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Abstract:    

At present the most challenging issues that the software development industry is facing 

schedule-overrun, exceeding budgets and incomplete requirement engineering. The accurate 

estimate for a software system early in the preliminary phase of software development life 

cycle plays a crucial role in software project management. In order to manage a software 

development process efficiently an accurate effort estimation method is very important.  

A good number of Software development organizations are using Object-Oriented approach 

for Software Development. The basic building block in an object oriented design is Use 

Case diagram. Use Case diagram is prepared in the early stages of design after clearly 

understanding and documenting requirement specification. Use Case Diagrams are 

considered to be useful for approximating early estimation of a software project.  

This research gives an insight into the two important methods of software effort estimation 

namely use case points (UCP) and e-use case point (e-UCP) methods. Researchers have 

made an attempt to classify and compare two approaches of effort estimation namely UCP 

& e-UCP to provide the results to practitioners. The research work carried out is focussed on 

comparison of use case and e-use case point methods for same software projects. The results 

showed that the e-use case point method performed better in comparison with use case point 

method in estimating software development effort for 11 different software projects. 

However, the need of the hour is to further strengthen the e-use case model by refining the 

actor weight and use case weight classifications. 
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Introduction 

 

The software knows no border, Bits have no weight and this ultimate characteristic of 

software is the one that is today dramatically changing this industry. It does not matter much 

whether software is specified in Chennai, designed in Srinagar, coded in Hyderabad, tested 

in Ahmedabad, and used in Kolkata. Although significant numbers of IT projects are 

routinely completed successfully, it must be conceded that the data on IT project success 

rates provide cause for concern. Nevertheless, the Standish Group estimates current success 

rates in the US at around 34%, which represents a significant improvement on the 16% 

success rate recorded in their first survey in 1995 [7] [20]. Irrespective of the precise 

amount, it is clear that the price tag associated with IT project failures is unacceptably high.  

Software estimation has become a crucial task in software engineering and software project 

management. Effort estimation is an activity to estimate the number of business activities of 

workers as well as how long it takes to accomplish a software development project. This 

estimation is very important to be able to know how much the relevant value of software is 

generated. Reliable and accurate software development effort estimation has always been a 

discouraging task for project managers. More recently, the use of Use Cases for software 

effort estimation has gained wide popularity [1][3][8][9][19]. Researchers from academia as 

well as industry have shown interest in the Use Case based approaches because of the 
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promising results obtained along with their early applicability. There have been a number of 

approaches proposed in the literature [9][11][12][17][18][19]. However, there is no criteria 

that could be used to aid practitioners in selecting appropriate approaches suitable for 

estimation of efforts for their respective projects development efforts. The research work is 

an effort to compare two approaches based on use case point method and provide the results 

to practitioners. The result will facilitate and researchers interested in proposing new use 

case-based approaches. 

  

Use Case Point Method 

 

Most of the software development organizations are using Object-Oriented approach for 

Software Development at present. The basic building block in an object oriented design is 

Use Case diagram, which is prepared in the early stages of design after clearly 

understanding and documenting requirement specification. A use case diagram is the 

simplest representation of a user's interaction with the system. These diagrams can portray 

different types of users and their interaction pattern with the system.  

Use Case Diagrams are considered to be useful for approximating early estimation of a 

software project. The use case point model for effort estimation was first proposed by 

Gustav Karner in 1993 [10], which was focused to predict the total amount of resources 

required for developing a software system with object-oriented principle, in the early phases 

of software development.  

 

During his research, he first surveyed the Function Point method used for early software 

estimation and identified some of the disadvantage of using the function point model.  

 

The UCP method is the extension of Function Point method with the benefit of requirement 

analysis in the object-oriented process. It starts with measuring the functionality of the 

system based on the use case model in a count called Unadjusted Use Case Point (UUCP). 

The same technical factors are used as of Function Points. The UCPs shows an estimation of 

the size of the system which can further mapped to man hours in order to calculate the effort 

required to develop the system.  

 

In the early steps of obtaining use case point, the actors and use cases are classified 

according to their complexity and assigned some weight factors.  

 

Table 1: Actor Type and respective weight 

Actor Type Weight 

Simple 1 

Average 2 

Complex 3 

 

 

An actor is defined as “Simple”, if it interacts with the system with the help of a defined 

application programming interface (API). An actor is defined as “Average”, if it interacts 

with the help of an Interactive or Protocol-Driven Interface. The actor is defined as 

“Complex”, if it interacts through a Graphical User Interface. The assigned weight factors 

are 1, 2 and 3 respectively.  
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Table 2: Use Case Type and respective weight 

Use Case Type No. of Transactions Weight 

Simple <=3 5 

Average 4 to 7 10 

Complex >7 15 

 

Similarly use case is defined as “Simple”, if it's number of transaction is less than 3, 

“Average”, if it's number of transaction is between 4 to 7 and  “Complex”, if it's number of 

transaction is more than 7. The assigned weight factors are 5, 10 and 15 respectively. 

 

In next step of estimation, the total Actor and Use case weight is calculated:  

 

(Unadjusted Actor Weight) UAW =Σ(No. of actors * their respective weight factors)  

 

(Unadjusted Use Case Weight) UUCW = Σ(No. of Use cases * their respective weight  

factors) 

 

After calculating the total weight of Actors and Use cases, the Unadjusted Use Case Point 

(UUCP) is calculated: 

 

UUCP = UAW + UUCW  

 

After obtaining the UUCP, the Use Case Point is calculated by adjusting the UUCP with 

two factors called Technical Complexity Factors (TCF) and Environmental Factors (EF) :  

 

UCP = UUCP * TCF * EF  

Where TCF is the Technical Complexity Factor and EF is the Environmental Factor. 

The TCF is one of the factors applied to the estimated size of the software in order to 

account for technical considerations of the system. It is determined by assigning a score 

between 0 (factor is irrelevant) and 5 (factor is essential) to each of the 13 technical factors 

listed in the Table 3 below. This score is then multiplied by the defined weighted value for 

each factor. The total of all calculated values is the technical factor (TF). 

 

Table 3: Technical Factor and Weight 

Factor Description Weight 

T1 Distributed system 2 

T2 Response or throughput performance objectives 1 

T3 End-user efficiency (online) 1 

T4 Complex internal processing 1 

T5 Code must be reusable 1 

T6 Easy to install 0.5 

T7 Easy to use 0.5 

T8 Portable 2 

T9 Easy to change 1 

T10 Concurrent 1 

T11 Includes special security features 1 

T12 Provides direct access for third parties 1 

T13 Special user training facilities are required 1 
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TF subsequently is used to obtain the value of the Technical Complexity Factor (TCF).  

TCF = 0.6 + (0.01 * TF) 

 

The Environmental Complexity Factor (ECF) is another factor applied to the estimated size 

of the software in order to account for environmental considerations of the system. It is 

determined by assigning a score between 0 (no experience) and 5 (expert) to each of the 

eight environmental factors listed in the table 4 below. This score is then multiplied by the 

defined weighted value for each factor. The total of all calculated values is the environment 

factor (EF). 

 

Table 4: Environmental Factor and Weight 

Factor Description Weight 

E1 Familiarity with the project 1.5 

E2 Application Experience 0.5 

E3 OO Programming Experience 1 

E4 Lead Analyst Capability 0.5 

E5 Motivation 1 

E6 Stable requirements 2 

E7 Part Time Staff -1 

E8 Difficult Programming Language -1 

 

EF value is used to obtain the Environmental Complexity Factor (ECF).  

ECF = 1.4 + (-0.03 * EF) 

 

Further the effort is estimated by mapping the UCP with man-hours.  

Effort = UCP * PHper UCP  
    Where PHper is Person Hours per UCP 

Karner suggested that on an average, 20 man hour effort is required for each UCP. In this 

method, Karner only focused on the actor and use case complexity. The internal details are 

not taken into consideration.  

 

Extended Use Case Point Method (e-use case point method) 

 

The extended use case point method (e-UCP) is a revised version of UCP method and was 

proposed by Kasi Perivasamy and Aditi Ghade in 2009 [16]. The e-UCP model considers 

some additional information about the relationships between actors and between use cases. 

The e-UCP is focussed on internal details of a use case by including the use case narrative in 

estimation efforts for a software development process in the early stages of development. It 

starts with measuring the functionality of the system based on the use case model in a count 

called Unadjusted eUse Case Point (eUUCP). The same technical factors and environmental 

factors are used as of use case point method. The e-UCPs shows an estimation of the size of 

the system which can further mapped to man hours in order to calculate the effort required 

to develop the system.  

In the early steps of obtaining use case point, the actors and extended use cases are 

classified according to their complexity and assigned some weight factors.  
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Table 5: Actor Type and respective weight 

Actor Type Weight 

Very Simple 0.5 

Simple 1 

Less Average 1.5 

Average 2 

Complex 2.5 

Very complex 3.0 

Most Complex 3.5 

 

The use case weight classification for extended use case point method is given below: 

 

Table 6 : Use Case weight classification 

Use Case Type Weight 

Simple 0.5 

Average 1 

Complex 2 

Most Complex 3 

 

Use case is defined as “Simple”, “Average”, “Complex” and “Most Complex” the assigned 

weight factors are 0.5, 1, 2 and 3 respectively. After classifying the actors and use case 

weight, the use case narrative weights to the different parameters needs to be assigned. The 

table 7 given below is the use case narrative weight classification. 

 

Table 7: Use Case Narrative weight classification 

Use Case Narrative Parameter Weight 

Input Parameter 0.1 

Output Parameter 0.1 

A predict in precondition 0.1 

A predict in post condition 0.1 

An action in successful scenario 0.2 

An exception 0.1 

 

In the next step the total Actor, Use case and use case narrative weight is calculated:  

 

Calculate the total use case weight factor:  

 

∑ Simple use cases * WF + ∑ Average use cases * WF + ∑ Complex use cases * 

WF+ ∑ Most Complex use cases * WF 

 

Calculate the total actor weight factor: 

 

∑ Very Simple actors*WF +∑ Simple actors * WF +∑ Less Average actors*WF+  

∑ Average actor * WF + ∑ Complex actor * WF + ∑ Very Complex actor * WF+  

∑ Most Complex actor * WF 

 

Calculate the total Use Case Narratives Weight: 

 

∑ Use Case Narratives * their respective Weight Factors 
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Calculate the Unadjusted Use Case Points (UUCP):  

 

UUCP = Use Case Weight + Actor Weight + Narratives Weight 

 

Calculate e-UCP = UUCP * TCF * EF  

[Where TCF is the Technical Factor and EF is the Environmental Factor.] 

 

The TCF is It is determined by assigning a score between 0 (Not necessarry) and 5 

(Mandatory) to each of the 13 technical factors listed in the Table 8 below. This score is 

then multiplied by the defined weighted value for each factor. The total of all calculated 

values is the technical factor (TF). 

 

Table 8: Technical Factor and Weight 

Factor Description Weight 

T1 Distributed system 2 

T2 Response or throughput performance objectives 1 

T3 End-user efficiency (online) 1 

T4 Complex internal processing 1 

T5 Code must be reusable 1 

T6 Easy to install 0.5 

T7 Easy to use 0.5 

T8 Portable 2 

T9 Easy to change 1 

T10 Concurrent 1 

T11 Includes special security features 1 

T12 Provides direct access for third parties 1 

T13 Special user training facilities are required 1 

 

TF subsequently is used to obtain the value of the Technical Complexity Factor (TCF).  

TCF = 0.6 + (0.01 * TF) for 1 ≤ i ≤ 13 (Technical Factor) 

 

The ECF is another factor applied to the estimated size of the software in order to account 

for environmental considerations of the system. It is determined by assigning a score 

between 0 (no experience) and 5 (expert) to each of the eight environmental factors listed in 

the table 9 below. This score is then multiplied by the defined weighted value for each 

factor. The total of all calculated values is the environment factor (EF). 

 

Table 9: Environmental Factor and Weight 

Factor Description Weight 

E1 Familiarity with the project 1.5 

E2 Application Experience 0.5 

E3 OO Programming Experience 1 

E4 Lead Analyst Capability 0.5 

E5 Motivation 1 

E6 Stable requirements 2 

E7 Part Time Staff -1 

E8 Difficult Programming Language -1 

 

EF value is used to obtain the Environmental Complexity Factor (ECF).  

ECF = 1.4 + (-0.03 * EF) for 1 ≤ i ≤ 8 (Environmental Factor) 
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The Extended Use case Point (e-UCP) is then calculated as: 

e-UCP = UUCP * TCF * EF 

Further the effort is estimated by mapping the UCP with man-hours.  

Effort = UCP * PH per UCP  

The required effort is calculated by multiplying 20 person-hours PH with the e-UCP as 

suggested by Karner [10] in case of UCP.  

 

Results and Discussions: 

 

A group of 25 post graduate students and 30 under graduate students were trained for five 

days by giving hands on experience on both UCP and e-UCP methods. The students were 

divided in 11 groups comprising of 5 groups from 25 PG students and 6 groups from 30 UG 

students. Eleven different software projects were given to 11 groups and all groups were 

asked to estimate efforts using UCP method and the estimated efforts are given in table 10. 

 

Table 10: Effort estimation using UCP 

Project Name UCP Effort @20/UCP 

P1 128 2560 

P2 342.6 6852 

P3 253.4 5068 

P4 73.6 1472 

P5 96.3 1926 

P6 115 2300 

P7 276.4 5528 

P8 169.4 3388 

P9 67.7 1354 

P10 121.4 2428 

P11 228.2 4564 

 

All the eleven groups were assigned with the same 11 software projects but without 

repetition in comparison with the first assignment. All the groups were asked to use e-UCP 

method for estimating efforts prior to the start of the software development process and the 

estimated efforts using e-UCP are given in table 11. 

Table 11: Effort estimation using e-UCP 

Project 

Name e-UCP 

Effort @20/e-

UCP 

P1 134.9 2698 

P2 304.7 6094 

P3 279.8 5596 

P4 90.3 1806 

P5 99.1 1982 

P6 117.2 2344 

P7 250.4 5008 

P8 161.6 3232 

P9 65.8 1316 

P10 110.7 2214 

P11 210.9 4218 
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After estimating the efforts using both the two methods, the software development process 

for the software project assigned to all the eleven groups was started. One experienced team 

member from each team was coordinating the activities of the software development 

process. The actual effort for all the eleven projects after completion of the development 

process is given in table 12. 

 

Table 12: Actual Effort for projects 

Project Name Actual Effort 

P1 2890 

P2 5600 

P3 5760 

P4 1925 

P5 2175 

P6 2180 

P7 4230 

P8 2870 

P9 1190 

P10 1930 

P11 3880 

 

The deviation in case of UCP and e-UCP is given in table 13. 

 

Table 13:  Difference between actual and estimated 

efforts 

project name 

Difference 

UCP e-UCP 

P1 -330 -192 

P2 1252 494 

P3 -692 -164 

P4 -453 -119 

P5 -249 -193 

P6 120 164 

P7 1298 778 

P8 518 362 

P9 164 126 

P10 498 284 

P11 684 338 

 

After analyzing the results given in table 13 the performance of e-UCP in comparison with 

UCP has improved. However, it is very important to mention here that all the eleven 

software projects were developed using similar technologies.  

 

The estimated effort of project P1, P3, P4, and P5 using UCP method was lesser than the 

actual effort and the difference between the actual effort & estimated effort is negative. The 

negative value here specifies that the actual effort is higher than the estimated effort. 

However, estimated efforts of these projects using e-UCP was also negative but the 

difference between the actual and estimated effort was lesser in comparison with the results 

retrieved using UCP method. 
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The estimated effort for projects P2, P6, P7, P8, P9, P10 and P11 was higher than the actual 

efforts using both UCP and e-UCP methods. However, the difference between the actual 

efforts and estimated effort was lesser in case of results calculated using e-UCP method in 

comparison with the results obtained using UCP method. The graphical representation of the 

comparison between the difference values using e-UCP and UCP method is given in figure 

1.  

 
Figure 1: Comparison of difference using UCP and e-UCP for eleven projects from P1 up-to 

P11 

 

The red coloured bars in figure 1 shows the difference between the actual efforts and 

estimated efforts using UCP and greed coloured bars show the difference values using e-

UCP method. The green coloured bars are smaller than their counterpart, which shows 

improvement in estimated effort estimation for the given projects. The bars towards the 

negative side represent the cases wherein estimated effort was lesser that actual effort. 

 

Conclusion: 

The effort estimation for any software development project should be carried out in the early 

stages of development in order to reduce the gap between the estimated effort and actual 

effort. The performance of extended use case point method (e-UCP) has shown 

improvements in estimating effort when compared with estimates approximated using use 

case point (UCP) method for a given set of 11 software development projects. 

 

The comparison of UCP and e-UCP estimates needs to be tested with data from already 

completed projects from international and national software estimation data store 

organizations. The data from software development organization can be used as well to 

further test the performance of estimates using UCP and e-UCP methods for effort 

estimation. Therefore, future research in this domain can be carried out to strengthen the 

approaches available for software effort estimation which will help the developers in 

reducing the gap between the actual efforts and estimated efforts. 
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