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Abstract of Dissertation

An Empirical Study Relating Object Oriented Method to Software Prodictivity in
Military Organizations

The purpose of this study was to determine whether militargnizgtions are
achieving productivity gains by using the object-oriented method. Jwent
projects from ten military organizations were used in the stlhch
organization provided data on two homogeneous software projects—one
implemented in object-oriented methods and one implemented by using
traditional methods. Each pair was similar in size, operating crment,
application domain, complexity, personnel capability, and reliabilityese
control variables were chosen on the basis of their impact on protiuctivi
Results showed that all ten organizations achieved a productivity vgth
object-oriented methods and that the effect of the object-orientdtbdnen

software productivity is statistically significant.
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1 Introduction

1.1 Problem Statement

Modern software development methods are changing the way miligagiaations
implement software products today. Consequently, these organizations arertgetp
realize the benefits of object-oriented methods (Figure 1-1). Emergirtarnil
capabilities, such as the United States Army’s Future Combat Systeimeadddited
States Air Force’s Single Integrated Air Picture, suggest the needgooved

capabilities to accurately estimate software effort and schedule.



Figure 1-1 Use of Object-Oriented Methods in the De  partment of Defense
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During the past seven years, military organizations have underestirofitegrs costs

by an average of 37 percent [75]. The lack of recent empirical researckhghnd hi
dependence on proprietary software costing tools drives this estimabngfdthough

some of the existing tools are addressing this issue, new software deselquatesses

and methods have not been strongly matched to enhanced costing models. Modern
military weapon systems cannot be predicted by using available softwérg¢osls

because their datasets are based on third-generation projects (writtieth-generation
programming language like Ada 83 and “Jovial”) captured during the late 1980s and mid-

1990s.



1.2 Purpose Statement

The purpose of this empirical study was to determine whetHganpiorganizations are
achieving productivity gains with object-oriented methods. This sexmined ten
military organizations that have developed military weapon systéon the U.S.
Department of Defense. Each organization provided data on two hosmgesoftware
projects—one implemented in object-oriented methods and one implemented in

traditional methods.

In this study, the independent variable is the object-oriented metied.dependent
variable is productivity, defined as the unadjusted function point (UkReiived size
measure) divided by the staff-month. The control variables in this @are the factors
that account for the most variance in software productivity—sizeatpgrenvironment,

application domain, complexity, personnel capability, and reliability.

1.3 Deficiencies in Past Studies

Despite increased interest in object-oriented method, few empiriealrobsstudies have
been conducted relating object-oriented methods to productivity. Of the seven studies
relating object-oriented methods to software productivity, only five have beed ba
empirical data. These five studies, however, had limitations in the samplinglyprece
intervening variables, and logic for measuring and comparing softwark pienent

productivities.



1.4 Significance of Proposed Study

This study will remedy these limitations in three distinct ways:

1. Collect pairs of projects across multiple organizations and not from a single
organization.

2. Control for the impact of those variables that account for the most variance in
software productivity by asking each organization to provide data on two
homogenous projects.

3. Calculate productivity according to best practices set forth by thie E&ndard

(IEEE, 1993, IEEE Std 1045-1992). This includes adjusting reused code to its

equivalent in new code and then into function points in order to make cross-language

productivity comparisons.

This study is important for several reasons. First, such a study can helpweegther
object-oriented method is appropriate for military weapon systems sirsgeateemore
constrained (higher quality assurance levels, rigid policies) than comhsaiftieare.
Second, understanding the relationships between objected-oriented methodse softwar
productivity, and other cost drivers can encourage researchers to explore regyiestrat
for controlling software productivity and quality. Third, the collected databe used for

future software cost estimating research.



1.5 Hypotheses

This section is split into two. The first identifies the original hypséisencluded in the
dissertation proposal. The second section provides the rationale for changingitta orig

hypotheses. The third section shows the final hypotheses used in this study.

1.5.1 Original Hypotheses

The following 11 hypotheses were identified in the dissertation proposal:
Hypothesis 1A:Do object-oriented methods relate to software productivity gain?
Hypothesis 2A:Do object-oriented methods and COCOMO (COnstructive COst
Model) 1l scale factors relate to software productivity gain?
Hypothesis 3A:Do object-oriented methods and COCOMO Il product factors relate
to software productivity gain?
Hypothesis 4A:Do object-oriented methods and COCOMO |l platform factors relate
to software productivity gain?
Hypothesis 5A:Do object-oriented methods and COCOMO I personnel factors

relate to software productivity gain?

Hypothesis 6A:Do object-oriented methods and COCOMO |l project factors relate to
software productivity gain?

Hypothesis 7A:Do object-oriented methods relate to COCOMO Il scale factors?
Hypothesis 8A:Do object-oriented methods relate to COCOMO Il product factors?
Hypothesis 9A:Do object-oriented methods relate to COCOMO Il platform factors?

Hypothesis 10A:Do object-oriented methods relate to COCOMO Il personnel factors?



Hypothesis 11A:Do object-oriented methods relate to COCOMO Il project factors?

1.5.2 Rationale for changing the Hypotheses

Hypotheses 2A and 4A through 6A were deleted because at least one factor did not
meet the terms for analysis of variance (ANOVA). That is, the numbetapdats

from each treatment was not balanced.

Of the four COCOMO Product Factors, only two (complexity and reliabiltgpant

for a significant variance in productivity. However, the factor “religilvas not
appropriate for ANOVA because the number of data points from each treatasent

not balanced. Thus, Hypothesis 3A was changed to “Do object-oriented methods and

complexity relate to software productivity?”

Hypotheses 7A through 11A were deleted because they are examined by using Pear

product moment correlation coefficient.

Since application domain and quality also relates to software productivity, two new

hypotheses were added to the study.

1.5.3 Revised Hypotheses

The revised hypotheses are identified below:

Hypothesis 1 Do object-oriented methods relate to software productivity?



Hypothesis 2:Do object-oriented methods and complexity relate to software productivity?

Hypothesis 3:Do object-oriented methods and application domain relate to software

productivity?

1.6 Organization

This dissertation paper is organized into 10 chapters:

Chapter 1 introduces the problem, deficiencies in past studies, proposed solution,

and research questions.

Chapter 2 summarizes the literature review for the independent variablg; obje
oriented method. It describes the origin and evolution, basic principles, key

elements, perceived benefits, and applications.

Chapter 3 is a literature review of the dependent variable, software progudtivit
defines rules for measuring productivity and addresses the effectiverness of

productivity measures.

Chapter 4 is a literature review of the control variables. It identifieso$te ¢

drivers affecting software productivity and highlights important findings.

Chapter 5 examines the scholarly literature relating object-orientduhdsetio

software productivity and highlights their strengths and weaknesses.



Chapter 6 highlights the deficiencies found in past studies and how this study will

address them.

Chapter 7 goes over the research method step by step. It briefly sumrtregizes
variables used in the study, explains the collected data and instrumentapsn, s
for calculating the independent variable, normality test procedures, research

hypotheses, and experimental design.

Chapter 8 discusses the study results, including project similaritiesiptiesc

statistics, normality tests, statistical analyses, and signiffcadings.

Chapter 9 presents the research conclusions on the basis of the hypotheses,

software quality, and software productivity drivers. It also highlights the

limitations, contributions, and further research to follow up on the results.

Chapter 10 cites the sources used in the dissertation paper.



2 Literature Review: Object-Oriented Methods

This chapter provides the literature for the independent variable, objecedriasthods.
The first section explains the origins. The second section lists the four pgcijle
third section identifies the key elements. The fourth section explains the pherafits.
The fifth section lists the most common applications. The sixth section idettidies
object-oriented constraints in the Department of Defense (DoD). Thetsesextion

displays the object-oriented trends in DoD.

2.1 Origin

Software development methods emerged in the 1970s (Booch 1994, 18). Yourdon’s
“Structured Analysis and Structured Design” method, developed in 1979, was the most
significant and popular of these early methods (Rumbaugh et al. 2005, 4). This method
became very popular in the Department of Defense, particularly with unmanied spa

and airborne applications, due to the “Waterfall” paradigm.

As Booch (2004, 19) points out, most software development methods are either
“structured . . ., data-driven .. ., [or] object-oriented.” The structured mestiaded on
“algorithmic decomposition” (16). The data-driven method maps user inputseéonsys

outputs (19).



The object-oriented technology initiated with “Simula-67”" programmingdagg in
1967. Emerging programming languages like “Smalltalk” and “Obje@iveerved as

the vehicle for the wide acceptance in the 1980s (Rumbaugh et al. 2005, 5).

2.2 Principles

A model to be considered object-oriented must include “abstraction, encapsulation
modularity, [and] hierarchy” (Booch 1994, 27). Abstraction displays the relevant
attributes of an object while hiding other that is unimportant (49). Absiraigtia design

approach that adds modularity to an application (49).

Encapsulation separates the components of an abstraction (Booch 1994, 50).
Encapsulation is realized by hiding the attributes and methods of an objedt (49).
decomposes a software product into encapsulated units, allowing for easgmf desi

control, and support (49).

Modularity encloses the abstracted objects into unified and “loosely cOwpigsl
(Booch 1994, 55). This principle can also reduce the software’s design campiexi

creating boundaries within the application (54).

As Booch (1994, 59) points out, “Inheritance is the most important ‘is a’ hierarchy”.
Inheritance is the principle of sharing the compositionraathodsin one or more
classes. It allows for creating new classes from preexistingT&®) principle also

allows for software code reuse.

10



2.3 Elements

The object-oriented method includes three key elements:
Process (Booch 1994, 23)
Notation [programming language] (23)

Tools (23)

An object-oriented process is comprised of analysis and design asti@ibject-oriented
analysis defines software requirement specifications in terms sljedtclasses [10].
Object-oriented design uses modularity to describe logical and phg&igedms of the

application.

Object-oriented programming is the principle of organizing software pragaargroups

of objects. According to Booch (2004, 38), a programming language to be considered
object-oriented must support the concept of “objects . . ., classes . . ., [andhmdeefit

A programming language without inheritance is considered “object-bas®d” A3

programming language that satisfies none of the above concepts is consideteatdtruc

Object-oriented tools provide the means for supporting analysis, design, and
programming activities. According to Booch (1994) there are six types aftabjented
tools:

e “Graphics-based system” used for project planning (Booch 1994, 283).

e “Browser” to easily search for abstractions, classes, and objects (283).

11



e “Incremental compiler” to collect data “declarations” and commetatésments”
(283).

e “Class librarian” to easily find and store information about classes,tebgtl
modules (284).

e “GUI builder” creates “dialogs and windows” for the users (284).

e “Debugger” to control and monitor system performance (284).

In summary, object-oriented analysis, design, programming, and tools are intetednne
The results of object-oriented analysis serve as the models for desigesiilie of
object-oriented design serve as blueprints for programming [10]. Objeatextitools

allow for analysis, design, and programming efficiencies.

2.4 Benefits

According to Booch (2004), there are two perceived benefits from the objautedrie
technology. First, the use of object-oriented methods can help engineers achieve
productivity gains during the analysis, design, and programming phase of a product

Second, the use of object-oriented methods can dramatically improve softwane quali

Forty studies of object-oriented benefits indicate that software productantype

improved in any of five ways (Table 2-1). Of these 40 studies, however, only seven ha
been based on empirical research (Figure 2-1). Despite the increasest imitebject-
orientation technology in the military sector, researchers have stoppenhgtiisly

influence on software productivity over the last four years.

12



Table 2-1 Studies of Object-Oriented Benefits on So  ftware Productivity

Group

Research Finding

1

A small set of studies suggests that object-oriented processes coupled with

object-oriented programming increase productivity by reducing codirg tin
[31,52,26,69,34,61,59,86].

A larger group of studies finds that object-oriented programming language

increases productivity through encapsulation and inheritance
[49,10,15,20,57,74,22,33,83].

A considerably larger set of studies shows that providing a mechanism tg
processes from one project to another increases productivity
[35,5,24,48,27,84,82,35,67,11,42,12,21,78,77,14,60].

A fourth set of studies indicates that object-oriented design can increase
productivity by adopting a modular approach to encourage teamwork
[44,80,3,70,5].

A single study concludes that object-oriented analysis can improve
productivity by providing a model for identifying incomplete requirements

early in the development phase [28].

Figure 2-1 Studies of Object-Oriented Benefitson S oftware Productivity

Journal Articles
N

Assertionsthat Object-Oriented improves Software Productivity

W Factual
B Subjective

1990 1992 1993 1994 1995 1996 1997 1998 1999 2000 2003 2005 2006 2007 2008 2009

Year Published
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Studies of object-oriented benefits (Table 2-2) indicate an improvement irasaftw
quality in any of two ways:

Table 2-2Studies of Benefits of Object Oriented on Software Quality
Group | Research Finding

1 One set of studies provides evidence of an increase in software qualitynthroug
a reduction in the percentage of lines of code changed for perfective
enhancement, defect removal, and adaptive modification [50,43,53].
2 A single study claims software quality can be improved by decreasing the
number of defects found during the test phase [5].

2.5 Applications

This section addresses the applications of object-oriented methods using mab disti
approaches. The first approach uses peer-reviewed articles colltectetthiee different
sources. The second approach examines empirical data provided by a widely known

research organization. These two approaches are explained next.

Booch (1994) categorized and grouped 188 journal articles by application and found that
the object-oriented method is applicable to 15 application domains. These domains are
avionics, command and control, database, engineering and science, graphic,nogllige
management information systems, operating systems, planning and analysss proce
control, real-time, simulation, signal processing, software developmentaoadls

communications.

In this comparison study, the applications of object-oriented methods were addrgss

examining empirical data provided by The International Software Benchmarking

14



Standards Group [89] through a license agreement with the author on 14 March 2007. In
this study, 4,106 projects were initially examined. Of these projects, only 102tproje
were developed by using object-oriented methods. Table 2-3 groups these pyojects b

application type:

Table 2-3: Object-oriented applications

Applications Software Projects
Management Information Systems 63
Communications 15
Message Switching 10
Multimedia 4
Testing 4
Real-Time 2
Process Control 2
Scientific 1
Software Development Tools 1
Total 102

Table 2-3 shows that object-oriented methods are best suited for management
information systems (MIS). The results validate two perceptions of objectextie
applications. First, object-oriented methods are more practical for MISdeebHS are
smaller in size and simpler algorithms [76]. Second, object-oriented methddssare
practical for large and complex systems (e.g. avionics, real-timenaaioations,
process control, multimedia, message switching, scientific) becauseaitiex time
constraints, embedded processing, and an inability to integrate legacthahgori

[25,62,63,64,65,67].

2.6 Constraints in the Department of Defense

15



The delayed acceptance of object-oriented method by the DoD has beenmehétyali
rigid standards, directives, and policies. The following are key elemeritess t

standards, directives, and policies:

e “DOD-STD-2167A” was published in 1988 [23,92]. This standard wassed
toward the Waterfall Modéland discouraged the use of Computer-Aided Software
Engineering tools [92, 40]. This standard disallowed the use of object-oriented
methods for developing Major Defense Acquisition Programs from 1988 through

1994.

e “MIL-STD-498" was published in 1994 [24, 40]. The intent was to serve as an
interim solution until 1998 [93]. Although this standard did not pose any barrier to the
use of object-oriented technology, no Major Defense Acquisition Programs used

object-oriented methods through this period.

e “I[EEE/EIA 12207.2-1997” was published in 1998 [2]. This standard encouraged the
use object-oriented methods through the “Evolutionary Model” and “Incremental

Model”.

2.7 Trends in the Department of Defense

An empirical study (Air Force Cost Analysis Agency) reveals that therityaof DoD
software projects planned or currently in existence use object-orienteddseln this

comparison study, the use of object-oriented methods was addressed by examining

16



empirical data from the Defense Acquisition Automated Cost Informatiaer8y3 his
repository contains all software data submitted to the Defense Cost i&riégource
Center, in the form of Software Resource Data Reports (DD Form 2630) datikip bac
2002. In this study, 1,241 software projects from Major Defense Acquisition Pi®gram
were initially examined. Of these projects, 815 were using object-orienthdase

Figure 1 shows these projects grouped by development methods.

Figure 2-2DoD software project comparison by object  -oriented method
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3 Literature Review: Software Productivity

This chapter has two sections. The first defines rules for measuring softvauctivity.

The second addresses the two competing software productivity measures.

3.1 Measures

The “IEEE Standard for Software Productivity Metrics” [1] provides dinds for
measuring software productivity. It focuses on how to measure software pvaygwatid
what to report. The IEEE standard defines software productivity as the dfdtie

output product to the input effort” [1]. The output product is calculated by using any of
three measures: lines of code, function point, and document [1]. The input effort is the
expended staff-hour. This standard requires reporting productivity results ofine
code and documents [1]. The use of function points is optional [1]. The rules for
measuring staff-hour, lines of code, function points, and software productivity are

described next.

3.1.1 Staff-hour

According to the IEEE standard [1], input represents the effort expended to dénelop t
output product. Astaff-houris a unit time expended by an individual [1]. Staff-hours
shall include both direct and support labor [1]. Direct labor is the effort expendexkéo m
the software product including requirements analysis, design, programmintgsting,

and regression testing. Support labor is the effort expended by an individual naoigvorki

18



in the software development site. Examples of these efforts insbftleare management,

program support, configuration management, and quality assurance.

3.1.2 Lines of Code

The IEEE standard [1] defines four rules for measuring lines of code:

e Lines of code [1] are either “logical” or “physical”’. The “logicéilies of code are
measured using the number of instructions, regardless of number of rows [1]. The
“physical” lines of code are counted based on the number of “end-of-line” [1]

characters.

e Software is classified as either developed or non-developed [1]. Developedrsoftw
refers to custom or adapted code. Non-developed software refers to reudetedr de
statements from preexisting software [1]. Separate counts shall be refported

developed and non-developed.

e Lines of code “in different programming languages shall be counted sdyjgtate

3.1.3 Function Points

Allan Albrecht introduced function points in 1979 to measure the functionality from
software applications [1]. Function points are derived from software reagrte
specifications, logical diagrams, physical diagrams, or other design dosument

Measuring function points is not required by the IEEE standard; however, orgarszati
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using function points measurements shall also accompany it with the lataalf code

count [1].

3.1.4 Software Productivity

Productivity [1] shall be computed at the completion of a product, that is, when the
software is fully tested, accepted and delivered to the customer. Augdodinis

standard, when comparing lines of code productivities, the lines shall be in #ne sam
programming language [1]. This means that the productivity computed for a softwar
product developed in a third-generation language shall not be directly compardukewith t

productivity of a software product developed in a fourth-generation language.

3.2 Effectiveness

Empirical studies relating object-oriented methods to software produdewitito
compare productivities in any of two ways. A single study compared productvitysa
projects using function points per staff-hour [69]. A pair of studies compared
productivities using lines of code per staff-hour [53,70]. The advantages and

shortcomings of these competing measures are described next.

3.2.1 Lines of Code Productivity

The line of code productivity metric is still the most popular measure in the tDeear
of Defense despite the rise of competing measures like use casa® fwints, etc.

Collection simplicity is the most significant attribute as the coldectif data can be
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automated via code counters to capture all source statements (physicgiicadyl

including developed and non-developed code [37].

Measuring lines of code productivity has received considerable eritidise primary
criticism of lines of code is its language dependence [1]. It is not appefwriabmpare

the lines of code productivities of different programming languages [29,1,B5&f bf

code counts are not known until after regression test is completed [58,85,54]. Further,

emerging applications and capabilities can be created with no countabld29jdes

3.2.2 Function Points Productivity

Function points productivity has its advantages over traditional measure, sourcé lines
code. Since function points are software development method and programming language
independent, it allows productivity comparisons in different programming deyegu
[54,37,38,29]. Lines of code productivities reported in different programming languages
also can be converted into function points by using factors (known as “Backfiring”)
developed for particular languages [38,51,8,36]. Since function points are based on

software requirements, they can be estimated much earlier than lcededB5].

Despite these advantages, function points productivity does have its shortcomings.
Function points cannot accurately predict productivity for algorithm intensive
applications [84]. Most organizations do not track function points metrics because the
counting convention is subjective [85]. Function point does not provide the means for

software size collection because it requires an additional 2% to 5% efjomdb
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implementation costs [37]. In addition, there are no automated counting tofaladtbon

points sizing.
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4 Literature Review: Control Variables

The chapter summarizes the cost drivers affecting software prodpeindthighlights

important findings from the literature.

4.1 Scholarly Literature

Most software cost studies relate software productivity to product sizefingera
environment, application domain, and several of the cost drivers addressed in the
COCOMO Il suite. These cost drivers (Boehm et al. 2000, 33-53) are:

Precedentedness (PREGBJ)

Development Flexibilit{FLEX) (33)

Architecture / Risk Resolution (RESL) (34)

Team Cohesion (TEAM) (34)

Process Maturity (PMAT) (34)

Required Software Reliability (RELY) (41)

Database Size (DATA) (41)

Product Complexity (CPLX) (42)

Developed for Reusability (RUSE) (42)

Documentation Match to Life-Cycle Needs (DOCU) (42)

Execution Time Constraint (TIME) (45)

Main Storage Constraint (STOR) (46)

Platform Volatility (PVOL) (46)

Personnel Capability (PCAP) (53)

Personnel Continuity (PCON) (48)
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Application Experience (APLEX) (48)
Platform Experience (PLEX) (48)

Language and Tool Experience (LTEX) (48)
Use of Software Tools (TOOL) (49)
Multisite Development (SITE) (49)

Required Development Schedule (SCED) (50)

Maxwell, Wassenhove, and Duttd55] performed an empirical study to determine
whether team size, AD, language, and few COCOMO drivers grouped togethdr
better predict the software productivity variance. Ninety-nine softwergrams (space
and military applications written in high-order programming langudges) the
European Space Agency (ESA) were used in the study. Results showed that AD,
language, PERS (company), team size, RELY, TIME, STOR, modern development
practice (MODP), and TOOL had a significant influence on software prodyciiie
other two variables, LTEX and virtual machine constraint (VIRT), showedgndisant

effect.

The authors also performed principal component analysis to measure the variance
accounted for by each factor. When PERS, language, and the seven COCOMO drivers
are grouped, four variables explain 99% of the productivity variance-SPER, RELY,

and TOOL. Despite these findings, the impact of SIZE was omitted in the analysis
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Boehm, Chulani, Fellow, and Steecf0] studied the impact of size, 17 COCOMO Il
cost drivers, and scale factors on software development productivity. Boehm and
colleagues evaluated 161 projects using the Bayesian Theory. The factonstiagcfor
the most variance in software productivity in descending order were SIZE, PER%, C
PREC, RELY, TIME, STOR, DATA, DOCU, PVOL, PCON, TOOL, SITE, and SCED.
Three variables, LTEX, RUSE, and APEX, did not show an impact on software
productivity. The variable with the most significant influence on software pregycti
variance was SIZE followed by CPLX and PERS. A second group of factMg, T

RELY, STOR, and DOCU, also showed a strong influence of productivity.

Boehm and Papacciorj9] studied the interaction between software productivity and
quality. They used RELY as an indicator of software quality. Sixty-thredafsuent

and 25 maintenance projects from the COCOMO database were analyzed Result
showed that the effort to develop high reliable software was signifioguahter that for

low reliable software, when controlling for the impact of PERS and TOOL.

Putnam and Myers[72] performed an empirical study to determine the impact of SIZE,
AD, PERS, defect density, and SCED on software productivity. Sixteen hundred projects
from the Quantitative Software Management, Inc. database were used urdthe st

Results showed SCED, effort, and defect density increased dramaticallgngeh |

system size. After SIZE, the second most influencing factor on productivitAida

followed by PERS.
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Lian and Noore [47] performed a Monte-Carlo simulation to examine which of the
COCOMO Il drivers accounted the most variance in productivity. Of the 17 CGZ DM
cost drivers, 5 accounted for 57% of the variance in software productivity: CFR2X),
PERS (21.3%), TIME (6.9%), PCON (5.8%), and RELY (5.1%). The three combined
drivers PERS, CPLX, and RELY accounted for roughly 46% of the variance in
productivity. Despite these findings, one major limitation was identified irsthidy:

Impact of size was omitted.

Yu [88] conducted a qualitative study to determine the most significant COCOMQ Il cos
drivers affecting software development. This study used a survey amorg e Bell
laboratories. The factors accounting for the most variance in productivitgcerding

order were PERS, CPLX, development method, PVOL, and PREC. When combined,
PERS and CPLX accounted for 75% of the productivity variance. However, the impact of

size was omitted in this study.

Curtis [41] conducted a quantitative study to determine the defect containment

effectiveness for military system developers related to Capealiiturity Model

Integration (CMMI) levels:

Defect Containment by CMMI Level

CMMI Level Defect Containment
1 n/a
2 “25.5%"
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3 “41.5%”

4 “62.3%”

5 “87.3%”

The analysis showed that CMMI Level bears a direct correlation with defetdinment

effectiveness.

Capers Joned39] studied the impact of SIZE, AD, PERS, TOOL, language, RELY, and
guality on software productivity. In this study, 1,200 projects from the Software
Productivity Research database were used. The variable with the mostamgnific
influence on software productivity variance was SIZE. The next variabtetid most
significant influence was AD followed by PERS. RELY and quality also hasagst

influence of productivity.

4.2 Summary

The following conclusions were drawn from the scholarly literature:

1. The most significant factors influencing software productivigy 8IZE, AD, CPLX,
PERS, and RELY. These factors when combined account for roughlyo/9@84 of
total variance in productivity. Thus, it is important to hold these bi@saconstant
when evaluating for the impact of object-oriented method.

2. In addition to the top five variables, operating environment also sffeaftware
productivity. Thus, it is important to control for its effect whemlaating the impact

of object-oriented method.
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3. CMMI and RELY level are direct indicators of software qualithus, CMMI and
RELY can be used as quality indicators in the absence atygosasurements like

defect density and defect containment effectiveness.
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5 Literature Review: Impact of Object-Oriented Meth  ods
on Software Productivity

This chapter contains three sections. The first section addresses thaditdrat relates
object-oriented methods to software productivity. The second section surveyargoftw
cost models to determine whether they account for object-oriented methods as an input
variable for estimating costs. The third section summarizes the mostamipgitidies,

notes flaws in the reasoning and logic of previous studies, and suggests why more

research relating objected-oriented methods to software productivitgdeadhe

5.1 Scholarly Literature

This section examines seven studies relating objected-oriented methodw/émesoft

productivity gain:

Daly, Miller, Brooks, Roper, and Wood[20] examined the perceived benefits of
objected-oriented methods with respect to productivity, reuse, and ease ofatebig
maintenance. The method used in the study was based on structured intervoevesifoll

by questionnaires. Two hundred and fifty responses were received from exgerienc
practitioners. Of the 250 responses, 200 reported object-oriented as more productive, 25
reported object-oriented as less productive, and 25 provided a response of “don’t know”
in regards to object-oriented productivity gains. The authors concluded that most

software practitioners believe the objected-oriented design is more ageans than the
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structured design in terms of programmer productivity. However, the finding isttitg

is inconclusive because the method was not based on empirical data.

Low and Huan [50] examined the impact of objected-oriented methods on software
productivity using a multi-site qualitative survey. The first part of theesugathered

general information such as team experience, development method, and produxtt cont
The second part of the survey included 18 questions to test the hypothesis. Each question
consisted of two scales, one for object-oriented and the other for nonobject-oriented
projects. A total of 25 responses were received. Results showed object-oriefedsmet

as a significant factor affecting software productivity in terms foire$pent for

enhancements, defect detection, adaptive modifications, and defect removaleHowe

the findings in this study are subject to criticism because the samplimgdee was

based on respondents’ perceptions rather than empirical observations.

Klepper and Bock [45] examined the impact of fourth-generation language (4GL) on
software development productivity. Software productivity was measured wsicigoh

points per staff-hour. McDonnell Douglas Aerospace Services Forty provided 40 MIS
applications, which were used in the study. Klepper and Bock controlled the influence of
most COCOMO cost drivers by selecting homogenous projects of the samatapplic
platform, development process, and average team experience. Results showed that
projects developed in 4GL achieved greater productivity than projects developed-in third
generation language (3GL). However, the finding is subject to sritibecause the

dataset was from a single organization.
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“Hughes Space and Communications Software[69] conducted an internal study to
determine whether they achieved productivity gains after introdudijegted-oriented
methods. Software productivity was measured using traditional metric (ureadjust
function point [UFP] per staff-month) and a new metric called efficienffici&éhcy
compares the actual to the initial estimated effort using a paramest tool, COCOMO
Il. Of the four nonhomogenous military projects examined in the study, three we
developed in objected-oriented methods and one developed in structured methods.
Results showed both, productivity and efficiency gains with the use of objentemuti

methods.

Four deficiencies make the findings of this quantitative study subject tosenitiEirst, it
did not address the impact of other intervening variables. Second, projects of varying
complexity, platform, and applications were compared. Third, the datasefroama
single organization. Finally, the project’s new, adaptive, and reuse code wergadgjre

without adjustments.

Potok and Vouk [70] studied the impact of objected-oriented methods on programmer
productivity (in lines of code per staff-month). Nineteen software projevtdajeed at

IBM Programmer Laboratories were used in the study. All 11 procedural {srojece
follow-on releases, while 4 of 7 objected-oriented projects were initedses. Results
showed no significant difference in productivities between objected-edamid

structured projects.
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The findings in this study, however, had several deficiencies. For example, the stud
directly compared software productivities in different programming laregidthe study
also did not address the impact of other intervening variables. Other deficiactiee
the comparison of projects of varying complexity, platform, and applications, and the
dataset used in the study, which came from a single organization. Finallyojena’sr

new, adaptive, and reuse code were directly compared without adjustments.

Lewis, Henry, Kafura, and Schulman(1992) examined whether objected-oriented
methods and code reuse promote greater productivity; using three productistyesea
- “number of rung “run time errors, and ‘time (in minutes) to fiX{46]. By studying the
same target system, the experiment controlled the effects of sonvembervariables.
The experimental procedure consisted of two phases. In Phase One, two sets of
potentially reusable components were developed for the target system. Ons set w
developed using structured programming language (i.e. Pascal), while theebtives
developed in objected-oriented programming language (i.e. C++). Phase Two of the
experimental procedure distributed 21 subjects unevenly and randomly across 4 groups
numbered 1 through 4:

1. No code reuse using procedural language.

2. No code reuse using object-oriented language.

3. Code reuse using procedural language.

4. Code reuse using object-oriented language.
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Results showed that objected-oriented language significantly improvesusoft
productivity only when code is being reused and that code reuse improves software

productivity regardless of programming language.

In this quantitative study, three deficiencies make the findings subject to other
interpretations: Software productivities in different programming languagee directly
compared. Participants were graduate students instead of experiencéidpeastiand

the study did not describe how the project’s new, adaptive, and reuse code weeel adjust

Mancl and Havana[53] studied the impact of C++ programming language and
objected-oriented process on software productivity. The purpose was to exaenine t
maintenance impact of building an in-house software project using objectatedrie
methods. The selection of a target software project written partly in C ahdip&lt+
programming language controlled the effects of some intervening varidhkestudy’s
results showed that the portion of the project written in C++ achieved higher pvdstucti
than the portion developed in C: The amount of code reuse doubled from 48,000 to
98,000 lines of code reused, development effort decreased by 19% (through inheritance),
and functionalities were added with minor development and interface madifi¢zbor.
Despite these findings, two deficiencies were identified in this studst, Boftware
productivities in different programming languages were directly compaeedn8, the

sample used in the study was based on a single observation.
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5.2 Software Cost Model Overview

This section surveys four widely used software cost models to determine dfcitmynt

for objected-oriented methods as an input for predicting software development costs.

5.2.1 SLIM

Lawrence H. Putnam developed Software Lifecycle Model (SLIM) in 1978 [7341 &

a proprietary tool for estimating schedule, effort, and cost [73]. Over 5,300 completed
software projects were used to develop the SLIM algorithms. This model measures
process productivity as a function of size, effort, and development time. When the
process productivity is unknown, SLIM adjusts the default productivity according to the
user’s responses to 21 assessment questions that are grouped in four areasddlhis
does not have a direct input for objected-oriented methods. However, the 21 tools and
reuse software questions can be calibrated to local project conditions. Timsticed

reflects the influence of objected-oriented methods on software productithtyygh the

specific influence of the tools or the reuse software questions cannot belisolate

5.2.2 SEER-SEM

The SEER-SEM tool (by GALORATH Incorporated) is a proprietary maatel
estimating effort, size, and schedule [30]. Over 2,000 U.S. Department of Defense

projects were used to develop the SEER-SEM algorithms.
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SEER-SEM™ has an input variable called development method. Development method
describes the methods to be used during the development phase. These methods include
rapid application development (RAD), traditional waterfall, objectedatets prototype,

spiral, or incremental. Changing settings for this parameter also rcie@amnging

productivity ratio. However, the output is subject to other interpretations because the
influence of software development methods (object-oriented and traditional) and
development processes (RAD, prototype, spiral, incremental) cannot be segiegated.

addition, the statistical test of this variable is proprietary.

5.23 PRICES

PRICE S (by PRICE System L.L.C) is a proprietary tool for estimgatoftware
development effort of both commercial and military projects [71]. The key inputs t
PRICE S are productivity, software size, program complexity, progragilanguage,
operating environment, reuse, test effort, technology maturity, and starfFdate
influence of objected-oriented methods on software productivity is not identifiable
because it is aggregated in the programming language, technology manaitjesign

start-date variables. In addition, the statistical tests of thesdhegriare proprietary.

5.2.4 COCOMO Il

Boehm (1981) pioneered and championed the first version of COCOMO. Concerns
surrounding next-generation systems led to the implementation of a secsiod,ver

COCOMO I, in 1997 [8]. COCOMO Il (Boehm et al. 2000) is an open-source model for
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software cost and schedule estimation. One hundred and sixty-onegvageetanalyzed.
This model has no inputs for programming language level and abjecented methods.
The effects of these two variables may be aggregated in product and prag@stliae

TOOL and RUSE.

5.3 Summary

A quantitative study of the effect of objected-oriented methods on softwadeaqpivity

is important for several reasons. First, such a study can help reveal areimtreas
productivity as an underlying benefit of the Object model and hence encourag&the U
Department of Defense to adapt objected-oriented methods more often. Second,
understanding the relationships between objected-oriented methods, software
productivity, and COCOMO II cost drivers can encourage researchers to explore
strategies to improve available software cost models. Third, the collettedah be

used for future software cost estimating research or cost model improveitiatives.
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6 Significance of the Proposed Study

Despite an increased interest in object-oriented methods, few empiricas stadesbeen
conducted relating object-oriented methods to productivity. Of the seven studieg relat
object-oriented methods to software productivity, only five have been based on ampiric
data. These five studies, however, had deficiencies in the sampling procedure,
intervening variables, and logic for measuring and comparing softwarlpesent

productivities.

The sampling procedure was based either on a single system [53], muliplasy

within an organization [70,69,45], or individual students developing the same system [42].
Intervening variables, such as product complexity, application, experieaoe cbhesion,
team capability, and use of software tools, were overlooked. Software proikesinere
measured without adjusting the project’s adapted and reused code [69,53,70,42], and
software productivity comparisons were made based on projects writteneirealiff
programming languages. The last two deficiencies violate the rules ésuniey

productivity according to the “IEEE Standard for Software Productivity ib8tf1].

This study will remedy these limitations in three distinct ways:
1. Collect pairs of projects across multiple organizations and not from a single
organization.
2. Control for the impact of those variables that account for the most variance in

software productivity.
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3. Calculate productivity according to best practices set forth by the SE&ttlard
for Software Productivity Metrics. This includes adjusting reused code to its
equivalent in new code and then into function points in order to make cross-

language productivity comparisons.

This study is important for several reasons. First, such a study can heapwbeéer
object-oriented method is appropriate for military weapon systems sgsm ghistems
are more constrained (higher quality assurance levels) than commeifteialrs. Second,
understanding the relationships between objected-oriented methods, software
productivity, and other cost drivers can encourage researchers to explore remyiestrat
for controlling software productivity and quality. Third, the collected databe used for

future software cost estimating research.
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7 Research Method

This chapter is comprised of seven sections. The first describes the varsdues the
study. The second section describes the participants, rationale fomghttascontrol
variables, and project similarities. The third section identifies the instrtation used in
the experiment and the approach to assigning rating scales. The fourth section
summarizes the process for calculating the independent variable from dwerbtlata.
The fifth section describes normality test procedures. The sixth sectionietetitd
research questions and hypotheses. The seventh section explains the experimenta

procedure, including design and experimental manipulation.

7.1 Variables

This chapter describes the dependent variable, independent variable, and coablasvari

that may influence the dependent variable.

7.1.1 Dependent Variable

Software productivity will be the dependent variable in this study. It isuned as the
unadjusted function points divided by the staff-months. The process for calculating

productivity is described in Section 7.4
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7.1.2 Independent Variables

Object-oriented methods will be the independent variable in this study. Objettdrie
methods will be measured by collecting data on three elements—analjtstinesign

method, and programming method. These elements are described in Table 7-1.

Table 7-1 Elements of object-oriented method

Predictor Variable Symbol Description

Software Analysis Method| SAM It can be categoriasne of three kinds—"structured”, “data;
driven”, or “object-oriented”[10].

Software Design Method | SDM It can be categorized as one of three kindsrucstired”, “data-
driven”, or “object-oriented”[10].

Software Programming SPM It can be categorized as one of three kindsra¢sired”, “data-

Method driven”, or “object-oriented”[10].

7.1.3 Control Variables

The control variables in this study are size, operating environmgpitcation domain,
complexity, personnel capability, and reliability. Many studies have sliogse variables
are the most significant factors affecting productivity. Thegount for roughly 75% to

90% of the total variance in productivity.

7.2 Instrumentation

The data collection questionnaire in Appendix A will be used to collata. With the
exception of one new field and a change in the order and titles @ Selals, the data
collection questionnaire and form were obtained from the COCOM@] llext book.

The new field is added to pre-existing COCOMO Il instrumemtato account for the

independent variable, which is object-oriented methods.
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The instrumentation [8] allows for the collection of project context, appicaomain,
operating environment, source lines of code, programming language, effort, schedule
object-oriented methods, and COCOMO Il cost drivers. Very similar instrutieerga

have been used in past dissertations [17,18].

Each COCOMO Il cost driver can have up to six ratings ranging fextna-low (XL}
to “extra high (XH) [8]. The rating scale descriptions are shown in Appendix A, and the

rating scale values are shown in in Appendix B.

7.2.1 Object Oriented Method Questionnaire

The rating scale for object-oriented methods will be similar to use of seftaals
(TOOL), a particular COCOMO Il cost driver. This rating scale alassen because
TOOL is an element of the object-oriented method [10]. The sequence of values
decreases from N to VH to assert that productivity increases as moremigattd
methods are used. Table 7-2 describes the rating scales (0-1), and Table g-thehow

rating scale values.

Table 7-20bject-oriented method rating scale definitions

Driver Nominal High Very High

OOM

NonOO methods for
analysis, design, and
programming activities

1 or 2 OO methods used fo
analysis, design, and

r Full OO methods used for
analysis, design, and

programming activities

programming activities

Abbreviations: OOM = object-oriented method; OObjeat-oriented.

Table 7-3 Object-oriented method rating scale value s (0-1)
Driver Nominal High Very High
OOM 1.00 0.9 0.78

Abbreviations: OOM = object-oriented method.
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7.2.2 Operating Environment Questionnaire

The operating environment describes the primary mission of theaseffwoject. The

definitions for each operating environment (Table 7-4) were develop&bélym and

colleagues (2009) for the “Software Cost Metrics Manual” spondoyeithe Air Force

Cost Analysis Agency [91]:

Table 7-4 Taxonomy operating environment

Operating Environment

Description

Avionics

“Software developed for aircraft avionics systems like those
found on aircrafts and helicopter$91]

Business

“Software developed for systems that process business
information, such as financial and management information
systems.[91]

Manned Space

“Software developed for manned space applications, such ag
space shuttles or space statiofi91]

Manned Ground

“Software developed for ground-based systems, such as artil
and tactical information centergd91]

Military Mobile

“Software developed for ground-based mobile systems, such
mobile command stations in trucks or vans or tanks and
transports of any kind (e.g., trucks and traing91]

Missile and Unmanned
Airborne

“Software developed for missiles or unmanned airborne syst¢
such as an air-to-air missile or remotely piloted vehi¢@1]

lery

as

ms,

Shipboard

“Software developed for sea-based systems, such as aircraft
carriers, destroyers, freighters, submarines and tank8dg.”

Telecommunications

“Software developed for communications systems that transn
voice, data, video, or other informatiofi9’1]

t

n

Unmanned Ground

“Software developed for unmanned ground-based systems s
as reconnaissance vehicle€@1]

uch

Unmanned Space

“Software developed for unmanned space systems used for
planetary exploration, imagery, or weather predicti¢dl]

Web

“Software developed for applications that run and utilize the

Internet.”[91]

7.2.3 Application Domain Questionnaire

The application domain describes the primary function of the softwée definitions
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for each application domain (Table 7-5) were developed by Boehm Hedgtees (2009)

for the “Software Cost Metrics Manual” sponsored by the Air €oBost Analysis

Agency [91]:

Table 7-5 Taxonomy application domain

Application Domain

Description

Bus

“Software used to manage infrastructure services (e.g.,
attitude and articulation control or commanding) for mann
or unmanned space applications.” [91]

ed

Command and Contrg

“Software used for network monitoring, network control ar
switching, sensor control, signal/telemetry processing,
message processing, data reduction/analysis, mission cof
and command processing in any of the operating
environments described above.” [91]

d

ntrol,

Communications

“Software used for transmission and receipt of voice, data

digital, and video information within, to, or from the
operating environments described above.” [91]

Controls and Displays

“Software that provides the interface between the user and

system within any of the operational environments descril
above. For example, software that controls the Heads-Up
Display (HUD) in an aircraft provides the pilot with a virtug
environment during engagement.” [91]

ned

il

Database

“Software used to collect, manage, and search informatio
stored as files or databases in any of the operating
environments described above.”

-

Electronics Warfare

“Software used to deny the opponent an advantage in the
electromagnetic spectrum through its attack, protection, a
support components.” [91]

Executive

“Systems software used to control the hardware and oper
environment within which software applications execute a
of the operating environments described above. Executive
software is typically specially developed to control the
environment because the operating system or standard
platform software cannot accommodate specialized run-ti
requirements.” [91]

me

Logistics

“Software used to manage the flow of goods, information
other resources involved in maintaining and sustaining
systems operational in the field.” [91]

and

Maintenance and
Diagnostics

“Software used to perform maintenance functions, includi
diagnostics and diagnosis of problems.” [91]

Mission Management

“Software used to support mission management activities
such as the command and control of systems aboard an
aircraft, in any of the operating environments described
above.” [91]
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Application Domain

Description

Mission Planning

“Software used to support mission planning activities,
including those for scenario generation, feasibility analysis
route planning, and image/map manipulation, in any of the
operating environments described above.” [91]

Payload “Software used to manage payload functions (e.g., experi
control or sensor management) for manned or unmanned
space applications.” [91]

Platform “Software used to bind, load, schedule, and run applications or

selected computer hardware. Typically, such software includes
operating system, linker/loader, middleware, and utilities
operationally required for any of the operating environments
described above. In some cases, such platforms provide servig
like database management and security as part of the platform
offerings.”[91]

Process Control

“Software that provides closed-loop feedback controls for
applications such as attitude control or propulsion that run
real-time in industrial and military environments.”

Radar

“Software used to automate radar functions in any of the
operating environments described above.” [91]

Signal Processing

“Software used to enhance, transform, filter, convert, or

operating environments described above.” [91]

Simulation and
Modeling

“Software used to evaluate scenarios and assess empiric
relationships that exist between models of physical proces
complex systems, or other phenomena that may have cor
relationships in any of the operating environments descrih
above.” [91]

Situation Awareness

“Software used to provide decision makers with a percept
of their environment within a volume of time and space
within any of the complex, dynamic operating environmen
described above.” [91]

Sonar

“Software use to automate sonar functions in any of the
operating environments described above.” [91]

Test and Evaluation

“Software used to support the testing and evaluation of
software within software, hardware, and pseudo-operatior
environments, such as test labs, within any of the operatir,
environments described above. Activities performed durin
T&E include test case generation, test data recording, tes
reduction/analysis, and test driver/tool development.” [91]

Tool and Tool System

5“Software packages or integrated development environme
that are used for analysis, design, construction, and testin
operational software for the operating environments desc
above.” [91]
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“Software used to support the education and training of us

within any of the operating environments described above.
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Application Domain

Description

training and computer-aided instruction within the operational

environment or dedicated training systems.” [91]

Weapons Delivery

“Software used to target, control, and command weapons
within any of the operating environments described above.

[91]

7.2.4 Complexity Questionnaire

This parameter rates (Table 7-6) the software system’s inherkcultyf[30].

Table 7-6 Ratings for Complexity Factor

el

or

=

m

Rating Symbol Description

Extra High XH “Developed primarily by using micro code”[30

Very High+ VH+ “Top of the scale for 99% of all defense
software”[30].

Very High VH “Real-time applications with significant logical
code”[30].

High H “Applications with significant logical
complexity, perhaps requiring changes to the
operating system, minor real-time processing
special display hardware”[30].

Nominal+ N+ “Typical command and control programs”[30].

Nominal N “New standalone applications developed on f
operating systems” [30] with few interface
problems.

Low L “Low logical complexity that using
straightforward 1/0 and primarily internal data
storage” [30].

Very Low VL “Extremely simple application with
primarily straightforward code, simple I/O, anc
internal storage arrays”[30].

7.2.5 Personnel Capability Questionnaire

The personnel capability (Table 7-7) evaluates the analystgmoging team assigned to

the software project [30]. This parameter rates the “inhgret@ntial of the individual
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team members as well as the team as a whole, independent némcgie[30]. “More

experienced personnel are not necessarily more capable, andpgabtemersonnel are

not necessarily less experienced’[30].

Table 7-7 Ratings for personnel capability factor

Rating Symbol Description

Very High VH >90th percentile from the team
High H 75th percentile from the team
Nominal N 55th percentile from the team
Low L >35th percentile from the team
Very Low VL <15th percentile from the team

7.2.6 Reliability Questionnaire

The reliability factor [30] evaluates the rigor of the qualisswance (QA) activities

(Table 7-8). The “Quality Assurance level usually is diseotlated to the impact that a

failure in the software would have during its operational phase” [30].

Table 7-8 Ratings for reliability factor

|8

\1%4

le

Ratings Symbo| Description

Very High VH A rigorous quality assurance (QA) is required
due to risk to human life. Following prescribe
plans, procedures, and reporting to ensure thg
highest reliability. [30]

High H Formal QA activities and quality
engineering/management are required due to
high risk of financial losses. [30]

Nominal N Only formal QA is required due to moderate,
easily recoverable losses. [30]

Low L Only informal QA due to low, easily recoverahb
losses. [30]

Very Low VL No specific QA activities are required due to

slight inconveniences. [30]

46



7.2.7 Software Quality Questionnaire

The “defect containment effectiveness [41]” is the primarasueement (Table 7-9) for
software quality in this study. Theefect containment effectivendssthe cumulative
percentage of defects from program insertion up through Final @atbh Test (the last
phase before the product is shipped) [41]. The defect density, whagtiamal, is the

alternate measurement in this study.

Table 7-9 Ratings for QUAL Factor

Rating Symbol Description

Extra High XH Defect containment 95 %
Very High VH Defect containmerit 90%
High H Defect containment 87%
Nominal N Defect containment 62%
Low L Defect containment41%

7.2.8 Platform Volatility Questionnaire

The platform volatility factor (Table 7-10) “rates the diffiguttaused by changes to the

development system”[30].

Table 7-10 Ratings for platform volatility factor

Rating Symbol Description

Very High VH Major: every 2 weeks; Minor: 2 days. [8]
High H Major: every 2 months; Minor: 1 week. [8]
Nominal N Major: every 6 months; Minor: 2 weeks. [§]
Low L Major: every 12 months; Minor: 1 month. [8]
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7.3 Data Collection

Data (Tables 7-11 and 7-12) were collected on 20 completed sofwmagests from 10
military organizations that have developed military weapon systéon the U.S.
Department of Defense in the last seven years. The quest®usad to survey each
organization specifically asked that the organization provide dataw@mdmogeneous
projects—one project that was developed in object-oriented methods ahdragmroject
developed in traditional methods. Each homogenous pair was simgarejnoperating
environment, application domain, complexity, personnel capability, arabitgli. The
rationale for choosing these six variables is based on igeifisant effect on software
productivity. The literature discussed in this study indicdtas when combined, these

variables account for roughly 75% to 90% of total variance in software productivity.
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Table 7-11 Project’s Context Information

LANG| OOA| OO

Org. | Proj. Eg\ﬁzﬁ;ngnt Application Domain CMM
A 1 Manned Ground Mission Planning 5
2 Manned Ground Mission Planning 5
B 3 Manned Ground Command & Control 4
4 Manned Ground Command & Control 4
C 5 Manned Ground Mission Planning 5
6 Manned Ground Mission Planning 5
D 7 Avionics Radar 3 Ada
8 Avionics Radar 3 C++
E 9 Avionics Mission Management 5
10 Avionics Mission Management 5
F 11 Avionics Radar 5
12 Avionics Radar 5 C++
G 13 Shipboard Communications 3
14 Shipboard Communications 3
H 15 Shipboard Communications 4
16 Shipboard Communications 4
I 17 Avionics Mission Management 5
18 Avionics Mission Management 5
J 19 Manned Ground Command & Control g
20 Manned Ground Command & Control 5

Org. = organization; Proj. = project; “CMM = caplitlyi Maturity Model”; “LANG. = language”; “OO0A =

object-oriented analysis”; “OOD = object-orientegsn”; “OOP = object-oriented programming”; Y= yes

N = no.
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Table 7-12 Project’'s Raw Size, Productivity, and Pr

oductivity Drivers

Total Size Range

Org. | Proj.| ESLOC/SM (KSLOC) CPLX | PERS| RELY | PVOL
A 1 254 48-83 N VH H N
2 630 45-78 N VH H N
B 3 382 115-199 N+ H H N
4 439 132-229 N+ H H N
C 5 428 221-382 N N H L
6 768 196-339 N N H L
D 7 52 104-179 VH N H N
8 70 113-195 VH N H N
E 9 52 434-753 VH N H L
10 82 550-953 VH N H L
F 11 142 68-117 VH VH N N
12 153 55-95 VH VH N N
G 13 119 56-98 VH N H L
14 306 51-88 VH N H L
H 15 66 17-30 H N N L
16 299 17-31 H N N L
I 17 128 16-27 VH H VH N
18 160 15-26 VH H VH N
J 19 236 1207-2092 H H VH N
20 299 1049-1817 H H VH N

Org. = organization; Proj. = project; “EKSLOC = éeplent thousand source lines of code”; “SM = staff
month”; “KSLOC= total thousand source lines of cdé&CPLX = product complexity”; “PERS =
personnel capability”; RELY = Reliability; and QUAE quality (“defect containment”), “N = nominal”;

“N+ = nominal+"; “H = high”; “VH = very high”.

Organization A: Project 1 and Project 2 are similar in that they are both nonembedded,
nonreal-time, manned-ground software. They are provided as mission planning aids to a

airborne radar receiver, either display or scenario generation. They lamdelbetoped on

commercial PCs and servers using nonreal-time systems. The analystthfprojects

are of the same skill level.
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The similarity of the two project sizes was significant and showed aaffferof <7%.
The quality of both projects is high on the basis of their defect containmentvefifexss
(90%) and low defect density (12 defects per KSLOC). The reliability of botbqisap
high on the basis of their formal quality assurance (QA) level and quaditagement

activities throughout the entire development phase.

Organization B: Project 3 and Project 4 are similar in that they are both nonembedded,
nonreal-time, manned-ground software. They are both command and control software
with the same core functions—signal processing, data fusion, resource mamagewche
intelligence formation. They are both developed on commercial PCs and seingrs us

nonreal-time systems. The analysts for both projects are of the samevskill le

The similarity of the two project sizes was considerable and showed a dif@fenc
<15%. The quality of both projects is nominal on the basis of their defect containment
efficiency (64% to 65%) and low defect density (2.8-4.8 defects per KSLOC). The
reliability of both projects is high on the basis of their formal QA level and gualit

management activities throughout the entire development phase.

Organization C: Project 5 and Project 6 are similar in that they are both nonembedded,
nonreal-time, manned-ground software. They are both provided as mission aids for the
same aircraft with simulation or scenario generation functions. The two tsrajecbuilt

on commercial PCs and servers. The analysts for both projects are of éhekdalavel.
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The similarity of the two project sizes was considerable and showed a dif&fenc

<13%. The quality of both projects is very high on the basis of their defect containment
efficiency (94% to 97%). The reliability of both projects is high on the basisof t

formal QA level and quality management activities throughout the entire development

phase.

Organization D: Project 7 and project 8 are very similar in that they are both embedded,
real-time, avionics software. They are both airborne radar software bualfifgirter
aircraft with the same core functions—signal processing, data processitig) bui

calibration, and simulation. The analysts for both projects are of the same\sHill |

The similarity of the two project sizes was significant and showed aattferof <9%.
According to the software project manager, software quality is high for bottedrasis
of their defect containment effectiveness (88% to 90%). The reliability of botcsag
high on the basis of their formal QA level and test activities throughout tle enti

development phase.

Organization E: Project 9 and project 10 are similar in that they are both embedded,
real-time, avionics software. They are both mission management softwiarferban
aircraft mission computer, with the same core functions—target trackirag, dat

processing, and simulation. The analysts for both projects are of the sanmevskill |
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The similarity of the two project sizes was significant and showed aattferof <27%.
The quality of both projects is nominal on the basis of their priority level 1 and 2 defect
containment effectiveness (62% to 77%). The reliability of both projects is high on the

basis of their formal QA level and test activities throughout the entireajeueht phase.

Organization F: Project 11 and project 12 are very similar in that they are both
embedded, real-time, avionics software. They are both radar software buithildaey
helicopter with the same core functions—receiver/exciter processor, asidmi

communication control. The analysts for both projects are of the same skill level.

The similarity of the two project sizes was significant and showed aatifferof <23%.
The quality of both projects is nominal on the basis of their defect containment
effectiveness (76% to 81%). The reliability of both projects is nominal on the basis of

formal QA activities throughout the entire development phase.

Organization G: Project 13 and project 14 are very similar in that they are both
embedded, real-time, shipboard software. They are both communication software built
for a surface combatant ship with the same core functigpar-resistant, encrypted, real

time data transfer. The analysts for both projects are of the sameill |

The similarity of the two project sizes was significant and showed aatfferof <11%.

The quality of both projects is nominal on the basis of their defect containment
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effectiveness (71% to 84%). The reliability of both projects is high on the basisrof the

formal QA level and test activities throughout the entire development phase.

Organization H: Project 15 and project 16 are very similar in that they are both
embedded, real-time (<50%), shipboard software. They are both communicatiomesoftwa
built for an x-band shipboard radar with the same core function—mission applications
processing, navigation mode, and fault detection. The analysts for both projedtdhare o

same skill level.

The similarity of the two project sizes was significant and showed aattferof <3%.
The quality of both projects is nominal on the basis of their relatively similactdef
containment effectiveness (~67%). The reliability of both projects is nominhedrasis

of formal QA activities throughout the entire development phase.

Organization I: Project 17 and project 18 are similar in that they are both embedded,
real-time, avionics software. They are both mission management softwiarferbain
aircraft mission computer, with the same core functions—target tracking, &nd da

processing. The analysts for both projects are of the same skill level.

The similarity of the two project sizes was significant and showed aatfferof <13%.

The quality of both projects is high on the basis of their priority level 1 and 2 defect

containment effectiveness (>87%). The reliability of both projects is vghydn the
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basis of their intense QA level and test activities throughout the entireodenesit

phase.

Organization J: Project 19 and Project 20 are similar in that they are both nonembedded,
partial real-time, manned ground software. They are both command and conivateoft
with the same core functions—data fusion and situational awareness. They are both
developed on commercial PCs and servers using non real-time systems. The toralys

both projects are of the same skill level.

The similarity of the two project sizes was significant and showed aatifferof <24%.
The quality of both projects is nominal on the basis of their defect containmeigref§ic
(75% to 86%). The reliability of both projects is nominal on the basis of their lf@¥fa

level and quality management activities throughout the entire development phase.

7.4 Calculating Software Productivity

The method for computing productivity was in accordance with COCOIM&) &nd the
“IEEE Standard for Software Productivity Metrics” [1]. The pracder measuring
software productivity gain is composed of three steps:

1. Adjusting project’s raw size.

2. Backfiring.

3. Calculating productivity.
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7.4.1 Adjusting the Project’'s Raw Size

A project’s total size [8] consists of new and “adapted” source lines of code)SLO
New SLOC (NSLOC) is code developed for the new project. Adapted SLOC (ASEOC

preexisting code either modified or unmodified for the new project.

ASLOC was converted to “equivalent source lines of code (ESLOC)” using the
“Adaptation Adjustment Factor (AAF)” captured in COCOMO Il (Boehm et al. 20§90, e
2.4). This factor captures the additional effort required to redesign, re-imputeamel

retest the pre-existing code for inclusion in the new project.

The ESLOC formula adjusted from COCOMO Il (Boehm et al. 2000, 22-23) is:
ESLOC =NSLOC + ASLOC x AAF 1.1

Where:
ESLOC = total ESLOC
NSLOC = New SLOC
ASLOC = Adapted SLOC
AAF = “(0.4xDM) + (0.3xCM) + (0.3xIM)” (Boehm et al. 2000, eq. 2.4)
DM = percent “design modified” (22)

CM = percent “code modified” (22)
IM = percent “integration modified” (22)

7.4.2 Backfiring

According to the “IEEE Standard for Software Productivity Metrics’[1], tloapctivity
computed for a structured design project developed in a third-generation la@BGage
shall not be directly compared with the productivity of an object-oriented desigiproj

developed in a fourth-generation language (4GL). For this reason, the ESLOC will be
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converted into “unadjusted function points (UFP)” by using Capers Jones’ metleatl cal
“Backfiring” [38]. The “Backfiring” conversion ratios (Boehm et al 20@@gd in this

study are shown in Table 7-13 below.

Table 7-13 ESLOC >UFP Conversion Ratios

Programming Language ESLOC per UFP
Ada 83 71
Ada 95 49
APL 31
Assembly-Basic 320
Assembly-Macro 213
Basic-ANSI 64
Basic-Compiled 91
Basic-Visual 32
C 128
C++ 55
Cobol (ANSI 85) 91
Fortran 77 107
Fortran 95 71
HTML 3.0 15
Java 53
Jovial 107
Pascal 91
PERL 27
Power Builder 16
Visual Basic 5.0 29
Visual C++ 34

“ESLOC = equivalent source lines of code”; “UFP adjusted function points”.
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7.4.3 Calculating Productivity

Once the ESLOC values have been converted into UFP, the final step is to compute the
project’s productivity. The productivity equation is consistent with the BEfandard

for Software Productivity Metrics” [1]. The equation is explained next.

PP = UFP +SM (1.2)
Where PP = software productivity achieved by a project

UFP = unadjusted function points produced by a project
SM = staff-months incurred by a project

7.5 Normality Test

This study used histogram and normality plots through MINITAB 14 (Minitab Inc. 2003)
to validate the statistical assumption of normality for each hypothesisngfdranation

was necessary for Hypothesis 2 because the residuals did not exhibit normality.

7.6 Research Hypotheses

This section identifies the list of hypotheses (from section 1.5.3 Revised Hyggjthes

which were addressed in the experiment.

Hypothesis 1. Do object-oriented methods relate to software productiwi®

Hoi: There is no relation between object-oriented method and productivity gain.

Hi1: There is a relation between object-oriented method and productivity gain.
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Hypothesis 2: Do object-oriented methods and complexity relate to sofare
productivity?
Ho2: Object-oriented methods and complextg not related to productivity gain.

H1,: Object-oriented methods and complexte related to productivity gain.

Hypothesis 3: Do object-oriented methods and application domain relate software
productivity?
Hos: Object-oriented methods and application domelate to productivity gain.
His: Object-oriented methods and application dona@imot relate to productivity

gain.

7.7 Experimental Design

This section has three subsections. The first displays the design maktigpfmthesis 1.
The second presents the design matrix for Hypothesis 2. The third shows the design

matrix for Hypothesis 3.

7.7.1 Experimental Design for Hypothesis 1

Hypothesis 1 attempts to compare product’s productivity (unadjusted danpbint
divided by staff-month) of object-oriented with nonobject-oriented pt®jdde factor is
object-oriented method. Ten object-oriented and ten nonobject-orientedptofacpart
in the study. The two levels were coded as object-orientedasd\nonobject-oriented is

B. The dataset is provided in Table 7-14.
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Table 7-14 Design matrix for Hypothesis 1
OOM PP
A 11.5
14.0
8.3
5.4
5.4
1.3
15
2.8
5.6
2.9
B 3.6
6.0
3.5
0.5
1.8
0.7
0.7
1.1
1.7
1.8

OOM = object-oriented method; PP = product’s praidity

7.7.2 Experimental Design for Hypothesis 2

Hypothesis 2 attempts to compare productivities of object-orientéd nonobject-

oriented projects on the basis of four complexity levels. The two factors are—

1. Object-oriented method. Ten object-oriented and ten nonobject-orientedtprigok
part in the study. The two levels were coded as object-oriesitdd and nonobject-
oriented is B.

2. Complexity. The four factor levels were coded as—

e “Nominalis 1”
e “Nominal+ is 2”
e “Highis 3"

e “Very Highis 4”
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The product’s productivity (unadjusted function point divided by staff-moiidt) ¢ach
project achieved was recorded as the response variable. The wuntretsfdataset is

provided in Table 7-15.

Table 7-15 Design matrix for Hypothesis 2

Complexity

OOM 1 2 3 4
A 115| 83| 54| 1.3
14.0 54| 15

2.8

5.6

2.9

B 36| 35| 05| 07
3.6 18| 0.7

1.1

1.7

1.8

OOM = object-oriented method.

7.7.3 Experimental Design for Hypothesis 3

Hypothesis 3 attempts to compare productivities of object-orientidd monobject-
oriented projects on the basis of five application domains. The two factors are—

1. Object-oriented method. Ten object-oriented and ten nonobject-orientedtproj
took part in the study. The two levels were coded as object-orienteédand
nonobject-oriented is 1.

2. Application Domain. The projects performed one of five primary funstidhe
five levels were coded as
e “Mission planning is 1”.

e “Command and control is 2.

e “Radaris 3".
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e “Mission management is 4”.

e “Communications is 5”.

The product’s productivity (unadjusted function point divided by staff-moiidt) ¢ach
project achieved was recorded as the response variable. The daseided in Table

7-16.

Table 7-16 Design matrix for Hypothesis 3

Application Domain
OOM 1 2 3 4 5

A 3.6 35| 07| 0.7 | 1.7
6.0 19 | 11 | 18 | 05
B 115| 83 | 1.3 | 15 | 56
140 | 54 | 28 | 29 | 54

OOM = object-oriented method.

8 Data Analysis

8.1 Descriptive Statistics

Figure 8-1 compares unadjusted productivity by object-oriented method by origemizat
Unadjusted productivity means that the equivalent size (ESLOC) has not been converted
into function points. The result shows that in all ten organizations the object-oriented

project’s productivity was higher than the nonobject-oriented project’s productivit
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Figure 8-1Unadjusted productivity comparison by object-orient ed method by organization

800

700

600

500

400

ESLOC/ SM

300

200

100

® nonobject-oriented
[J object-oriented

E F G H I J

Organization

ESLOC = equivalent source lines of code; SM = gtadhths.
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Figure 8-2 compares the adjusted productivity by object-orien&gdan by organization.
Adjusted productivity means that the equivalent size (ESLOC) has been conntrted |
function points. Again, the result shows that in all ten organizations the objectdrient

project’s productivity was higher than the nonobject-oriented project’s productivit

Figure 8-2 Adjusted productivity comparison by object-oriented method by organization
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ESLOC = equivalent source lines of code; SM = gtadhths.
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The projects written in object-oriented programming langudges, XML, and Java
show a higher productivity average than projects written in thed-gieneration
languages (3GLs) Ada, Pascal, and C (Figure 8-3).

Figure 8-3 Productivity averages by programming lan guage
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8.0 -
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O-O L) L L U
C Ada Pascal C++ XML Java

Programming Language

“UFP = unadjusted function point”; “SM = staff-mdnst’.

65



The most productive application domains in descending order are missiomgléMP),
command and control (C2), communication (C3), mission management (MMjadaxd
(Figure 8-4). The latter three correspond to real-time processifizzare for either

aircraft or shipboard platforms.

Figure 8-4 Productivity by application domain
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Application Domain

UFP = unadjusted function point; “MM = mission management”; “C3 =
communications”; C2 = “command and control”; “MP = mission planning”.
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Defect containment was compared by object-oriented method (Figure 8-5)hOf eig
organizations, only three showed their object-oriented projects achieving defbet
containment than their nonobject-oriented one. Thus, it cannot be asserted that object-

oriented methods improves software quality.

Figure 8-5 Defect containment by object-oriented me  thod by organization
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8.2 Normality Test
Many statistical procedures assume that data follow a normal distributi@nséction
describes the normality test performed on each hypothesis by creatingamstayj the

residuals and normal residual plot.

8.2.1 Normality Test for Hypothesis 1

The histogram of the residuals shows the distribution for all wagens. This plot
(Minitab 14) indicates whether the dataset is skewed or whetaex are outliers [90].
Based on a histogram of the residuals for Hypothesis 1, no evidersiewhess or

outliers exists (Figure 8-6). This suggests that a transformation may natdssangy.

Figure 8-6 Histogram of the residuals for Hypothesi s 1 (untransformed)
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PP = product’s productivity.
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The normal plot of the residuals (Minitab 14) shows the “residuadsSus estimated
values [90]. This plot indicates whether the data follows a nadistlbution, or whether

there are outliers.

In the normal plot for the software productivity data, the ressdappear to follow a

straight line (Figure 8-7). There is no evidence of nonnormality or outliers

Figure 8-7 Normal residual plot for Hypothesis 1 (u  ntransformed)
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PP = product’s productivity.

In summary, the two productivity residual plots confirmed no evidence of noality,

skewness, or outliers. Thus, ANOVA can be used for testing hypothesis 1.
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8.2.2 Normality Test for Hypothesis 2
The General Linear Model (GLIM) through MINITAB 14 (Minitab 1i2003) was used
for this hypothesis because one of the factors, complexity, did ane the same

observations in each treatment (Table 7-15).

Figure 8-8 shows a histogram of the residuals for the product’'s pnatudata using
GLIM. This plot shows evidence of an outlier. The outlier suggestsathrainsformation

may be necessary to test Hypothesis 2.

Figure 8-8 Histogram of the residual for Hypothesis 2 (untransformed)
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PP = product’s productivity.
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Figure 8-9 show a histogram of the residuals for the transtbrpmeductivity data

(lognormal) using GLIM. For the transformed plot, no evidence olvskss or outliers

exists.

Figure 8-9 Histogram of the residuals for Hypothesi s 2(transformed)

Histogram of the Residuals
{response is PP [ransformed])

Frequency
Ll
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Residual

PP = product’s productivity

The transformed histogram of the residuals confirmed no evidence ohes®vor

outliers. Thus, the transformed GLIM can be used for testing hypothesis 2.
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8.2.3 Normality Test for Hypothesis 3

Figure 8-10 shows a histogram of the residuals (untransformetief@roductivity data.

Based on this plot, no evidence of skewness or outliers exists. Thiestudbat a

transformation may not be necessary.

Figure 8-10 Histogram of the residuals (untransforned)
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Figure 8-11 shows a normal plot of the residuals for the productiaily. Based on this
second plot, the residuals appear to follow a straight line. Astiathistogram shown in

Figure 8-10, this plot also indicates no evidence of nonnormality or outliers.

Figure 8-11 Normal plot of the residuals (untransfomed)

Normal Probability Plot of the Residuals
{response is PP [untransfor med])

a9

Percent
g

1 T T T T
-2 -1 ] 1 2
Residual

PP = product’s productivity

The two untransformed productivity residual plots shown in Figures 8ati08all
confirmed no evidence of nonnormality, skewness, or outliers. Thus, thevaywo-

ANOVA was used for testing hypothesis 3.
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8.3 Co linearity Test

“Pearson” [90] correlation test was necessary to determine wheéreris a validity
issue with the study given that there may be co linearity between the indepamdient

control variables.

This section has two subsections. The first subsection uses correlation ausffie
measure the extent to which object-oriented method and control variablekted.The
second subsection usevalue to test the relationship between object-oriented method

and control variables.

8.3.1 Correlation Coefficient

The correlation coefficient ranges from negativel ] to positive £+1) values [90]. The
larger the absolute value, the stronger the correlation. Table 8-1 shows ¢haticor
coefficients between object-oriented method, control variables, and productivity. The

criterion for acceptance is 0.45. The results indicate the following:

e The correlation coefficient for the relationship between object-oriented method
and productivity (0.50) is strong, indicating that when object-oriented method is

chosen over traditional, the productivity tends to increase.

e The correlation coefficient for the relationship between quality and productivity
(0.53) is strong, indicating that when the defect containment increases, the

productivity tends to increase.
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¢ In contrast, the correlation between complexity and productivity (-0.67) and
between application domain (-0.62) and productivity are both strong and negative.
This means that as real-time processing or application complexitysecrea

productivity tends to decrease.

e The quality factor bears a direct correlation (0.45) with capability tyamodel

integration.

Table 8-1 Correlation coefficient
PP SIZE AD OOM CPLX PERS RELY QUAL PVOL CMMI
PP 1.00
SIZE 0.00 1.00
AD -0.62 -0.19 1.00
OOM 050 022 0.01 1.00
CPLX -0.69 -0.01 082 -0.06 1.00
PERS 0.00 0.10 -0.01 0.06 -0.06 1.00
RELY 0.00 047 -025 0.01 0.05 0.43 1.00
QUAL 057 -0.08 -042 0.05 -051 0.02 0.22 1.00
PYVOL -0.10 0.01 0.23 0.08 -0.03 0.75 036 -0.11 1.00
CMMI 0.04 033 -004 011 -002 -051 0.26 0.45 0.15 1.00
PP= product’s productivity; SIZE = product size; Alapplication domain; OOM = object-oriented

method; CPLX = complexity; PERS = personnel cajitgbiRELY = reliability; QUAL = quality;
PVOL = platform volatility; CMMI = capability matitty model integration.

8.3.2 P Values

TheP value shows whether the correlation coefficient is different from 0. Kiceat

of O indicates no linear relationship between independent and control varibtile® |
value is less or equal tharevel, then a strong correlation exist between object-oriented
method and any of the control variables [90]. Table 8-2 shows the linear relgiionshi
between object-oriented method, control variables, and productivity. udewgl of

0.05, the results indicate the following:
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e The linear correlations between object-oriented method and quality (p = 0.974) is

greater than 0.05. Thus, there is no relation between object-oriented method and

quality.

e The linear correlations between reliability and productivity (p = 0.986) isegréaan

0.05. Thus, that there is a relation between reliability and productivity.

e The linear correlations between personnel capability and productivity (p=0s986) i

greater than 0.05. Thus, there is no relation between personnel capability and

productivity.

e The linear correlations between platform volatility and productivity (8®).%

greater than 0.05. Thus, there is no relation between platform volatility and

productivity.

Table 8-2 Correlation: P Values

PP SIZE AD OOM CPLX PERS RELY QUAL PVOL CMMI
PP

SIZE  0.994

AD 0012 0.372

OOM  0.020 0.445 1.000

CPLX 0.001 0961 0.000 1.000

PERS 0986 0663 0.131 1.000 0.814

RELY 0986 0035 0475 1.000 0.843 0.061

QUAL 0.008 0.744 0.007 0.974 0.023 0.945 0.342

PVOL 0.689 0965 0.057 1.000 0.914 0000 0.117 0.645
CMMI_ 0.879 0.162 0.126 1.000 0.936 0.021 0.273 0.049 0.519

PP= product’s productivity; SIZE = product size; Alapplication domain; OOM = “object-oriented
method”; CPLX = “complexity”; PERS = “personnel edgility”; RELY = “reliability”; QUAL = quality;
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PVOL = platform volatility; CMMI = capability matitly model integration.

8.3.3 Conclusion

The results indicate that the correlation coefficients for the relationshig&eibject-
oriented method and any of the control variables were less than 0.11, indicating that co

linearity will not pose a threat to validity.

8.4 Statistical Analysis and Results

This section has three subsections. The first shows the statistical anegysis for
Hypothesis 1. The second shows results for Hypothesis 2, and third shows results for

Hypothesis 3.

8.4.1 Results for Hypothesis 1

“Analysis of variance (ANOVA)” through MINITAB 14 (Minitab Inc. 2003) wasedsto
test whether object-oriented methods relate to productivity. This method was chosen

because the dataset followed a normal distribution (see Section 8.2.1).

The results (Table 8-3) indicate that the effect of object-oriented mé?hadue is
0.019) on productivity is significant. Thus, projects developed with object-oriented

method experienced higher productivity than projects developedrattitional methods.

Table 8-3 ANOVA: productivity versus object-oriented method

Factor “DF SS MS  F-STAT P value”
Object-Oriented Method 1 69.6 69.6 6.600 0.019
Error 18 189.7 10.5

Total 19 259.2

“S = 3.237", “R2 = 26.69%, “ R2 (adjusted) = 22.61%"
DF = degrees of freedom; SS = sum of squares; Mf@an square.
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8.4.2 Results for Hypothesis 2

The general linear model (GLIM) through MINITAB 14 (Minitab Inc. 2003) wasdus
perform ANOVA to test whether object-oriented method and complexityeredat

software productivity. GLM rather than two-way ANOVA was chosen bechaseata

for one factor, complexity, was unbalanced; it did not contain the same number of data
points for each factor level (Table 7-15). A transformation (lognormad)veds

necessary because the dataset exhibited nonormality.

The results (Table 8-4) indicate the following:
1. The interaction between object-oriented method and complé&kitgl(e is 0.458) is

not significant. Thus, the individual effects of either factor can be interpedone.

2. The effect of object-oriented methdeé alue is 0.002) on productivity is significant.
This indicates that projects developed with object-oriented method experienced

higher productivity than those developed with traditional methods.

3. The effect of complexity (p-value is 0.001) on productivity is algaicant. This
indicates that as the amount of real-time processing ingneese effort is expended

to develop a line of code or a function point

Table 8-4 GLIM: productivity (lognormal) versus obj ect-oriented method and complexity

Factor “DF SS SS-Ad]. MS F-STAT P value
Object-Oriented Method 1 500 4.1245 4.1245 15.7 0.002
Complexity 3 7.80 7.8030 2.6010 9.9 0.001
Interaction 3 0.73 0.7290 0.2430 0.9 0.458
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Error

Total

12 3.15 3.1460 0.2622
19

“S =0.512022", “R2 = 81.14%", “ R2(adjusted) = 70.13%™

DF = degrees of freedom; SS = sum of squares; Mf@an square, “Adj. =adjusted.

8.4.3 Results for Hypothesis 3

The results (Table 8-5) indicate the following:

1. The interaction between object-oriented method and application doRaelue is

0.013) is statistically significant. Thus, the individual effectsobject-oriented

method should not be interpreted alone.

2. The effect of object-oriented methdd alue is 0.000) on productivity is significant.
This indicates that projects developed with object-oriented methpédrierced

higher productivity than those developed with traditional methods.

3. The effect of application domain (p-value is 0.000) is also sogmf. This indicates

that one line of code (or function point) of radar software requitee time and

effort to develop than a line of code for a mission planning software

Table 8-5 Two-way ANOVA: productivity versus OOM an

d application domain

Factor “DF SS MS F-STAT P value”
Object-Oriented Method 1 68.6 68.6 45.8 0.000
Application Domain 4 140.8 35.2 23.5 0.000
Interaction 4 32.8 8.2 55 0.013
Error 10 15.0 15

Total 19 257.2

“S =1.225", “R2 = 94.17%", “R2 (adjusted) = 88.92%"

OOM = object-oriented method; DF = degrees of fomedSS = sum of squares; MS = mean square.
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9 Conclusion

9.1 Primary Findings

1. For the 20 military software projects in this study, objeatqted method was a
significant factor affecting productivityP(value is 0.019) (Table 8-3). This
significant effect is because projects developed in object-oriemé¢iulods reused
more software and incurred less regression test labor than degsped in
nonobject-oriented methods. Thus, it can be asserted that softwaee akso

improves productivity.

2. All ten military organizations showed a productivity gain with the use of ebject
oriented methods over traditional methods, such as structured analysis and design
methods and object-based methods. This finding (Figures 8-1 and 8-2) is
consistent with the perception that object-oriented method improves analysts’ and

programmers’ productivity.

3. Object-oriented method (Table 8-3) explains 27% of the variation in software
productivity. The variation in productivity becomes more significant (94%) when
dataset is grouped by application domain (Table 8-5). Thus, the effect of object-
oriented method on software productivity shall be interpreted along with

application domain.
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4. The productivity of a software product developed in a third-generation language
was lower than of a software product developed in a fourth- or fifth-georerati
language (Figure 8-3). Most object-oriented projects are written in dofaurt

fifth-generation language.

9.2 Additional Findings (Software Quality)

1. Object-oriented method has no effect on software quality (defect containment),
primarily because defect containment is an indicator of a team’s céyp#dili
manage risks regardless of process, tool, or language being used. This result
invalidates the paradigm that object-oriented methods can dramaticalbwenpr

software quality (Tables 8-1 and 8-2).

2. The U.S. Department of Defense should adopt defect containment as the standard
software quality measurement for two reasons. First, defect containmueat is t
only measure (contrasted with reliability and defect density) to bazear |
relationship (Table 8-2) with software productivig/\(alue is 0.008). Second,
comparisons across programming languages, varying product size units, and
organizations are possible because defect containment is a relative gercenta

measure.

3. Defect containment bears a direct relationship with the capability nyatuoidel

integration (CMMI) level (Tables 8-1 and 8-2). This finding validates liteea
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[41] that substantiates that CMMI is a direct indicator of the capabiligy of

software development process to remove defects before the software is shipped.

9.3 Additional Findings (Productivity Drivers)

1. When controlling for the effect of size, the most significamtdes influencing
software productivity in descending order are complexity, agpitadomain,

software quality, and object-oriented method.

2. This study proved that defect containment accounts for a signifvariance in
productivity (Tables 8-1 and 8-2). This finding is consistent witrdture [41]
that substantiates the hypothesis that effective front-end defacval leads to

improved quality of the end product.

3. Of the six COnstructive COst MOdel (COCOMO) variables eranh in this
study—complexity, reuse, personnel capability, reliability, platfeatatility, and
process maturity—only the complexity variable was the only to show a saymtifi
impact on productivity (Section 8.3). Further investigation is necgedsarause
some of these variables did not contain the same number of obserf@tieash

factor level.

4. This study also revealed that meaningful software productivitypeoisons can
be made when projects are grouped by operating environment, application

domain, size, and quality.
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9.4 Limitations

Selecting the most appropriate productivity equation and controlling for the efffec
significant influencing factors, such as size, operating environment, aplidaimain,

complexity, personnel capability, and platform volatility, reduced threatditbtya

Although this study mitigated those limitations, it still has two litrotss:

1. A larger dataset (>20 projects) is required to increaséityalind to examine

collinearity between object-oriented method and control variables.

2. The intervening variables were controlled only within organizationgutare
investigation should attempt to control for the impact of interveningblas
across organizations. This can be achieved by asking each organtagtrovide

data by specific operating environment, application domain, sizee,raat

complexity.

9.5 Contributions

This study resulted in two major contributions:
1. This study revealed object-oriented method is appropriate for militanyomea

systems regardless of complexity (real-time, embedded), size, and desig

constraints (quality assurance levels).
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2. Object-oriented methods and defect containment account for a significant
variance in software productivity. These variables should be in all softestre ¢

models such as COCOMO II, SEER-SEM, PRICE S, and SLIM.

9.6 Future Research

The following topics may be considered for future research:
1. Examine the effect of model-driven architecture on software productivitging
a similar experimental design to compare it with object-oriented methods with a

larger sample size.

2. Study the effect of object-oriented methods on software quality by using a unit
independent measurement, such as defect containment, similar experimental

design, and larger dataset.

3. Pioneer a simplified software cost estimating model by investgy#im

relationship between object-oriented methods, defect containment, complexity,

operating environment, application domain, size, and staff-months.
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APPENDIX A Software Data Collection
Questionnaire

Introduction

The Air Force Cost Analysis Agency (AFCAA) in camjtion with the School of Engineering and Applied
Science at the George Washington University isuiindy research to determine whether defense

organizations are achieving productivity gains tithuse of Object -Oriented Methods.

A fundamental requirement for such research islieat data on two software projects. To satlsify t

requirement, each orga nization will be asked twigeadata on two homogeneous software projectg usin
the same questionnaire.  One project developdgiento  -oriented methods, while the other project

developed in structured methods. These two prajaotdd be similar in te rms of application, platfor
product size, process maturity, team experienoguige experience, tools, and product constraints.

The questionnaire has the same fields addrested@OCOMO Il Data Collection Questionnaire

(Version 1.9) plusa newf ield for Object -Orientddthods. This questionnaire attempts to address tw
different levels of data granularity: project lesetl component level. The project level of graityles

data that is applicable for the whole project.sTaita includes a ttributes such as application typeschedule
and development activity being reported. Compdesat data consists of input effort , output prodyct
object -oriented method and intervening variables

The data you contribute is important to us, andville follow necessary measures to safeguard your
contribution so as not to compromise company ety information. Thank you for your willingndss
participate in this research.

Sincerely,

Wilson Rosa

Technical Advisor

Information Technology Division
Air Force Cost Analysis Agency
(703) 604 -0395 office

(703) 604 6646 fax
wilson.rosa@pentagon.af.mil

Data Submission Address:

Mr. Wilson Rosa

Information Technology Division
Air Force Cost Analysis Age ncy
201 12" Street, Suite 403
Arlington, VA 22202 (U.S.A)
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Project level Information

As described in the introduction section of thigsfionnaire, project level is applicable for theolgh
project. This includes aspects such as applictoeand deve lopment activity being reported.

General Information

Organization Name. Provide the complete name daiigss of your organization.

Project Name . Provide the complete name of thegiro

Date Pr epared . This is the date the data elemvengscollected for submission.

Application Type . This field captures a broad description of tipe tyf activity this software application is

attempting to perform.

Circle One:
Avioni cs Operating Systems Signal Processing
Command & Control Mission Planning Simulation
Diagnostics Process Control Software Dev. Tools
Engineering & Science Radar Testing
MIS Real -Time Utilities

Other:

Development Ty pe Is the project a new software product or anagigyiof an existing product?
Circle One:

New Product Upgrade

Development Process . Thisis a description ofdfigvare process used to control the softwarelof@vwent
(e.g. waterfall, spiral, etc.)

Stepin process . This field captures informatimouathe projed$ position in its development process. The
answers depend on the process model being followed.
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Requirements Design Code
Unit Test Integration/Test Maintenance
Completed

Other:

MBASE Phase. Phase refers to the aggregate of activities legtife life cycle anchor points. The four
phase s, based on the Rational Unified Process (RidEthe anchor points are shown on the timeétenb

Please circle the most advanced anchor point toritesthe project has achieved.

Life Cycle Life Cycle Initial Operational
Objectives Architecture Capability
Inception Elaboration Construction Maintenance

The COCOMO Il model covers the effort required friliea completion of the LCO to IOC. If you are using
waterfall model, the corresponding milestones fageSbftware Requirements Revi ew, Preliminary Design
Review, and Software Acceptance Test.

Development Process Iteration  If the product deweent process is iterative, e.g. spiral or reptesen
released version, which iteration is it?

If the development process phases are iteratyesgral, how many iterations have there been?

Inception: Elaboration: Constnoict

Success Rating for Project This specifies  the degree of success for thegtroj

e Very Successful; didal most everything right

e  Successful; did big things right

. OK; stayed out of trouble

e  Some Problems; took some effort to keep viable
e  Major Problems; would not do this project again

Circle One:

Very Successful Successful OK Some Problems Magivléms
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A. Schedule

Year of Development. For reporting of historical data, please provfdeyear in which the software
development was completed. For periodic reporfing the year of this submission or leave blank.

Schedule Months. For reporting of historical datavide the number of calendar months from thne the
development began through the time of its compief@r periodic reporting, provide the number ofithg in
this development activity.

Circle the life cycl e phases that the schedulersove

Life Cycle Life Cycle Initial Operational
Objectives Architecture Capability
Inception Elaboration Construction Maintenance

B. Distribution of Effort and Schedule by Phase

This subsection has additional me trics that areirest to calibrate the distribution of effort anchedule by phase.
Please fill this out if the necessary informatismvailable.

Total Effort (Staff -Hours). Divide the total effort required for the projedio the amount of effort (in Staff -
Hours) required for each of the following threegesa Inception, Elaboration, and Construction

LCO LCA I0C
Inception Elaboration Construction

Effort Distribution

Schedule Months Divide the total time for development (scheduleyequired for the projectinto  schedule (in
Calendar Months ) required for each of the followinge phases: Inception, Elaboration, and Cottistruc

LCO LCA IoC
Inception Elaboration Construction
Schedule Distribution
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Component Level Info rmation

General Information

If the whole project is being reported as a sieglaponent, then skip to the next section.

If the data being submitted is for multiple computsehat comprise a single project, then it is seag to
identify each compone nt with its project. Pledbetit the section for each component and attdaif tie
component sections to the project sections dasgribie overall project data.

Component Name Provide the complete name ofthe  componen t.

Component Description . Provide the functionatiiggson of the component

Application Type . This field captures a broad dpson of the type of activity this software agaliion is
attempting to perform.

Circle One:
Avionics Operating Systems Signal Processing
Command & Control Mission Planning Simulation
Diagnostics Process Control Software Dev. Tools
Engineering & Science Radar Testing
MIS Real -Time Utilities
Other:
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A. Input Eff ort

Total Effort (Staff -Hours). Circle the life -cydhases that the effort data covers:

Life Cycle Life Cycle Initial Operational
Objectives Architecture Capability
Inception Elaboration Construction Maintenance
Total Effort
Hours / Staff -Month. Indicate the average numbaoars per staff -month experienced by your orggio@.

Labor breakout . Indicate the percentage of latodifferent categories, e.g. Managers, SW

Requirement Analysts, Designers, CM/QA Personmegri@mmers, Testers for each phase of
software development:

ategories  Requirements Design Code Test Management CM, QA,
Phase Documentation

Inception
Elaboration
Construction
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A. ProedkSize

Percentage of Code Breakage . This is an estirhatomuch the requirements have changed over the

lifetime of the project. It is the percentage adedhrown away due to requirements volatility. &ample, a
project that deli vers 100,000 instructions butaliss the equivalent of an additional 20,000 instms would
have a breakage of 20.

SLOC Count Type . When reporting size in sourasliof code, please indicate if the count was fictd
SLOC or physical SLOC. [f both are available, éesubmit both types of counts. If neither typeooint
applies to the way the code was counted, pleasgtiethe method.

Circle One:
Logical SLOC Physical SLOC (carmiage retums)

Physical SLOC (semicolons ) Non-commented/Non -BBh©C

Programming Language . If you are using the Eadgi@h or Post  -architecture model, enter the larggnage
that was used in this component (e.g. Ada 83, @ C®BOL, FORTRAN) and the amount of usage if more
than one lan guage was used.

Language Used Percentage Used

New SLOC (NSLOC) This is the number of new source lines of cod€XS) generated

Adapted SLOC (ASLOC) . Enter the amounts forthe  preexistng SLOC (modified plus unmodified)

Design Modified D DMA. Enter percentage of desigodified  for ASLOC.

Code Modified D CMA. Entert he percentage of codedified for ASLOC.

Integration and Test Modified DIMA. Entert hegeatage of the adapted soft&@SLOC)
original integration and test effort expended.
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A. Objet -Oriented Method

The object -orented methods evaluated based on three elements: analydiodetiesign method, and
programming method.

Nominal High Very High
OOM Used Non -Object -Oriented | Used 1 or 2 Object - Used Full Object -
Methods for: Oriented (OO) Oriented (OO) Methods
e  Analysis Methods listed for:
e Design below: e 0O Analysis
e Programming e OO Analysis e OO Design
e OO Design e OO Programming
e OO
Programming

Enter the rating level for object  -oriented metheddi

Object -Orented Method (OOMYhis cost driver measures the level of object  entation used in developing
the software product

Nominal High VERY High
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Scale Factors

Driver Very Low Low Nominal High VERY High Extraigh
PREC Thoroughly Largely Somewhat Generally Largely Thoroughly
unprecedented | unprecedented | un precedented| familiar familiar familiar
FLEX Rigorous Occasional Some General Some General goals
relaxation relaxation conformity conformity
RESL* Little (20%) Some (40%) Often (60%) Generally Mostly (90%) Full (100%)
(75%)
TEAM Some difficult | Basically Largely Highly Seamless
interactions cooperative cooperative cooperative interactions
interactions interactions

* 9% significant module interfaces specified, % sigant risks eliminated

Enter the rating level for the fir st four cost érs.

Precedenteness (PREC). If the product is sitoilseveral previously developed products, then the
precedenteness is high. See the model COCOMO |udéor more details.

Very Low Low Nominal High VERY High Extra High Veryow

Development Flexibility (FLEX)  .This cost driver captures the amount of conssr#tie product has to meet.
The more flexible the requirements, schedulesiterfaces, for example, the higher the rating.

Very Low Low Nominal High VERY High Extra High Verow

Architecture / Risk Resolution (RESL)  This cost driver captures the thoroughness dfitileri and freedom
from risk of the software architecture used forgteduct.

‘ Very Low | Low | Nominal ’ High VERY High Extra High Veryow

Team Cohesion (TEAM) . This cost driver accofeitshe sources of project turbulence and extrarediue
to difficulties in synchronizing the projégistakeholders: users, customers, developersainaid, interfaces,
and others.

Very L ow Low Nominal High VERY High Extra High Verow
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Process Maturity (PMAT). _ The procedure for determining PMAT is organizeaiad the Software

Engineering Institut@ Capability Maturity Model (CMM). The time period for reporting process maturit  y is at
the time the project was initiated. We are inteckst the capabilities practiced at the projectllevore than

the overall organizatida capabilities.nOverall Maturity Level is a response that captures the result of an

organized evaluation based on the CMiMo Respongemeans you do not know or will not report the pssce
maturity at the Capability Maturity Model level.

__ No Response

Overall Maturity Level
_ CMM Level 1 (lower half)
_ CMM Level 1 (upper half)
_ CMM Level 2
_ CMM Level 3
_ CMM Level 4

_ CMM Level 5

Basis of Estimate
_ Software Process Assessment (SPA)
_ Software Capability Evaluation (SCE)
_ Interim Process Assessment (IPA)

_ Other:
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Product Factors

For maintenance projects, identify any differerimesveen the base code and modified code Produtt Cos
Drivers (e.g. complexity).

Very Low Low Nominal High Very High Extra High
RELY Slight Low, easily Moderate, High Risk to
inconvenience | recoverable easily financial loss | human life
losses recoverable
losses
DATA DB bytes / 10? D/IP< 100 ? D/P< | D/P ? 1000
Pgm SLOC < | 1000 1000
10
RUSE None across project across across across
program product line multiple
product lines
DOCU Many life - Some life - Right -sized to | Excessive for | Very
cycle needs cycle needs life -cycle life -cycle excessive for
uncovered uncovered needs needs life -cycle
needs

Enter the rating level for the

four cost drivers.

Required Software Reliability (RELY) . This is the measure of the extent to which ttteveee must perform its
intended function over a period of time.

Very Low

Low

. This measure attempts to capture the affect tiagerequirements have on product

Nominal

High

VERY High

Extra High

D dh Know

development (e.g. testing). The rating is deterthimecalculating D/P, where D is the number of ®ytbedata

in the database at the en

d of (and necessargdting, and P is the number SLOC.

Very Low

Low

Nominal

High

VERY High

Extra High

DatKnow

Develop for Reuse (RUSE)
intended forreu se on the current or future p®ject

Low

. This cost driver accotortthe additional effort needed to constructponents

Very Low Nominal High VERY High Extra High DdtKnow

Documentation match to life  -cycle needs (DOCU) isTaptures the suitability of the projéatiocumentation
to its life -cycle needs.

Very Low Low Nominal High VERY High Extra High D diknow
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Product Complexity (CPLX):

Control Operations Computational Device -dependent | Data Management User Interface
Operations Operations Operations Management
Operations

Very Straight -line code withafew Evaluation of smple Simple read, write Simplea rraysinmain Simple input

Low non - nested structured expressions: e g., statementswith memory.Simple COTS forms, report
programming operations: DOSs, A=B+C*{D -E) simple formats. DB queries, updates. generators.
CASEs, IFTHENELSESs. Simple
module compositionvia
procedure calls or simple script

Low Straightforward nesting of Evaluationof moderate - No cognizance Single file subsetting Use of simple
structured programming level expressions: e g., needed of with nodata structure graphic user
operators. Mostly simple D=SQRT(B*2 - particular changes, no edits, no interface (GUI)
predicates 4*A*C) processor or 1/O intermediate files. builders.

device Moderately complex
characteristics. /O COTS -DB queries,
done at GET/PUT updates.

level.

Nominal Mostly simple nesting. Some Use of standard math I/O processing Multi -file input and Simple use of
inter -module control. Decision and statistical routines. includesdevice single file output. widget set.
tables. Simple callbacksor Basicmatri x/vector selection, status Simple structural
message passing, including operations. checking and error changes, smple edits.
middleware -supported processing. ComplexCOTS -DB
distributed processing queries, updates.

High Highly nested structured Basic numerical Operationsat Simple triggers Widget set
programming operatorswith analysis: multivariate physical /O level activatedy data stream developm ent
many compound predicates. interpolation, ordinary (physical storage contents. Complexdata and extension.
Queue and stack control. differential equatio ns. address restructuring. Simple voice
Homogenous, distributed Basictruncation,round - translations; seeks, /O,
processing. Single processor soft off concerns. reads, etc.). multimedia.
real -time control. Optimized /O

overlap.

Very Reentrant and recursive coding. Difficu It but structured Routinesfor Distrib uted database Moderately

High Fixed -priority interrupt numerical analysis: near interrupt coordination. Complex complex
handling. Task synchronization, singular matrix diagnosis, triggers. Search 2D/3D,
complex callbacks, equations, partial senvicing, optimization. dynamic
heterogeneous distributed differential equations. masking. graphics,
processing. Single processor Simple parallelization. Communication multimedia.
hardreal -time processor. line handling.

Performance -
intensive
embedded
systems.

Extra Multiple resource scheduling Difficult and Devicetiming - Highly -coupled, Complex

High with dynamically changing unstructured numerical dependent coding, dynamicr elational and multimedia,
priorities.Microcode  -level analysis: highly accurate micro - object structures. virtual reality.
control. Distributed hard real analysisof noisy, programmed Natural language data
time co ntrol. stochastic data. operations. management.

Complex parallelization. Performance -
critical embedded
systems.
Complexity is divided into five areas: control ggiiems, computational operations, device -dependent

operations, data management

operations, and us@rfacge management operations. Select the area or

combination of areas that characterize the proshutsub
the subjective, weighted average of these areas.

Very Low Low

-system of the product. The complexitngais

Nominal | High |VERYHigh| ExtraHigh| DdfKnow
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Platform Factors

The platform refers to the target - machine compiehacdware and infrastructure software.

TIME

STOR

PVOL

Very Low Low Nominal High Very High Extra High
= 50% use of 70% 85% 95%
available
execution time
= 50% use of 70% 85% 95%
available storage

Major change Major: 6 mo.; Major: 2 mo.; Major: 2 wk;

every 12 mo.; minor: 2 wk. Minor: 1 wk. Minor: 2 days.

minor change

every 1 mo.

Enter the rating level for the  five cost drivers.

Execution Time Con straint (TIME ). This is a measoirthe execution ime constraint imposed upon a
software system.

Nominal High Very High Extra High Ddtknow

Main Storage Constraint ( STOR ). This rating regnésthe degree of main storage constraintimposed on a
software system or subsystem.

Nominal High Very High Extra High Ddtknow

Platform Volatility (PVOL) . In this contextPlatfornt refers to the complex of hardware and software (OS
DBMS, etc.) the software product calls on to perfds t asks.

Nominal High Very High Extra High Dapknow
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Personnel Factors

Very Low Low Nominal High Very High
ACAP ? 15" percentile 35 percentile 585 percentile 75 percentile ? 90 percentile
PCAP ? 1% percentile 35 percentile 585 percentile 75 percentile ? 90 percentile
PCON ? 48% / year 24% [ year 12% / year 6% / year 3%7 year
APEX ? 2 months 6 months 1 year 3 years ? 6 years
PEXP ? 2 months 6 months 1 year 3 years ? 6 years
LTEX ? 2 months 6 months 1 year 3 years ? 6 years

Enter the rating level forthe  five cost drivers.

Analyst Capability (ACAP).  Analysts are personthelt work on requir ements, high -level and detailesign.

Very Low Low

Nominal High Very High Extra High | Ddtknow |

Programmer Capability (P CAP)Evaluation should be based on the capability ®ptiogrammers as a team
rather than as individuals. Major factors that $tidne considered in the rating are ability, eficg and
thoroughness, and the ability to communicate aopaate.

Very Low Low Nominal High Very High Extra High D dtknow

Application Experience (APEX). _ This rating is dependent on  the level of appbcetiexperience of the project
team developing the software system or subsystamraings are defined in terms of the project EBam
equivalent level of experience with this type gilagtion

Very Low Low

Nominal High Very High Extra High | Daéknow |

Platform Experience (PEXP). The Post -Architeaneglel broadens the productivity influence of PEXP,
recognizing the importance of understanding theofis®re powerful platforms, including more graphser
interface, da tabase, networking, and distributegtiteware capabilities.

Very Low Low

Nominal High Very High Extra High | Daéknow |
Language and Tool Experience (LTEX) . This is asuenof the level of programming language and saftw
tool experience of  the project team developingstiflevare system or subsystem.

Very Low Low

Nominal High Very High Extra High | Daéknow |

Personnel Continuity (PCON).  The rating scaléBON is based on the projgécannual personnel tumover.

Very Low Low

No minal High Very High Extra High | Ddrknow |
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Project Factors

This table gives a summary of the criteria usesliect a rating level for project cost drivers.

Very Low Low Nominal High Very High Extra High
TOOL edit, code, simple, basic life - strong, mature Strong, mature,
debug fron tend, cycle tools, lifecycle tools, proactive
backend moderately moderately lifecycle tools,
CASE, integrated integrated with well
lithe integrated with
integration processes,
methods, reuse
SITE: International Multi -city Multi -city or Same city or Same building Fully
Coll ocation and Multi - | Multi - metro area or complex collocated
company company
SITE: Some phone, | Individual Narrowband  Wideband Wideband Interactive
Communications  mail phone, email electronic electronic multimedia
FAX communications | communications,
occasional video
conferencing.
SCED 75% of 85% of 100% of 130% of 160% of
nominal nominal nominal nominal nominal
Use of Software Tools (TOOL). See the Model Definition Manual
Very Low Low Nominal High Very High Extra High Dirknow

Multi - site development (SITE). Given the increasing frequency of multi

multi -site development effects

access to full interactive multimedia)

are significant, h&E cost driver has been added in COCOMO |II.
De termining its cost driver rating involves theesssnent and averaging of two factors: site colmtérom
fully collocated to international distribution) acdmmunication support (from surface mail and sphuze

-site deprients and indications that

Very Low

Low

Nominal

High

Very High

Extra High

Dgrknow

Required Development Schedule (SCED)
team developing the software. The ratings are e finterms of the percenta
acceleration with respect to nominal schedule fmogect requiring a given amount of effort.

. This ratiegsures the schedule constraint imposed on fleetpro

ge of schedule stretcht oro

Very Low

Low

Nominal

High

Very High

Extra High

Drknow
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APPENDIX B Rating Scale for the Productivity Drivers

Rating| XL VL L N H VH XH
Variable
OOM 1.00 0.90 0.78
PREC 6.2 4.96 3.72 2.48 1.24 0.00
FLEX 5.07 4.05 3.04 2.03 1.01 0.00
RESL 7.07 5.65 4.24 2.83 1.41 0.00
TEAM 5.48 4.38 3.29 2.19 1.10 0.00
PMAT 7.80 6.24 4.68 3.12 1.56 0.00
RELY 0.82 0.92 1.00 1.10 1.26
DATA 0.90 1.00 1.14 1.28
CPLX 0.73 0.87 1.00 1.17 1.34 1.74
RUSE 0.95 1.00 1.07 1.15 1.24
DOCU 0.81 0.91 1.00 1.11 1.23
TIME 1.00 1.11 1.29 1.63
STOR 1.00 1.05 1.17 1.46
PVOL 0.87 1.00 1.15 1.30
ACAP 1.42 1.19 1.00 0.85 0.71
PCAP 1.34 1.15 1.00 0.88 0.76
PCON 1.29 1.12 1.00 0.90 0.81
APEX 1.22 1.10 1.00 0.88 0.81
PLEX 1.19 1.09 1.00 0.91 0.85
LTEX 1.20 1.09 1.00 0.91 0.84
TOOL 1.117 1.09 1.00 0.90 0.78
SITE 1.22 1.09 1.00 0.93 0.86 0.8
SCED 1.43 1.14 1.00 1.00 1.00

XL = extra low; VL = very low; L= low; N = nominald = high; VH = very high; XH = extra high;
OOM = object-oriented method; PREC = precedenteiddsX = ; RESL = ; TEAM = ; PMAT =
RELY = reliability; DATA = database size; CPLX =mplexity; RUSE = developed for reusability;
DOCU = documentation; TIME = execution time consiiaSTOR = main storage constraint;
PVOL = platform volatility; ACAP = ; PCAP = persoelcapability; PCON = personnel continuity;

APEX = applicaton experience; PLEX = platform exeece; LTEX = language and tool experience;
TOOL = use of software tools; SITE = multisite dieyenent; SCED = required development schedule.
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APPENDIX C Raw Project Data

Object Oriented
Context Information Method
Operating
Organization | Project Environment Application Language | OOA | OOD | OOP

1 | Manned Ground | Mission Planning Ada N N N

A 2 | Manned Ground | Mission Planning Java Y Y Y
3 | Manned Ground | Command & Contro| Pascal N N N

B 4 | Manned Ground | Command & Contro| XML Y Y Y
5 | Manned Ground | Mission Planning Ada N N N

C 6 | Manned Ground | Mission Planning C++ Y Y Y
7 | Avionics Radar Ada N N N

D 8 | Avionics Radar C++ Y Y Y
9 | Avionics Mission Managemeni Ada N N N

E 10 | Avionics Mission Managemen{ C++ Y Y Y
11 | Avionics Radar C N N N

F 12 | Avionics Radar C++ Y Y Y
13 | Shipboard Communications Ada N N N

G 14 | Shipboard Communications C++ Y Y Y
15 | Shipboard Communications C N N N

H 16 | Shipboard Communications C++ Y Y Y
17 | Avionics Mission Managemeni Ada N N N

I 18 | Avionics Mission Managemen{ C++ N Y Y
19 | Manned Ground | Command & Contro| C N N N

J 20 | Manned Ground | Command & Contro| C++ Y Y Y

OOA = object-oriented analysis ; OOD = object-otéehdesign ; OOP = object-oriented programming ; Y

=yes; N =no.
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Context Information Productivity Product Size
Total Size
Equivalent Size Range
Organization | Project | ESLOC/SM | Backfiring | UFP/SM | Range(EKSLOC) (KSLOC)
1 254 71 3.58 58-74 48-83
A 2 630 55 11.46 54-69 45-78
3 382 109 3.50 137-175 115-199
B 4 439 55 8.28 158-203 132-229
5 428 71 6.03 5-1 221-382
C 6 768 55 13.96 8-11 196-339
7 52 71 0.73 155-198 104-179
D 8 70 55 1.28 146-186 113-195
9 52 71 0.74 34-44 434-753
E 10 82 55 1.49 30-39 550-953
11 142 128 1.11 15-19 68-117
F 12 153 55 2.79 43-55 55-95
13 119 71 1.68 68-87 56-98
G 14 306 55 5.56 61-78 51-88
15 66 128 0.52 20-26 17-30
H 16 299 55 5.43 20-25 17-31
17 128 71 1.81 16-21 16-27
| 18 160 55 2.91 18-23 15-26
19 236 128 1.85 32-40 1207-2092
J 20 299 55 5.44 1170-1495 1049-1817

ESLOC = equivalent source lines of code ; UFP =djusted function points ; EKSLOC = thousand
ESLOC ; SM = staff-month ; KSLOC = thousand sountes of code.
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