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ABSTRACT 
Software size has proved to be one of the main effort-and-cost 
drivers. It is widely accepted that software size is one of the key 
factors that has the potential to affect the effort and cost of the 
software projects. Functional size methods are hardly automatable 
and generally require a lengthy and costly process. FSM methods 
define generic concepts and measurement rules. The setup of a 
measurement procedure for each input to the measurement process 
is hence needed. A measurement procedure is defined as a set of 
operations described explicitly in order to measure according to a 
specific measurement method. A size estimation procedure based 
on the use of software development productivity models allows the 
management of development costs. Although accurate size 
estimation and effort prediction are very important for the success 
of any project, many practitioners have experienced difficulties in 
applying them. Thus, automated and simplified FSM methods are 
required. 

This research aims to proposing a functional size measuring 
procedure for Model-View-Controller (MVC) applications from 
source code. The research project includes the design, automation 
and empirical validation of a functional size measuring procedure, 
according to the ISO/IEC 20926 FPA CPM method. This proposal 
describes the research agenda of the PhD project. Research 
objective, background, relevant, prior work, research methods, 
threats to validity, current status and future plans are described in 
details. Since this is an ongoing work, this proposal looks for 
feedback from the expert community in order to improve its 
consistency as well as the reliability of the empirical validation. 

 

Categories and Subject Descriptors 
D.2.8 [Software Engineering]: Metrics  Product metrics  

General Terms 
Measurement, Management, Experimentation.  

Keywords 
Functional size measurement, functional size procedures (FSM), 
software size estimation, function points, software development 
productivity models, source code, empirical validation. 

1. INTRODUCTION 
1.1 Motivation 
Software estimation process is a key factor for software project 
success [1]. The complexity to provide accurate software size 
estimation and effort prediction models in software industry is well 
known. The need for accurate size estimates and effort predictions 
for projects is one of the most important issues in the software 
industry [2]. Inaccurate estimates are often the main cause for a 
great number of issues related to low quality and missed deadlines 
[3]. Software size measurement is an important part of the software 
development process. Functional size measures are used to measure 

counting the amount of functionality to be delivered. These 
measures can be used for a variety of purposes, such as project 
estimation, quality assessment, benchmarking, and outsourcing 
contracts. According to [4], functional size measurements can be 
used for: 

 Budgeting software development or maintenance 
 Tracking the progress of a project 
 Negotiating modifications to the scope of the software 
 Determining the proportion of the functional requirements 

satisfied 
 Estimating the total software asset of an organization 
 Managing the productivity of software development, 

operation or maintenance 
 Analyzing and monitoring software defect density. 

The use of functional size measures has been extensively discussed 
in the literature. These measures can be used for generating a 
variety of productivity, financial and quality indicators in different 
phases of the software development process. Software size has 
proved to be one of the main effort-and-cost drivers. It is widely 
accepted that software size is one of the key factors that has the 
potential to affect the effort and cost of the software projects [3] [5] 
[6] [7] [8].  

An automatic method of counting function points will increase 
the use of this technique, because automation reduces the cost of 
counting and the inconsistency of manual counts. An automated 
function point measurement can become a standard component of 
the software development and maintenance process. Besides, 
automatic counting could generate consistent and reliable historical 
project data for benchmarking. Finally, IT organizations whose 
manage many software projects can estimate the functional size of 
their application portfolio more accurately and usually within a 
short time frame [9].  

challenging even for those companies that are very well advanced 
in the use of FP Analysis and that have set processes to count. A 
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functional size estimation method based on input provided by 
source code analysis can help the process of regularly updating the 
baseline counts and taking into account changes made during 
application maintenance and during small application enhancement 
projects [10]. 

1.2 Background 
Functional Size Measurement (FSM) is defined as the process of 
measuring functional size. The ISO/IEC 14143-1 standard [4] 
defines the concepts related to FSM and describes the general 
principles for applying an FSM method. Functional size methods 
are hardly automatable and generally require a lengthy and costly 
process. FSM methods define generic concepts and measurement 
rules. The setup of a measurement procedure for each input to the 
measurement process is hence needed. A functional size 
measurement procedure is defined as a set of operations described 
explicitly in order to measure according to a specific measurement 
method [11]. 

A functional size measurement (FSM) procedure based on the 
use of software development productivity models allows the 
management of development costs [12]. The FSM procedure 
require a rigorous and systematic definition, a clear definition of 
the of the base functional components (BFC) that contribute to 
software size, the mapping rules between the BFC and the FSM 
method and an empirical validation in order to verifying whether 
the FSM procedure complies with specific performance properties 
like repeatability, reproducibility and accuracy [13] and specific 
perception properties like perceived ease of use, perceived 
usefulness and intention to use [14]. 

Jacquet and Abran [15] [16] suggest a process model for 
functional size measurement methods. The model details the steps 
from the design, its application, the analysis of its measurement 
results and the exploitation of these results in subsequent prediction 
models, such as in quality and estimation models. Fetcke et al. [17] 
proposed a generalized representation for functional size 
measurement that defines the main concepts used by FSM methods 
to represent the functional view of a software application. 

1.3 Research Objective 
This research proposes a functional size measuring procedure 

for Model-View-Controller (MVC) applications from source code. 
The research project includes the design, automation and empirical 
validation of the functional size measuring procedure, according to 
the ISO/IEC 20926 FPA CPM method. The design and the 
application of the proposed measurement procedure follows the 
steps of a process model for software measurement proposed in 
[15] [16] [17].  

Therefore, the objective of this research is: 1) to define a FSM 
procedure for the automatic measurement of the functional size 
from MVC source code applications using FPA CMP; and 2) to 
evaluate the quality of this measurement procedure by looking at 
its design, application, and the results obtained. To achieve these 
objectives, a measurement procedure MVC-FPA will be 
systematically defined and empirically validated and a prototype 
tool that implements this procedure will be developed. 

2. FOUNDATIONS 
2.1 Software Size Measurement 
It is widely accepted that software size is one of the key factors that 
has the potential to affect the effort and cost of the software projects 
[3] [5] [6] [7] [8]. A software application can be measured from two 
viewpoints: the user viewpoint (problem domain) and the developer 
viewpoint (system domain) [18]. Functional size measures support 
the user  perspective and technical size measures support the 
developer  perspective. There is plenty of research about the 

relation of these measures, but these views are not necessarily 
correlated to each other. For example, we might find a system 
which is 
relatively small in terms of technical items. Reverse engineering 
from source code could be a better solution [10]. 

2.2 Functional Size Measurement (FSM) 
Functional Size Measurement (FSM) is defined as the process of 
measuring functional size. The ISO/IEC 14143-1 standard [4]
defines the concepts related to FSM and describes the general 
principles for applying an FSM method. These series of standards 
provide a framework in which a new FSM method can be 
developed, tested and refined. It is composed by the following six 
parts: 
 Part 1: Definition of concepts and requirements for FSM 

method [4]. 
 Part 2: Conformance evaluation of software sizing methods to 

ISO/IEC 14143-1. Provide a framework for conformity 
evaluation of a candidate FSM method. Describes a process 
for conformity evaluation [19]. 

 Part 3: Verification of a functional size measurement method. 
Establishes a framework for verifying the statements of an 
FSM Method and for conducting tests requested by the 
verification about performance properties: repeatability and 
reproducibility, accuracy, convertibility, discrimination 
threshold, applicability to Functional Domains [20]. 

 Part 4: Functional size measurement reference model. It is an 
input to the evaluation process of an FSM Method [21]. 

 Part 5: Determination of functional domains for use with 
functional size measurement. Describes the characteristics of 
Functional Domains and the procedures by which 
characteristics of Functional User Requirements (FUR) can be 
used to determine Functional Domains [22]. 

 Part 6: provide a guide for use of ISO/IEC 14143 series and 
related International Standards [23]. 

After the ISO/IEC 14143 standard series, several functional size 
measurement (FSM) methods have been proposed to quantify the 
software functional size based on functional user requirements, 
including: ISO FSM methods had been proposed ISO/IEC 19761 
(COSMIC), ISO/IEC 20926 (IFPUG), ISO/IEC 20968 (Mk II), 
ISO/IEC 24570 (NESMA), and ISO/IEC 29881 (FiSMA). 

2.3 A Process Model for FSM 
Jacquet and Abran [15] [16] suggest a process model for 

functional size measurement methods that details the steps from the 
design, its application, the analysis of its measurement results and 
the use of these results in subsequent prediction models, such as 
quality and estimation models. In the first step, a measurement 
method is designed (definition of the objective, the concept to be 
measured, selection of the metamodel, the BFC relationships, the 
rules to measure, the numerical assignment rules for the 
metamodel, and all tasks associated with a measurement 
procedure). In the second step, the measurement method rules are 
applied to measure the size of software applications (software 
documentation gathering, construction of the software model and 
assignment of the numerical rules to the model, automation and 
data storage). Next, the results provided by the measurement 
method are presented and audited (description of the measurement 
process and evaluation of correctness). Finally, the measurement 
result is exploited in a quantitative or qualitative model 
(productivity models, effort-estimation models, quality models). 
Figure 1 shows the detailed steps of the software measurement 
process model. 



 
Figure 1. A Process Model Detailed Steps for FSM [14]. 

2.4 A generalized representation for FSM 
Fetcke et al. [17] proposed a generalized representation for 
functional size measurement that defines the main concepts used 
by FSM methods to represent the functional view of a software 
application. The model proposes two levels of abstraction: the first 
step is the identification (abstract model, concepts such as the user, 
application, transaction and data) and the second step is the 
measurement (mapping between functional elements in the abstract 
model and the numerical rules). 

2.5 Function Points Analysis (FPA) 
Function point analysis (FPA) [6] [24] [25] was the first proposal 
for a FSM and it is one of the most used method to measure 
functional size in the industry. The function point analysis (FPA) 
method was developed in an attempt to overcome some of the 
difficulties associated with lines of code as a measure of size [24]. 
FPA measure the functional size of software from the user 
perspective [6]. The International Function Point Users Group 
(IFPUG) FPA manual is one of the most used Functional Size 
Measurement (FSM) methods in the software industry. This IFPUG 
FPA is an ISO standard [25]. ISO/IEC 20926:2009 specifies the set 
of definitions, rules and steps for applying the IFPUG functional 
size measurement (FSM) method. 

In FPA the user requirements are classified and counted in a set 
of basic functional size components (BFC). These elementary units 
are called data and transactional functions. They represent data and 
operations that are relevant to the users. Data functions (DF) are 
classified into internal logic files (ILF) and external interface files 
(EIF). Transactional functions are classified into external inputs 
(EI), external outputs (EO), and external inquires (EQ). Each BFC 
contributes in the FPA counting that depends on its complexity. 
Complexity weigh is calculated according to given tables. 
Unadjusted Function Points is obtained by the summing of all BFC. 
Details about FPA method can be found in FPA manual [25].  

2.6 MVC Architectural Pattern 
Model-View-Controller (MVC) was first introduced by Trygve 
Reenskaug at Xerox Research Center in 1979 [26]. MVC 
architectural pattern is a well-known and accepted standard for 
software development [27] [28]. MVC separates an application into 
three main components: the model, the view, and the controller. 
MVC helps to decouple data access and business logic from the 
manner in which it is displayed to the user and helps to create 
applications that separate the data logic, business logic, and UI 
logic, while providing a loose coupling between these elements. 
The user interface (UI) logic belongs to the view component, the 
input logic belongs to the controller component, and business logic 
belongs to the model component. This separation helps you manage 
complexity when an application is built [27] [28]. MVC is a very 

popular and well accepted practice in developing J2EE and .Net 
applications.  

3. RELATED WORK 
Although functional size measurement (FSM) methods have been 
available for three decades, FSM is not widely adopted in the 
software community. Several studies searched for problems in the 
structure and the practice of FSM methods and discussed the 
challenges for the FSM community [29]. One of the responses to 
these problems has been the introduction of some degree of 
formality into functional size measurement. These studies were 
mainly concerned with objective measurements, automation of the 
measurement process and the semantic and syntactic elements to 
define a FSM method without ambiguities but further empirical 
validation is needed [29]. 

Several literature surveys have analyzed FSM procedures 
according to Lother and Dumke proposal [30] to classify them by: 
FSM method and release, input artifact (requirements, design 
models, source code, test cases), abstract model, measurement 
process, mapping and measurement rules, functional domains 
(management information systems, real time embedded), tool 
support, validation procedure, empirical data, context (multi-
company, local company, consulting company, in-house, academic 
environment), and others. These studies have identified key 
remaining challenges in FSM yet to be addressed by further 
formalization studies [29]. 

Marín et al. [31], presents a survey of functional FSM 
procedures in order to provide researchers with an overview of the 
current state of the functional size measurement procedures based 
on COSMIC and to provide practitioners with information about 
the functional size measurement procedures that are available. 
Ozkan and Demirors [29], identify challenges in FSM that 
potentially remain to be addressed by further formalization studies. 

Currently, we are conducting a systematic literature review for 
automated FSM procedures. For the first run, we have identified 31 
papers for automated FSM procedure proposals. Now, we are 
executing the snowballing process (backward and forward) in order 
to identify related papers. Furthermore, in a previous literature 
survey, we identified 15 proposals for automated function point 
counting from source code and we have identified 5 Ph.D. thesis on 
FSM procedures. 

Our study is mainly concerned with the definition of a formal 
functional size measurement procedure without ambiguities, the 
automation for the measurement process and the empirical 
validation for the procedure. 

3.1 OMG  Automated Function Points (AFP) 
Recently, the Object Management Group (OMG) has release 

the Automated Function Point (AFP) specification [9]. AFP
provides a standard for automating function point measure 
according to the counting guidelines of the International Function 
Point User Group (IFPUG). Currently, there are some commercial 
software packages that claim to automatically count function 
points, but this is the first standard that ensures the repeatability and 
consistency of the counting technique.  

The arrival of an automatic method of counting function points 
will increase the use of this technique, because automation reduces 
the cost of counting and inherent inconsistency of manual counts. 
Automated Function Point measurement can become a standard 
component of the software development and maintenance process. 
Automatic counting could generate more consistent and reliable 
historical project data for benchmarking. AFP specification defines 
a method for automating the counting of Function Points that is 
generally consistent with the Function Point Counting Practices 



Manual, Release 4.3.1 (IFPUG CPM). It may differ from those in 
the IFPUG CPM at points where subjective judgments have to be 
replaced by the rules needed for automation. The specification is 
applicable to the functional sizing of transaction-oriented software 
applications, and in particular those with data persistency.  

The specification is derived from IFPUG CPM. However, 
explicit counting rules were specified in this document in order to 
provide for rigorous automation that may not be in strict 

, thus there is no 
claim of strict conformance with the IFPUG CPM standard. This 

-
model (KDM) and Structured Metrics Meta-model (SMM) in its 
specification and representation of the Automated Function Point 
counting and scoring process. This process ensures automation, 
consistency and verifiability. 

4. RESARCH OBJECTIVES 
The general objective of this research is to propose a functional size 
measuring procedure for MVC applications from source code. The 
research project includes the design, automation and empirical 
validation of the functional size measuring procedure, according to 
the ISO/IEC 20926 FPA CPM method. The design and application 
of the proposed measurement procedure follows the steps of a 
process model for software measurement proposed in [15] [16] 
[17]. This research analyzes and adapts the FPA CPM method in 
order to measure the functional size of a MVC software application 
from its source code.  

Our objective written in GQM [32] form is as follows:  
Design a FSM procedure 

for the purpose of automatic measurement from source code 
with respect to their functional size 

from the point of view of the researcher 
in the context of MVC applications. 

Additionally, our objective to evaluate the quality of this 
measurement procedure can be stated in GQM form as follows: 

Analyze FSM procedure 
for the purpose of evaluate 

with respect to performance and adoption 
from the point of view of the researcher 

in the context of MVC applications. 

To achieve these objectives, a measurement procedure for MVC-
FPA will be systematically defined and empirically validated and a 
prototype tool that implements this procedure will be developed for 
this purpose. The FSM procedure design is composed of:  
1) The definition of a set of mapping rules that allows the base 
functional components (BFC) of the source code to be identified, 
for this purpose, the FSM procedure must define the transformation 
rules from the technical view of the software (source code) to the 
functional view of the software (base functional components). 
2) The definition of a set of measurement rules for obtaining the 
functional size of MVC applications. 
3) The application of both rules sets to several specific case studies. 
4) The design validation by means of conformity evaluation with 
ISO/IEC 20926. 
5) The empirical evaluation of the results in terms of accuracy, 
reproducibility and repeatability. 
6) finally, the empirical evaluation of the perceptions of users 
employing MVC-FPA to measure functional size in terms of 
perceived ease of use, perceived usefulness and intention to use. 

5. RESARCH METHODS AND 
EMPIRICAL STUDIES 
This research use an empirical software engineering mixed 
methods approach [33] [34] that combines five main research 

approaches: design science [35], systematic literature review [36] 
[37], surveys [38] [39] [40], case studies [33] [34], and experiments 
[33] [34]. Our Ph.D. project is designed to be carried out in three 
stages:  
 Stage 1: State the Problem. 

Stage 2: Design the Automated FSM Procedure. 
 Stage 3: Validate the FSM Procedure. 

These stages are explained in depth in the following subsections.  

5.1 State the Problem 
The objective is to determine the state of the art regarding this 
problem. To do this, we will carry out the following activities: 
 Define the Problem based on the interests of a group of 

researchers collaborating on a particular family of SE 
experiments [41], as well as an initial literature review and 
mapping study [42]. 

 Review the relevant Literature based on the problem 
definition.  

 Elicit Knowledge by interviewing researchers to learn about 
the state of practice.  

 Conduct a Systematic Literature Review (SLR) on the subject 
[37] [38]. We analyze FSM procedures for the purpose of 
characterize with respect to FSM method and release, input 
artifact, abstract model, measurement process, mapping and 
measurement rules, functional domains, automation level, tool 
support, validation procedure, empirical data, and context 
from the point of view of the researcher in the context of 
software applications. 

 Conduct an industry survey with practitioners to learn about 
the state of practice in the software industry [38] [39] [40]. We 
analyze the software size estimation process for the purpose 
of characterize with respect to performance and adoption from 
the point of view of project managers in the context of 
software organizations in Costa Rica. In order to answer 
research questions, we will execute an electronic 
questionnaire, face-to-face interviews and statistical analysis 
of historical project data. 

The product of this stage will be an understanding of the current 
state of the art and the state of practice in FSM.  

5.2 Design the Automated FSM Procedure 
The objective is to design and automate the functional size 
measurement procedure. To do this, we will carry out the following 
activities: 
 Design the functional size measurement procedure: the design 

and the application of the proposed measurement procedure 
follows the steps of a process model for software measurement 
proposed in [15] [16] [17]. 

 Build a software tool application to automate the FSM 
procedure: we will develop, implement, and validate the tool 
that automates the process for the FSM procedure [35]. 

The products of this stage will be the definition of the FSM 
procedure and a software tool that automates the process defined in 
the FSM procedure. 

5.3 Validate the FSM Procedure 
The objective of this stage is to conduct an empirical evaluation for 
the functional size measurement procedure in terms of accuracy, 
reproducibility and repeatability and perceived ease of use, 
perceived usefulness and intention to use. To do this, we will carry 
out the following activities: 
 Conduct a Case Study: we will conduct a case study with 

practitioners (professional master degree students) to 



determine the FSM procedure accuracy, reproducibility, and 
repeatability [14] [33] [34]. 
Conduct a Survey: we will conduct a survey with practitioners 
(professional master degree students) to determine the 
perceived ease of use, usefulness, and feasibility of use for the 
FSM procedure [14] [38] [39] [40].  

The products of this stage will be the results for the validation of 
the FSM procedure. 

6. THREATS TO VALIDITY 
6.1 Empirical Study I (SLR) 
The main threats to validity of the study are the following: 
 Publication bias: we are conducting a systematic literature 

review (SLR) where each step has been carried out in pairs, 
conflicts in the selection process have been solved either by a 
third party or in consensus meetings, and inclusion and 
exclusion of studies at each stage has been recorded in order 
to decrease the bias for the selection process and data 
extraction. 

 Vested interests of the authors: both authors of this research 
are active researchers on software estimation. We should be 
aware of the possible impact of our own interests on the 
analyses. In particular, it is possible that the recommendations 
we make are affected by our interests and opinions. 

 Limited Scope: we will select only formal FSM procedures. 
The results of our analysis and observations may not be 
generalized to all FSM methods and automated counting 
proposals. 

6.2 Empirical Study II (Survey) 
The main threats to validity of the study are the following: 
 Population bias: our sample will be biased to organizations 

above average size and process maturity level of the industry. 
The sample organizations are consistent with our target 
audience and conforms to our research goal of exploring the 
potential improvement of software estimation methods and 
process. 

 Results: when evaluating the generalizability of the results, we 
must consider that this is a survey of Costa Rica software 
organizations. There may be cultural issues that reduce the 
generalizability of the results. 

6.3 Empirical Study III (Case Study) 
The main threats to validity of the study are the following: 
 Differences among subjects: our experimental subjects will be 

practitioners of the master degree program which is not a 
representative sample of the population that would normally 
use a FSM method. We will select a homogeneous group of 
subjects. 

 Materials and tasks used: we will use a representative 
requirement specification of a real case in the MIS functional 
domain.  

 Measurement time. The starting and ending measurement time 
will be self-reported by the subjects. 

7. CURRENT STATUS AND PLANNED 
STEPS 
7.1 Current Status of the Research 
For the first stage, we have already clearly defined the problem, 
completed the preliminary literature review of FSM methods and 
procedures, and elicited knowledge. We have also conducted a 
replicated study about structure and applicability of function points 
[43] [44]. We are currently conducting the systematic literature 
review. The SLR protocol is finished and the first run results are in, 

and we are in the process of executing the snowballing process 
(backward and forward) in order to identify relevant related papers. 
For the industrial survey, we have the survey protocol and the 
questionnaire ready to be executed. 

Regarding the second phase, we have reviewed the process 
model for software measurement [15] [16] [17] and have started to 
build a software tool to automate the data BFC for the FSM 
procedure. 

As part of the third stage, we are analyzing several empirical 
studies for FSM procedures to build the design for own empirical 
validation studies [12] [13] [14]. 

7.2 Future Planned Steps 
We plan to carry out several parallel activities: 
 Complete the Systematic Literature Review. 
 Complete the Industrial Survey. 
 Document the design of the FSM procedure and implement 

the development of the tool for measurement. 
 Start planning the empirical studies for FSM procedure 

validation. 
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