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Abstract. The dramatic increase in the scope of software cost estimation has 
paved way for the enhanced research to develop different methods for 
estimating the software effort. Estimation of effort in software cost based on 
Fuzzy Analogy is one of the most popular existing methods. Usually, only the 
project characteristics are considered for the effort estimation whereas the team 
characteristics also play a significant role. This paper presents a diverse 
approach where the features of team characteristics like joy and skill are 
considered in addition to the project features. The empirical results are 
validated with the historical datasets having both categorical and numerical data 
by considering hypothetical data of team characteristics. The outcome of this 
paper signifies that the usage of team characteristics improves the performance 
and accuracy of software effort estimation. 
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1 Introduction 

A critical factor during the software development process [1] is the ability of 
estimating the effort accurately at the early stages of development. Moreover, it is 
noted that none of the existing methods have dealt with the team characteristics 
effectively. A project team is a social system where personal and co-operative 
characters play an important role to the success of the organization. The team 
members in a project have emotions such as joy and skill, which can be either positive 
or negative, [2] during the duration of the project. The positive feature is related to joy 
and negative feature is related to fear. However, the degree of joy is one of the salient 
features affecting the project features.  

All estimation methods consider only project features for effort estimation. In this 
paper, a different approach based on Fuzzy Analogy method has been proposed 
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incorporating the team member characters like joy and skill. The hypothetical data of 
team member characteristics is considered for this study to estimate the effort. 

Section 2 deals with the milieu of study including analogy, fuzzy logic, personality 
and emotion while Section 3 depicts the proposed method. Section 4 evaluates the 
performance and Section 5 concludes the paper. 

2 Related Work  

2.1 Analogy 

Analogy based estimation is the process of finding the similar projects among existing 
ones and assess the estimate for the target project in the incipient stage [3]. Many 
researchers accept the solution of analogy method since it is derived on the basis of 
human way of reasoning rather than arcane chains of layers. The drawback of analogy 
is the degree of similarity between the historic and the target project [4]. Genetic 
algorithm [5] is used in analogy as one of the search technique for the similarity 
measure and also overcome the complex optimization issues. 

2.2 Fuzzy Method 

The term fuzzy came into existence with the fuzzy sets [6] for dealing the linguistic 
variables. However, fuzzy method cannot overcome the imprecision and uncertainty 
problem in an effective manner while handling the categorical datasets [7]. Fuzzy 
integrated with analogy, fuzzy analogy, [8] was developed to overcome this problem. 
The performance of the effort is improved by using the feature subset algorithm based 
on fuzzy logic in analogy concept [9]. 

2.3 Personality and Emotion  

Personality [10] and mood plays an important role in the human behaviour. This 
forms a key characteristic feature for the team members during the project period. The 
personality behaviour is evaluated based on personnel opinion, attitude and other 
features related to team operation [11]. Every member in a team will have a topology 
which dominates the formation of a group based on five personality factors [12] 
relating the team personality and performance effort. Out of the five, two features, joy 
and skill are considered.  Joy is one of the pairs of emotions used to produce the 
initial mood whereas skill is the capability of doing things in an innovative way and 
also being intellectual [13]. These features are also closely linked to an agile software 
method [14].  

3 Propose Work 

The proposed method is done in two steps. 
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3.1 Fuzzy Analogy 

Fuzzy analogy [15] is the fuzzification of classical analogy procedure. It is comprised 
of three steps. 1) Identification of cases, 2) Retrieval of similar cases and 3) Case 
adaptation. 

3.1.1   Identification of Cases 
In this case, the objective is to estimate the software project effort. In the case of 
numerical value

0
x , its fuzzification will be done by the membership function which 

takes the value of 1 when x  is equal to 
0
x  and 0  otherwise. For categorical value, 

let us have M  attributes and for each attribute
jM , a measure with linguistic values 

is defined (
j
k

A ). Each linguistic value,
j
k

A , is represented by a fuzzy set with a 

membership function ( j
kA

μ ).Rules formulated, based on the fuzzy sets of modes, 

sizes and efforts . 

3.1.2   Retrieval of Similar Cases 
This step is based on the choice of a software project similarity measure.These 

measures evaluate the overall similarity of two projects 
1
P  and

2
P , ( )21,PPd by 

combining all the individual similarities if 
1
P  and

2
P associated with the various 

linguistic variables 
jV  describing 

1
P  and

2
P , ( )21,PPd

jV
. Here, the distance can 

be measured by employing Euclidean distance method.  

                    

(1)

 

Where 
jV are the linguistic variable describing the project 

1
P  and

2
P . 

j
kA are the 

fuzzy sets associated with 
jV  and j

kA
μ are the membership functions representing 

fuzzy sets 
j
kA . 
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3.1.3   Case Adaptation 
The objective of this step is to derive an estimate for the new project by using the 
known effort values of similar projects. The objective of this step is to take only the k 
first projects which are similar to the new project.  In the proposed method, all the 
projects in the data set are used to derive an estimate of the new project. Each 
historical project will contribute, in the calculation of the effort of the new project, 
according to its degree of similarity with this project.   

3.2 Team Characteristics Evaluation 

A personality trait is an enduring pattern of inner behaviour that is extremely 
inflexible, deviates markedly from the expectation of a person’s culture and mood that 
causes distress.Two of the factors of personality trait are the joy and skill that can 
increase or decrease the software effort based on their values accordingly. Let Jy  and 

Sl  are the joy and skill character value that represent the mood of the members in a 
software team. Consider them in a class where the value Z can be measured. 

 
Pseudo code for finding the team characteristics 

Since the vagueness and uncertainty of software effort drivers cannot be avoided, a 
fuzzy model has the advantage of easily verifying the cost drivers by adopting fuzzy 
sets.  

ZEMSIZEAEffort
n

i
i

dB N
i i ±∗∑∗= ∏

=

∗+ =
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01.0 1)(    (2) 

where A  and B  are constants, d is the distance and EM effort multipliers. By using 
the above formula the effort is estimated.  
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4 Results and Discussion 

The proposed methodology is implemented in JAVA Net Beans. The datasets used in 
the study is NASA 60[16]. Consider the dataset based on hypothetical assumption 
having N projects and each project may have different number of workers m. The 
overall average percentage of the team characters of joy and skill of the employees in 
a dataset is identified by circulating an analysis form for every individual after the 
completion of a period or module. The report consists of various objective type 
questions in two sections related to the behaviour and the performance of the 
members involved in the project which will be filled by the individuals. Every answer 
has a credit point and from the report, total weightage is found based on the credit 
points answered by the individual member. The same procedure is followed for each 
member in one project and finally the average is taken in terms of percentage. This is 
repeated for other projects and an overall average percentage is found for the 
individual characters in a dataset. Therefore the formula for finding the team member 
characteristics are computed as 
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Ji – represents the credit got for each Joy question. 
Javg – represents the value of the average credit for Joy in a team. 
m- represents the number of joy questions.  

N- Number of persons in a team. 
Si – represents the credit got for each Skill question. 
Savg – represents the value of the average credit for Skill in a team. 
f – threshold factor which varies for joy and skill. 

 
The threshold factor is predicted based on the analysis of various reviews 

conducted during the process. Consider the overall average percentage for the 
characters like joy and skill hypothetically for Nasa60 dataset are 75% and 45.5%. 
Figure 1 shows the effort values obtained in using the team characters for Nasa60 
dataset. 
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Fig. 1. Estimated Effort with Team Characters for Nasa60 dataset 

 

Fig. 2. Comparative Analysis of Effort for Nasa60 dataset 

Figure 2 depicts the comparative analysis of the actual and estimated effort for the 
dataset with and without the team characteristic features. It is clearly seen that better 
results are obtained when the team characteristic features are included along with the 
project features. The overall average effort for the dataset in the proposed method is 
tabulated in table 1 and its comparison is given in figure 3. 
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Table 1. Avg. Effort comparison with and without team characters 

Dataset No. of  
Projects 

Actual  
Avg.Effort

Estimated  
Avg.Effort 
without 
Characters 

Estimated  
Avg.Effort 
with 
Characters 

Nasa60  60 406.413 359.324 234.534 

     

 

Fig. 3. Comparative Analysis of Average Effort for Nasa60 dataset 

5 Conclusion 

The complexity of new software has made the estimation of software effort very 
difficult for the project management. The existing techniques use only the project 
features for software effort estimation and not the team characteristics in an effective 
manner. This research paper proposes a different approach using Fuzzy Analogy for 
the team characteristic features like joy and skill of the employees during the project 
schedule for estimating the software effort resourcefully. This method is based on 
reasoning by analogy, fuzzy logic and linguistic quantifiers with team characteristics 
and can be used for the software projects. From the analysis of results, it is deduced 
that the proposed method effectively estimates the effort for historical datasets based 
on the hypothetical models. In addition, the studies have showed a good performance 
in overcoming the imprecision and uncertainty problem. The future research can be 
embarked on with real time data and considering other characteristics like 
neuroticism, agreeableness and culture to predict the effort efficiently. 
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