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Abstract 
 

Use Case Point Method (UCP) is used to estimate software development effort. UCP uses a project’s use cases to produce a reasonable 

estimate of a project’s complexity and required man hours. Advance Use Case Point Method (AUCP) is an extension of UCP. AUCP 

extends UCP by adding the additional effort required in incorporating end user development (EUD) features in the software for overall 

project effort estimation. Today user needs are diverse, complex, and frequently changing hence need of EUD is also increasing. EUD 

features if incorporated in the software increases end user satisfaction exponentially but incorporating EUD features increases design 

time complexity and increases the effort significantly based on the end users requirements. This paper provides a case study to demon-

strate the comparative analysis of UCP and AUCP using paired t-test. It also observes that there can be on an average 20% increase in 

overall effort of development on adding EUD features. 
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1. Introduction 

Estimation of object oriented software cost and effort is an im-

portant and hard management activity. This is due to the lack of 

information to making decisions in the early phases of the devel-

opment, frequently characterized by uncertainty. To help the man-

agers in this task, there are in the literature many estimation mod-

els that usually include two main metrics: Lines of Code (LOC) 

and Function Points (FP) [12], both of them with skills and limita-

tions. LOC is dependent on the programming language and the FP 

Analysis (FPA) is subjective and based on human decisions [13]. 

The most popular technique for object-oriented software cost es-

timation is Use Case Points (UCP) method. 

The Use Case Points Method (UCP) is an effort estimation algo-

rithm proposed by Gustav Karner (1993). Use Cases are frequent-

ly used to describe the business process of object oriented pro-

jects. Use cases are an effective method of modeling a software 

system. It builds a mutual vision of the problem at hand by bridg-

ing the gap between the people who understand the problem and 

the people who understand how to build a solution. This method 

was used to produce the estimate from the project’s use cases. The 

UCP method analyzes the project’s use case, actors, scenarios and 

various technical and environmental factors and abstracts them 

into an equation [10-13].  

Advantages of UCP 

1) Each use case describes one way the system is used, but ma-

jor benefit of use case modeling is that it also describes all 

of the things that might go wrong. Identifying exceptions to 

a successful scenario early in the project saves a lot of time 

by finding subtle requirements.  

2) The advantage to estimating with use case points is that the 

process can be automated. Some use case management tools 

will automatically count the number of use case points in a 

system. This can save the team a great deal of estimating 

time.  

3) It is also possible to establish an organizational average im-

plementation time per use case point. This would be very 

useful in forecasting future schedules. Though, this depends 

heavily on the assumption that all use cases are consistently 

written with the same level of detail.  

4) Another advantage to use case points is that they are a very 

pure measure of size. Good estimation approaches allows 

separating estimation of size from deriving duration. Use 

case points qualify in this regard because the size of an ap-

plication will be independent of the size, skill, and experi-

ence of the team that implements it [10]. 

5) An early project estimate helps managers, developers, and 

testers plan for the resources a project requires. As the case 

studies indicate, the UCP method can produce an early es-

timate within 20 percent of the actual effort, and often, clos-

er to the actual effort than experts and other estimation 

methodologies [11].  

2. End user development 

End user development is an interdisciplinary field that traditional-

ly relates to areas such as psychology of programming, empirical 

studies in software engineering, human computer interaction. 

Technological trends like ubiquitous computing, tangible and 

embodied interaction, and the internet of things, have renewed the 

interest in end-user development for diverse audiences looking 
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into industrial design, online communities, open innovation and 

crowd sourcing. EUD is inherently different from traditional soft-

ware development. So supporting EUD by simple traditional ap-

proaches is often not sufficient to produce successful results.  

End users usually do not have training in programming languages, 

formal development processes, or modeling and diagramming 

notations. Moreover, end users often lack the time or inspiration to 

learn these traditional techniques, since end users usually write 

code in order to achieve a short- or medium-term goal rather than 

to create a durable software asset that will produce a long term 

benefit. Consequently, supporting EUD requires providing appro-

priate tools, social structures, and development processes that are 

highly usable, quickly learned, and easily integrated into domain 

practice. End User Development is related to HCI fields of intelli-

gent user interfaces, programming-by-demonstration, adaptive 

user interfaces and development tools [16].  

End User Development features if incorporated in a software or 

website it enhances the quality and increases end user satisfaction. 

EUD features enhance End User Satisfaction, User satisfaction 

refers to the quality product, system or tool that is able to satisfy 

specific requirements of the end user. User satisfaction with an 

application has been defined as ‘the affective attitude towards a 

particular computer application by an end user who interacts with 

the application directly’ [7]. End users concerned are not profes-

sional developers but have sufficient knowledge of their respective 

domains and like to do coding or use various wizards to customize 

things as per their own requirements. EUD research mainly focus-

es on approaches for lowering the barrier of entry to software 

development. Such approaches cover a wide spectrum, from en-

hancing the macros and spreadsheets that millions use every day 

to sophisticated algorithms that create programs by example with-

out ever exposing the user to textual code [11]. 

Demand of EUD is everywhere including the social networking 

sites. All active social network users produce and shares texts, 

images and videos. While developers can access such data through 

application programming interfaces (APIs) for creating games, 

visualizations and routines, end users have less control on such 

information. Their access is mediated by the social application 

features, which limits them in combining sources, filtering results 

and performing actions on groups of elements. FaceMashup, an 

end user development (EUD) environment supporting the manipu-

lation of the Facebook graph is introduced to fill this gap [3].  

Despite three decades of research on software cost estimation, the 

research community has yet to provide a viable model for End-

User Development (EUD) environments. Hence one element of 

the size and effort is the additional design time expended in end-

user programming [5]. None of the estimation model has included 

EUD development features as an additional cost driver. EUD es-

sentially out-sources development effort to the end user. Addition-

al EUD features increases the development effort but ensures high 

quality that is measured by the fulfillment of end user require-

ments. End User Development enhances the End user satisfaction 

level as users are involved throughout the development process 

starting from the requirement gathering to designing phase. 

3. Case study UCP 

Use Case Point Method (UCP) is as follows [4, 14]:  

Let us take 5 projects and calculate UCP using the following steps. 

3.1. Classify actors 

For Simple WF (Weight Factor) = 1, For Average WF = 2, for 

Complex WF = 3. 

 

Unadjusted Actor Weights (UAW) = ∑ (Actors in each group * 

WF) 

 

Table 1: (UAW)

 

3.2. Calculating unadjusted use case weight (UUCW) 

Use cases are classified as simple, average or complex depending 

on the number of transactions. 

 

UUCW = ∑ (Use Case in each group * WF) 

 
Table 2: (UUCW) 

 

3.3. Calculate the unadjusted use case point (UUCP) 

Unadjusted Use Case Point is the sum of Unadjusted Use Case 

Weight (UUCW) and Unadjusted Actor Weights (UAW). 

 

UUCP=UUCW+UAW  

 
Table 3: (UUCP) 

 

3.4. Calculating the technical complexity factor (TCF) 

Technical complexity factor is calculated by using the formula  

 

TCF = 0.6 + (0.01*TF)  

 

Where  

 

TF =T1 +T2 + ….T12+T13 

 
 

 

Actor Complexity 

level
Description Weight Project1 Value Project2 Value Project3 Value Project 4 value Project 5 value

Simple
Interacts through API, as

Command Prompt
1 2 2 3 3 8 8 5 5 8 8

Average
Interacts through Protocol

as TCP/IP, HTP
2 4 8 2 4 7 14 5 10 5 10

Complex
Interacts through GUI or

Web Page
3 3 9 8 24 6 18 5 15 10 30

UAW Project 1 19 Project 2 31 Project 3 40 Project 4 30 Project 5 48

Use Case 

Complexity level
Description Weight Project1 Value Project2 Value Project3 Value Project 4 value Project 5 value

Simple Using 1 to 3 Transactions 5 8 40 5 25 3 15 10 50 5 25

Average Using 4 to 7 Transactions 10 5 50 8 80 4 40 8 80 4 40

Complex

Using more than 7 

Transactions 15 9 135 4 60 7 105 3 45 10 150

UUCW project 1 225 project 2 165 project 3 160 project 4 175 project 5 215

Project UAW UUCW UUCP

Project 1 19 225 244

Project 2 31 165 196

Project 3 40 160 200

Project 4 30 175 205

Project 5 48 215 263

https://www.interaction-design.org/literature/topics/social-structures


1814 International Journal of Engineering & Technology 

 
Table 4: (TCF) 

 
 

3.5. Calculating the environmental complexity factor 

(ECF) 

Environmental Complexity Factor (ECF) is calculated by using 

the formula 

 

 

 

ECF = 1.4 + (-0:03 * EF)  

 

Where: 

 

EF = F1+F2+…+F7+F8 

 

Table 5: (Environmental Factors) 

 
 

Ti Technical factors Weight Project1 Value Project2 Value Project3 Value Project 4 value Project 5 value

T1 Distributed System Required 2 1 2 2 4 1 2 3 6 5 10

T2 Response Time Is Important 1 3 3 4 4 1 1 4 4 5 5

T3 End User Efficiency 1 3 3 2 2 2 2 5 5 5 5

T4
Complex Internal Processing 

Required 
1 3 3 5 5 1 1 3 3 3 3

T5
Reusable Code Must Be A 

Focus 
1 0 0 3 3 2 2 3 3 3 3

T6 Installation Easy 0.5 0 0 3 1.5 1 0.5 2 1 5 2.5

T7 Usability 0.5 5 2.5 4 2 1 0.5 4 2 5 2.5

T8 Cross-Platform Support 2 0 0 2 4 0 0 3 6 5 10

T9 Easy To Change 1 3 3 3 3 1 1 3 3 4 4

T10 Highly Concurrent 1 0 0 3 3 2 2 3 3 4 4

T11 Custom Security 1 0 0 3 3 2 2 2 2 5 5

T12
Dependence On Third-Part 

Code 
1 3 3 4 4 1 1 3 3 3 3

T13 User Training 1 0 0 3 3 2 2 3 3 4 4

TF project1 19.5 project2 41.5 project3 17 project 4 44 project 5 61

TCF = 0.6 + (0.01 * TF) TCF project1 0.795 project2 1.015 project3 0.77 project 4 1.04 project 5 1.21

project complexity

Fi Environental factors Weight Project1 Value Project2 Value Project3 Value Project 4 value Project 5 value

F1 Familiar with Objectory 1.5 5 7.5 4 6 1 1.5 3 4.5 4 6

F2 Part time workers -1 0 0 1 -1 1 -1 3 -3 3 -3

F3 Analyst capability 0.5 5 2.5 4 2 2 1 4 2 5 2.5

F4 Application experience 0.5 0 0 2 1 4 2 3 1.5 5 2.5

F5 Object oriented experience 1 5 5 3 3 4 4 3 3 5 5

F6 Motivation 1 5 5 3 3 4 4 4 4 5 5

F7 Difficult programming language -1 0 0 2 -2 4 -4 3 -3 3 -3

F8 Stable requirements 2 3 6 4 8 3 6 3 6 5 10

EF project1 26 project2 20 project3 13.5 project 4 15 project 5 25

ECF = 1.4 + (-0.03 * EF) ECF project1 0.62 project2 0.8 project3 0.995 project 4 0.95 project 5 0.65

project complexity
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3.6. Calculating the use case point (UCP), where: UCP = 

UUCP * TCF * ECF 

Table 6: (UCP) 

 

4. Advance use case point (AUCP) 

It is an extension of UCP in which additional cost driver End user 

development factors are added. The method is as follows [6]: 

a) Total eighteen EUD_Technical factors (EUD_TF) are iden-

tified and weights are assigned to each factor considering its 

impact on development. Each factor is assigned value 0 or 

1, depending on whether that feature is required or not re-

quired in the software. If the feature is required it is rated as 

1 else 0, and is multiplied by the assigned weight of 

EUD_TF. Take the summation of all factors. 

b) Total eight EUD_Environmental factors (EUD_EF) are 

identified and weights are assigned to each factor consider-

ing its impact on development. Each factor is assigned value 

0 or 1, depending on whether that feature is required or not 

required in the software. If the feature is required it is rated 

as 1 else 0, and is multiplied by the assigned weight of 

EUD_TF. Take the summation of all factors. 

c) Calculate EUD Technical Complexity Factor, EUD_TCF = 

0.6 + (0.01 * EUD_TF) 

d) Calculate EUD Environmental Complexity Factor 

EUD_ECF = 1.4 + (0.03 * EUD_EF) 

e) AUCP = UCP X (EUD_TCF X EUD_ECF) 

Advance UCP is now calculated by taking the product of Use 

Case Point, End User Development Technical Complexity Factors 

and End User Development Environmental Complexity Factors. 

5. Advance use case point (AUCP) case study 

Suppose we have to add End user development features in the 

above five projects. The EUD requirements of all the projects are 

different. 

5.1. Calculate EUD_technical factors (EUD_TF) for five 

projects 

If the EUD_TF is required, it is rated as [1] else zero, and is mul-

tiplied by the assigned weight of EUD_TF. Take the summation of 

all factors. Following result is obtained. 

 

 

 

 

 

 

 

 

Table 7: (EUD_TF) 

 

5.2. EUD technical complexity factor 

EUD Technical Complexity Factor (EUD_TCF) is calculated by 

the formula  

EUD_TCF = 0.6 + (0.01 * EUD_TF)  

 

Where EUD_TF=T1+T2+… +T18 

 
Table 8: (EUD_TCF) 

 

5.3. Calculate EUD_environmental factors (EUD_EF) 

for five projects 

If the EUD_TF is required for the particular project it is rated as 

[1] else 0, and is multiplied by the assigned weight of EUD_TF. 

Take the summation of all factors. Following result is obtained. 

 

 

 

 

Project UUCP TCF ECF UCP

Project 1 244.00 0.80 0.62 120.27

Project 2 196.00 1.02 0.80 159.15

Project 3 200.00 0.77 1.00 153.23

Project 4 205.00 1.04 0.95 202.54

Project 5 263.00 1.21 0.65 206.85

EUD_Ti EUD_TECHNICAL FACTORS Weight Project1 Value Project2 Value Project3 Value Project 4 value Project 5 value

T1 Inbuilt system assistance 1.2 1 1.2 1 1.2 0 0 0 0 0 0

T2 Creating reusable codes 1.4 1 1.4 1 1.4 0 0 1 1.4 1 1.4

T3 Sharing reusable code 1 0 0 1 1 1 1 1 1 1 1

T4 Easy & understandable codes 1.3 1 1.3 1 1.3 0 0 1 1.3 1 1.3

T5
Security features in codes for more control 

by end users
1.12 1 1.12 1 1.12 1 1.12 1 1.12 1 1.12

T6 Authentication features 1.3 1 1.3 1 1.3 0 0 1 1.3 0 0

T7 Inbuilt feedback about the correctness 1.2 0 0 1 1.2 1 1.2 1 1.2 1 1.2

T8 Testable codes 1.4 1 1.4 1 1.4 1 1.4 1 1.4 0 0

T9 Tools for analyzing by debugging 1.2 0 0 1 1.2 0 0 0 0 1 1.2

T10 Error detection tools 1.3 0 0 1 1.3 1 1.3 0 0 1 1.3

T11 online help availability 1.11 1 1.11 1 1.11 0 0 1 1.11 1 1.11

T12 Self – efficiency 1.20 1 1.2 1 1.2 1 1.2 1 1.2 1 1.2

T13 Perceived ease of use 1 1 1 1 1 0 0 1 1 1 1

T14 Perceived usefulness 1.2 1 1.2 1 1.2 1 1.2 1 1.2 1 1.2

T15 Flexible codes 1.25 0 0 1 1.25 0 0 1 1.25 0 0

T16 Scalability features 1.2 1 1.2 1 1.2 1 1.2 1 1.2 0 0

T17 End user training 1.5 0 0 1 1.5 0 0 1 1.5 1 1.5

T18 Ease of Maintenance 1.14 1 1.14 1 1.14 1 1.14 1 1.14 1 1.14

Summation of EUD_Technical factors EUD_TF project1 14.57 project2 22.02 project3 10.76 project 4 18.32 project 5 15.67

Project EUD_TF EUD_TCF

Project1 14.57 0.75

Project2 22.02 0.82

Project3 10.76 0.71

Project4 18.32 0.78

Project5 15.76 0.76

EUD_TCF = 0.6 + (0.01 * EUD_TF)
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Table 9: (EUD_EF) 

 

5.4. EUD environmental complexity factor (EUD_ECF)  

EUD Environmental Complexity Factor (EUD_ECF) is calculated 

by the formula  

 

EUD_ECF = 1.4 + (0.03 * EUD_EF)  

 

Where EUD_TF= F1+F2+F3+ +F8 

 
Table 10: (EUD_ECF) 

 

5.5. Advance use case point (AUCP) is calculated as giv-

en below 

AUCP = UCP X (EUD_TCF X EUD_ECF) 

 
Table 11: (AUCP) 

 

6. Result analysis 

Calculating the difference between the results of AUCP and UCP 

we obtain the values of table.12. 

 

 

 

 

Table 12: 

 
 

These results show that the difference of AUCP and UCP is not 

zero. There is clear indication of increase in AUCP. It is clearly 

depicted in the graph Fig.1 given below.  

We can further analyze the result by using paired t-test on the 

above values of UCP and AUCP. 

 

 
Fig. 1: Paired Sample T-Test. 

 

The paired sample t-test, sometimes called the dependent sam-

ple t-test, is a statistical procedure used to determine whether the 

mean difference between two sets of observations is zero. In a 

paired sample t-test, each subject or entity is measured twice, re-

sulting in pairs of observations. 

Hypothesized difference (D): zero 

Significance level (percentage): five 

Summary statistics: 

 

 
 

T-Test for two paired samples / Two-tailed test:  

95% confidence interval on the difference between the means: 

[11.430, 53.914], -5.699] 

 
Table 13: 

 
 

Fi EUD_Environmental factors Weight Project1 Value Project2 Value Project3 Value Project 4 value Project 5 value

F1 Content Level of EUP 1.4
0 0 1 1.4 1 1.4 1 1.4 0 0

F2 End User Computing Capability 0.25
1 0.3 1 0.25 0 0 1 0.25 0 0

F3 Ease of Use & Feedback 1.2
1 1.2 1 1.2 1 1.2 1 1.2 0 0

F4 Inbuilt System Assistance for EUP 1.25
1 1.3 1 1.25 0 0 0 0 1 1.25

F5
Training & learning Time Constraint for 

end user
1.12

1 1.1 1 1.12 1 1.12 0 0 1 1.12

F6 Reliability of End User Code 1.2
0 0 1 1.2 1 1.2 1 1.2 1 1.2

F7 End User Storage Constraint 1.02
1 1 1 1.02 0 0 0 0 0 0

F8 Risk Factors 1.12
0 0 1 1.12 0 0 0 0 1 1.12

Summation of EUD_Environmental factors EUD_EF
Project1

4.8
Project2

8.56
Project3

4.92
Project4

4.05
Project5

4.69

Project EUD_EF EUD_ECF

project1 4.84 1.55

project2 8.56 1.66

project3 4.92 1.55

project4 4.05 1.52

project5 4.69 1.54

EUD_ECF = 1.4 + (0.03 * EUD_EF) 

Project UCP EUD_TCF EUD_ECF AUCP

Project1 120.30 0.75 1.55 138.62

Project2 159.15 0.82 1.66 216.27

Project3 153.20 0.71 1.55 167.77

Project4 202.54 0.78 1.52 241.35

Project5 206.85 0.76 1.54 241.44

AUCP = UCP X (EUD_TCF X EUD_ECF) 

UCP AUCP difference %increase

120.30 138.62 18.32 15.23

159.20 216.27 57.07 35.85

153.20 167.77 14.57 9.51

202.54 241.35 38.81 19.16

206.85 241.44 34.59 16.72

Projec
t 1

Projec
t 2

Projec
t 3

Projec
t4

Projec
t5

UCP 120.30 159.20 153.20 202.54 206.85

AUCP 138.62 216.27 167.77 241.35 241.44

0.00
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200.00
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300.00

U
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 C
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e
 P

o
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ts

UCP/AUCP

Variable Observations
Obs. with 

missing data

Obs. without 

missing data
Minimum Maximum Mean

Std. 

deviation

AUCP 5 0 5 138.616 241.442 201.090 46.080

UCP 5 0 5 120.300 206.850 168.418 36.309

Difference 32.672

t (Observed value) 4.270

|t| (Critical value) 2.776

DF 4

p-value (Two-tailed) 0.013

alpha 0.05
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The number of degrees of freedom is approximated by the Welch-

Satterthwaite formula. 

Test interpretation: 

H0: The difference between the means is equal to zero. 

Ha: The difference between the means is different from zero.  
As the computed p-value is lower than the significance level  

Alpha=0.05, one should reject the null hypothesis H0, and accept 

the alternative hypothesis Ha. 

The risk to reject the null hypothesis H0 while it is true is  

lower than 1.29%. 

 

 
Fig. 2: 

7. Conclusion 

The results of this study provide further support for the view that 

when EUD features are incorporated in the system or tools it in-

creases the size and effort. The extra interfaces and quality attrib-

utes are provided on demand to the products developed by end 

user for their own usage. From the result of the case study it has 

been found that there can be on an average maximum 20% in-

crease in overall effort of development. End User Software Engi-

neering (EUSE) takes care of all quality requirements of these 

products. End User Development enhances the End user satisfac-

tion level as users are involved throughout the development pro-

cess starting from the requirement gathering to designing phase. 

As the demand of EUD features are increasing day by day its role 

in the overall budget cannot be ignored. As over budgeting and 

under budgeting both have critical consequences on the successful 

completion of the project. Unlike many other estimation methods, 

the concepts and methods behind AUCP are openly described and 

available for further investigation. This method will give some 

benefits to the developers in improving the accuracy of software 

effort estimation. Hence including EUD features as an additional 

cost driver during the estimation process will reduce the level of 

uncertainty involved in estimation process. 
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