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Abstract

Practitioners require realistic size measurement techniques to track scope creep and
to estimate effort. However, using an unsuitable functional size measurement method
(FSMM) to measure software size is ineffective. This study proposes a decision support
approach to assist managers who lack adequate software engineering knowledge and
expertise to perform functional size measurements when selecting a suitable FSMM
among candidate FSMMs. A chi-squared automatic interaction detection (CHAID)
model was developed based on 14 information system characteristics obtained from 537
International Software Benchmarking Standards Group (ISBSG) projects. A gains chart
and 10-fold cross-validation showed the performance of the proposed approach. Four IS
characteristics were retained in the final approach, including distributed data processing,
facilitate change, complex processing, and multiple sites, thereby enabling meaningful
decisions to be made on whether function point analysis can be used to quantify the
functional requirements of unprecedented software. This study proposes a structured
and traceable method rather than a rule-of-thumb method to support decision-making
for FSMM selection problems. In addition, our findings revealed crucial features for
management information system (MIS) projects that should be carefully controlled to
ensure success.
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1. Introduction

Functional size measurement method (FSMM), when correctly employed, provides
useful quantitative size information for cost estimation and supporting requirement
changes. FSMMs were conceptually derived from function point analysis (FPA)
(Albrecht 1979), which was designed to provide a technology-independent measure for
estimating development and maintenance efforts, analyzing productivity, and comparing
the functionality of alternative systems. This method describes functionality using five
user-identifiable, logical “function” types (two data function types and three
transactional function types). For a given software application, each of these elements is
quantified and weighted and their characteristic elements are counted, such as logical
fields or file references. Presently, FPA is regulated by the International Function Point
Users Group (IFPUGQG).

The inadequacy of FPA in the non-MIS domain (e.g., real-time software) has been
identified as a significant drawback (Reifer 1990; Abran et al. 1997; Jones 2008). Thus,
in case of non-MIS systems, functional size measurements using FPA are neither
complete nor adequate, which may adversely affect cost estimation and resource
allocation. Several approaches have been adopted to develop alternative sizing methods
that would overcome the known limitations of FPA (e.g., Boeing 3D function points
(Whitmire 1995) and COSMIC (Abran et al. 1999)). Presently, five methods for
functional size measurement are fully compliant with the ISO/IEC 14143-1 standard
(2007) and have been approved as ISO standards (ISO/IEC 20968 2002; ISO/IEC
24570 2005; ISO/IEC 20926 2009; ISO/IEC 29881 2010; ISO/IEC 19761 2011).

Unless the premise of employing the most appropriate FSMM is fulfilled for
measuring a given project, any measurement effect will prove insignificant. For
example, according to existing literature, the underlying structure of FPA is more
appropriate for measuring MIS software (Albrecht & Gaffney 1983; Kitchenham 1997;
Dumke & Albrecht 2011). Thus, although International Function Point Users Group
(IFPUG) specifies extra white papers (IFPUG 2007; IFPUG 2008; IFPUG 2009a) and
case studies (IFPUG 2005; IFPUG 2009b) for measuring the functional sizes for various
non-MIS systems, the measurements made may not fully reflect the “pure” functional
sizes of such systems, resulting in further inaccuracy in cost estimation and schedule
planning.

With rapid developments in information technology, the application type of the
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software can vary to suit specific business requirements (e.g., knowledge management
system, global logistics management system, etc.). Unfortunately, it is impossible to
have a readily available practical FSMM selection guideline for such unprecedented
software. Therefore, the selection of an FSMM is a problematic task during the
quantification of functional user requirements by engineers. One possible way to
minimize this problem is to develop an empirical decision approach to selecting a
relatively suitable FSMM from among candidate FSMMs.

ISO/IEC 14143-6 (2006) presents a FSMM selection process to assist users in
selecting an effective FSMM. More specifically, this FSMM selection process begins
with categorizing a software system to be developed into functional domains as
application types (e.g., MIS and real time) to ensure the appropriate corresponding
measured functional size. Undoubtedly, the type of functional domain is limited
compared with the information system (IS) categorization, which is continuously varied.
Therefore, the question arises of how to analyze the characteristics of unprecedented
software to judge the similarity with existing functional domains. If the difference
between unprecedented software and functional domains can effectively enhance
quantitative understanding using similarity analysis, then these reflective indicators can
provide early signs to assist engineers in selecting a relatively appropriate FSMM
among candidate FSMMs.

In this study, we emphasize the importance of selecting an appropriate FSMM, and
we propose a useful decision support approach in order to assist project managers. The
remainder of this paper is organized as follows. In Section 2, we review studies related
to FSMM s and discuss the nature of information systems. In Section 3, we introduce the
International Software Benchmarking Standards Group (ISBSG) dataset and briefly
explain the basic concepts of a decision tree. In Section 4, we describe the steps in the
development of the proposed empirical approach. In Section 5, the experimental results
are presented and compared with the results obtained without the prediction model.

Finally, the conclusions and scope for future research are discussed in Section 6.

2. Functional Size Measurement Method

FPA inspired the concept that the size of an information system can be quantified
in terms of the functions delivered to the user in order to overcome the limitations in
LOC-based measurement and analysis. Since the public release of FPA in 1979, several

sizing methods based on FPA have been developed for non-MIS environments
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(Whitmire 1995; Abran et al. 1999). However, the inconsistency in the terminology
definitions, concepts scope, and counting steps of these methods increases the users’
learning costs. Therefore, International Organization for Standardization (ISO) has
published ISO/IEC 14143-series standards to eliminate such inconsistencies and to
define explicit principles for the development of new FSMMs. Presently, five FSMMs
have been approved by ISO. Figure 1 show the evolution of these five FSMMs.

IS0 19761
IS0 29881
2010 ——fem scz)m: 2011
IS0 20926 7
2009 1S0 29881
2008
2005 —— 1S0 24570
2005 IS0 19761
1SO 20968 2003
1S0 20926 2002
2003
2000 —t—

FiSMA v1.1
1997

1995 m—fe

1990 =t

1985w

1980 =t

1975wt

i II*

Figure 1: Evolution of FSMMs

As is shown in Figure 1, ISO/IEC 20926 is a transposition of the IFPUG 4.1
Unadjusted FSMM. In addition, each of the four retained additional FSMMs applies its
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own approach to measure the functional size of a piece of software. ISO/IEC 19761
specifies the set of definitions, conventions, and activities of the COSMIC FSMM.
ISO/IEC 20968 includes the counting of entities and relationships in a data model and
computes function points by multiplying two factors: information processing size and
technical complexity adjustment. ISO/IEC 24570 calculates Enhanced Function Points
by weighting the function points with an impact factor. The impact factor ranges from
0.25 to 1.5 depending on the extent to which the functionality of the application is
impacted by the enhancement. ISO/IEC 29881 is service oriented, and identifies seven
distinct base functional component classes provided by the piece of software.

ISO/IEC 14143-5 (2004) states that the measuring capabilities of FSMMs can be
varied in different functional domains such as software types (e.g., MIS and real time)
so that users may identify the functional domain to which the measured software
belongs before they carry out functional size measurement. Unfortunately, with the
rapid diversification of software types, it is difficult to categorize new software types,
i.e., unprecedented software, into existing functional domains. Presently, “How to select
the most appropriate FSMM among candidate FSMMs?” is the most frequently asked
question on the IFPUG Bulletin Board.

Past studies on FSMMs have largely focused on size conversion among various
FSMMs (Cuadrado-Gallego et al. 2010), size counting from entity relationship - data
flow diagram specifications or business process models (Zivkovi¢ et al. 2005), and
correlation analysis of base functional types (Buglione & Gencel 2008). Work
indicating the affecting factors of FSMM selection, including supporting software tools,
familiarity of existing FSMMs, and training/consulting resources, is scant (Ebert et al.
1998; ISO/IEC 14143-6 2006; Total Metrics Inc. 2007). However, the practical value of
these studies is poor because of the lack of a decision support model, which has higher
usability than the subject with bias such as cognitive differences and untraceable
causality. Therefore, this study develops a useful decision support approach to select an
appropriate FSMM among candidate FSMMs to facilitate adequate size measurement.

This 1s an area that has not been well covered.

3. Material and Methods
3.1 ISBSG Dataset

The dataset used in this study was acquired from the International Software
Benchmarking Standards Group. The ISBSG data repository release 10 comprises 4106
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completed software projects. Each project in this dataset is enrolled by over 50
meaningful fields (e.g., productivity, effort, and size attributes). Therefore, several
researchers (Huang and Han 2006; Sentas et al. 2008) have used this dataset in software
engineering studies. Table 1 lists the 15 fields used in this study; they are classified into
two groups: project classification variables and general system characteristics.

Table 1: Fields used in this study

Definiti
Variable Code Scale efinition

Project classification variables

The nature of software (e.g., MIS, real time)

Application type AT Nominal |Definition

General system characteristics

Data o Gol Ordinal The degrfee to whlch the a}ppllcatlon
Communication communicates directly with the processor.

The degree to which the application transfers
G02 Ordinal |data among physical components of the
application

Distributed Data
Processing

The degree to which response time and
Performance GO03 Ordinal |throughput performance considerations
influenced the application development

The degree to which computer resource

Heavily Used G04 Ordinal |restrictions influenced the development of the

Configuration ..

application

The degree to which the rate of business
Transaction rate GO05 Ordinal |transactions influenced the development of the

application

The degree to which data is entered or

Online Data Entry| GO06 Ordinal . . . :
retrieved through interactive transactions

The degree of consideration for human factors
G07 Ordinal |and ease of use for the user of the application
measured

End User
Efficiency

The degree to which internal logical files are

Online Update GO08 Ordinal updated on-line

Comple?i G09 Ordinal The degree to which processing logic o
Processing influenced the development of the application
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Reusability

GI10

Ordinal

The degree to which the application and the
code in the application have been specifically
designed, developed, and supported to be
usable in other applications

Installation Easy

Gll

Ordinal

The degree to which conversion from previous
environments influenced the development of
the application

Operational Easy

GI12

Ordinal

The degree to which the application attends to
operational aspects, such as start-up, back-up,
and recovery processes

Multiple Sites

GI3

Ordinal

The degree to which the application has been
developed for different hardware and software
environments

Facilitate Charge

Gl4

Ordinal

The degree to which the application has been
developed for easy modification of processing
logic or data structure..

We regard the 14 general system characteristics (GSCs) of FPA as meaningful

variables that reflect the different types of software applications on the basis of the

following factors. First, the fourteen GSCs represent the inherent features of

information systems. Hence, they can be individually used to classify software
applications (Lokan 2000; Garmus and Herron 2001; Huang and Han 2006). Second,
each characteristic has explicit definitions and assessment guidelines that guarantee the
reliability and consistency of quantifiable evaluations (IFPUG 2011). Third, ISBSG
Release 10 (R10) Data Repository includes considerable historical data on GSCs, which

provides an effective foundation for model construction. Table 2 and 3 presented a

scoring example and hits of distributed data processing.

Table 2: Scoring example of distributed data processing

Score

Descriptions

0  |Data is not transferred or processed on another component of the system

Data is prepared for transfer, then is transferred and processed on another
component of the system, for user processing

Data is prepared for transfer, then is transferred and processed on another
component of the system ,not for user processing
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Score Descriptions

3 |Distributed processing and data transfer are on-line and in one direction only.

4  |Distributed processing and data transfer are on-line and in both directions

Distributed processing and data transfer are on-line and are Dynamically

5 .
performed on the most appropriate component of the system
Table 3: Hits for the scoring of distributed data processing
Score Hints

0  |Presentation, processing, and I/O components are all in the same place.

1. Application downloads data to a user’s client machine, so the user can use
Excel or other reporting tools to prepare graphs and perform other analysis.

2. Process that transfers data from mainframe to an external component for
user processing. This transfer is performed using a simple protocol such as
FTP.

3. Transferred to a user for processing.

1. Process that transfers data from mainframe to mid-tier. For example,
processing with SAS-PC.

2. Application sends data to client or server. This data is then processed or
used to produce reports, etc. No data or confirmation is sent back to the
client or server.

3. Transferred to a component for processing.

1. Data is sent between client and server in one direction only.

2. This data is then processed or used to produce reports, etc. by the receiving

3 application. This data typically includes transactions that update an ILF on
the client or server.

3. For example — client-server or web-enabled applications.

1. Data is sent between client and server in either direction. This data is then
processed or used to produce reports, etc. by the receiving application. This
data typically includes transactions that update an ILF on the client or
server.

2. For example - client-server or web-enabled applications.

3. The application runs under an operating system that automatically handles
the allocation between components, however, the use of the operating
system did not influence the design and implementation of the application

1. The developer must consider special application software that looks at
5 multiple processors and runs the application on a specific type of processor.
This is invisible to the user.
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Score Hints

2. The application runs under an operating system that automatically handles
the dynamic allocation between components, and the use of the operating
system specifically influenced the design and implementation of the
application.

3.2 Decision Tree

A decision tree (DT) is a popular data-mining approach to solving classification
and prediction problems. Unlike other data mining techniques that cannot be easily
understood, interpreted, or applied to research results (e.g., neural networks and
k-means), a DT can provide visual flowchart-like diagrams and if-then rules to aid
managers in decision making. Therefore, DTs have been applied to a wide variety of
business problems, especially credit scoring and disease detection (Lee et al. 2006; Yeh
etal. 2011).

A DT is a supervised learning approach that learns the implicit patterns between
known inputs and known outputs to expose hidden interactions and create a predictive
model. Presently, many algorithms can be used to generate DTs, including Iterative
Dichotomiser 3 (Quinlan 1979), Chi-squared Automatic Interaction Detection (CHAID)
(Kass 1980), and Classification and Regression Trees (Breiman et al. 1984). In this
study, we used the CHAID algorithm because it can provide more than two branches of
obtained results.

CHAID can explore interactions between nominal, ordinal, and continuous
variables, and it depicts results in a hierarchical tree structure, which provides results
are that are easy to read and interpret. A CHAID tree is constructed by repeatedly
splitting subsets of a space into two or more child nodes, beginning with an entire data
set (Michael & Gordon 1997). To determine the best split at any node, any appropriate
pair of categories of predictor variables is merged until there is no statistically
significant difference within the pair with respect to a target variable. CHAID handles
all missing values by treating them as a single valid category and does not perform
pruning.

4. Approach Outline

As shown in Figure 2, the proposed methodology involves three distinct steps.
In Step 1, all 4106 software projects in the ISBSG R10 were preliminarily analyzed
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in order to obtain a suitable subset of projects that would facilitate model building in the

next step. Table 4 lists the four filtration tasks in the data preparation step.

Projects excluded on
the four filtration rules

Application type
_— If.then rule #1
If then rule #2

S

—
14 GSCs

If-then rule #n

Decision tree

Predictive
value

Cmis

[CNon-wm1s

Cross-validation

Figure 2: Steps in the Proposed Method

Table 4: Filtration of ISBSG R10

Task Field Filter Projects | Projects
excluded | remaining
Data Quality Rating #{ Null-value |C | D } 295 3811
2 |Application Type # { Null-value | Not specified } 1121 2690
3 |Any sets of the 14 GSCs [#{ Null-value | 0 | 3 | 2&3} 2133 557
4 |Count Approach ;éi{sil/}il]v;lggll/[io}\SMIC | 20 537

First, the projects with A and B ratings were obtained from the field “Data Quality

Rating.” This principle is based on an ISBSG recommendation, and it has been widely
adopted in previous studies based on ISBSG R10 to minimize the influence of defective
data (Buglione and Gencel 2008; Cuadrado-Gallego et al. 2008). Second, since the



196 EEEER F-+—8 FH

application type and individual GSC fields are necessary for this study, projects with a
single missing value among the 15 fields are excluded. Third, the ISBSG repository
manager indicated that sets of the 14 GSCs with default values (all GSCs = 0, all GSCs
= 3, or all GSCs = 2 & 3) can be ignored. Finally, we selected those projects whose
“Count Approach” was acquired from IFPUG. Thus, a sample of 537 projects remained.

Unfortunately, 37 of the remaining 39 application types contain less than 20
projects. In order to ensure the reliability of the proposed approach, the 537 projects are
thus classified on the basis of them being MIS and non-MIS software. Table 5 lists the
characteristics of the 537 projects selected from the ISBSG dataset.

Table 5: Characteristics of 537 projects used in the study

Project characteristics Total (n=537) MIS (n=193) Non-MIS (n=344)
Project Elapsed Time

Minimum 1 1 1

Mean 8.70 9.57 8.23

Maximum 84 84 78
Summary work effort

Minimum 26 90 26

Mean 5255.96 5289.80 5238.10

Maximum 150040 58700 150040
Max team size

Minimum 1 1 1

Mean 7.89 5.69 8.71

Maximum 53 25 53
Project delivery rate

Minimum 0.30 0.70 0.3

Mean 15.81 16.63 15.36

Maximum 108.30 98.40 108.30

In Step 2, the 537 projects were used to build a CHAID tree. This tree architecture
has 15 attributes—14 GSCs as the input variables and the application type as the output
variable. The chi-square statistic to determine node merging and splitting was calculated
using the Pearson ratio. The significance level for merging and splitting nodes was set to
0.05, and the maximum depth of the CHAID tree was three. SPSS 18.0 was used to
construct the CHAID trees.

As the final step, we evaluated the predictive accuracy of the proposed model on



A Decision Support Approach to the Selection of Functional Size Measurement Methods 197

the basis of the overall misclassification rate and cross validation. In addition, we used a
cumulative gains chart to visualize the actual performance with and without the

predictive model.

5. Results
5.1 Classification Tree and Rules

Classification trees are charts that illustrate decision rules (Table 6). Such decision
rules provide specific information about risk factors based on rule induction. As is
shown in Figure 3, the resulting classification tree includes nine leaf nodes, six of which
are terminal nodes. Each node of the decision tree can be expressed in terms of an
“if-then” rule. For example, if an observation whose Distributed Data Processing value
is between 0 and 1 and Facilitate Change is between 2 and 5 it falls under terminal node
5, whose similarity to MIS is 56.2%. Similarity to MIS can be regarded as the risk
involved in the use of the FSMM. In the example described above, we believe that
IFPUG FPA is the most appropriate alternative for measuring the functional size of this
software.

Of the 14 predictor variables that were considered for CHAID analysis, only four
were retained in the final model—Distributed Data Processing (G02), Facilitate Change
(G14), Complex Processing (G09), and Multiple Sites (G13). The first split was
observed to occur on the basis of Distributed Data Processing; thus, Distributed Data
Processing is the most important predictor, and it is associated with three branches
(p-value = 0.000).

The following observations were made in the three branches of the parent node. (1)
At the first intercourse, Facilitate Change and Complex Processing are the best
predicting variables for projects with low (<=1) and high (>2) Distributed Data
Processing values, respectively. (2) For projects with a medium Distributed Data
Processing (1-2) value, Distributed Data Processing is the only significant predictor for
discriminating between MIS and non-MIS projects. In this case, 86.5% of the projects
fall into the non-MIS category. (3) At the first intercourse, for projects with high
Distributed Data Processing (>2) and low Complex Processing (<=2) values, the next
significant variable is Multiple Sites; projects with a high Multiple Sites (<=1) value
have a higher probability of falling into the non-MIS category. Table 6 summarizes the
six extracted rules in terms of their degrees of confidence in assisting users with
determining the similarity to MIS projects.
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Node 0
Type % N
Yes 359 193
No 64.1 344

Total 100.0 537
|

Go02 Adj. P-value=0.000, chi-
Distributed D:Tta Processing Square=32.311, df=2
[ |
<= ll.OOO (l.OOd:E.OOO) =2 .lOOO
|
Node 1 Node 2 Node 3
Type % N Type % N Type % N
Yes 48.0 86 Yes 13.5 13 Yes 359 94
No 52.0 93 No 86.5 83 No 64.1 168
Total 33.3 179 Total 17.9 96 Total 48.8 262
G14 A‘df‘ P-vafue:ﬁl 0081 Cr‘I’H—- éﬂg . Ad] P—l’afue=0. OOO, Chf:—
Facilitate|Change Square=9.946, df=1 Complex|Processmg Square=19.299, df=1
] [ I
== 1.:000 >1|.OOO ==2.000 =2.000
| |
Node 4 Node 5 Node 6 Node 7
Type % N Type % N Type % N Type % N
Yes 31.0 18 Yes 56.2 68 Yes 253 40 Yes 51.9 54
No 69.0 40 No 438 53 No 747 118 No 48.1 50
Total 10.8 358 Total 22.5 121 Total 29.4 158 Total 19.4 104

G|13 Adj. P-value=0.000, chi-

]\Iultip|1e Sites Sguare=17.113, df=1

== 1:.000 =1 .:OOO
Node 8§ Node 9
Type % N Type % N
Yes 6.8 4 Yes 36.4 36
No 932 55 No 63.6 63
Total 11.0 59 Total 18.4 99

Figure 3: Output of CHAID Tree

Table 6: Decision rules for prediction of MIS similarity

Rule # | Node If Then Correct Rates
Rulel| 8 |G02>2and GO9<=2and G13<=1 Non-MIS 93.22%
Rule2| 2 |G02>1and GO2<=2 Non-MIS 86.46%
Rule3| 4 |G02<=1and Gl4<=1 Non-MIS 68.97%
Rule4| 9 |G02>2and GO9<=2and G13>1 Non-MIS 63.64%
Rule5| 5 |G02<=1and G14>1 MIS 56.20%
Rule6| 7 |G02>2and GO9 >2 MIS 51.92%
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As shown in Table 7, the overall misclassification rate for the proposed model is
32.4%, indicating that 67.6% of the projects will be classified correctly using the
current CHAID decision tree. In addition, the 10-fold cross-validated results indicate

that the average risk for all the trees is 0.341.

Table 7: Prediction results of CHAID model

Actual Type Classified type Correct
MIS Non-MIS

MIS 122 71 63.2%

Non-MIS 103 241 70.1%

Total Percent 41.9% 58.1% 67.6%

5.2 Model Performance

The gains chart provides a useful summary that reflects the performance of the
proposed model. In the gains chart, the nodes are sorted by the number of cases in the
target category (MIS projects) for each node. For a categorical target variable, the gain
score equals the percentage of cases with the target category in this case. The
cumulative statistics provide a better understanding of the effectiveness of the predictive
model than that in the case without the predictive model (baseline), which involves
guesswork. The node-by-node statistics and cumulative statistics are summarized in
Table 7.

Table 8: Gains chart obtained using CHAID algorithm

Node-by-Node Cumulative

Node | Node Response | Gain | Index Node Response | Gain | Index
N[ % N[ % |[D] (DI N| % |[N| % [ (0
12122568 | 352 | 56.2 | 1564|121 | 22.5 | 68 | 352 | 56.2 | 156.4
104 19.4| 54| 28.0 | 51.9 | 1445 |225| 41.9 |122| 63.2 | 54.2 | 150.9
99 | 18436 | 18.7 | 36.4 | 101.2 |324| 60.3 [158| 81.9 | 48.8 | 135.7
58 110.8] 18| 9.3 |31.0 | 86.3 |382| 71.1 [176| 91.2 | 46.1 | 128.2
96 | 17.9 | 13| 3.7 | 13.5| 37.7 |478| 89.0 [189| 97.9 | 39.5 | 110.0
59 |11.0] 4 | 2.1 | 6.8 | 189 |537|100.0 193] 100.0 | 35.9 | 100.0

0 |IN|h[O (I |
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As shown in Table 8, for node 5, 68 of 121 projects are MIS projects (i.e., the
MIS-project rate is 56.2%). The index score denotes the proportion of MIS projects for
this particular node to the overall proportion of MIS projects. For node 5, the index
score is around 156.4%, indicating that the proportion of respondents for this node is
around 1.5 times the MIS-project rate for the overall sample. In other words, a random
guess about the similarity of unprecedented software to an MIS application without the
use of a model has a 50% chance of being correct. In order to obtain a minimum hit rate
of at least 50% in the CHAID mode, nodes 5 and 7 are considered. This information
provides additional objective evidence that the predictive accuracy of the CHAID model
is superior to that of the baseline case (random guesswork).

6. Conclusion
6.1 Summary of Results

With the increasing diversification and costs of software projects, managers require
realistic size measurement techniques to effectively track scope creep, estimate effort,
and determine productivity. Unfortunately, although many FSMM solutions are
available for sizing software, it is difficult to select the most suitable FSMM for a given
application. In order to overcome this challenge, we propose an empirical approach that
enables managers lacking adequate software engineering knowledge and expertise in
functional size measurement to select a relatively suitable FSMM among candidate
FSMMs. By our approach, the results are presented in a comprehensible manner using
CHAID decision trees, which can be easily understood, interpreted, and applied by
users.

The proposed approach provides a prediction accuracy rate of 67.6%. Therefore,
when a new project with unprecedented software is correctly predicted as a MIS or
non-MIS project, managers have sufficient information to make a meaningful decision
as to whether FPA can be suitably employed to quantify the functional requirements of
the project. The results also indicate that distributed data processing, facilitate change,
complex processing, and multiple sites can be employed as reliable predictor variables
to determine the similarity to MIS software. Not only do our findings facilitate a better
understanding of MIS applications, but also provide possible breakthroughs in
management thinking to ensure success of MIS projects.
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6.2 Limitations and Future Research

Although this approach inspires novel methods for improving the accuracy of
functional size measurement, this work has some limitations. This is the first study to
apply a structured and traceable method rather than a rule of thumb method to enable
project managers to select an appropriate FSMM. Because the data size is only robust
enough to discriminate two application types and based on the claims of previous
significant works that [IFPUG and FPA are applicable to measure MIS type applications,
our approach suggests (i.e., to use FPA) that readers use caution when applying this
approach to real-world cases.

Lokan (2005) indicated that the GSC profile also reflects application types,
although the 14 GSC are initially defined in IFPUG to reflect the relative effort required
for various projects. The 14 GSC has recently been regarded as options to new IFPUG
Counting Practices Manual and excluded from FSMM standards, but continuously
collected by ISBSG. Therefore, we used existing dataset from ISBSG to construct the
decision support model. The use of 14 GSC to discriminate the difference in IS projects
may be somewhat insufficient. Future research should seek to include and collect
additional inherent characteristics to enhance the proposed model performance.

This study relied on cross-validation as the internal reliability to explain the
performance of the proposed approach; therefore, external reliability research can be
conducted to provide more beneficial evidence. For example, we intend to apply the
proposed approach to a real-world unprecedented software system (e.g., cloud software)
by implementing more than one FSMM to measure the functional size of the same
application, comparing the correlation among effort, LOC, and size measures, and
validating the correctness of the original suggestions (i.e., whether FPA is relatively
suitable for size measurement).

Future study can also expand the model by considering other selection perspectives
such as personnel experience and existing tool potency. Because this study used a
decision tree to construct a predictive model, we can devote future efforts to using
neural networks and k-means clustering, either in combination or in alternation, to

improve prediction accuracy.
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