a big number of categorical variables (factors) can be solved using 
a procedure based in combined statistics techniques how it was described in the fourth section. 
  The variables selected in each one of the training groups were used to make estimates over the pre-processed 
data group. The variables selected in each training subgroup were: TAM, LINGPROG, and PLATFDES. 

5.3.2 Make Effort Estimates 

To make a software effort estimates it was chosen the CBR technique in the recovery of similar cases, using the K-NN 
similarity algorithm (K – Nearest Neighbors). To do so, it was used the WEKA software. For each test subgroup it was 
searched the similar cases within the database of the training group, providing then the estimate effort for each test 
project. 

5.3.3 Precision Analysis and Estimates Evaluation 

Different mistake measurements have been used by different researchers, but for this study it was used two 
measurements of the precision of the model: the Mean Magnitude of Relative Error (MMRE) (2) and the PRED (x) (2). 

MMRE is the medium of the absolute percentage errors: 

 

 
 

 
 
In which n is the number of projects, Mact is the real effort observed and Mest is the estimated effort. 
The Pred(x), on the other hand, is an indicator of accuracy that shows the percentage of measurements which the 

MRE is smaller than x. According to the definition of McConnell [22] to evaluate if an organization has done good 
estimates it has to commit mistakes up to 25% in 75% of the cases, in other words, PRED (25%) ≥75%. 
 

 



 
 

 

The third and fourth Tables summarize the MMRE found for the subgroups of gross and pre-processed data after 
CBR application. In this dimension, the performance after the proposed method data application is relatively better than 
when applying the CBR to the gross data. 

Table 3: Accuracy after application CBR of Data Raw 

 

 

 

 

Table 4: Accuracy after application CBR of Data Pre-processed 

 CONJUNTOS 
 1 2 3 4 5 6 

MMRE 291,9 165,4 292 124,7 345,4 152,16 

PRED(25) 14,7 25,4 16,4 22,4 14,9 10,4 

This experience illustrates two points, the first is that the method data selected in a consistent manner the variables 
that influence the effort, and the second shows that with  CBR application the results were enhanced in more than 80% 
the subgroups. 

6 Suggestions for Beginners 

This article shows a data pre-processing method data, specifically used to select a subgroup of variables related to the 
software effort estimate, from a software project database. This method data was instantiated and presented with a case 
study, in which is used the ISBSG project database and the CBR technique to make a software effort estimate. 

In this study models of effort estimate were calibrated and tested to present approaches that can be used by an 
organization of software development which wants to apply estimate models in its project managing. 

CBR applied over the pre-processed data had a more satisfactory development, when the method data is applied 
over a data group without the pre-selection of the variable subgroup. The improvement in terms of MMRE occurred in 
80% of the subgroups and when analyzing the PRED (25) it is observed that the success rate enhanced in all of the 
subgroups. The fact of the cases base being much reduced through the application of lost data treatment technique, could 
have hampered the location of similar cases and influenced the result to the other data group. 

Therefore, new studies are being conducted to investigate if this hypothesis, applying a new technique of lost data 
treatment, providing thereby an increase in the cases base. 
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