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Abstract—Function point analysis (FPA) is a standardized
method to systematically measure the functional size of software.
This method is proposed by an international organization and it
is currently recommended by governments and organizations as a
standard method to be adopted for this type of measurement. This
paper presents a compilation of improvements, focused on increas-
ing the accuracy of the FPA method, which have been proposed
over the past 13 years. The methodology used was a systematic
literature review (SLR), which was conducted with four research
questions aligned with the objectives of this study. As a result of the
SLR, of the 1600 results returned by the search engines, 454 pri-
mary studies were preselected according to the criteria established
for the SLR. Among these studies, only 18 specifically referred to
accuracy improvements for FPA, which was the goal of this study.
The low number of studies that propose FPA improvements might
demonstrate the maturity of the method in the current scenario
of software metrics. Specifically in terms of found issues, it was
found that the step for calculating the functional size exhibited the
highest number of problems, indicating the need to revise FPA in
order to encompass the possible improvements suggested by the
researchers.

Index Terms—Accuracy improvement, function point analysis
(FPA), systematic literature review (SLR).

1. INTRODUCTION

HE systematic measurement of different aspects of the

product being developed is a constant concern in various
areas of engineering [1], including software engineering [2]. A
key aspect to be measured in software engineering projects [3]
is the functional size of the software, for which one of the most
used methods is function point analysis (FPA) [4].

FPA is a standardized method aimed at establishing a software
size measurement from its functional requirements, considering
the features to be implemented in it. It was designed to be applied
regardless of the programming language and implementation
technology. FPA was proposed by Albrecht [4] as an outcome
from a project at IBM between 1974 and 1978. The method was
expanded and published in 1984 in the IBM internal report “IBM
CIS & A Guideline 313, AD/M Productivity Measurement and
Estimate Validation.”

In 1986, the International Function Point User Group (IF-
PUG) [5] was created as a nonprofit organization to promote and
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disseminate the effective management of the software develop-
ment and maintenance through FPA. The IFPUG is currently
the FPA regulator agency, responsible for the improvement and
development of the rules set out in the Counting Practices Man-
ual (CPM) [6], currently in version 4.3.1. Since the creation of
the IFPUG, the original FPA method is known as the IFPUG’s
FPA, referred in this paper only as FPA.

FPA is currently standardized by ISO/IEC 20926:2010. This
standard specifies the set of definitions, rules and steps for ap-
plying it. There are similar methods, also standardized by other
ISO/IEC standards, derived from the original FPA, such as COS-
MIC, FiSMA, Mark-1II, and NESMA, which are not in the scope
of this study presented in this paper.

FPA is widely used as a reference to derive other measures
such as development effort, productivity, or cost. The key rele-
vance of FPA can be seen in cases such as in Brazil, where the
Federal Government determined that all software development
procurement for the government must comply with an objective
metric [7]. Moreover, the government recommends that FPA be
applied to members of SISP (Management System for Informa-
tion and Computer Resources) and that its script for software
metrics be adopted when hiring services of development and
maintenance of software [8].

However, there are some controversies regarding the FPA
method, when evaluated by different researchers, in terms of
advantages and limitations. Kampstra and Verhoef [9] and
Kemerer [10], for example, report that the FPA method does not
produce consistent results when applied by different metrics.
Meli [11], however, points to a mismatch between the complex-
ities established for the base functional components (BFC) and
the possible productivity estimates. However, such findings did
not limit the application of FPA in several organizations inter-
ested in the method in order to obtain cost and effort estimates
from the functional size to conduct productivity studies, among
other analysis.

In order to contribute to this area, a systematic literature re-
view (SLR) was conducted to identify evidence of the method’s
potential limitations as well as the solutions proposed. The SLR
refers to a compilation of improvements, focused on increasing
the accuracy of FPA, which have been proposed over the past 13
years. Therefore, the main objective of this paper is to present
the results of the study so that other researchers interested in this
area may have an overview of the limitations and improvements
of FPA presented in the literature. According to our investiga-
tions, no previous study has been ever conducted specifically
with this purpose. Two related SLR has been published [12],
[13], but they are related to wider software metrics context in
general. These SLR include analyses related to FPA but without
focusing on its limitations and improvements, as done here.
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The following sections are presented: the FPA procedure;
the SLR methodology; the analysis results; a discussion of the
results achieved; and the conclusions of this paper.

II. FPA METHOD PROCEDURE

The procedure to apply FPA, according to the IFPUG [6],

includes the following steps.

1) Define the counting boundary, scope, and purpose: A soft-
ware boundary is defined by establishing a logical border
between the software being measured, its users and other
software systems [6]. It depends only on the user’s exter-
nal business view; hence, it is determined based on it. The
boundary can be subjective, consequently, it is often diffi-
cult to delineate where one software ends and another be-
gins. Therefore, instead of considering technical aspects,
the boundary should consider a business perspective [14].

2) Measure data functions: A data function addresses user’s
functional requirements related to storing or referenc-
ing data. It can be classified into two different types of
BFC: internal logical file (ILF) and external interface file
(EIF) [6]. The steps to identify the existing data functions
on the software boundary are: a) group data tables from
the logical side; b) classify them as ILF or EIF; c) deter-
mine the number of data element types (DET) and record
element types (RET) of each ILF and each EIF; and d)
determine the complexity (high, medium, and low) and
the functional size of the data function of each BFC [6].

3) Measure transactional functions: A transactional func-
tion is the functionality provided by software to the user
for data processing. It can be classified into three dif-
ferent types of BFC: external input (EI), external output
(EO), and external inquiry (EQ) [6]. The steps to measure
a transactional function are: a) decompose the require-
ments into the smallest units of activity; b) classify each
transactional function in EI, EO, or EQ; c¢) determine the
number of DET and of file type reference (FTR) of each
El, EO, and EQ; and d) determine the complexity (high,
medium, and low) and the functional size of the transac-
tional function of each BFC [6].

4) Calculate the functional size: Different formulas can
be used to calculate the functional size considering the
project type, considering the scope and purpose of the
counting: development, improvement, or application [6].

5) Document the counting and report the results: Recording
the premises and interpretations during the counting en-
sures the tracking of the functional size resulting from a
counting using FPA. This makes the method more consis-
tent and indicates the possible improvements that can be
done in the documentation provided for the counting [6].

The complexity of the data and transactional functions is

given by the matching Tables I-III after determining the num-
ber of DET, RET, and FTR, with different weights. The func-
tional size of the data and transactional functions is given by the
matching Table IV.

During Step 4 (calculate function size), after the first calcula-

tion of the functional size using some of the provided formula,
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TABLE I
DATA FUNCTION COMPLEXITY

DET
1-19 20-50 >50
Record 1 Low Low Average
Element 2-5 Low Average High
Types (RET)  >5  Average High High
TABLE I
EI FUNCTIONAL COMPLEXITY
DET
1-5 6-15 >15
File Type 0-1 Low Low Average
Reference 2 Low Average High
(FTR) >2  Average High High
TABLE III

EO AND EQ FUNCTIONAL COMPLEXITY

DET
1-5 6-19 >19
File Type 0-1 Low Low Average
Reference  2-3 Low Average High
(FTR) >3 Average High High
TABLE IV

FUNCTION TYPE WEIGHT ACCORDING TO COMPLEXITY

Function Type ~ Low  Medium  High
ILF 7 10 15
EIF 5 7 10
EI 3 4 6
EO 4 5 7
EQ 3 4 6

which is called the nonadjusted functional size, it is possible—
optionally—to adjust the measured functional size by applying
the value adjustment factor (VAF). The VAF indicates the gen-
eral functionality provided to the user of the application. The
VAF is calculated based on an assessment of 14 general system
characteristics (GSC) for software [6]. The calculation of VAF
is as follows:

VAF = (TDI * 0.01) + 0.65 (1)

where TDI is the total of degree of influence defined for each
nonfunctional requirement. Degree of influence is a numerical
indicator of the amount of impact of each GSC, from “0” to “5.”
These indicators are used to compute the VAF.

There are 14 GSCs [6]: 1) data communications; 2) distributed
data processing; 3) performance; 4) heavily used configura-
tion; 5) transaction rate; 6) online data entry; 7) end-user effi-
ciency; 8) online update; 9) complex processing; 10) reusability;
11) installation ease; 12) operational ease; 13) multiple sites; and
14) facilitate change.
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III. METHODOLOGY

An SLR is a way to identify, evaluate, and interpret all avail-
able research—through primary studies—relevant to a specific
research question, a thematic area, or a particular phenomenon
of interest [15]. An SLR is a type of secondary study. Secondary
studies rely on studies—observational or experimental—which
relate directly to the research question to be answered [16].

An SLR differs from traditional reviews (such as simple lit-
erature reviews) and surveys with comments made by domain
experts because it is replicable, scientific, and used as a trans-
parent approach to avoid possible bias [17]. This allows the
researchers to conduct a critical analysis of the collected data to
solve problems identified in the literature and identify potential
problems that can be studied in the future [17].

By using the SLR, the research, selection, analysis and the
organization of studies are facilitated due to predefined steps and
criteria [15]. Thus, the application of the review is systematized,
enabling to find relevant content about a topic of interest in a
repository with a great amount of information.

The SLR start is to formulate the research questions, which
need be answered based on data gathering and data analysis [16].
This SLR was conducted based on the procedures proposed by
Kitchenham [15]. According to these procedures, the SLR can
be grouped into three main steps, namely: 1) plan the SLR; 2)
conduct the SLR; and 3) report the SLR. These procedures are
detailed in the following sections.

A. Identify the Need for an SLR

Three main points justify the relevance to conduct this SLR,

as described as follows:

1) Lack of SLR specifically focused on FPA improvements:
Given that there is no SLR aimed at investigating the
limitations and improvement suggestions related to FPA,
this SLR would compile and analyze existing knowledge.
Thus, the interested researchers could use it as a knowl-
edge base for future research in the area.

2) Support related areas: This SLR can support other ar-
eas besides the FPA area itself. For example, software
estimation could benefit from such a study, since many
methods used to derive the development effort are based
on functional software size calculated by FPA. Thus, the
observation of the main improvements proposed for FPA
would allow identifying which ones could increase the
accuracy of the functional sizes found. Consequently, the
input parameters of many software estimation methods
based on FPA could also be improved. These techniques
receive, as an input parameter, the software functional size
(in function points) and generate, as an output parameter,
the estimated development effort.

3) Advance on the improvement of FPA tools: FPA profes-
sionals proposed tools that automate the calculation of
FPA or store the result of this calculation. The study of
the proposed FPA improvements could enable these tools
to incorporate such improvements, to make the functional
size calculation, generated by automated tools, more
precise.

TABLE V

RESEARCH QUESTIONS

RQ Research Question Motivation
1 Are there FPA problems being Identify and summarize potential
reported in terms of accuracy? FPA problems, pointed out by
researchers.
2 Are there proposals to improve Identify and summarize the
the FPA’s accuracy? Which approaches proposed to improve
improvements are being the FPA accuracy.
proposed?
3 Are the proposed improvements Verify if the proposed
effective? improvements are more effective
when compared to the standard
FPA.
4 What are the limitations for the Identify potential problems or

proposed improvements? weaknesses for the proposed

improvements.

B. Research Questions

Considering the relevance presented in the previous section,
Table V describes four research questions to guide this SLR.
The research questions, as the main objective of this SLR, were
defined considering the need to identify the proposed improve-
ments to FPA, in order to identify possible trends for functional
software measurement that use this method.

Thus, this study sought to “identify the major FPA issues re-
ported by researchers in terms of accuracy” (RQ1), to identify
“what improvements are being proposed for solving these prob-
lems” (RQ2). Moreover, it also sought to determine whether
“the proposed improvements are effective” (RQ3) and whether
there are “potential disadvantages presented within the context
of software functional measurement” (RQ4).

Research questions were defined based on [15]: 1) a specific
intervention, i.e., a software technology aimed at specific prob-
lems; b) a population, i.e., what is affected by the intervention;
and 3) the results, which are the research implications related
to the practitioners’ important factors. Therefore, specifically
for this SLR, the research questions were defined based on:
1) intervention—FPA method; 2) population—studies defin-
ing approaches to improve results generated with FPA; and
3) results—comprehensive overview of the proposed ap-
proaches to improve results generated with FPA.

C. Selection of Data Sources and Studies

The search for primary studies, conducted from October to
December 2014 and renewed in April 2015, was performed us-
ing four bibliographic databases: ACM Digital Library (DL),
IEEEXplore, Scopus, and Science Direct. They were chosen
because they have at least one online search engine with the fol-
lowing options: 1) advanced search by keywords and 2) filtering
of results by publication year and by area or type of publication.
Table VI shows the specific search strings used in each of the
four basic databases.

Two iterations were carried out. In the former, the results
closest to the objective of this SLR were selected. This required
a careful reading of the paper titles. In cases of doubts related
to the applicability of the papers for this SLR, the abstracts
were also read. In this first iteration, 454 items were selected:
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TABLE VI
DATABASES, SEARCH STRINGS, AND RESULTS
DB Search String Total 1st*> 2nd
Scopus! (TITLE-ABS-KEY (“function point” OR “function points” OR “function-point” OR “function-points”)) AND PUBYEAR > 2001 AND 702 315 17
(LIMIT-TO(DOCTYPE, “cp”) OR LIMIT-TO( DOCTYPE, “ar”) OR LIMIT-TO(DOCTYPE, “ip”)) AND ( LIMIT-TO(LANGUAGE, “English”))
AND (LIMIT-TO( SUBJAREA, “COMP”) OR LIMIT-TO(SUBJAREA, “ENGI”’) OR LIMIT-TO(SUBJAREA, “BUSI”)) AND (LIMIT-TO
(SRCTYPE, “p”) OR LIMIT-TO(SRCTYPE, “j”) OR LIMIT-TO( SRCTYPE, “k”)) AND (LIMIT-TO(LANGUAGE, “English”))
IEEE Xplore  (“function point”) OR (“function points™) OR (“function-point”) OR (“function-points™) Year: 2002-2014; Content Type: Conference, Journals & 187 44 8
Magazines, Early Access Articles, Standards
ACM DL (“function point” OR “function points” OR “function-point” OR “function-points”). Publication Year: 2002 ... 2014 148 39 6
Science Direct pub-date > 2001 and “function point” OR “function points” OR “function-point” OR “function-points” Journals(Comp. Sci., Eng.) 563 56 3

![Legend] ABS: abstract; KEY: keywords; PUBYEAR: publication year; DOCTYPE: document type; cp: conference paper; ar: article; ip: article in press; SUBJAREA: subject area;
COMP: computer science; ENGI: engineering; BUSI: business, management and accounting; SRCTYPE: source type; p: conference proceedings; j: journal; k: book series; pub-date:

publication date.

2The papers returned in more than one database were only considered the first time they were identified during the Ist iteration, since duplicate results are of no interest in this SLR.

315 from Scopus, 44 from IEEEXplore, 39 from ACM Digital
Library (DL), and 56 from Science Direct.

In the second iteration, the entire papers were read in order
to determine whether the selected studies in the first iteration
were in fact aligned to the aims of this SLR. Also, in this second
iteration, the references of the selected papers were studied,
mainly regarding the related works, to search for additional
studies not returned through the databases used. In the end, 18
items were selected, including duplications: 17 from Scopus,
8 from IEEEXplore, 6 from ACM, 3 from Science Direct, and
only 1 from checking references from previous selected papers.
Duplicated papers were discarded.

D. Inclusion and Exclusion Criteria and Quality Criteria

The following inclusion and exclusion criteria were defined
to refine the selection of papers considering the objectives of
this SLR and to ensure the quality of studies selected.

1) Inclusion criteria.

a) Paper focused on FPA whose main objective is to
identify any accuracy-related limitations or defi-
ciency in the method.

b) Paper focused on FPA whose main objective is to
propose improvements in the existing method pro-
cedures to solve the accuracy problems identified.

c) Full paper published and available in online scien-
tific databases.

d) Paper published after Jan 1, 2002, since the last CPM
version (4.X) was published by the IFPUG in 2002.
It was, therefore, considered that the proposed pos-
sible improvements previous to the current version
of CPM would not bring significant results for the
objective of this SLR, since it would be based on an
outdated CPM version.

e) Paper published in a journal or proceedings of the
event, with peer review.

f) Paper published in English.

2) Exclusion criteria.

a) Paper proposing new methods for functional mea-
suring as FPA alternative.

b) Paper that presents a secondary study.

¢) Paper investigating the relationship of FPA with a
particular design paradigm (e.g., object orientation),
modeling language (e.g., UML), or a technology to
interpret the existing CPM rules for a given con-
text, without proposing accuracy improvements to
the method.

d) Paper whose main objective is to investigate the re-
lationship of FPA (or to compare it) with other func-
tional measurement methods.

e) Paper whose main objective is to address the convert-
ibility between function points measured through
FPA and any other metric generated by other
methods.

f) Paper whose main goal is to make improvements in
FPA procedures to improve any issue other than the
improvement of accuracy.

The inclusion criteria (b)—(e) were applied during the first
iteration, during the selection of studies, by reviewing the paper
title and abstract as well as by the research filter of the search
engines. The inclusion criteria (a) and (f) and all exclusion cri-
teria were applied during the second iteration, when the content
was evaluated.

E. Data Extraction

After the selection of primary studies, they were again read
in full and summarized for a better understanding. In parallel,
the data needed to answer the research questions of this SLR,
as presented in Table V, were extracted from the studies.

During the data extraction, structured forms were completed.
In addition to basic information about the papers, the summary
of this paper and the observations of the researchers conducting
the SLR about the content and conclusions of the study were
stored.

Table VII lists the 18 selected primary studies resulting from
the criteria application.

IV. RESULTS OBTAINED

In this section, the SLR results are presented considering
each research question developed for this SLR. For each re-
search question, the results are divided into three categories
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TABLE VII
SELECTED PRIMARY STUDIES

Ref Selected study Year Type? Source*
[18]  The software maintenance project effort estimation model based on function points 2003 J S
[19]  Fuzzy modeling for FPA 2003 J S; A
[20] Adapting FPA to estimate data mart size 2004 C S; 1
[21] Improved standard FPA method-solving problems with upper boundaries in the complexity rating process 2005 J S;D
[22]  Modification of standard function point complexity weights system 2005 J S;D
[23] Neurofuzzy approach to calibrate function points 2007 C R
[24] A new calibration for function point complexity weights 2008 J S;D
[25]  Integrating function point project information for improving the accuracy of effort estimation 2008 C S;LA
[26] A neurofuzzy model for function point calibration 2008 J S; A
[27] Software security characteristics for FPA 2009 C S; 1
[28] Mapping GSC to nonfunctional requirements 2009 C S; 1
[29] Study of FPA based on fuzzy interpolation 2010 J S
[30] A Software size estimation method based on improved FPA 2010 C S;
[31] Extended FPA prototype with security costing estimation 2010 C S; 1
[32] Error correction in function point estimation using soft computing method 2011 C S,
[33]  Enhancement of software projects’ FPA based on conditional nonfunctional judgments 2012 C S;1
[34] Research on VAF of the IFPUG method based on fuzzy analytic hierarchy process 2012 C S: LA
[35] Estimating the size of data mart projects 2013 C S; A

3Type: J Journal; C Conference.
4Source: S Scopus; I [IEEE; A ACM; D Science Direct; R References.

TABLE VIII
STUDIES DIVIDED INTO CATEGORIES OF TYPES OF PROPOSED IMPROVEMENTS

Studies Weights and ~ Technological Adjusted
complexities independence functional size

[23], [24], [26], [30] X X

[19], [211, [22], [25], [29], [32] X

[20], [35] X X

[18], [271, [28], [311, [33], [34] X

of improvement proposals, which are related to: 1) weights
and complexities determined for each BFC; 2) technologi-
cal independence of the method; and 3) calculating the ad-
justed functional size. These three categories were determined
after grouping the improvements proposed in each primary
study.

Table VIII lists the studies mapped considering the three cat-
egories. “Weights and complexities” contains all studies that
refer to the number of function points allocated to each com-
plexity, as initially determined by Albrecht [4]. “Technological
independence” contains all studies that refer to the fact that FPA
functional measure is not linked to any technology, generating a
functional size based only on the user’s view. Finally, “adjusted
functional size” contains all studies that refer to GSC in terms
of limitations and proposals to include other nonfunctional re-
quirements.

Following, each of the four research questions are discussed
in relation to the results found in the studies of this SLR, grouped
in these three categories.

All six studies classified as “technological independence”
were identified as addressing this only secondarily; i.e., re-
porting problems linked to technological independence with-
out proposing any improvement. Therefore, these studies are
discussed regarding only the context of the question RQ1.

A. RQI—Are There FPA Problems Being Reported?

The analysis of the selected studies showed FPA problems
related to the three categories presented in Table VIII. While
56% of the studies are related to “weights and complexities,”
449 are related to “adjusted functional size” and 33% related
to “technological independence.” Some of the works are classi-
fied in more than one category. Following, the main problems
reported in the 18 studies are briefly described.

1) Weights and Complexities: All the ten studies of this cat-
egory point to FPA failures in correctly scoring the BFC of the
software. According to their authors, the weights and complex-
ities determined (see Table IV) for the BFCs are not suitable,
given that a same data function and/or a same transactional
function with different combinations of DET and RET/FTR
(see Tables I-IIT) can be classified with the same complexity.
Consequently, they can result in data functions and/or transac-
tional functions with the same number of function points. They
also point out that, in some situations, functionalities that have
very similar DET and RET / FTR can be classified with different
complexities, and hence, receive different weights according to
FPA.

Ya-Fang et al. [30] highlighted the weights of BFC, as cur-
rently set by the IFPUG, do not reflect the software functional
size. They believe the range of values for the complexities for
data and transactional functions is too large, allowing huge vari-
ations within a given complexity. According to Junior et al. [19],
this inconsistency becomes even worse when a large number of
BFC lies within the boundary areas of the specified intervals,
as the inaccurate classification of various system functionalities
would distort its functional size.

According to Xia et al. [23], [24], [26], BFC’ weights
do not reflect current software industry trends, representing
a potential issue to derive software costs and effort. Al-Hajri
et al. [22] and Ahmed et al. [25] agree, considering that the
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classification of the BFC with low, medium, or high complexity
do not fully reflect the effort required to develop the user’s soft-
ware. Al-Hajri et al. [22] reported that FPA suffers from weight
weakness, where they found that the choices of weights for cal-
culating function points were determined subjectively from IBM
experience.

Chen et al. [29] argued that FPA not being able to accurately
make the translation from element type number and complexity
grade into function point represents a weakness.

2) Technological Independence: Six studies address FPA is-
sues related to the independence from any technology or tech-
nical factors. Calazans et al. [20] reported that technologies
have specific features that must be considered in the measure-
ment, and that PFA, when defined three decades ago, consid-
ered the existing hardware and software of that time, which
are now obsolete. Xia ef al. in [23], [24], [26] and Ya-Fang
et al. [30] stated that FPA is not suitable to increase the ac-
curacy of estimates as they consider it outdated and does not
reflect the actual software development process, including—for
example—the advent of the object-orientated paradigm. Ferreira
and Marques-Neto [35] highlighted that data marts are software
examples that have specific features and that should be taken
into account in the measurement.

3) Adjusted Functional Size: Finally, eight studies address
the problems related to the calculation of the adjusted functional
size of software. According to Bharadwaj and Nair [28], for ex-
ample, adjusting the software calculation as proposed does not
consider some important nonfunctional requirements for the cur-
rent context, such as efficiency, usability, maintainability, and
portability. Moreover, they believe that the GSC Transaction
rate is no longer applicable to the current context due to tech-
nological progress, high internet speed rates, high disk access
speed, and CPUs with high megahertz processing [28].

Abdullah et al. [27], [31] argued FPA is not covering all the
GSCs needed to determine the adjusted functional size as, for
example, aspects related to the information security area. Thus,
they strongly recommend the incorporation of new GSCs for
FPA focused on this area.

Ahn et al. [18] raised some issues related to GSCs: 1) they
do not consider relevant features to software maintenance;
2) they were proposed for the context of new projects; 3) GSCs
such as data communications’, distributed data processing’, and
performance’ are inapplicable to software maintenance; and
4) they cannot be objectively measured.

Peng et al. [34] reported that the assignment of the VAF for the
14 GSCs did not take into account the heterogeneity of different
types of systems such as, for example, real-time systems. For
them, the distribution of VAFs should be more heterogeneous
in order to better reflect some specific situations. For example,
some GSCs that have greater relevance to a specific type of
software should have greater influence on the adjusted size of
such software when compared to other GSCs.

Addressing another aspect, Matijevic et al. [33] reported that,
as currently set, determining the influence of each GSC is a diffi-
cult task to be performed by the responsible for determining each
influence factor of the GSCs. According to Matijevic ef al. [33],
the user cannot generally easily identify the value to be assigned
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TABLE IX
Al TECHNIQUES PROPOSED FOR THE CATEGORY “WEIGHTS
AND COMPLEXITIES”

Studies Technique Used

[19], [32] Fuzzy logic

[22] Artificial neural networks

[23], [24]. [26] Fuzzy logic; artificial neural networks; statistical regression
[25] Genetic algorithms

[29] Fuzzy logic; interpolation methods

[30] Fuzzy logic; artificial neural networks

to a particular GSC. In addition, according to this study, this is a
serious situation given that a nonfunctional requirement can in-
fluence the complexity of a software development project more
than a functional requirement.

B. RQ2—What Improvements are Being Proposed for FPA?

Next, the main improvement proposals for FPA are presented,
considering the problems exposed for RQ1, in view of the cat-
egories “weights and complexities” and “adjusted functional
size.” For “technological independence,” no improvement is
shown, since there was no study showing improvements for
the problems pointed out.

1) Weights and Complexities: In general, the improvements
for FPA relative to “weights and complexities” propose ways for
generating additional weights and complexities to those already
existing in the method, or for calibrating the weights already
derived by the IFPUG.

Among the ten studies reporting problems related to the
weights or complexities of each BFC, nine propose FPA im-
provements to include the use of fuzzy logic, artificial neural
networks, or genetic algorithms, from the artificial intelligence
(AI) area. In some of these studies, other techniques are also
proposed. Table IX lists the respective techniques proposed in
each of these nine studies as a solution to the problems related
by research question RQ1.

The use of fuzzy logic is proposed in seven studies for deriving
the functional size, that is, for deriving the weights for the
BFC [19], [23], [24], [26], [29], [30], [32]. On another hand,
artificial neural networks are proposed in five studies [22]-[24],
[26], [30]. Out of these ten studies in total, four propose applying
some Al technique alone, without its use compromising the
accuracy and precision of the functional sizes derived from the
techniques determined by them [19], [22], [25], [32]. In the
other studies, the use of fuzzy logic is proposed in combination
with other techniques [23], [24], [26], [29], [30], as described
as follows.

Xia et al. in [23], [24], and [26] proposed combining three
techniques in a neurofuzzy function point calibration model.
They propose to combine fuzzy logic, artificial neural networks,
and statistical regression. Statistical regression is a mathemati-
cal technique used to represent the relation between the selected
values and observed values of statistical data. Artificial neural
networks are proposed to facilitate learning based on previous
data. And fuzzy logic is proposed to make rational decisions
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in an environment of uncertainty and imprecision. The fuzzy
logic concept was incorporated into the neural network to gen-
erate new values for the weights or the complexities. Similarly,
Ya-Fang et al. [30] also proposed a combination of fuzzy logic
with artificial neural networks so that, from the rules and lin-
guistic terms defined by fuzzy logic, the neural networks could
learn from previous data.

Chen et al. [29] proposed the combination of fuzzy logic with
interpolation methods. It is proposed because although fuzzy
logic can address the problems reported in the research question
RQI, the distribution of values for the complexities remains a
problem.

Kralj et al. [21], unlike the studies listed in Table IX, are
not using Al techniques. As alternative, they proposed to build
a technique based on the growth rate of the functional size,
as measured by the Common Software Measurement Interna-
tional Consortium (COSMIC) and Mk II FPA. These functional
measurement techniques are those that exhibit, respectively, the
lowest and highest functional size growth rate according to this
study.

Ahmed et al. [25] proposed that new weights for FPA were
calculated based on an adapted genetic algorithm. The proposed
algorithm is based on: an initial data population; a set of chro-
mosomes and their genes and containing actual parameters with
values relating to the current complexities of FPA; cross-over
operations; and mutation operations. Its purpose is to generate
new and better solutions, based on the genetic algorithms tech-
nique and evolutionary computation, in terms of weights more
appropriate for FPA.

2) Adjusted Functional Size: Calazans et al. [20] and
Ferreira and Marques-Neto [35] based their work on the data
warehouse software analysis and determined that the calculation
of FPA adjusted functional size could be improved to measure
this type of software more accurately. Therefore, 25 new GSCs
are proposed. Moreover, Calazans et al. [20] proposed the in-
terpretation of the FPA rules specifically for data warehouse
software to standardize the counting for this type of software.
However, such improvements are outside the analysis scope of
this SLR, according to the criteria presented in Section III-D.

Abdullah et al. [27], [31] in turn, suggested the inclusion
of 58 new GSCs, all focused on the software security context,
such as: encryption, sensitive data exchange, and protection of
technology security. For each GSC proposed, a way to score its
influence on the project being measured was also proposed. Five
scales were determined, ranging from the minimal influence
to the maximum influence so that users could determine the
influence that a given GSC would have. Parameters were also
proposed to assist the user in the scoring.

Ahn et al [18] proposed the inclusion of ten new
GSCs focused on software maintenance. The new GSCs are
grouped into three categories: 1) people perspective—engineer’s
skills; 2) product perspective—technical characteristics; and
3) process perspective—environment characteristics. Consid-
ering these new GSCs, the SMPEEM (Software Maintenance
Project Effort Estimation Model) effort derivation model is
proposed.

The determination of scales, from one to five points, to score
the influences was also proposed by Calazans ef al. [20] and
Ferreira and Marques-Neto [35] so that the influence of the
GSCs of the data warehouse software could be determined.
These values would then be incorporated into the functional
size measured to reflect these aspects.

Peng et al. [34] proposed to calculate the degree of influence
(DI) for each GSC considering the importance of the GSC for
the specific type of software being analyzed. They propose the
fuzzy AHP approach, which aims at defining the weight of
each DI assigned to a certain GSC, considering a set of defined
procedures. The new DI is calculated as a result of the product
between the flowing two variables: a score of 1 to 5, as provided
for in the original FPA; and a constant calculated by the fuzzy
AHP approach that represents the degree of importance of that
GSG for that particular software.

Matijevic et al. [33] proposed an alternative way to score
each GSC to determine the DI. Since the influence of each GSG
cannot be easily determined by the applicators of the method,
they propose using the CS-AHP algorithm (a derivation of his
S-AHP method) to process different types of requirements and
combine them with FPA. Through this algorithm, the user de-
termines the degree of importance a GSG has with another one.
For example, usability can have a weight of five in relation to
scalability; while performance may have a weight of three in re-
lation to the same scalability. Finally, based on the importance
values of the GSCs determined by the user, a matrix is assem-
bled to calculate an overall importance ranking of all the GSCs.
From this ranking, the highest value is considered proportion-
ally as the highest possible value for a GSC; which is five. The
others are adjusted proportionally, considering the new scale of
five. According to these authors, implementing this procedure
when determining the DI for each GSC would enable the user
to more easily or more accurately determine the total of degree
of influence (TDI) of each GSC. This would enable its VAF as
well as the adjusted functional size of software to have greater
accuracy.

C. RQ3 and RQ4—Are the Proposed Improvements Effective?
Are There Limitations to the Improvements Proposed?

Following, the main advantages and the main limitations
pointed out in the studies evaluated are presented, considering—
in a combined manner—the research questions RQ3 and RQ4.
The results are again presented only for the categories “weights
and complexities” and “adjusted functional size,” since for the
category “technological independence” no improvement was
verified for the problems indicated.

1) Weights and Complexities: In general, the studies propos-
ing improvements exclusively for the weights or complexities
concluded that the improvements resulted in more accurate func-
tional size estimates. Table X summarizes the improvement per-
centages shown by each study in this category, mainly related
to mean magnitude of relative error (MMRE).

The MMRE percentage, used to evaluate the improvement
most of these proposals, measures, for a given project, the
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TABLE X
IMPROVEMENTS OBSERVED REGARDING “WEIGHTS AND COMPLEXITIES”

Ref.  Percentage of improvement #Projects Data source Technology

[19] 8.8% improvement in MMRE3 9 Provided by systems analysts trained in FPA 4GL, Java, VB

[21] 13% improvement in effort derivation when compared with the value derived 20 ISBSG database’ VB, Access, Natural 2
from the traditional method described in the CPM

[22] 30% improvement in MMRE 206 ISBSG database Not informed

[23] 22% improvement in MMRE 184 ISBSG database Not informed

[24] 22% improvement in MMRE 184 ISBSG database Not informed

[25] 50% improvement in MMRE 184 ISBSG database Not informed

[26] 22% improvement in MMRE 600 ISBSG database Not informed

[29] There was no proposal validation
[30]  3.6% improvement in MMRE®
[32]  There was no proposal validation

Not informed

Not informed Not informed

SInternational Software Benchmarking Standards Group (www.isbsg.org).

%Value not shown directly in the study evaluated. For the sake of comparison in this SRL, the MMRE percentage regarding the original method was obtained by calculating the
arithmetic average of the improvement percentages for all projects measured in the scope of the study.

difference between actual and estimated effort relative to the
actual effort. The mean takes into account the numerical value
of every observation in the data distribution, and is sensitive to
individual predictions with large MRE [36].

Although the evidences shown that the proposed FPA im-
provements for scoring the BFC can provide greater accuracy
in the development effort derivation, some limiting factors were
also highlighted, as presented as follows. In all the other stud-
ies, no limitation or disadvantage is explicitly presented by the
authors.

The approaches proposed by Junior er al. [19] and Kralj
et al. [21] are designed to projects containing mostly high-
complexity functions. Thus, the accuracy improvement rates
may not have the same performance when there is a large
proportion of functions with simple and medium complexities
in the project in question. Kralj et al. [21], for instance, ex-
perimented their approach in a propitious setting for which it
was designed: projects containing approximately 85% of high-
complexity functions.

On the other hand, the approaches proposed by Al-Hajri
et al. [22], Xia et al. [23], [24], [25], and Ahmed er al. [26]
are not aimed at any certain scenario, providing the possibility
of application to different types of projects regarding the lev-
els of complexity. However, these proposals still holds some of
the effects observed to the original FPA: “a same data function
and/or a same transactional function with different combina-
tions of DET and RET/FTR can be classified with the same
complexity”; since these proposals only provide the calibration
for the current weights of the original FPA technique, without
having proposed new complexities that would confer greater
granularity to FPA. In summary, from these ones, the approach
proposed by Al-Hajri et al. [22] is, in fact, the one presenting
the greater possibility of applying to different projects.

Ya-Fang et al. [30], for example, pointed out that us-
ing backpropagation—a training method for artificial neural
networks—shows a slow speed for convergence rate. This can
compromise their method in terms of speed to obtain the
results. Following this same idea, although with no limita-
tions highlighted, Xia et al. [23], [24], [26] also proposed

TABLE XI
IMPROVEMENTS OBSERVED REGARDING “ADJUSTED FUNCTIONAL SIZE”

Study Percentage of improvement

[18] There was no result regarding the MMRE. It was concluded that the
inclusion of the ten GSCs are not as influential as one expected.

[20] There was no result regarding the MMRE. It was concluded that there is an
improvement of the proposed method over the traditional method.

[27] There was no validation of the proposed method.

[28] There was no validation of the proposed method.

[31] There was no validation of the proposed method.

[33] There was no validation of the proposed method.

[34] There was no result regarding the MMRE. About a 10% improvement was
observed (for five specific projects) for estimating effort when considering
the new DI adapted.

[35] There was no result regarding the MMRE. An improvement was observed
over both: the traditional method and the proposal of Calazans, Oliveira and
Santos [20].

backpropagation as a training method for artificial neural net-
works, which may be understood as a limiting factor for their
work, due to this method’s low speed of convergence rate.

For the method proposed by Chen et al. [29], the results
were obtained only based on tests performed on software of the
university Education Management Information System. This
may have distorted the results and increased the reliability of
the proposed method due to the low number of applications
measured in the tests performed in the study conducted.

2) Adjusted Functional Size: For the studies that propose
FPA improvements related to GSC, results related to the ad-
vantages achieved were presented only for the measurement
applied in the data warehouse software [20], [35]. For the other
studies [27], [28], [31], [33], no validation reports of the pro-
posed methods were identified in order to verify if there was any
improvement in the method proposed regarding FPA. Table XI
summarizes the results presented by the authors of these studies
regarding the advantages achieved.

Regarding the application for measuring the data warehouse
software, both methods proposed showed higher accuracy in es-
timating the functional size, when compared to the standard FPA
method [20]. application of the Tukey’s test, Calazans et al. [20]
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Fig. 1. Number of issues identified by the studies for the five steps of FPA.

concluded that there are significant differences between both
methods, and that the proposed method has higher accuracy
when compared to the standard method for measuring a data
warehouse software.

Ferreira and Marques-Neto [35] found that, after the appli-
cation of their method, the effort derived from the measured
functional size is more accurate when compared to the standard
method and to the results obtained by Calazans et al. [20].

Ahn et al. [18] validated their approach using a survey method
and regression analysis. Questionnaires were used to collect
actual data in four South Korean organizations. As a result, they
concluded that the proposed model is good to estimate the effort
of maintenance projects and that they can be adjusted in the
range of 20% by the ten new GSCs of SMPEEM. However, the
new GSCs proposed are not as influential as one expected.

In turn, Peng et al. [34] founded that the effort derived through
their method showed an improvement of approximately 10%
compared to the original FPA. However, these results were based
on only an experiment conducted with five projects. In all eight
of these studies, no limitation or disadvantage is explicitly pre-
sented by the authors.

V. ANALYSIS OF RESULTS

In this section, the SLR results presented in the previous
section are analyzed and discussed in an attempt to answer each
of the research questions developed for this SLR.

A. RQI—Are There FPA Problems Being Reported?

Among the 18 primary studies, ten of them are related to
how FPA proposes the functional size calculation as originally
determined by the IFPUG. The authors of these papers reported
that there is a method failure in scoring the BFC of the software,
as reported in Section IV. Therefore, these ten works are related
to Step 2 and Step 3 of the FPA procedure described in Section I,
as highlighted in the graph of Fig. 1.

Although steps 2 and 3 concentrate the issues identified, they
all refer to a single subactivity to be carried out in these two
steps, namely, the last subactivity, which is to determine the
complexity (high, medium, and low) and the functional size of
the data function and/or of the transactional function of each
BFC (see Fig. 2). The absence of presenting problems related
to the other subactivities of these two steps shows that after
the subsequent versions of CPM, these other FPA rules became
clearer and more objective, reducing the heterogeneity of func-
tional sizes found by different professionals when based on the
same scope.

All the other eight studies have problems related to the GSC
currently in place, used in Step 4, because they are considered
quite limited. These authors believe that the current GSCs do
not include characteristics related to other technologies, as for
instance related to data warehouse software or to many other
nonfunctional requirements such as software security. As high-
lighted in the graph of Fig. 1, these eight studies are related to
Step 4 of the FPA procedure described in Section II.

Six studies also reported issues related to the technological
independence of FPA assuming the current technological con-
text is not reflected in the technique proposed in the 70s. In
fact, these issues are not directly related to any FPA step but the
technique as a whole.

Throughout the complete period analyzed (2002-2014), only
18 studies were identified pointing to the need for FPA improve-
ments. This may be considered a low number, and perhaps an
indication that the method is already at a fairly advanced level of
maturity. Regarding the time distribution, the studies identified
are evenly distributed, with an average of one to two papers per
year. This distribution, although small, indicates that researchers
are constantly interested in FPA limitations and improvements.

B. RQ2—What Improvements are Being Proposed for FPA?

Different techniques have been proposed to improve FPA.
Fig. 3 summarizes the techniques used as proposals for solving
these problems. In general, the preponderance of techniques
from the Al area is noted, especially those related to the category
“weights and complexities.” As for the studies of the category
“adjusted functional size,” most do not have a specific technique
for solving the problems. For these studies, the proposal of
new GSCs was mostly based on the analysis of nonfunctional
requirements.

No improvement was identified for the category “Technolog-
ical independence,” although related issues have been reported.
To address this type of problem, high-magnitude changes would
probably need to be proposed, given the diversity and complex-
ity of currently existing technology scenarios.

C. RQ3—Are the Proposed Improvements Effective?

Among the ten studies that showed some kind of evaluation
of the proposed improvement, all showed that this improve-
ment was more effective than the original FPA, as detailed in
Tables X and XI.

Regarding the category “weights and complexities,” the ma-
jority of the proposed works (90%) have used techniques from
the Al area. In general, positive results were presented, with
great improvement in deriving the effort. Consequently, the use
of Al techniques is presented as a trend for the development of
more accurate weights and complexities for FPA.

Regarding the category “adjusted functional size,” from the
seven proposals, only two studies presented data about the evalu-
ation of the proposed improvement. Based on these two studies,
there is evidence that the improvements are effective for the
context addressed by them, as shown in Table XI. However, fur-
ther studies should be conducted considering mainly the cases
described in the other studies so that different contexts can
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Fig. 3. Techniques used in the improvements for the issues identified in FPA.

be tested and validated and no bias impair the final validation
results.

This analysis is not applicable for the category “technological
independence” since no improvement was proposed to address
this problem.

D. RQ4—What are the Limitations for the Proposed
Improvements?

Regarding proposals to improve the category “weights and
complexities,” the results show some studies not able to solve
this problem completely. Though the proposed advances have
alleviated the problem of enabling that a same data function or
a transaction function, with different combinations of DET and
RET / FTR, may be able to receive the same weights and/or
complexities. All the works of this category proposed FPA im-
provements in order to make it more granular and be able to rate
various combinations of DET and RET / FTR with different val-
ues with respect to the original method. However, the undesired
effect is not completely eliminated.

For the improvement proposals related to the category “ad-
justed functional size,” the strategy of including nonfunctional
requirements related to some specific additional aspects such as
security could make the measuring procedure still more costly
and complex. Especially when the goal of FPA is to essentially
measure the software considering only the functional require-
ments of software. Taking all the selected studies, the inclu-
sion of 93 new GSCs was proposed to make the adjusted func-
tional size calculation more accurate, comparing to the original

14 ones. These new GSCs would require additional time for
careful analysis by the professionals responsible for measuring
the software, adding costs to the measurement procedure. In
general, the proposed improvements might offer more accuracy
in the adjusted functional size when compared to the original
FPA only when the improved method is implemented in a spe-
cific scenario, as for instance, in data warehouse software. In
a general context, the improvement tends to keep the method’s
standard accuracy. Thus, these improvements have a limited
scope, not increasing the accuracy of FPA in any settings.

VI. CONCLUSION

The purpose of this SLR was to identify improvements pro-
posed for FPA to make the results generated more accurate.
Four different bibliographic databases were researched. From
the search conducted in the databases, 1600 papers were re-
turned, out of which, after applying the defined systematic pro-
tocol, 18 primary studies were identified, read, and reported in
this paper. The low number of studies that propose FPA im-
provements might demonstrate the maturity of the method in
the current scenario of software metrics.

Among the various steps of the FPA measurement procedure,
there is evidence, identified through this SLR, that steps “2—
measure transactional functions,” ‘“3—measure data functions,”
and “4—calculate the functional size” are the ones most in need
of adjustments. Eighteen studies with improvement proposals
were found for these steps of the method. The high proportion
of improvement proposals for these steps may suggest to the
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IFPUG, for example, that they should be revised in order to
reflect the quantification of the user’s functional requirements
more accurately.

The improvements proposed in the selected 18 studies, were
analyzed and grouped into three categories: 1) “weights and
complexities” determined for each BFC; 2) ‘technological in-
dependence” of the method; and 3) calculating the ‘adjusted
functional size.”

The category ‘weights and complexities” has a clear picture
in this study. It is the one with the highest number of studies
reporting problems and also suggestions for improvement. On
the other hand, almost all the improvement proposals resort to IA
techniques, alone or in conjunction to some other technique. In
general, the evaluated studies show positive results, indicating
that the use of this type of solution can be quite beneficial
for this type of problem. In conclusion, this study indicates
the use of Al techniques as a potential way to obtain a more
accurate functional size by applying FPA. However, this type
of solution necessarily must be accompanied by computational
support required for the application of Al techniques, which can
be viewed as a possible drawback since FPA has originally the
simplicity of being able to be used independently of specialized
software.

For the category ‘technological independence,” only prob-
lems were reported by the authors of the selected studies, but no
improvement proposal was. In general, FPA may be considered
as an outdated method, even being technologically indepen-
dent, since it was proposed almost 40 years ago. Consequently,
though questionable, FPA could be not suitable anymore to
produce accurate numbers since hardware and software has
evolved substantially these last decades. As a possible expla-
nation for the fact that this issue is only raised, but no solu-
tion is presented, it is considered that it would be very difficult
to solve it. To address this type of problem, high-magnitude
changes would probably need to be proposed, given the
great diversity and complexity of currently existing technology
scenarios.

Finally, for the category ‘adjusted functional size,” almost
half of the selected studies present some problem related to
this problem, and also some improvement proposal. However,
differently of the first category previously discussed, in this
case, there is no clear indication of how to solve the reported
problems. In general, the different studies propose the inclusion
of several new GSCs. Although these new GCSs could make
the final metric more accurate, this type of solution could lead
to a series of side effects, such as: 1) increasing effort and
cost to apply FPA; 2) increasing reliance on experts to help
in counting these additional GCSs; 3) increasing the need to
apply FPA later to get the values for these additional GCSs; and
4) increasing the incentive to apply FPA only partially, without
using all GCSs. In fact, the IFPUG already shows signs that they
intend to eliminate definitely this problem within FPA instead
of solving it, due to its high complexity. Currently, obtaining the
adjusted functional size is an optional step in the current version
of the CPM. In addition, IFPUG proposed the SNAP (software
nonfunctional assessment process) technique, which aims to
measure the nonfunctional requirements of the software’s user,

in addition to measure the functional software requirements
of the software through FPA. Thus, the next step might be to
definitively eliminate the FPA’s GCSs.
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