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FOREWORD

The Software Engineering Laboratory (SEL) is an organization

sponsored by the National Aeronautics and Space Administra- o

tion, Goddard Space Flight Center (NASA/GSFC) and created
for the purpose of investigating the effectiveness of soft-
ware engineering techﬁologies when applied to the develop-
ment of applications software. The SEL was created in 1977
and has three prlmaay organizational members:

NASA/GSFC (Systems Development and Analysis Branch)
The University of Maryland (Computer Sciences Department) =
Computer Sciences Corporation (Flight Systems Operation)

The goals of the SEL are (l) to understand the software de-
velopment process in the GSFC environment; (2) to measure

the effect of various methodologies, tools, and models on

this process; and (3) to identify and then to apply success-
ful development practices. The activities, findings, and
recommendations of the SEL are recorded in the Software En-
gineering Laboratory Serles, a continuing series of reports
that includes this documéig A version of this document was
also issued as Computer~b 1ences Corporation document
CSC/TM-82/6063.

The contributors to this document include

Jerry Page : (Computer Sciences Cofporation)
David Card (Computer Sciences Corperation)
Frank McGarry : (Goddard Space Flight Center)

Single copies of this document can be obtained by writing to

Frank E. McGarry
Code 582.1

NASA/GSFC |
, Greenbelt, ‘MD 20771
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ABSTRACT

This document reports the results of an evaluation of a
large set of software development measures relevant to the
Goddard Hpace Flight Center (GSFC) environment. Volume 1
explains the conceptual model, the data classification
scheme, and the ana&ytic procedures. This volume summarizes
the analytic resulté and recommends specific software meas-
ures for collection and monitoring. Volume 1 also repro-
duces in full the results of the computer analyses.

Volume 2 presents a detailed description of the data ana-
lyzed including definitions of measures, lists of values,
and summary statistics.
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SECTION 1 - INTRODUCTION Lo

This two-volume report presents the results of an analysis
of a large set of management measures of the software devel-
opment process. The purposes of the analysis are to charac-~
terize the current software development process in one
environment by identifying important qualities and corre-
sponding measures and to evaluate the effectiveness of spe-
cific tools and techniques in this environment. The
measures studied are counts, ratios, and management-supplied
ratings of various elements of the software development

process. The measures are high level in that each describes

some aspect of an entire software project (or a large part
of it) rather than individual components of the project.

The data analyzed have been collected by the Goddard Space
Flight Center (GSFC) Software Engineering Laboratory (SEL)
from 25 actual medium-scale, scientific software projects
developed for flight dynamics applications. .Values have
been determined for over 600 measures for each of the proj-
ects studied. Several different statistical procedures have
been employed to investigate these measures.

This document describes the following aspects of this re-
search effort: |

. Motivation, rationale, and objectives

L Sdurce, nature, and derivation of the measures

yﬁ Analytic procedures employed-

° ‘ResultsApf the analysis

° Identification of specific measUrés useful to the

management of software development activities

The data, procedures, and results are summarized in the
text. Appendix A of this volume reproduces the results of

' computerfgenerated,factor analyses of the data. Appendix A

- 1-1
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of Volume 2 contains a detailed description of the deta in-
cluding identification of measures, lists of values, and
summary statistics. Sources cited in the references provide
additional useful material. '

1.1 CONCEPT OF MEASURES

The need to measure the quantity and quality of developed
software is self-evident. Mzasures of productivity, relia-
bility, size, and complexity, for example, are vital to
gsoftware planning and management. What is not so evident,
however, is which are the most important quantities and
qualities and what are the best measures of them. One ap-
proach that the SEL has taken to resolve these questions has

been to gather as many measures as possible and to systemat-
‘ically evaluate their utility. This report documents that

approach.

Measures should be distinguished from qualities. As the
term is used here, a measure is a count or a numerical rat-
ing of the occurrence of some property. Examples of meas-
ures include lines of code, number of computer runs, |
person-hours expended, and degree of use of top-down design
methodology. A gquality is a high-level characteristic to
which one or more measures may be related. For example, the

measures of errors per line of code and mean time to failure

are related to the qualigy of reliability. However, neither
measure alone adequately quantifies reliability.

Measures appeal both to the researcher and the manager as

potential means of defining, explaining, and predicting

‘software development qualities, especially productivity and

rellabxllty. These goals can be realized most efficiently
by developlng a sxngle effective measure for each quallty of
interest. That is one of the purposes of this analy51s.

Measures may be classified into four groups as Lllustrated

by the software development model presented in Figure 1-1.
1-2
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It shows these components: a problem, a golution-generating
process, the environment in which that process takes plaée,
and the solution (or software product). Measures can be
used to characterize the components of this model and to

show their interrelationships. For example, resource utili-

zation measures record the rate at which resources in the
environment (especially personnel and computer resources)
are used by the software development process. Pigu*e 1-1
also shiws other examples of approptiate measures for each
ccmponeht.

'Measutes may be further characterized as subjective or ob-

jective. The exercise of human judgment in assigning a

value for a measure makes that measure subjective. The most

widely accepted and widely used measures of software devel-
opment are objective measures of the software product. Hoﬁ-
ever, currently available objective measures do not take
into account the effects of development constraints and
practices on the quality of the software product.

Evaluation of software quality is, at present, a matter of
the subjective interpretation of results relative to re-
quirements. Few objective measures of software quality are
available. Thus, the SEL has developed a set of subjective
(or interpreted) measures that complement the more commonly
employed objective measures of software development. The
analysis described in this report attempts to validate those
measures. Section 2 discusses the specific measures inves-
tigated by the SEL; these measures describe all facets of

74

flight dynamics software development. &

1.2 OBJECTIVES OF THE ANALYSIS

One objective, then, of this analysis is to ldentlfy the
szgnlflcant software development attributes (qualltles)_and

'thexr corresponding measures from amon#t those measures col-

lected by the SEL. The other objectlve is to def1ne ‘their

1-4

oy
Tnpmmind

i """"f’ = e 3 "

o L

O

fnct

£ ——

wns - bl

T

aaatiial




ST TR T

p—
Eg———

Bl

j P

LA

o

‘k@&

RS D PR s -

3

. gr e

gﬂw

T '
applicability to software development management. The defi-
nition of effective software development measures enables
planners and managers to

[ Recognize the characteristics of problem software
early ifi development ‘

® Identify the most effective development and manage-
ment tools and techniques :

° Estimate the costs and output of software develop-
ment efforts

Section 5 recommends some specific measures to be used in
these applications.

1.3 RELATED RESEARCH

A number of objective measures of software developmenﬁ at-
tributes are widely accepted in the software engineering
community. Lines of code and staff-hours are examples.
However, few measures have been refined to the point of be--
coming useful management tools. Basili presents a survey of
such efforts in Reference 1. “

Subjective measures of software quality were among the first
to be developed and actually applied to software manage-
ment. The concepts of module strength and coupling (Refer-
ence 2) are examples of early work in this area. ‘
Unfortunately, these qualities have proved difficult to
quantlfy, although a rating scheme has bee developed based:

s N
ST ey,

on the types of cohesion and dependencxee that program mod- N

ules may exhlblt. Taking another approach, McCall (Refer-
ence 3) has:developed a comprehensive system of software
qualities and appropriate measures that others are still
refining and extending (Reference 4). These lnvestlgatlons
include both subjectxve and objectlve measures.

The approach to software measurement adopted for the analyszs

here is different from that generally followed. -The usual
1-5
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' oy 1
procedure is to specify high-level "qualities" and then to {  ‘
seek numerical criteria or measures of those gqualities. How- |
ever, the approach followed here is to identify the qu%iﬁ@fésf Sa 4
being measured by the data collected rather than to attempt Al B

to associate measures with previously specified qualities. {‘ %

A subset of this data has been analyzed previously using %

this approach. The results of that analysis were reported I

at the Sixth Annual Software Engineering Workshop in 1981  §

(Reference 5). This analysis extends the scope of that work. "y 1
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. o SECTION 2 - DATA DESCRIPTION

S s ,‘ L

?; This section describes the sources, nature, and derivation

L of measures used in the analysis. Specifically, the topiee h"
f{ - discussed are

'o; Source of the data studied
r* Y e Classes of measures included
j e  Methods of measurement used

g | A brief dascription of e2ach indivjdual measure, lists of the
actual data, and summary statistics sze included in Appen-

TW dix A of Volume 2. , ; ;

: - : |

2,1 -SCURCE OF DATA

Center, Computer Sciences Corporation (CSC), and the Univer-
si5y of Maryland, assembled the data set used in this analy-
sis. The SEL collects and analyzes data from software
development projects that support flight dynamics activi-
ties. The principal objective of the SEL is to identify and
apply software development tools and techniques that imprdve
the quality of the software development process. Refer-
ence 6 dezscribes the organization, operation, and accom=
plishments of the SEL in more detail.

£ o
if . The SEL, a cooperative effort of the Goddard Space Flight P e
. ’ 1

|
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The SEL has monitored the development of 43 software proj-
ects during the past 5 years. This document analyzes a se~
lected subset of 25 projects. The selection criteria were '
intended to strengthen the rigor of the analysis. The proj-

" ects selected'we:e developed in the same programming lan-
guage (FORTRAN) and used the same set of computers for
similar and/or related applications.

T gom—y A—

: 3
‘The specific type ‘of application software studied supports !
ground-based spacecraft attitude determination and control. o O
‘The subsystems included in a typical attitude system are o 2 E

2-1
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telemetry processing, sensor calibration, ettitude compuEa-ﬂ

tion, and maneuver planning. Table 2-1 shows some of the
characteristics of the software studied.

Table 2-1. Summary of 1l Mission Projects Studied

Interquartile
Measure ‘ . Median Ranggl

Developed Lines of Code (Thousands) 49 18
Lines Developed Per Staff-Month 601 189
Total Effort (Staff-Months) v 96 38
Average Staffing Level ; 5 1
Duration (Months) 15 3
Percentage of Effort

Programmer 68

Manager 20

Other | 12
1

Value is one-half of the difference between the third
quartile and the first quartile.

 @he 25 software development etfforts selected for study have

been combined in two different ways for purposes of compari-
son. They are grouped into 1l mission projects composed of
retated efforts. The projects combined in this manner were
undertaken in support cf the same mission. Separately,

20 independent software systems are identified among the

- group of 25. These are subdivided into a class of 11 large

gigﬁggg (more than 30,000 lines of code) and a class of

9 small systems (fewer than 30,000 lines of code). Thus,
four data groups are defined for the analysis. Appendlx A
of Volume 2 includes summaries of these groups.
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2,2 CLASSES OF MEASURES Y

More than 600 measures have been assembled for this analy-:
sis. Some were suggested by other researchers. The meas-
ures are organized into seven topical classes:

1. Software engineering practices--todls, techniques,
and practices employed by the software development
team

2. Devqlopment team ability~--quality and performance
of the development team

3. Difficulty of project--problems encountered with
complexity, staffing, and support

4. Process and product characteristics=-=-evaluations of
process performance and product quality
5. Development team background--previous experience of

the development team

6. Models-~-measures used in some popular resource/size
estimaticon models

7 Additional detail--other objective'meesures of the
software product and resources

Table 2-2 shows the further division of the classes into
subclasses (categories). Some additional measures have been
constructed by forming weighted sums of other measures.

The measur3s included in these classes fully describe the

i’process and“product components in the software development

model as experienced by the SEL (see Figure 1l-1). Sec-
tion 2.1 poxnts out that the projects studied were chosen so
that the other components of the model, the software problem

,(appllcatlon) and the development env1ronment (computer),
would be as similar as possxble. Thus, conS1deratlon of

- these components (problem and environment) can be mlnlmlzed

in the analyszs.
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Table 2-2. Classes of Measures

Name of Class‘ . Symbol

Software Engineering Practices :

Practices and Techniques
Tools
Documentation

Development Team Ability

Experience With Application
Effectiveness of Management
Performance of Team

Difficulty of Project

Complexity of Problem

Internal Influences on
‘Project

External Influences on
Project

Process and Product Character-
istics
Resources Available

Software Product
Product/Process Pe:formance

Development Team Bgckground

Team Rank

Years of Professional
Experience 7

Years of Applicable

Yegrs of Environment
Experience

Resource Model Parameters

Walstoa-Felix
PRICE 83
COCOMO

Additional Detail

~ Miscellaneous

- Code Breakdown -~
Estlmated Statistics

Wexghted sums of other measures.
2-4.
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SE

MT
TS
DC
53
AP
MG
PF
DF
CP
IN

EX

WF
PS

Cco

MS

SW
Es

No. of

Meaaurews

0

1}30
?15‘
15

0

15
35
40

0
15
15

20

20
20
15

40
40
40
40

80
20
15

- 40
80

Sums1 of

Measurgs

1

4
1
1
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2.3 METHODS OF MEASUREMENT )

Measurement is the process of assigﬁing a number or a state
to represent a quantity or quality. Two deneral mgthods of
measurement exist: objective and subjective. This analysis
includes both types of measures. '

Objective measures are often the result of counting proc-
esses; these are measures of tangible physical quantities
and qualities. Examples include lines of code, staff-hours,
and computer language used. Some of the objective measures
collected by the SEL have been restated as relative scores
determined from defined ranges of values.

Subjective measures result from classification or rating
processes involviﬁé the exercise of human judgment. _How-
ever, the evaluator also uses objective measures as guide-
lines in assigning values for some of the subjective quality
measures developed by the SEL. The values of the subjective
meaéu:es employed in this analysis are expressed as relative
scores on a scale from 0 to 50. Table 2-3 shows the inter-
pretation of these scores. |

Table 2-3. Interpretation of Subjective Measufes

g Approximate , o
Score Percentage Interpretation
0 | 0 Never, none
10 : 200 - Rarely, very poor
20 . 40 : ‘ Occasionally, poor
30 o 60 ‘ Frequently, good
40 : . 80 Usually, very good

Always, excellent

Table 2-4 shows an example of how data composed of this type

of measure might look. ,Tbis technique is used extensively

S o st 3 15 e, e B Y ST L e e T gy
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v;o'ra§e the degree of use of various methodologies, tools,

and management practiceg. The values for these measures are

determined for each project after its completion or after
completion of a major phase of development.
tion occurs during a detailed review by management personnel
involved in%the development effort. |

!

Table 2-4. Example

Proj ect

0
10
50
20
10
30
30
50
10
20

O © ~J OV W N

[
o

1

il

1

30
10
20
40
50
20
0
- 40
50
0

of Subjective Measures

This determina-

20

40
30

10

50
10
20
20

0
30

Illustrative values for hypothetical measures.

50
20
0

5"

20

40
10

0
30

40

R i N

 MEASURE1 MEASURE2 MEASURE3 MEASURE4

B
—_—

e N i v

r—y
foGE

N
4 o

. _V ;
L R I
- ¢ .o . : . o
. ool : . B T i
NI R SUPEIOT NN TR Gy JICT ST G . .

g

ot

e S

g . LI : . :
A A S I
P T T T . O T S S




CMmeet— M

ey

T TR
i gy

ey
K s

B mian?

o
i'w

==

A

The measures described in Section 2 are not necessarily
unique or independent. Some may, in fact, measure the same
or related qualities. This analytic procedure attempts to
identify the most basic set of qualities (or properties)
being measured by the entire set. A basic quality is one
that is independent of all other such qualities. This sub-
set, then, identifies the basic quality characteristics de-
scribing the projects from which the data have been
obtained. Studying the relationships among these basic
qualities provides useful insight into how the software de-
velopment process can be improved. ‘

"The procedure to be proposed is large scale. That is, the

procedure is appropriate when large numbers of measures (or
variables) are tn be evaluated. The researcher interested
in studying the telationships of only a few speéific meas-
ures can probably get better results from regression- and
hypothesis-testing techniques. Nevertheless, this procedure
can also be useful as a screening tool for detecting con-
founding effects in the data before selecting other statis-
tical techniques. ’

The analytic procedure followed in this éxperiment has sev-
eral steps, as illustrated in Figure 3-1. These steps are
the application of a test of normality to screen the candi-
date measures (data), followed by factor analyses of those
not rejected by the test. Analyses are:performed independ-

ently for each class of measures defined in Section 2.2;
then, the results are combined. Graphic illustrations of
the similarities established among the projects studied are
produced by cluster analysis: Comparing the pattern of sim-
ilarity based on the original set of measures with the pat-
tern of similarity based on the basic qualities identified
by the factor analysis steps confirms the interpretation and
‘ 341 , ‘

SR
SRR
: 4
A
;”q
\ i
V 4
S
R
=
i
LA
L
.
d 4
b
g5
“4
]
3
8
Y
i
S
Fo
.
o=
K
|



i P . h v o "'""'W‘ I il i idid i g B culdica B stk 5
[ &i‘p—-“» : o . ) : ' tr N - # ’ ,?
3 i
"] ‘,‘l; |
] . e PO ) |
ORIGINAL PAGE £ J |
OF POOR QUALITY 1
] "N }
INITIAL  \
MEASURES ]
foa0)
) : ,
DATA j
i SCREENING yoo ”
0
= FIGURE © i
- ‘ 41
: SCREENED ‘ i
TASLE | MEASURES | CLUSTER cLusten el
o I } l”‘
.3 3 . E
B %
b i} 5
g
. -3 i
5' sg"‘ ' b
| 533 FACTOR Factor | | Facton FACTOR R
: Lux L . :
l a. P ;
| ; Lo ‘ 3
i a
1 , =
' FIGURE Feoon
.4-2 if;} 4
TANLE CLUSTER -t : =
; \/- ’ B . 1
=
+ : | : 3
FACTOR ” o
i g
8
- NOTE: M:n I8 THE CLASS OF MEASURES DEFINED IN SECTION n OF APPENDIX A OF VOLUME 2.
0 18.THE GROUP OF FACTORS IDENTIFIED IN TABLE n OF APPENDIX A OF VOLUME 1,
. S I I
‘Figure 3~1l. Analytic Procedure o
‘ }
Lo f
3=-2 e




i A e S

RS- SRS TR AR A

application of these quality measures in réal-World=situa-
tions. Figure 3-1 also identifies tz2pbles and figures that
illustrate the data at various podﬁt;ons in the analytic

procedure.

The final result of this proceduée is a descriptive, rather
than a predictive, model of the data. The procedure identi-
fies the descriptive factors common to the set of measures.

* Thus, the original measures are organized into a number of
‘groups (each corresponding to a factor) smaller than the

number of measures input to the procedure. These factors
correspond to the basic qualities sought for in the data.

The statistical bases of the steps in this procedure are
discussed in more detail in the following sections. The
st&tistical software used throughout the analysis is the
Statistical Analysis System (Reference 7).

3.1 TEST OF NORMALITY

" The test of normality analyzes the probability distribution

of the values of a measure. The factor analysis procedure
is based on the assumption that the values of the measures
input to it are normally distributed. In practice, any ap-

- proximately symmetrical distribution may be processed w1th-

out seriously perturbing the results (Reference 59 .

However, asymmetric (or skewed) data distributions can pro-
duce misleadlng results. They are detected by the test used
in this analysms. | '

Figure 3-2 shows both the normal distribution and a skewed
distribution. Because the values of the subjective measures
are relative scores, skewed distributions result for degree-
of-use measures when there are few examples of use in the

data. Consequently, most projects havé,sgores of zero for

these measures, producing dramatically skewed distribu=-

tions, A "t" statistic and the 0.0l significance level are
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used to test the hypothesis (for each measure) that the mean
of the distribution is zero.

Accepting this hypothesis is equivalent to concluding that
the distribution is skewed because zero is a limit of the
range of values. That is, no values less than zero are pos-
sible for these measures. Section 4.1 reports the results
of the test of normality.

3.2 FACTOR ANALYSIS

The goal of factor analysis is to discover the underlying
structure of the data. Factor analysis hypothesizes the
existence of a set of statistically independent "factors"
that cannot be directly measured by the experimenter. Meas-
ures (or variables) are the guantities that are observed in
practice. However, the apparent correlations among measures
can be interpreted to be caused by their joint correlation
with common factors (see Figure 3-3). That is, two or more
measures correlated with the same factor are correlated with
each other. The desirable result of a factor analysis is
the extraction of a smaller set of factors whose relation-
ships are known (they are independent) from the larger set
of measures'whoge relationships are more complex.

Consider this example of the factor concept. The number of
errors in a piece of software and its mean time to failure
are measures related to r#liability and are correlated with
each other. However, neither measure by itself i§ ae£ull
description of reliability. Such things as the location of

- the error and the severity of the failure must also be con-

sidered.. Therefore, the reliability quality factor is not

_ directly measurable, although a number of measurable vari-

ables are co:related with it.

A successful factor analysis explains such.groups of related
measures. Thus, each factor defined corresponds to a dis-

4t1nct ba51c qualxty bexng measured by the original set of
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measures. These qualities are the sources of variation (or
differentiation) in the measures among the projects studied;
therefore, these qualities form the basis for comparisons
among the projects.

The output of the factor analysis procedure includes three
types of informaticn that are essential to interpreting its
results. These information types are

o Factor loading--percentage of the variance in the
data accounted for by each factor: shows the rela-
tive importance of factors

° Factor pattern--correlations of all measures with
all factors; shows the underlying structure of the
data

e Communality--percentage of each measure's variance

accounted for by all factors; shows how well each
measure is explained by the factor nodel

Sections 4.2 and 4.3 report the results of the factor analy-
ses of the SEL measures. The principles of factor analysis
are explained in more detail by Harman (Reference 9).

3.3 CLUSTER ANALYSIS

The technique of cluster analysis (or numerical taxonomy) is
an objective method of defining and displaying groups, or
clusters, of objects (projects, in this case) that are simi-
lar with respect to a specified.?eq of measures. The degfee
of similarity is determined by cé&éulatinq‘a Euclidean dis~
tance measure from the measures input to the procedure.

A simple example clarifieS‘Eﬁis concept. Consider a éét‘oﬁ
three measures applied to each of several projects. Each
profect can be represented as a point in three-dimensional®
space where each of the three measures forms an axis (or
dimension) as illustrated in Figure 3-4.
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Figure 3-4. Concept of Cluster Analysis
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The Euclidean to:mula::ot the distance between two ppihtq in
a three-dimensional space is as follows:

J | ‘
D-= \/(’x" N L A (2! - 2")?
where D= distahce

x', y', 2' = coordinates of point 1
x", y"y 2" = coordinates of point 2

5

This formula can be easily extended to the general case of n
measures or dimensions. Thus, the distances between all
pairs of points can be determined and any clusters can then
be identified. The results are presented in a display, or
map, showing the similarihies of the projects. Section 4.3
summarizes the results of the cluster analyses of SEL data.'
Reference LO.@xplains the principles of cluster analysis in
more detail.
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SECTION 4 - EVALUATION OF MEASURES

This section presents the results of applying the analytic
procedure (described in Section 3) to the SEL data (de-

~scribed in Section 2). Data screening, the factor analyses

of classes of measures, and the summary analysis of factors
are discussed. Figure 3-1 shows the sequence of these steps
and identifies the data sets used by each. The four major
data sets are the initial measures, screened measures, com=-
bined (class) factors; and high-level factors.

4.1 DATA SCREENING

A test of normality (see Section 3.1l) was employed to screen
the data (initial measures) before other analyses. The test
rejected 32 measures. These are measures for which all
projects were assigned the same value or measures for which
there were too few different values. Table 4-1 lists the
rejected measures. As indicated in the table, several of
the measures proposed by Walston and Felix (Reference 11) or
used in the PRICE S3 model (Reference 12) are not useful for
characterizing the software studied by the SEL because they
are constant from project to project. Of the 640 measures,
608 were retained; these comprise the screened measures data
set. ‘

Table 4-1. Measures Excluded From Analysis (1 of 3)

Measure Rejection
Code Criterion Measure Description
MTO08 0;327 Use of Hierarchical Input Process-
‘ ; ing Output (HIPO) charts for design
MT27 0.046 Presence of an independent verifi-

cation and integration team

- 8623;‘1 

aAnyfvalue gtéater than 0.0l results in rejection.
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Table 4-1.
Measure . Rejection
Code Criterion’
MT28 0.079
TS04 0.047
]
i\ TS12 02088
DCO6 0.083
AP0l 0.185
APQ2 b
INO3 0.161
INO4 0.013
INL2 0.073
EX08 0.062
EX09 -0.016
RAOS 0.020
RAO9 0.187
RAL2 0.022
RA14 - 0.035

Measures Excluded From Analysis (2 of 3)

Measure Description

kaAny value greater than 0.01 results in refzction.

bAll projects show the same value for the measute.

Degree to which development team
cooperated with and responded to
findings of the independent verifi-
cation and integration team

Use of an online requirements lan-

guage tool for analysis and assess-

ment of changes

Uee of an online configuration
analysis tool for tracklnafdevelop-
ment activity

Use of unit development folders for
recordlng, in a central repository,
development plans, status, and

- .products

Contribution from expert 1
Cdntributionﬁfrom expert 2

Need for weekend overtime conditions
Staffing problems during design

Project leader turnover, i.e., re-
Placement . .

Development of front-end processors
by an external group

" Ontime delivery of software by an

external group

Availability of the primary devel- .
- opment computer

Availability of a tertiaty develop-

ment computer

Availability of an online process-
ing system ‘

Availability of a convenient, un-

- scheduled graphic device
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r; Table 4-1. Measures Excluded From Analysis (3 of 3)
d i ‘ L e
o \

1 Measure Regectlona » -
R Code Criterion Measure Description ' : i
oo i : . [
SR RAl8 0.034 Avallabllxty of an 1ndependent test-
oy : ing group ¢ ‘
. o] WFO01l b Programmer experience with the ap- l

plication E

i ; WF17 b - ’Complexlty of product s external f

Lop e i ‘ communication | ;

i WF24 - b Complexity resulting from hardware

g { . development i
5 WF25 b ~ Complexity resulting from security L
- ( L B ‘ v enylronment i
S WF33 0.171 Percentage of development in terti- P

[v ‘ ﬁ ‘ ary computer environment : P

ol _ _ 4

l WF38 yJ 0.172 Percentage of development in open o

l ” computing environment, i.e., hands- : ‘ .j

| , o . on development g0
[ . P ) : . -

j; L 5 WF48 b Percentage of effort for analysts 4
j‘ ’ » WF49 b - Percentage of effort for operators ,ﬂ
| f WF64 b Percentage of code for fallback and ;
i ' B B recovery B

- WF65: b ~ Percentage of code in "other" cate- R i
B L gory R

| o PS17 b ~ Code instruction mix rating R s
| (74 5 PS18 b '~ Personnel skill mix rating o ]
N PS19 b ' .Fraction of storage and tlmlng ca- i
A |  pacity e | .

, {g PS20 = b ~ Strlctness of development standards ﬁ
ﬂ'[} , ;AQX value greater than 0.0l resultsfinkrejection.; S , ,K:__j 91?
L ot o | L L S R i ga D SRR

E: .PAll”projects show the same value for the measure.. fﬁ\‘ i %
[a | ‘ e < o
o 4-3 et ;
(] 8623 B | :
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4.2 FACTORS WITHIN CLASSES OF MEASURES

‘After screening the initial set of measures, researchers
performed a factor analysis for each of the seven classes of
measures defined in Section 2.2. Appendix A of Volume 1
reproduces the results of those analyses. Table 4-2 summa-
rizes some important features of these analyses.

The table shows that in all cases five or six factors were
able to explain at least 73 percent of the variance of the
class of measures under consideration. The best case is
that of the Development Team Background class of measures in
which 5 factors accounted for 86 percent of the variance (or
information content) of the 144 measures in that class. The
38 factors produced by the 7 factor analyses form the com-
bined factors data set.

Thgse results demonstrate that by focusing on factors the
number of measurements collected during software development
can be significantly reduced without much loss of informa-
tion. Section 5 suggests the measures corresponding to
these factors that can be most easily and advantageously
collected.

fhe following subsections describe the results of the factor
anélyses of classes of measures in more detail. Each factor
is named, and correlated measures are described. Correla-
tions between factors and measures of less than 0.56 are not
considered in the discussion except when they form part of a
pattern. This value is the boundary of the 0.0l signifi-

-cance region for a correlation coefficient from a sample of .

size 20. A measure having a correlation with a factor of
0.561 or greater is termed "strongly" correlated with that
factor. "Moderately" correlated refers to correlations

’ greater than or equal to 0.444 (0.05 significance regxon)
~ but less than 0. 561.
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. Table 4'2.

Class of Measures

Summary of Factor Analyses of Classes
of Measures

&

o Percentage
No. . of  No. of - of Detailed

- Measures - Factors

i § . i
Software Engineering
Practices " . v

Development Team
Ability

‘Difficulty of Projact

Process and Product
Characteristics

Development Team
Background

Resource Model
Parameters

Additional Detail

,iFoﬁnd in Appendix A

8]

43 5 - 80 A=l

b “ - i

S

54 5 74  A-3
47 5 | 85 . a-4

144 5 86 A=5
73 6 73 . a-6 -

137 6 83 =T

oﬁ'Volume 1.
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4.2.1 SOFTWARE ENGINEERING CLASS

The factor analysis of the Software Engineering class of
measures produced a model containing five factors, which

~ explain 80 percent of the variance of the class. Together

they‘describe the general level of software engineering
technology used during development and four other independ-
ent subgroups of technologies. Table A-1 of Appendix A
(Volume 1) presents details of the analysis. The following
subsections describe the factors and list the unrelated
measures.

4.2.1.1 Software Engineering Fachors

The five Software Engineering factors are described ‘below.

- Bach aescription is composed of the factor's name, :the.per-

centage of the variance the factor explains, a list of meas-
ures correlated with the factor, and a narrative. The
measures correlated with each factor ire listed in the order
in which they are listed in Section A.l of Appendix A (Vol-
ume 2), first for the positively correlated measures and
then for the negatively correlated measures. Correlations
appear in parentheses following the measure codes.

l. Factor 1 - General Software Engineering Practices

(51 percent of variance). With the exception of

a. MT09 (+0.06)--Use of top-down design procedures
- b. TS06 (+0.25)--Use of structured FORTRAN precompiler

all measures in this class are at least moderately corre-
lated (0.444) with this factor; most are strongly correlated

{(0.561) with it.

The level of correlation is consistent with the application
of software engineering technology in the flight dynamics
area. In general, most methods, techniques, and practices
are part of what has become, for some developers, a standard

approach to software development. Depending on a particular
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team's motivation, especially the motivation provided by its
project manager and leader, the degree of application of the ‘
approach varies from a beginner's reluctant use to an expe- .y R
rienced advocate's aggressive use. £

The most strongly correlated (> 0.91) measures with this TN
factor include the total use of design methods (MT8l), cod-
ing methods (MT82), all methods (MT84), tools (TS8l), docu-
mentation procedures (DC8l), and overall software
engineering (SE8l1). However, the total use of testing meth-
ods (MT83) has the lower correlation of 0.78 and points out
a known weakness in the development process of this environ-
mept; that is, the testing approach is the least consistent
aspect of the development process and is a major concern for
development managers. } : “;

. 2. Factor 2 - Batch Development (9 percent of varianie). »
o The only measure strongly correlated with this factor is L

® TS1l0 (-0.61)~--Use of terminals fo: interactive de-

"i velopment. High use of terminals corresponds to e
- low measure values. o
] MQaauqes moderately correlated with this factor include ; ;;j

’ ‘a., MT04 (+0.51)--Use of”formal,design :eviewvgrocedures. ; 1
(‘ b. TS02 (+0.55)~--Use of informal development training %'-

‘  * procedures gj‘?

:'[,‘ c. TS06 (+0.52)--Use of structured FORTRAN precompiler o

' d. DC04 (+0.54)--Use of semiformal quality assurance : g'f;
54 - procedures for documentation : S {‘*ﬁ
(3 e. MT20 (-0.49)~-Use of cbde cohfiguration control i“f;ﬂ
j procedures ‘ g

This factor underscores the benefits of the electronics
technology boom and progress in the development process; it
also highlights an environmental deficiency, an archaic

¥y
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batch computing facility. It also emphasizes a development
manager's problem resulting from the conflict of the envi-
ronmental deficiency with the other two benefits.

The interactive developer has emerged in parallel with hard-
ware and electronics technology gains. However, although
tbe flight dynamics environment makes terminals available
for development, in reality, it is primarily a batch envi-
ronment with very unreliable computers (6- to 8-hour mean
time to failure). Therefore, development managers have con-
tinually faced developers' increasing fascination for and
dependence on the use of graphic terminals for development
(TS10) . Because development managers have not been able to
establish the rigorous discipline necessary to develop soft-
ware interactively with unreliable computers, tez.'s that-
develop interactively tend to be less coordinated and to
behave more like separate groups of individuals each with
responsibility for a different piece of the system. Hence,
it is difficult to control the configuration of the system's
code (MT20).

This factor also shows improvements in the development proc-
ess (MT04, TS02, TS06, and DC04), which have emerged in par-
allel with the interactive developer in this environment.

3. Factor 3 - Top-Down Design (8 percent of variance). The
measures strongly correlated with this factor include

a. MT09 (+0.85)--Use of top-down design procedures

b MT10 (+0.69)--Usé'of'iterative enhancement design
procedures |

C. MT26 (+0.61)--Use of batch testing procedures

The projects in this sample are similar and provide des}gn
and/or implementation models for subsequent projects; as a
result, top-down design is not used extensively. HoweVer;‘
- this factor shows that the projects that use tdp-down design

4-8
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methodology tend to rely on batch testing procedures. ., Fac-

“compiler to aid in producing structured code. The inverse

tor 30 in Section 4.2.6 confirms this with a different class

1

| i

of measures (Models class). An alternative design ‘technique, b .}

iterative enhancement (MT10) , also shows this effect. - f? 3\j‘!
{i {
, . ’ i

4. Factor 4 - Structured Im 1ementation 7 erceﬁt of vari- 3 i

R i R

ance). The only measure strongly correlated with this fac- B ! j
!

it

° TS06 (+0.62)~~Use of structuyed FORTRAN precompiler i'

Two other mrasures that are moderatef& correlated are

/

a. MT17 (+0. 54)--Use of struftured coding technlques/

L = I S

b. - TS09 (~0,53)~--Development of data generators for
testing

e e

-
ot

This factor represents the use of a structured FORTRAN pre-

correlation with the development of data generators for
testing is coincidental. Over the timespan of the projects
in this sample, the use of a structured FORTRAN precompiler
has incri:ased from no use to total use. Over the same time-
span, the availability of simulators and data support has
increased significantly but not regularly; therefore, the
need for and use of data generators decreased, but not nec-

PNt T I S

essarily proportionally. - : i.h

5. Factor 5 - Development Team's Organization (5 percent of %VZ}
veriance). ‘None of the measures are strongly correlated ' 'v
with this factor. Measures that are moderately correlated b
include » | EPI%
| a. TS07 (+0.47)--Use of standard computer system code RO ?fﬁ

| checking tools o | S

gl

b. MTOl (-0. 45)-—Use of chief programmer; i.e., proj-

a s
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C. DCO8 (-0.46»7mkelevance of user's guide and system
description” .

d. DCl0 (-0.47)~--Relevance of weekly/monthly progress -

reports

In this environment, the project leader is the lead program-
mer of the development team and is responsible for weekly/
monthly reporting and quality assurinc the user's guide and
system description. The inverse correlation of using com-
puter system code checking tools (TS07) with the degree of
using a lead programmer (MTOl) seems to be due to the effect
of the smaller projects, which are generally led by more
junior personnel who are not as familiar with the computer
system as more senior project leaders.

4.2.1.2 Measures Unrelated to Software Engineering -

The following list contains measures that are not correlated
wfth;any of the Software Engineering factors at the 0.0l
significance level. The factor with which each measure is
most strongly correlated and the value of that correlation
appear in parentheses aftet the measure code.

1. TS02 (factot 2, +0.55)--Informal training in devel-
opment ‘

2. Ts09 (factor 1, +0.55)--Developmenﬁ‘bf‘dafa genera-
tors for testing '

3. DCO09 (factor 1, +0.56)--Formél treatment (edit text
' ‘and prepare artwork) of user's guide and system
description ‘
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{:2.2 DEVELOPMENT TEAM ABILITY CLASS

The factor analysis of the Development Team Ability class of
measures produced a model containing six factors, which ex~-
plain 82 percent of the variance of the class. Together
they déscribe the general level of the technical staff's
ability and five other independent effects. Table A-2 of
Appendix A (Volume 1) presents details of the analysis. The
following 'subsections describe the factors and list the un-
related measures.

4.2.2.1 Develogment Team Ability Factors

The six Development Team Ability factors are described
below. Each description is composed of the factor's name,
the percentage of the variance the factor explains, a list
of measures correlated with the factor, and a narrative.

The measures correlated with each factor are listed in the
order in which they are listed in Section A.2 of Appendix A
(Volume 2), first for the positively correlated measures and
then for the negatively correlated measures. Correlations
appear in parentheses following the measure codes.

1. Factor 6 - Technical Staff's Ability (36 percent of var-

R e N P T R .

iance). The measures strongly correlated with this factor
include

a. APO3 (+0.75)--Contribution by expert 3 ,
b. APO8 (+0.57) --Application experlence of programmers
C. AP8l1 (+0.82)--Contribution by experts

d.  AP8x (> +0.73)--Overall application experience of
team (x = 2 and 4) )

e. MGxx (3 +0.82) ~-Management effectiveness of proj-
ect leader (xx = 2, 8, 14, 20, and 26)

el R L aa a




£. MGxx (> +0.61)--Overall management effectiveness
of managers except development interface leaécr
(xx = 81 through 85, 87, 88, and 93)

g. PPFxy (> +0.65)~-On~the-job performance of pro-
grammers alone and technical staff (x = 0 through
3; y = 1 though 4) '

h. - ABxx (> +0.90)--Overall team ability (xx = 81
through 92)

This factor indicates the overall ability of the technical
staff with emphasis on contributions from experts (APS8l),
the project leader's effectiveness during implementation and
testing (MGl4, MG20, and MG26), and the on=the-job perform-
ance of the programmers weighted by the project managér and
leader (PFx2), i.e., the basic team.

2. Factor 7 - Development Interface Managers' Effectiveness

and Perfotmancgd;;? percent of variance). The measures
strongly correisisd with this factor include |

a. APO09 (+0.63)--Application experience of analysts

b. MGxx (2 +0.56)--Management effectiveness of devel-
opment interface manager and leader (xx = 5, 6, 11,
12, 17, 18, 23, 24, 29, 30, 91, and 92)

C. MGxx (> +0.64)--Management effectiveness of proj-
ect manager during testing and overall life of
préject {xx = 19, 25, and 87)

d. MGxx (> +0.60)--Overall management effectiveness
during implementation and testing (xx = 83 through
85) o

e. PFx9 (> +0.64) --On-the-job performance of devel-

~opment interface manager (x = 0 through 3)

£. MGO3 (-0.66) --Management effectiveness of gnal?sis
‘ manager during preliminary design v
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9. PFXy (< -0.56)~-On-the-job performance of devel-
opment project and analysis managers and analysis
interface manager (x = 0 through 3; y »'5, 6, and 8)

This factor represents the effectiveness and on-the-job per-
formance of the development interface manager and the effec-
tiveness of the development interface leader. This factor
also showi a correlation with the analyst's application ex-

perience (AP09) and an inverse correlation with the analysis

manager's on-the-job performance (PFxy).

3. Factor 8 - Managers' Stabilitx and ngformance $¥1;295:

cent of variance). The measures strongly correlated with
this factor include

as MG09 (+0.68)--Management effectiveness of analysis
manager during detailed design '

b. MGxx (> +0.72)--Management effectiveness of anal-
ysis leader during testing (xx = 22 and 28)

€. MGxx (2 +0.57)--Stability of development project
leader and overall stability of managers (xx = 32,
35, and 86)

d. PFxy (> +0.58)--On-the-job performance of devel-
opment project and interface managers (x = 0
through 3; y = 7 and 9)

"This factor représents both the on-the-job performance of

the development team managers (i.e., the project manager and
leader and the development interface manager and leader) and
the stability of (few number of changes in) those posi-
tions. There are also correlations with the analysis mana-
ger's effectiveness during detailed design and‘the analySis
leader's effectiveness during testing.

In this environment, the analysis manager has considerable

control over the definition of the functional specifications

and requirements and changes to them. Most of the activity
| | 4-13
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in these areas occurs before the critical design review
(CDR). The analysis leader becomes a more prominent figure
during implementation and is the key individual involved in
preparing for and conducting acceptance testing.

4. PFactor 9 - Anal s;gWyana er's Effectiveness

of variance). The measures strongly correlated with this
factor include ‘

a. MGxx (> +0.60)--Management effectiveness of anal-
ysis manager during implementation and system test-
ing (xx = 15 and 21) ’

b, MG89 (+0.74)~--Overall effectiveness of analysis
manager

c. AP83 (-0.65)--Development team familiarity with
project and teammates

This factor represents the effectiveness of the analysis
manager. It appears that the analysis manager is most ef-
fective when members of the development team do not partici-
pate in functional specifications and requirements
definition (AP10, -0.56) and do not work together much

before the project (AP12, -0.45). AP83 is the sum of APl0
through APl2.

- 5. Factor 10 - Analysis Leader's Effectiveness (5 percent

qf variance). The measures strohgly correlated with this

factor include

a. MGxx (> +0.58)--Management effectiveness of anal-
ysis leader during detailed design and implementa-
tion (xx = 10 and 16) : ‘

b. MG90 (+0.59)~-Overall effectivenegs of analysis
~ leader

C.. APO4 (-0.66)--Contribution by expert 4
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This factor is named for MG90, ‘although the analysis o
leader's effectiveness during detailed design (MGl0) is the
most'strongly correlated (+0.68) measure. The inverse cor-
relation with contributions by éxpert 4 (APO04) is partially
coincidental; that is, the hlgher level organlzatxon fre-
guently staffs the development tﬂam with more senior person-
nel when there is a potentially weak analysis team and vice
versa.

6. Factor 1l - Project Manager's Exgeriepqe and Stability
(5 percent of variance). The only measure strongly corre-

lated with this factor is

) MG31l (-0.69)--Stabiiity of development project ﬁén-
ager j

However, the project manager's experience with the applica-
tion (AP06) is moderately correlated (+0.52) with the fac-
tor. The inverse correlation with MG3l indicates that more
experienced project managers are likely to be promoted to
higher level management positiohs or moved to manage new
projects.

4.2.2.2 Measures Unrelated to Development Team Abilitx

The following list contains measures that are not correlated
with any of the Development Team Ability factors at the 0.0l
significance level. The factor with which each measure is
most strongly correlated and the value of that correlation
appear in parentheses after the measure code.

1. APOS5 (factor 10, +0.55)-~Contribution’by expefﬁ 5

2. AP06 (factor 11, +0.52)~--Project mahager's experi-
ence ' '

3. APO7 Qggctor 6, +0.47)--Project leader's experience

4. APlpd}factor 9, -O.56)-—Developmeht team participa-
o tion in requirements definition
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7.

9
10.
11.
12f
13.

14.
15.

8623

APll (factor 11, -0.35)--<Development team partici-
pation in design

APl12 (factor 12, -0.45)~--Number of development team

interactions before start of project

- MGOl (factor 6, +0.50)--Effectiveness of project

manager during preliminary design

- MG04 (factor 9, +0.47)--Effectiveness of analysis

leader during preliminary design

MG06 (factor 7, +0.50)--Effectiveness of development
interface leader during preliminary design

MGO7 (factor 6, +0.55)--Effectiveness of projéct
manager during detailed design

MGl3 (factor 6, +0.57j--Effectiveness of project
manager during implementation

‘M327 (factor 8, -0.48)--Effectiveness of analysis
manager during acceptance testing

MG33 (factor 9, -0.39)-éstability of analysis man-
ager

MG34 (factor 7, -0.53)--Stability of analysis leader

PFl5 (factor 6, +0. 55)--0n -the-job performance of

,development pro;ect manaqers durxng 1mplementat10n
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4.2.3 DIFFICULTY OF PROJECT CLASS

The factor analysis of the Difficulty of Project class of

measures

produced a model containing five factors, which

exélain 74 percent of the variance of the class. Together
they describe the general level of project difficulty and
four other inidependent effects. Table A-3 of Appendix A
(Volume 1) presents details of the analysis. The following
subsections describe the factors and 1list the unrelated

measures.
4.2.3.1

The five

Difficulty of Project Factors

Difficulty of Project factors are described below.

Each description is composed of the factor's name, the per-

centage of the variance the factor explains, a list of meas-

ures corr

measures correlated with each factor are listed in the order

in which

elated with the factor, and a narrative. The

they are listed in Section A.3 of Appendix A (Vol-

ume 2), first for the positively correlated measures and

then for

the negatively correlated measures. Correlations

appear in parentheses following the measure codes.

1. PFactor 12 - Project Difficultx (30'pércent of vari-

ance). The measures strongly correlated with this factor

inqlude

- X

be
C.
d.

e.

CP08 (+0.67) -~Number ofvdata sets

CPxX (> +0.61) --Complexity of normal’processing
(xx = 3 through 5) ' ‘

CP07 (+0.93) ~-Number of subsystems

CP10 (+0.60)~-Number of new algorithms
CPxx (2 +0.59)--Overall complexity and totals of

‘constraints, processing, ‘and communications

- INxx (2 +0,58)--Over£ime conditions (xx = 1 and 2)
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INO6 (+0.73)=--Staffing problems during testing
phases

'IN11l (+0.8l)--Development team with poor attitude

IN13 (+0.58)--Project leader turnover

INxx (> +0.60)~-Totals of overtime conditions,
staffing problems, team leadership problems, and
overall internal influences (xx = 8l through 84)

EX01 (+0.76)--Changing requirements

EX06 (+0.73)--Unresponsiveness of development in-
terface leader

EX07 (+0.68)--Number of subsystems developed by
external development group

EXxx (> +0.63)--Overall poor gquality and insta-
bility of requirements and problems with external
development group (xx = 81 and 83)

- DF81 (+0.92)--Overall difficulty of project, in-

cluding complexity and effects of internal and ex-
ternal influences

This factor represents the overall difficulty of a project.

The three most significant effects are the number of subsys-

tems to be developed (CPO7, +0.93), the development team's
attitude (INll, +0.81), and changing requlrements (EX01,

%Lum;;hw;;;“;8523;m@ﬂj e

: +0.76) .

i; 2. Factor 13 - EXternel Support (18 percent of variance).
%% ‘ - The measures strongly correlated with this factor include

s a. EX02 (+0.65)--Incompleteness of requirements

4 ‘

| b.  EXxx (> +0.75)--Lack of analysxs support (xx =3

EY ' ‘and 4)

- ] Cs EXxx (> +0. 77) -~8imulator unavaxlabxlxty and poor

data support (xx = 10 and 12)
4-18
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d. EX13 (+0.67)--Unresponsiveness of analysis leader
e. EX1l8 (+0.58)--Poor hardware support

£. EXxx (> +0.61)--Total lack of Support from exter-
nal groups and poor simulator and system software/
hardware support (xx = 82, 84, 86, and 87)

This factor represents the effects of poor external support,
especizlly poor analysis and simulator support.

3.;‘Factor 14 - Analysis Leader's ggsgonsiveness and Schef
dule,glo percent of variance). The factors strongly corre-

lated with this factor include
a. EX14 (+0.74)--Apalysis leader turnover

b. EX85 (+0.62)~-Overall unresponsiveness associated
with analysis leader

c. CPll (-0.72)--Development schedule difficulty

This factor demonstrates an environmental effect. When
schedules are difficult (short), the higher level organiza-
tion will not encourage, suggest, or allow a change in anal-
ysis leaders because there may not be enough time for an
effective and efficient phase-in of a new analysis leader.
Furthermore, analysis leaders are reliable senior personnel
responsible for accepting the software; therefore, with a

difficult schedule, their sense of urgency Lntenszfles, they

are more cooperative, and they are more respon31ve to devel-
opment problems.

4. Factor 15 - Analysis Leader's General Responsiveness

(8 percent of variance). The measuresVStrOngly correlated

with this factor include

é.; EX16 (+0.62)--Unresponsiveness of analysxs leader
durlng late stages of development

b. EX85 (+0. 56)-—0verall unrespon51veness associated
‘ 'wzth the analy51 leade:

i
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This factor also demonstrates an environmental effect. When
there are few changes in analysis leadership (analysis man-
ager and leader), there is a higher probability that the
analysis leader will be more responsive in the later stages
ofédevelopment. Combined with factor 14, the development
team gets its best analytical support when the schedule is
difficult and when there are few changes in analysis leader-
ship.

5. Factor 16 - High-Level Development Support (8 percent of.

variance). The measures strongly correlated with this fac-
tor include '

a. EX05 (+0.59)--Unresponsiveness of development in-
terface manager

b. EX17 (+0.59) --System software support problems

Ce. EX86 (+0.57)--Total system software and hardware
support problems

d. INO5 (-0.66) --Development team turnover

This factor demonstrates a subtle environmental effect.

When the development interface manager (who is the final
authority for development direction, cost, and contact with
customer, support, and contractor groups) is unresponsive to

_development problems and when there is poor support for sys-

tem support software and hardware (which is controlled indi-
rectly by the development interface manager), there is
little development team turnover. Apparently, when the de-
velopment team is not supported at the highest technical
Ievel, members stay with the job until it is complete; i.e.,
they do not desert their teammates when development condi-
tions are difficult. However, it is not likely that anyone
encourages the developﬁént interface manager‘to be unsup-
portive. . o N '
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4.2.3.2 Measures Unrelated to Difficulty of Projersc

The-following list contains measures that are not correlated
with any of the Difficulty of Project factors at the 0.0l
significance level. The factor with which each'méasure is
most strongly correlated and the value of that correlation
appear in parentheses after the measure code.

1.
2,

3.

5.

8.
9.

10.
1l.

CP0l (factor 12, +0.54)--Memory storage constraints

CP02 (factor 14, +0.54)--Execution timing con-
straints '

CP06 (factor 12, +0.28)~--Number of system programs
that communicate

CP09 (factor 15, +0.52)~--Amount of old code used

Cr84 (factor 12, +0.49)--Total of unrelated com-
Plexity measures

INO7'(factor 14, -0.55)--Need for extra help during
develcpment

INO8 (factor 14, -0.52)--Unresponsiveness of proj~-
ect manager during earlier phases of development

INO9 (factor 13, -0.54) --Project manager turnover

IN1O0 (factor 12, +0.53)--Unresponsiveness of proj-
ect manager during later phases of development

EX1l (factor 13, +0.53)--Incorrectness of simulator

EX15 (factor 15, +0.55)--Unresponsiveness of analy-
sis leader during later phases of development .
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4.2.4 PROCESS AND PRODUCT CHARACTERISTICS CLASS

The factor analysis of the Process and Product Characteris~-
tics class of measures produced a model containing five fac-
tors, which explain 85 percent of the variance of the

class. Together they describe the general level of process
and product guality and four other independent effects.
Table A-4 of Appendix A (Volume 1) presents details of the
analysis. The following subsections describe the factors
and list the unrelated measures.

4.2.4.1 Process and Product Characteristics Factors

The five Process and Product Characteristics factors are
described below. Each description is composed of the fac-
tor's name, the percentage of the variance. the factor ex-
plains, a list of measures correlated with the factor, and a
narrative. The measures correlated with each factor are
listed in the order in which they are listed in Section A.4
of Appendix A (Volume 2), first for the positively corre-
lated measures and then for the negatively correlated meas-
ures. Correlations appear in parentheses following the
measure codes.

1. PFactor 17 - Process and Product Qualxtx (43 gercent of
variance). With the exception of

a. PRO1 (+0.42)--Project cost
b. PRxx (> +0.27)--5ize of modules (xx = 4 through 7)

all Software Product (PR) category measures and all Product/
Process Performance (PP) category measures are strongly cor-
related with this factor. The most strongly correlated

single measure, i.e., not a sum, is development planning and

follow-through (PP08, +0.97). The implication, of course,
is that'higher guality development processes and products
tesu+t directly from good plannzng and following through
with/ the plans. :
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2. Factor 18 =~ Resource Availability (21 percent of vari-
ance). With the exception of

a. PRAOl (+0.13)-~Availability of formal training for
developnent

b. RAO6 (+0.39)--Availability of simulator suppocrt

¢. RAxx (< +0.49)--Availability of development sup-
port personnel (xx = 16 and 17) .

all Resources Available (RA) category measures are strongly
correlated with this factor. The two most strongly corre-
lated (+0.95) measures are the availability of support docu-
mentation describing the development process (RA03) and the
availability of instruction in the use of support software
(RAO4) .

3. Factor 19 - Module Size (ll percent of variance)Q The
measures strongly correlated with this factor are

® PRxx,(i -O,SQ)--Size of modules (xx = 4 through 7
and 81l) '

This factor is simply a measure of the average size of mod-
ules in the product, assuming that small modules are better
(i.e., easier to design, implement, test, and maintain).
Larger values of the measures correspond to smaller module
sizes.

4. Factor 20 - Support Software Support (6 percent of vari-
ance). The measures strongly correlated with this factor
include

a. RAO6 (+0.64)--Availability of simulator support

b. RA82 (+0.81)--Availability of support for system
support software

This factor primarily represents the availability of person=-
nel to maintain cystem support software and to provide.
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instruction in its use. It also represents thémivailability
of a data simulator.

5. Factor 21 - Formal Training g4v2e:cent of variance).

The only measure strongly correlated with this factor is

e  RAOl (-0.58)--Availability of formal training for
development

The factor is self-explanatory; however, the availability of
librarians (RAl6) is moderately positively correlated
(+0.52). Over the timespan of this sample, librarians have
always been available for a fairly high level of support.
Unfortunately, because of expense and time constraints, for-
mal training in development is very limited.
4,2.4.2 Measures Unrelated to Process and Product Character-
istics
The following list contains measures that are not correlated
with any of the Process and Product Characteristics factors
at the 0.01 significance level. The factor with which each
measure is most strongly correlated and the value of that
correlation appear in parentheses after the measure code.

1. | RAl6 (factor 21, +0.52)--AVailability of librarians

2. RAl7 (factor 18, +0.49)--Availability of dedicated
experts for help

3. ,PBOl (factor 21, -0.43)--Cost of project

4. PR04 (factor 19, -0.55)--Size of newly developed
“modules -
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4.2.5 DEVELOPMENT TEAM BACKGROUND CLASS

The factor analysis of the Development Team Background c¢lass

of measures produced a model containing five factors, which
explain 86 percent of the variance of the class. Together
they describe the level of the technical staff's applicable
experience and reputation and four other independent ef-
fects. Table A~5 of Appendix A (Volume 1) presents details
of the analysis. The following subsections describe the
factors and list the unrelated measures.

4.2.5.1 Development Team Background Factors

The five Development Team Background factors are described
below. Each description is composed of the factor's name,
the percentage of the variance the factor explains, a list
of the measures correlated with the factor, and a narra-
tive. The measures correlated with each factor are listed
in the order in which they are listed in Section A.5 of Ap-
pendix A (Volume 2), first for the positively correlated
measures and then for the negatively correlated measures.

Correlations appear in parentheses following the measure
codes.

1. Factor 22 - Technical Staff's Applicable Experience and
Reputation (41 percent of variance). The measures strongly

correlated with this factor include

a. RKxy (> +0.56)--In general, the reputation of
programmers, technical staff, and project managers
alone and combined with analysis managers (x = 0
through 3; y = 1 through 6). (The sign of the cor-
relation is reversed relative to that reported in
Appendix A of this volume because low values corre-

~ spond to high ranks.)

“b.”“'Yny (> +0.62)--In general, the professional ex-
‘perience of programmers and development
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organization technical staff except for testing
(x =0, 1, and 3; y =1, 2, 3, and 6)

C. YAxy (> +0.60)--In general, the applicable ex-
perience of programmers, technical staff, and man-
agers, excluding development inte;f@cegﬁanagcrs
(x = 0 through 3; y = 1 through 6) ‘

d. YExy (> +0.63)--In general, the environment ex-
perience of programmers, development organization
technical staff, and project managers (x = 0
through 3; y = 1, 2, 3, and 5) N

e. 2Zx9 (< -0.71)--Experience of development inter=~

face managers (ZZ = RK, YP, YA, and YE; x = 0
through 3)

This factor basically represents the technical staff's ap-
plicable experience and reputation (rank), where the techni-
cal staff includes the programmers (y = 1 through 4) and
some fraction of the project managers, (y = 2 through 7),
the analysis managers (y = 3, 6, and 8), and the development
'interface managers (y = 4, 7, and 9). The factor shows that
reputation'is correlated with type of experience in the fol-
lowing order: applicable, environment, and professional.

“fhe inverse correlation with the dévelopment interface man- .

agers results because their organization is more stable;

therefore, they tend to have more experience than the devel-
opment organization for the projects in the sample.

2. Factor 23 - Technical staff's Professional Experience

(22 percent of variance). The measures strongly correlated
with this factor include

a. YPxy (> +0.57)--Professional experience of pro-
grammers, technical staff, and ;project and develop-
ment interface managers (x = 0 through 3; y =1, 2,
3, 4, 5, and 7)
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b. YAx7 (> +0.73)~--Applicable experience of project
and development interface managers (x = 0 through 3)

c. YAx4 (> +0.61)--Applicable experience of program-
mers and development managers for testing and over-
all life of the project (x = 2 and 3)

d. RKO6 (-0.57)--Reputation of project and analysis
managers for design

e. RK28 (-0.60)~-~-Reputation of analysis managers for
testing

£. YAx8 (< -0.58)~--Applicable experience of analysis
managers (x = 0 through 3)

9. YE18 (-0.58)~=Environment experience of analysis
managers for implementation

Basically, this factor represents the technical staff’s pro-
fessional experience. It also shows inverse correlations
with the analysis manager's experience (especially applica-
ble experience) for different phases of development.

3. Factor 24 - Development Interface Managers' Environment
Experience (10 percent of variance). The measures strongly

correlated with this factor include

a. RKx7 (> +0.57)--Reputation of development inter-
face managers (x = 0, 2, and 3)

b. YExx (> +0.56) --Environment experience of devel-
opment interface managers alone and combined with
programmers (xx = 7, 14, 17, 24, 27, 34, and 37)

This factor represents the environment experience of the
development interface managers. The most strongly corre-
lated (+0.71) measure is YE14, which combines their experx-
ence with the basic development team's experience.

L e

e e




4. Factor 25 - Project and Analysis Managers' Environment

Experience for Imglementgtion (7 percent of variance). The

measures strongly correlated with this factor include

ARG S SR

T T e e A
- G Bt
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. )
e

a., YAO05 (+0.58)--Applicable experience of project man- -

: agers for design 3 i

I b. YEl6 (+0.59)--Environment experience of project and 2 o
E analysis managers for implementation f; ,}

1% RS A

€. YEx8 (> +0.57)--Environment experience of analy-
sis managers overall and for testing (x = 2 and 3)

This factor is named for the most strongly correlated meas-
ure, YEl6.

. S. Factor 26 - hnalysis Managers' Environment Experience | §: ‘5
. for Testing (6 percent of variance). The measures strongly L

correlated with this factor include

SO 4

e

: a. YE26 (+0.59)~~Environment experience of project and
analysis managers for testing

ztrinns

it i .
o
. .

% b. YE28 (+0.65)--Environment experience of analysis

E managers for testing [

| BT 1

| c. RK17 (-0.62)--Reputation of development project and i
| interface managers for implementation | : w,gf

' ‘ : i

é } This factor is named for the most strongly correlated meas- Ll 5

B | ure, YE28. . L
. L 7 1{&‘ j :
! 4.2.5.2 Measures Unrelated to Development Team Background !L: S
g ; The following list contains measures that are not correlated }~a g
? with any of the Development Team Background factors at the ' 53
L 0.0l significance level. The factor with which each measure py | .1
| is most strongly correlated and the value of that correla- P

tion appear in parentheses after the measure code. :

— ‘1, RKO8 (factor 23, -0.45)--Reputation of analysis
managers during design i
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RK15 (factor 26, -0.54)--Reputation of development
project managers during implementation

YPx8 (factor 23, > +0.45)--Professional years of

experience of analysis managers during all phases )

(x = 0 through 3)

-tnYEOB (factor 23, +0.56)--Environment years of ex-
* ‘perience of analysis managers during design
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4.2.6 MODELS CLASS

The factor analysis of the Models class of measures for re-
source estimation models produced a model containing siz
factors, which explain 73 percent of the variance of the
class. Together they describe the system's size and five
other independent effects. Table A-6 of Appendix A (Vol-
ume 1) presents details of the analysis. The following sub-
sections describe the factors and list the unrelated
measures.

4.2.6.1 Models Factors

The six Models factors are described below. Each descrip-
tion is composed of the factor's name, the percentage of the
variance the factor explains, a list of the measures corre~-
lated with the factor, and a narrative. The measures corre-
lated with each factor are listed in the order in which they
are listed in Section A.6 of Appendix A (Volume 2), first
for the positively correlated measures and then for the neg-
atively correlated measures. Correlations appear in paren-
theses following the measure codes.

l. PFactor 27 -‘sttem Size (24 percent of variance!. The

measures strongly correlated with this factor include

a. WFxx (> +0.66)--Overall complexity and size-
related complexity measures (xx = 14, 15, 16, 22,
23, and 85)

b. WFxx (+0.87)--Total effort (xx = 51 and 52)

C. WFxx (> +0.84)--Delivered and developed graphics
macros, FORTRAN, and total source code (xx = 68
through 70 and 72 through 74). (Developed assem-
bler code (WF67) has a correlation coefficient of
+0.66.)

d. WF75 (+0.68)--Number of data base items
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e.f WE7€ (+0.93)-nNumbeE of- pages of documentation

£. PS09 (+0.72)--Schedule length
g. WF44 (-0,62)--Use of chief programmer concept

h. PsoOl (-0.62) ~-Percentage of calendar schedule spent
to get to CDR

This factor represents the system's size. It shows that the
larger a system becomes, the less likely it is that a single
pérson (WF44) can direct all development activities. It
aLso shows that the larger the system, the greater the pro-
portion of calendar schedule needed to implement and test
the system (PSO0l). The number of pages of documentation
(WF76) is the most strongly correlated (+0.%3) measure.

2. Factor 28 - Programmers' Qualifications (14 percent of
variance). The measures strongly correlated with this fac-

tor include

a. WFxx (> +0.59)--Programmer qualifications and
graphics, application, and overall experience
(xx = 4, 7, 8, and 81)

b, WF54 (+0.65)--Percentage of work schedule needed to
procduce accepted software

-G+  WFxx (2 +0.65)--Percentage of code that is mathe-
- matical or computational (xx = 61 and 62)

da. PSxx (> +0.72)~-Percentage of calendar schedule
spent in design and implementation rather than in
testing only and wrapping up project (xx = 2 and 8)

e. PSxx (> +0.62)--Reduced complexity of project
because of programmer experience (xx = 10, 11, and
81) | |

£. WF12 (-0.57)-~-Complexity of customer interface

4 -31
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This factor represents the programmers' overall gualifica-
tions. It shows that more experienced programmers (l) spend
little time on the project after the system is accepted
(WF54), (2) spend less time in the testing phases (PS02 and
r'308), and (3) tend to work on systems that are more mathe-
matical and computational (WF62) rather than on systems that
are nonmathematical and require input/output (I/0) format-
ting (WF6l). It may be coincidental, but the factor also
shows that more experienced programmers tend to have a less
complicated customer interface (WFl2).

3. Factor 29 - Testing Strategy (13 percent of}vgriance).

The measures strongly correlated with this factor include

a. WF02 (+0.66)--Participation in requirements defini-
tion

b. WExx (2 +0.67)--Large amounts of graphics code
and graphics testing (xx = 19, 31, 32, 36, 37, and
66)

s WF63 (+0.57)--Percentage of code needed for central
processing unit (CPU) and (I/0) control

d. WF47 (+0.6Y)--Percentage of programmer effort

e. WF46 (-0.78)--Percentage of administrative manage-
ment effort '

This factor identifies a testing strategy {(correlated with
code type) and possibly a management deficiency. Most of
the software developed in this sample was developed for in-
teractive operation, although it must also be possible to
execute the software through batch operation. One method of
testing the software is to use a graphic device as in normal
operational use; a certain amount of testing must be done in
this manner. However, graphics test time is difficult to
obtain during standard hours. Furthermore, development
groups are gi?en lowest priority during standard hours.

i
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Therefore, more experienced managers and senior personnel

try to discourage a strong dependence on graphics test time
because programmers must work nonstandard hours to get effi-
cient test time. B

The possible management deficiency is that when programmers
appear to be hard at work (graphics testing), managers tend
to think that everything is all right and to pay less atten-
tion to the project (WF46). 1In general, however, systems

tested primarily through graphics testing do not have better
operational performance records than those tested with more
emphasis on batch methods. \

4. Factor 30 - New Project Type (10 percent of variance).
The measures strongly correlated with this factor include

a. WF39 (+0.59)--Percentage of batch testing
b. WF43 (+0.70)--Percentage of top-down development

C. PSll (+0.62)--Reduced complexxty of pro;ect because
of programmer experience ;

d. PSl4 (+0.65)--Percentage of new design
e, PS15 (+0.68)--Percentage of new code

This factor represents the new project type, i.e., mostly new

design (PS14) and new code (PS15). It shows that developmentr

teams developing systems with less of a design/implementation

.model (1) tend to use top-down development techniques (WF43),

(2) tend to rely on batch testing techniques (WF39), and
(3) are composed of more experienced personnel (PSll). In
addition; see factor 3 in Section 4.2.1.

5. PFactor 31 - Code Reading and Testing (6 percent of vari-
ance) . None of the measures are strongly correlated with
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this factor. Measures that are moderately correlated with
this factor include

a. WF42 (+0.52)--Amount of code reading

b. PS07 (+0.55)--Percentage of calendar schedule spent
during documentation phase | /

C. PS05 (-0.45)--Percentage of calendar schedule spent
during testing phase

d. PS06 (-0.52)-=-Percentage of calendar schedule spent
during testing activity

This factor shows that teams that rely on code reading
(WF42) as a code validation technique spend less time in the
testing phases (PS05 and PS06).

6. Factor 32 - Design Team Size (6 percent of variance).
None of the measures are strongly correlated with this
factor. Measures that are moderately correlated with this
factor include

a. WF05 (+0.47)--Programmer familiarity with develop-
ment computer

b. WFxx (> 0.45)--Complexity of interprogram commu-
nications, data base structures, and execution tim-
ing constraints (xx = 16, 18, and 21)

c. WF03 (-0.48)--Percentage of programmers participat-
ing in design

| d. WF50 (-0.47)--Percentage of support cervice support

This factor shows that projects with relatively small design
teams (WF03) are composed of programmers who are experienced
with the development compqﬁer (WF05) and who have to design
a system with complex intéxprogram communications (WFlG),H‘
data base structures (WF1l8), and execution timing con-
straints (WF2l). In general, the use of a smaller design
team is a development philosophy that has evolved over the
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past few years in this environment; that is, it is desirable
to start projects with smaller, more experienced staffs to
get a better grasp of the problem before plunging ahead.

4.2 6.2 Measures Unrelated to Models

The following list contains measures that are not correlated
with any of the Models factors at the 0.01 significance

level.

The factor with which each measure is most strongly

correlated and the value of that correlation appear in pa-
rentheses after the measure code. .

1.

2.

3.

4.

6.‘

7.

8.

10.

11l.

8623

WF03 (factor 32,
participating in
WF05 (factor 28,

with development

WF06 (factor 30,
with programming

WF09 (factor 32,

-0.49) --Percentage of programmers
design
+0.54) --Programmer familiarity

computer

+0.39) --Programmer familiarity
language

+0.40) --Degree to which program-

mers worked together before project

WF13 (factor 30,

+0.49) ~--Number of customer-

originated design changes

WFl8 (factor 27,
structures

WF2C (factor 27,

WF21 (factor 27,

straints

WF34 (factor 32,
participating in

WF35 (factor 28,

+0.55) --Complexity of data base

+0.55) --Memory storage constraints

+0;46)--ExeCution‘timing“con-

-0.48)—-Percentage of programmers
design

+0.49) --Percentage of programmers

who worked together before project

WF40 (factor 29,

-0. 47)--Percentage of development
that is interactive (TSO) ‘
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12,
13.

14,

15.

le6.

17.

18.

19.

20.

21.

22,
23.

24.

WF4l (factor 32, +0.37)--Percentége’of code that is
structured

WF42 (factor 31, +0.52)--Percentage of code for
which code reading is performed

WF45 (factor 29, -0.46)——Percentgge of effort that
is technical management

WFS0 (factor 30, +0.52)--Percentage of effort that
is support services charges

WF71 (factor 27, +0.54)--Number of delivered lines
of code (LOC) that is assembler language

PS03 (factor 27, +0.50)--Percentage of calendar

schedule spent during implementation phase

PS04 (factor 27, +0.53)--Percentage of calendar
schedule spent during implementation activity

PS05 (factor 28, -0.50)--Percentage of calendar
schedule spent during testing phase

PS06 (factor 27, +0.53)--Percentage of calendar
schedule spent during testing activity

PS07 (factor 31, +0.55)--Percentage of calendar
schedule spent during documentation phase

PS12 (factor 28, -0.55)--Complexity of product

PSL3 (factor 30, +0.51)~--Complexity of ekternal-
development effects

PS16 (factor 30, +0.54)--Percentage of néw testing
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4.2.7 ADDITIONAL DETAIL CLASS

Thé factor analysis of the Additional Detail class of meas-
ures produced a model containing six factors, which explain
83 percent of the variance of the class. Together they de=-
scribe the system's size in terms of effort and five other
independent. effects. Table A-7 of Appendix A (Volume 1)
presents details of the analysis. The following subsections
describe the factors and list the unrelated measures,

4.2.7.1 Additional Detail Factors

The six Additional Detail factors are described below. Each
description is composed of the factor's name, the percentage
of the variance the factor explains, a list of the measures
correlated with the factor, and a narrative. The measures
correlated with each factor are listed in the order ih which
they are listed in Section A.7 of Appendix A (Volume 2),
first for the positively correlated measures and then for
the negatively correlated measures. Correlations appear in
parentheses following the measure codes.

l. Factor 33 - Effort-Related System Size (30 peréentrof
variance). The measures strongly correlated with this fac-
tor include “

a. MsSxx (> +0.60)--Number of subsystems, input data
sets, and total data sets in product; number of

programs, subsystems, and total data sets needed in
normal processing (xx = 2, 3, 6, 11, 12, and 16)

b. MXxx (> +0.70)--Pages of documentation (xx = 21
through 25) '

c. Msik (> +0.87) --Average staff size (xx = 26
throuch 28)

d. SWxy (3 +0.57)--Basically, all representations
 that are proportional te LOC, i.e., componzits,
modules, executable LOC, decisions, library
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changes, software changes, and errors for newly de-
veloped, extensively modified, slightly modified,
and total representations. Usually, old, assem-
bler, and graphics macros representations are not
strongly correlated. (In general, x = 0, 2, 4, S,
6; v ¥ 4 or 9)

e, swa4 (+0.56)--Decisions per module with executable
code

f. SW87 (+0.62)--Executable LOC per baseline diagram
component

g. ESxx (> +0.68)--All size, effort, and process
activity measures except use of tertiary develop-
ment computer (ES19) (xx = 1 through 18)

This factor represents the activities related to major ef-

fort areas. Measures that generally represent minor effort
areas, e.9., the use of unchanged (old) code, and measures

that represent smaller efforts, e.g., the use of assembler

code (on the average, less than Z percent of the product),

have the weakest correlations.

2. - FPactor 34 - Data Base Size (10 Eercent ofrvariancel.

The measures strongly correlated with this factor include :
a.’' MS20 (+0.60)--Total data base size

be SWxx (< -0.58)--S5lightly modified and old LOC and

' executable LOC of graphic¢s macros; old LOC and exe-
cutable LOC of FORTRAN (xx = 18, 19, 24, 38, 39,
and 44)

In general, the input and output data base size requirements

~do not vary significantly from project to project in this

environment. Therefore, when a project has unusually large

data 'base requirements (MS20), the liﬁg}ihood is small that

the project will have many similaritié& to other projects.

Hence, fewer old graphics macros and less'old FORTRAN code
4-38
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can be reused (an inverse correlation with SWxx). The im-

Plication is that projects with large data bases probably

require more effort to develop than the average project.

Factor 30 (new project type) in Section 4.2.6 is moderately

correlated (+0. 47) with number of items in the data base
(WF23) .

3. Facta: 35 - Internal Data Se? Communication (§ percent
of varxance). The measures strongly correlated with this
factor include

a. SWxx (> +0.58)--01d and total assembler LOC and
executable LOC (xx = 14, 15, 34, and 35)

b. MSxx (£ -0.58)--Number of I/O data sets in prod-
uct and number needed for normal processing; number
of 1/0 data base items needed for normal ptocessinq
(xx = 8, 14, and 18)

C. SWxx (< -0.56) --Extensively modified baseline
diagram components, decision modules, assembler
LOC, and executable LOC (xx = 2, 7, 12, and 32)

This factor represents the data processing system, i.e.,
systems that'prep:ocess data (e.g., for screening or cali-
bration) or systems that postprocess data (e.g., for smooth-
iﬁg, quality assurance, or packaging). These systems tend
to use larger numbers of internal data sets to manipulate
data. The factor also indicates that data processing sys-
tems tend to use large amounts of extensively modlfled code

- and small amounts of assembler code.

4. Factor 36 - Use of 0ld Code (6 percent of variance).
The measures strongly correlated with this factor include

a. SW09 (+0.65)~-~-Number of old modules

b. SWxl (< -0.57)--New assembler LOC and executable
LOC (x = 1 and 3)
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This factor represents the use of old code, It indicates
that as more old code is used, the less likely it is that
new asgsembler code will be developed. Several other old
code type measures are moderately positively correlated.

5. Factor 37 - Code Error Content (5 percent of variance).
The measures strongly correlated with this factor include

a. SW76 (-0.58)--Errors per 1000 LOC during development

b. SW79 (~0.57)--Lrrors per baseline diagram component
during development

This factor represents the number of errors in the code.
Several other error measures are moderately negatively cor-
related.

6. Factor 38 ~ Code Complexity (4 percent of variance).

The measures strongly correlated with this factor include

a. MS15 (+0.59)--Number of output data sets

b. SW82 (+0.67)--Decisions per 1000 executable LOC
Ce. SW86 (-0.65) --Executable LOC per 1000 LOC

d. SW88 (-0.59) ~-Executable LOC per module

This factor represents the complexity of the code as meas-
ured by decisions, i.e., number of simple arguments in IF,
IF-THEN-ELSE, DO, and DOWHILE statements. I% shows that as
the number of decisions per thousand execuﬁaﬁie LOC (Sw82)
increases, the number of executable LOC per thousand LOC
(SW86) and per module (SW88) decreases.

: 4.2.7.2 Measures Unrelated to Additional Detail

The following list contains measures that are not correlated
with any of the Additional Detail factors at the 0.0l signi-
ficance level. The factor with which each measure is most

strongly correlated and the value of that correlation appear
in parentheses after the measure code. 4
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1.

2.

3.

4.

10.

1l1l.

12.
13.

14.

15.

ag9n

R W

MS01l (factor 35, +0.53) ~-Number of programs in de-

_ ¥ploped product !

MS04 (factor 35, =0.56) --Number of I/0 data sets in
devyeloped product

MS05 (factor 33, +0.47)~--Number of output data sets
in developed product

MS807 {factor 33, +0.46)-~Number of input data base
items in developed product

MS09 (factor 35, +0.42)~--Number of output data base
items in developed product

MS10 (factor 34, +0.56)~--Total number of data base
items in developed product

MS13 (factor 33, +0.46)--Number of input data sets
needed for normal processing

MS17 (factor 34, +0.28)-~Number of input data base
items needed for normal processing

MS19 (factor 35, +0.43)--Number of output data base
items needed for normal processing

SW04 (factor 36, +Q»5§f~-Number of unchanged (old)
baseline diagram components in product

1t

SWL7 (factor 33, +0.49)--Number of extensively mod-
ified LOC of graphics macros

SW29 (factor 36, +0.55)~-=Total number of old LOC

SW33 (factor 33, +0.55)~-~Number of slightly modi-
fied executable LOC of assembler code

SW37 (factor 33, +0.50)~~Number of extensively mod-
ified executable LOC of graphics macros

- SW49 (factor 34, -0.54)--Tota1”number of old execu=~

table LOC
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f 17.
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5 19.
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: 20.
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! 21.

: 22.
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y 24.

§ 25.

. 26.

i 27.
28.

i 29.

§ 30.

[ R O 71, & T R

SW69 (factor 33, +0.51)--Number of software errors
in old code ‘

SW71 (factnr 38, +0.37)--Percentage of comments in
newly developed code :

SW72 (factor 33, +0.40)--Percentage of comments in
extensively modified code

SW73 (factor 33, +0.49) --Percentage of comments in
slightly modified code

SW74 (factor 33, =-0.21)--Percentage of comments in
old code

SW75 (factor 33,‘+0.3l)~-Percentage of comments 1in
all code

SW77 (factor 37, ~0.51)--Errors per 1000 axecutable
LOC '

SW78 (factor 38, +0.44)--Errors per 1000 decisions

SW80 (factor 37, -0.56)--Errors per decision module

SW8l (factor 34, =-0.50)--Decisions per 1000 LOC

' SW83 (factor 33, +0.49)--Decisions per baseline
diagram component

SW85 (factor 38, =-0.42)--Ratio of coded LOC to ex-
panded LOC, i.e., expansion from INCLUDE blocks of
code

SW89 (factor 38, +0.33)--Number of library data
sets changed per implementation change

SW90 (factor 35, +0.38)--Percentage of errors in
implementation changes

ES19 (factor 33, =-0.15)--Number of computer hours'-
used on tertiary development computer ‘ =
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4.3 SUMMARY ANALYSIS OF CLASS FACTORS

The analyses described in Section 4.2 identify 38 principal
factors among the 7 classes of measures; this number of fac-
tors is substantially fewer than the 608 measures originally
used in the analyses. The information containgd,in each set
of measures (38 and 608) can be displayed for ¢ - )arison
using the cluster analysis technique discussed in Sec-

tion 3.3.

Figure 4-1 shows the results of a cluster analysis of the
608 measures that passed the test of normality (see Sec-
tion 4.1). Levels of similarity between projects are indi-
cated in the table by the number of horizontal lines of as-~
terisks connecting them. For example, Figure 4-1 can be
used to divide the sample of 20 systems into 2 groups, or
clusters, by tracing across the graph at the level where the
"number of clusters" is equal to 2. The 20 systems appear
to be divided into these 2 clusters on the basis of size.
This result verifies our intuitive understanding that essen-
tial differences exist between small and large projects.

System 730, which was grouped by cluster analysis with the
small systems, is the only exception to the classification
of systems with fewer than 30,000 lines of conde 4as being
small (see Section 2.l1). Thus, System 730 is closer to the
pattern of small systems than to that of large systems.
Furthermore, it is the smallest of the large systems (with
33,000 lines of code). This suggests that the classifica-
tion criterion should be adjusted to include this system in
the small group.

The importance of size measures is reflected in the results
of the factor analyses: size factors are identified within
three of the seven classes of measures. However, one prop-~
erty of factors is that they combine the effects of related
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measures. Thus, the relative weights of the most frequently"

occurring measures, such as size, are reduced.

Figure 4-2 shows the result of a cluster analysis of the A R
38 factors identified in Section 4.2. Note that the classi- A ‘
fication of projects into two groups on the basis of size | ?
has been preserved, although the structure within these |
groups as shown in Figure 4-2 is different from that of Fig- : ﬁ‘j
ure 4-1. The preservation of this basic classification con- :
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4.4 FACTOR ANALYSIS OF CLASS FACTORS

The factor analysis of the combined (class) factors data set
produced a model containing 5 high-level factors, which ex-
plain 64 percent of the variance of the 38 class factors.
Together they describe the small and large systems and the
experience levels of the development teams. The details of
this factor analysis are reproduced in Table B-1l of Appen~
dix B. The following subsections summarize these results.

The high-level factors and the unrelated class factors are
listed.

4.4.1 HIGH-LEVEL FACTORS

The five high-level factors are described below. Each de-
scription is composed of the high-level factor's name, the
percentage of the variance the high-level factor explains, a
list of class factors correlated with the factor, and a nar-
rative. The class factors correlated with each factor are
listed in numerical order, first for the positively corre-
lated class factors and then for the'negatively correlated

class factors. Correlations appear in parentheses following
the class factocr number.

The descriptive names applied to factors in this section are
intended to suggest the types of values that tend to occur
together, based on the analysis of the factor pattern shown
in Table B-lb of Appendix B. For example, two groups of at-
tributes can be defined that are characteristic of small
~systems and of large systems. Depending on its size, any
giVen system would possess all these attributes to a greater
or lesser degree. Therefore, this section describes a set

of profiles or patterns with which any given development
project can be compared.
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1. High-Level Factor 1 - Small System Profile (16 percent

of variance). The factors strongly correlated with this

high-level factor include

a.

g.

Factor 8 (+0.60)--Stability and high performance of
development team managers, i.e., project manager .
and leader and development interface manager and
leader (MG and PF)

Factor 13 (+0.67)--Poor external support (EX)

Factor 17 (+0.79)--High-quality process and product
(PR and PP)

Factor 12 (-0.62)--Less complex and difficult proj-
ect (CP, IN, EX, and DF)

Factor 26 (-0.63)~--Low level of environment experi=-
ence of analysis managers for testing (RK and YE)

Factor 27 (-0.60)--Small system size (WF and PS)

Factor 33 (~0.61)~-Low effort-related system size
(MS, SW, and ES)

Factors that are moderately correlated include

Ae

b."

Factor 1 (+0.52)~--Moderately high general use of

- software engineering practices (MT, TS, DC, and SE)

"Factor 5 (+0.54)--Moderately high use of chief pro-

grammer. The sign of the correlation is reversed
because the signs 0f the correlations of the prin-
cipal measures are negative (MT, TS, and DC)

Factor 6 (+0.50)=--Moderate level of ability bf
technical staff (AP, MG, PF, and AB)

Factor 29 (+0.47)--Moderate tendengy to use
graphics test time rather than batch testing meth-
ods (WF)
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e. Factor 35 (+0.48)--Moderately large number of data
sets for internal communication. The sign of the
correlation is reversed because the signs of the
correlations of the principal measures are negative
(MS and SW)

£. Factor 37 (-0.49)--Smaller number of errors in the
code during development. The sign of the correla-~
tion is reversed because the signs of the correla-
tions of the principal measures are negative (SW)

This high-level factor represents the typical small system
development pattern. In this environment, small systems
generally

® Tend to be mainly utility data processing applica-
tions, such as preprocessing for data reduction and calibra-
tion or postprocessing for data smoothing, quality
assurance, and packaging. Therefore, small systems use more
internal data sets for communication (factor 35) to manipu-
late data. Because small systems are usually data manipula-
tion and inspection systems, they tend to have a large
amount of interactive graphic code and, therefore, are pri-
marily tested graphically (factor 29).

o Are not complex or difficult (factor 12). They are
developed with a high-quality process that produces a high-

quality product (factor 17), which has moderately fewer de-

velopment errors per thousand LOC (factor 37).

e Tend to have chief programmers (factor 5) because
the systems are small enough for a single perSOn to direct
all technical activity.

e Have moderately able technical staffs (factor 6),

~ who use software engineering practices to a moderately high

degree (factor 1l).
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e Have more stable team management (factor 8) because
the development schedules are relatively short.

' Have poor external support (factor 13) because
small systems are generally not so critical in terms of cost
and schedule impact compared with larger projects being de-
veloped at the same time., This is reenforced by the low
level of environment experience of the analysis managers
assigned responsibility for small systems during the testing
phases (factor 26).

2. High-Level Factor 2 - Large System Profile (14 percent
of variance). The factors strongly correlated with this
high-level factor include

a. Factor 31 (+0.58)--High use of code reading and
less time spent during testing phases (WF and PS)

b. Factor 33 (+0.64)--Large effort-related system size
(MS, SW, and ES)

C. Factor 2 (-0.67)=--High use of interactive develop-
ment techniques (MT, TS, and DC)

d. Factor 4 (-0.59)--Low use of structured implementa-
tion (MT and TS)

e. Factor 7 (-0.64)--Ineffectiveness and low perform-
ance of development interface managers (AP, MG, and
PF)

f. Factor 14 (-0.60)--Difficult schedule and respon-
. sive analysis leader (CP and EX)

Factors that are moderately correlated include

a. Factor 12 (+0.54)-~-Moderately complex and difficult
~' project (CP, IN, EX, and DF)

b. = Factor 27 (+0.47)--Moderately large system size (WF
and PS) ‘
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c. Factor 10 (-0.54)--Moderate overall ineifectiveness

of analysis leader as a manager (AP and MG)

d. Pactor 18 (-0.56)~--Moderately low availability of
resources (RA)

e. Factor 19 (-0.44)--Large average module size. The
sign of the correlation is reversed becduse the
signs of the correlations of the principal measures
are negative (PR)

£. Factor 23 (-0.45)--Moderately low level of profes-

sional experience of technical staff (RK, YP, YA,
and YE)

This high-level factor represents the typical large system
development pattern. In this environment, large systems
generally

°® Are moderately complex and difficult (factor 12).

® Have schedules with more than average difficulty;
therefore, the analysis leader's responsiveness tends to be
higher for larger projects (factor 14).

o Have technical staffs with a moderately low level
of professional experience (factor 23). However, they tend
to use primarily interactive development techniques (fac=-
tor 2) and code reading to validate code (factor 31). Be-
cause larger gystems tend to reuse more code from previously

developed systems than do smaller systems, structured imple=-

mentation is used less (factor 4) and the average module |

size in the system is moderately larger than the average
size in this sample (factor 19). ‘

@ Have moderately low availability of resources (fac-

- tor 18), which cannot be adeéuately supplied in a decaying,

archaic computing environment. Therefore, the effectiveness
of the development interface managers is genetally low (fac-
tor 7). ‘ ’
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3. Highapevel Factor '3 - High Use of Software Engineering

Technology (12 percent of variance). The factors strongly
correlated with this high-level factor include

a.

b.

; - I

b,

RN TTT T wr T o

Eh;mﬂ~ 8623

Factor 1 (+0.67)~--High general use of software en-
gineering practices (MT, TS, DC, and SE)

Factor § (+0.60)--High level of ability of techni-
cal staff (AP, MG, ®F, and AB) ,

Factor 18 (+0.58)-=High availability of resources

(RA)
Factor 30 (+0.56)--New project type (WF and PS)

Factor 8 (-0.61)--Overall instability of managers

(MG and PF)

Factors that are moderately correlated include

Factor 2 (+0.50)~-Moderately high use of batch de-
velopment techniques (MT, TS, and DC)

Factor 14 (+0.52)~-Less than average schedule dif-
ficulty and moderately unresponsive analysis leader
(CP and EX)

Factor 22 (+0.52)--Moderateiy high level of appli-
cable experience and good reputation of technical
staff (RK, YP, YA, and YE)

Factor 38 (+0.48)--Moderately complex code (MS and
SW) ‘
Factor 25 (-0.51)--Moderately low'level of environ-

ment experlence of project and analysis managers
for implementation (YA and YE)
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This high-level factor represents the high use of software
engineering technology. In general, software engineering
practices are used to the highest degree when

) The technical staff has a'moderately‘high level of
ability /(factor 6) and a moderately high level of
applicable experience (factor 22)

®  The software product is mostly new design and code
- (factor 30)

k) The team has reasonable access to resources (fac-
tor 18)

This trend occurs even thodgh there is not much stability
among the interfacing managers and leaders (factors 8 and
14).

'This trend is not surprising because most programmers do not

want to work with old code. High performers are more flexi~-
ble, willing to embrace new technologies, able to see the
benefits of them, and can find ways to obtain resources.
While it is possible to train personnel and to improve their
performance, it is not possible to get rid of old code be-
cause its use is deemed cost effective. The development
manager's job of training programmers to use modern program-
mlng practices while modifying, enhancing, or rebulldlng old

3ystems is not an easy one.

The projects characterized by high use of software technol-
ogy, high level of personnel ability, and mostly new soft~-
ware tend to

@  Have schedules with less than average difficulty
(Eactor 14)

® Use primarily batch devé@opment techniques (fac-
tor 2) ‘ ’
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° Produce moderately complex code (factor 38) com-
pared with the average complexity in this sample,
measured by the number of decisions per 1000 execu-
table LOC

4, High-Level Factor 4 - Small Design Team (ll percent of

variance). The factors strongly correlated with this high-
level factor include

a. Factor 21 (+0.62)=~-High degree of formal training.
The sign of the correlation is reversed because the

sign of the correlation of the principal measure is
negative (RA)

b. Factor 32 (+0.74)--Small design team (WF)

¢. Factor 15 (-0.86)--Very responsive analysis leader
(EX)

Factors that are moderately correlated include

a. Factor 19 (+0.50)--Small average module size. The
sign of the correlation is reversed because the
- signs of the correlations of the principal measures
are negative (PR)

b. Factor 34 (+0.56)~-Large data base size (MS and SW)

C. Factor 5 (-0.51)--Moderately low use of chief pro-
grammer. The sign of the correlation is reversed
because the signs of the correlations of the prin-
cipal measures are negative (MT, TS, and DC)

d. Factor 9 (-0.49)-~-Ineffectiveness of analysis man-
agers (AP and MG)

This high-level factor represents the small design team. In
general, team members have been formally trained in develop-
ment (factor 21) and work with systems that have complex in-
terprogram communications, data base structures, and
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execution timing constraints (factor 32). This trend is re-
enforced by the fact that the systems have moderately large
data bases (factor 34). Although there is no correlation
with system size, this factor indicates moderately low use
of the chief programmer (factor 5). The average module size

tends to be smaller (factor 19) than the average as a result
of formal training.

5. High-Level Factor 5 - Highly Qualified Team (11 percent
of variance). The factors strongly correlated with this
high-level factor include ' ‘ -

a. Factor 20 (+0.6l)=-~High level of support for sup-
port software (RA)

b. Factor 28 (+0.58)~=Highly qualified programmers (WF
and PS) '

Facéﬂ@% that are moderately correlated include

a. Factor 6 (+0.53)--Moderate level of ability of
technical staff (AP, MG, PF, and AB)

b. Factor 10 (+0.44)--Moderately effective analysis
managers (AP and MG)

C. Factor 31 (+0.48)--Moderate use of code reading and
moderately less g' 2 spent during testing phases
(WF and PS) -

d. | Factor 11 (-0.51)=--Instability of experienced proj-’

ect manager. The sign of the correlation is re-
versed because the sign of the co;relation of the
principal measure is negative (MG)

e. Factor 13 (-0.48)--Moderately good external support
(EX) o . , ,
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£. Factor 16 (~0.47)--Moderately good high=level de-~

velopment support and moderately high team turnover
(IN and EX)

g. Factor 34 (-0.46)--Small data base size (MS and SW)

This high-level factor summarizes the qualificaticns of the
development team for the application. The characteristics
of a highly qualified team are highly qualified programmers
(factor 28), a technical staff with a moderately high level
of ability (factor 6), an experienced project manager (fac-
tor 1l), a moderately effective analysis manager (fac-

tor 10), and a moderately supportive development interface
manager (factor 16). This development interface manager is
ditectly and indirectly responsible for a high level of sup-
port for support scftware (factor 20) and hardware (fac-
tor 16), as well as for simulator data and analysis support
(factor 13). However, the team is likely to lose its proj-

ect manager (factor 11) and to have a high turnover of pro-
grammers (factor 16).

4.4.2 UNRELATED CLASS FACTORS

The following list contains class factors that are not cor-
related with any of the high~level (hereafter referred to as
HI:) class factors at the 0.0l significance level. The fac-
tor with which each class factor is most strongly correlated

and the!value of that correlation appear in parentheses fol-
lowing the class factor number.

l. Factor 3 (HL factor 5, -0.40)--Low use of top-down
design techniques (MT) |

2. FPaccor 5 (HL factor 1, +0.54)--High use of chief
programmer. The sign is reversed (MT, TS, and DC)

3. Factor 9 (HL factor 4, =0.49)--Ineffectiveness of
analysis managers (AP and MG)
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11l.

12.

13.
4.

: i ) 15.

Factor 10 (HL factor 2, =-0.54)--Ineffectiveness of
analysis leader (AP and MG)

Factor 1l (HL factor 5, =0.51)~--Instability of ex-
perienced project manager. The sign is reversed
(MG) o2

Factor 16 (HL factor 5, =0.47)--Good high=-level
development support and high team turnover (IN and
EX)

Factor 19 (HL factor 4, +0.50)--Small average mod=-
ule size. The sign is reversed (PR)

Factor 22 (HL factor 3, +0.52)--High level of ap-
plicable experience and good reputation of techni-
cal staff (RK, YP, YA, and YE)

Factor 23 (HL factor 2, ~0.45)=--Low level of pro-
fessional experience of technical staff (RK, YP,
YA, and YE)

Factor 24 (HL factor 1, +0.44)--Low level of envi- -
ronment experience of development managers (RK and

YE)

Factor 25 (HL factor 3, -0.5l)--Low level of envi-
ronment experience of project and analysis managg:s
for implementation (YA and YE)

Factor 29 (HL factor 1, +0.47)--Tendency to use

graphics test time rather than batch testing meth-

ods (WF)

Factor 34 (HL factor 4, +0.56)--Large data base
size (MS and SW) B

Factor 35 (HL factor 1, +0.48)--Large number of,
data sets for internal communication (MS and SW)
Factor 36 (HL factor 4, +0.44)--High use of old

code (SW) h “ '
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le6. Factor 37 (HL factor 1, -0.49)--Small number of
errors in code. The sign is reversed (SW)

17. Factor 38 (HL factor 3, +0.48)--Complex code (MS
and SW)

Factors 3, 24, and 36 are the 'only class factors not corre-
lated with any high-level factor at the 0.05 significance
level,
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SECTION 5 - CONCLUSIONS

~This section summarizes the conclusions derived from the

analysis of the SEL software management measures collected
for 20 independent software development projects. Sec-
tion 5.1 summarizes the findings stated either explicitly or

-implicitly in Section 4, and Section 5.2 recommends a course

of action based on these findings.‘
5.1 FINDINGS

The findings are presented below in the order in which they
were derived by the analytical procedure (see Figure 3-1).

Test of Normality. This test shows that not all measures are
appropriate; that is, some measures fail to differentiate one
group of projects from another. Approximately one-half of
the measures rejected by the test of normality are measures
that were developed for another environment or for use with
several environments. The results of additional analyses of
SEL measures will not change their status.

The development managers should discard these measures un-
less there are

) Anticipated changes in the development process and
environment : ‘

) Plans for expansion of the organization's line of
business '

3 .Intentions to combine SEL data with data from,other 2

environments that use the same or similar measures

Factor Analysis of the Seveh'01asses of Measures. This

‘analysis

1. - Shows that by producing descriptive factors, a
large set of measures can be reduced by approxlmately an

”
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2. Provides a basis for selecting the most important - 3
measures by their correlations with the descriptive factors
and the ease with which measurements can be made. |

A

3. Shows that many measures are related to system
size. Apparently, whether consciougly or not, manaéers tend
to evaluate various effects with respect to system size (for
example, complexity ratings).

Cluster Analysis of‘the Seven Classes of Measures. This
analysis

1. Shows that the major distinction made among proj-
.ects by the factors is system size and that System 730 was
misclassified as a large project.

§ o)

2. Confirms that the Walston-Felix (WF) category:of
measures is an excellent set of measures and that, to a-
large extent, the SEL measures are basically an expansion
and elaboration of the WF measures. The reader can see this
by comparing Figure 4-1 (cluster map for all screened SEL
measures) with Figure A.6.1-2 in Appendix A of Volume 2

DER

™
]
R TP TS L

(¢1uster map for WF category). The comparison shows that Eﬁifi
the cluster maps are very nearly identical in project pair- Lii »‘é
ings, although differences in the levels of similarity : %‘"vﬁ

exist. There is one exception to this generalization: Sys-
tem 200's high degree of similarity witb System 900 rather
than with System 300.

1

] >
M gt ettt
e i

g

Because the cluster maps (see Figure 4-1) of the small proj-
ect group and the large project group, separately, are not
similar to a cluster map of any other individual category of
measures, the levels of similarity within the two groups are
a .reflection of the effects of all classes of measures,
i.e., software‘engineering, experience, complexity, and
prqﬁuct effects. The differences in the levels of similar-
ity indica@gdvbyjcbmparison of the cluster map in Figure 4-1
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and the cluster map for the WF measures (see Figure A.6.1-2)

result from the finer detail added by the SEL measures. i

Factor Analysis of the 38 Class Factors. This analysis

1. Shows that the major distinction made among proj-
ects is still system size; however, experience-related ef-
fects are obvious.

2. Points out subtle environmental quirks and weak=- \
nesses and, therefore, can alert development managers to
take preventive steps, plan better for contingencies, and
generally improve the process through proper training. Two
of the important effects are as follows:

a. The high use of software engineering technol-
ogy is strongly correlated with the level of ability of
the technical staff and the degree to which a system is
new, i.e., amount of new design and code. An obvious re-
lationship of high technology use with team &ability has
been discussed within the SEL over the past{ few years.
However, the relationship with the degree of system new-
ness had not been apparent. The desire of programmers
to completely develop something on their own (i.e., not
constrained by large amounts of existing code) so that
they can improve their skills is a familiar lament when
assignments are made. Even though sound software engi-
neering methodeclogy is taught and its use is encouraged
and enforced, programmers are apparently more highly ;
motivated to use the methodology when they are satisfy-
ing career objectives.

In this environment, the development manager is faced
with a difficult challenge in training personnel to use
better technologies and in motivating them to use the
technologies for maintenance, enhancement, and rebuild-
ing activities where fairly large amounts of reused code
are involved. | -

R A T R L

e e LT




b. Although some current thinking is to use
highly qualified teams to make large improvements in
productivity and/or reliability, in this environment,
highly qualified teams are likely to be unstable because
experienced project managers and leaders are likely to
be promoted and because career-minded programmers do not
want to work in the same computing environment or with
the same application very long.

Therefore, in this environment, higher level managers
will have to be very creative in forming highly quali-
fied teams and in helping team members to set career
goals. Otherwise, team members are likely to leave the
project for one reason or another to improve their
skills, and the very purpose of bringing such a team

"~ together is defeated.

3. Shows that the data are not ideally represented for

~determining what is related to productivity or reliability.

For example, only the Development Team Background class fac-
tor that accounts for the least amount of the variance
within the class (factor 26) is strongly correlated with any
of' the combined factors, although all five class factors are
moderately correlated with the combined factors. Years of
experience (YOE), which obviously has a direct bearing on
the outcome of a software development process, can be repre-
sented better. For example, an average person with 25 YOE
is not likely to be 25 times better or faster than an aver-
age person with 1 YOE; however, he/she may be 7 times better
or' faster. No attempt to find a suitable transformation for
years of experience or to normalize system size in terms of
effort or errors was'planned for this analysis; however, it
is planned for future analysis.

o . wid o i

]

i

sl

&

. = - + s N
P N T LT T SR T PRI Vg




el
Y

P p— m—rm" -
e Py
PO .

]

1
i
!

Cluster Analysis of the 38 Class Factors. This analysis

l. Shows that the major distinction made among proj-
ects by the factors is still system size. The preservation
of this distinction, in spite of the dilution of the effect
of explicit size measures (Section 4.3), suggests that the
effect of size is implicit in many not obviously related
measures. For example, more experienvzd personnel may be
regularly assigned to larger projects. Thus, team experi-

ence would be related to project size, although not obwvi=-
ously so.

2, Shows that the amalytical technique reduces con-
founding effects (primarily overwhelming information in
terms of system size) and points out a second major distinc-
tion among the small and the large projects: experience.
The reader can see this by comparing the small project group
in Figure 4-2 (cluster map for combined factors) with Fig-
ure A.5.3~4 in Appendix A of Volume 2 (cluster map of Years
of Applicable Experience (YA) category). Excluding Sys-
tem 730, which was misclassified, comparison with the
cluster maps of each category shows that the YA category has
the same project pairings, considering small differences in
the levels of similarity. This is encouraging because the
outcome of a small development project is considered by many
to be primarily related to the developers' experience.

The reader can see the experience relationship among the
large projects by comparing the large project group in Fig-
ure 4-2 (cluster map for combined factors) with Fig-

ure A.2.1-3 in Appendix A of Volume 2 (cluster map of

'Experience With Application (AP) category). Excluding Sys-

tem 730, which was misclassified, comparison with the

cluster maps of each category shows that the AP category is

very nearly identical in project pairings, although there
are some differences in levels of similarity.

5-5

: ¢ :
A o it i e LA bt el

WP - T S

-
T T PR AL T | W U CIC N

e




TR, EFLR LTS SRR

W”;{- '

The fact that different kinds of experience measures differ-
entiate the small projects from the large projects is ex-
plained as follows. In general, smaller projects are
usually staffed with more junior personnel in the environ-
ment; that is, they have little experience with the applica-
tion, but they have varying degrees of applicable
experience. Larger projects, however, are staffed with per-
sonnel who also have varying degrees of applicable experi-
ence and varying degrees of expefience with the application.

The differences within the small and large project groups in
the cluster map in Figure 4-2 are primarily because of ex-
perience levels. The differences between the cluster map in
Figure 4-1, which closely resembles the cluster map for the
Walston-Fglix measures, and the cluster map in Figure 4-2 is
a result of the finer detail in experience data provided by

the SEL measures after the effects of system size have been
reduced.

5.2 RECOMMENDATIONS

The analysis described in Section 4 and summarized in Sec~-
tion 5.1 identifies a number of significant software devel-
opment qualities (or factors). That analysis evaluates the
effectiveness of a large set of management measures with
respect to those qualities. Thus, a basis has been estab-
lished for defining a more concise set of software develop~-
ment measures. The measures considered cover every aspect
of software development experienced by the SEL.

Although the complete set of 608 measures could be collected
from every software development effort monitored, that proc-
ess would be a tedious and time-consuming (expensive) proc-

ess. The foregoing analysis demonstrates that a smaller set
of measures oriented toward the basic qualities (factors)

‘present in the data can be found. This smaller set contains

most of the information of the ofiginél measures. A set of
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38 appropriately se@ected measures retains about 80 percent
of the information content of the complete set of 608.

Tables 5-1 through 5-7 identify the elements of such a con-
cise set of measures. The measure(s) corresponding to each |

factor in the table is, in most cases, the measure most
highly correlated with it. However, another highly corre-
lated measure was sometimes selected because it appeared
more representative or easier to obtain., Additional meas-
ures are included in the tables where additional information
is desirable. A total of 78 measures is listed. The set of
measures listed in these tables, then, constitutes the SEL's
recommendation of management measures that should be col-
lected and monitored during software development. :

Figure 5-1, at the end of this section, demonstrates the ac-
curacy of this set of 78 important measures. The cluster
map shown in the figure preserves the size effect previously
noted (see Sections 4.3 and 5.1), although it provides more
detail. Note that three clusters are defined that corre-
spond to large, intermediate, and small systems. The inter-
mediate cluster is composed of the three smallest of the
large systems. Furthermore, transpositions of the order of
systems in the graph can be made (while preserving the re-

. lationships among the systems), which would produce a rank-

ing of the systems from largest to smallest in terms of
developed lines of code, with one exception. Thus, not only
is project size a major characteristic, but, based on this -
analysis, developed lines of code is the most important

measure of a software project of this application type in
this environment. ‘ '

These recommendations should not, however, be construed to
imply that the study of software measures is complete. The
SEL and other researchers are still engaged in an extensive
review and analysis of me§5ures. The study documented in
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this report considers only one set of measures. Further-
more, it does not analyze all the interrelationships of
these measures or their specific applications. Those issues

will be considered in a future document (Reference 13). ) ]
However, this document does show how a relatively small set ( v
of measures can be defined in such a manner as to fully }
characterize or describe the software development process

experienced by the SEL. ' }

gy f
Sttt fCRE
. .g.-‘a....}fr‘ - y

™3

', : .
ot - ‘-‘
)
U
) 4
A 4
i
g #




MR ARt TR H et £

S T T TR 2 SR RS oA T P A et T Ao g i, o 35 R A ey b rer - e i > SRRt S -
.wm mC
i p
)
4 ;
b
i - A
i o . I~
b b4 , SN1ViS ‘
{ §|  103r0ud ONLLOTTSH NI SLHOJIH SSTHOONS noiL | - M
» ATHINOW ONV AT333IM 30 3IONVAI13Y wo- o1oa -YZINVOHO S.WVIL INIWIOTIAIT 5 3 m
3009 GINLONULS ONIINAOHJ NI IV OL : ;
HINHN0IIMd NVHIHOI GIHNLINYLS 40 38N zZ90+ 90S1 NOILV1NIWI1dWI QIBNLINULS v v 2
SNOLLONNS MaN , , :
HOJ SINDINHOIL NOISIA NMOG-40L 40 35N Sgo+ 601 NOIS3A NMOQ-dOL £ £ :
j _ : SINDINHOAL IN3IN
4 -4013A30 (HOLV8) IAILIVHILNINON 30 35n
“#1"ANIWJOT1IAIA HOS STYNIWHIL 40 ISNHNON 190+ o1s1 AN3IWJO13A3A HOLVE z z o
a ]
MOOS310N NOISID3A NOIS3a 40 3Sn sto+ £000 “ ¢
H3AV3I1 193r0Hd ANV HIOVNYIN ,
1937044 A9 INIWIDHO, %334 ADOT0TOHLIN Z6 0+ £0SL N ]
W ONLISIL OV3b+¢1 31 OWOHd OL NOIL S30110VHd ONI . o
“VANIWITJWI DNIHNG SBNLS FINCON 40 350 sg0+ SLiW -H3IINIONT IHYM1JOS TYHINID 1 L :
:  NOILYA 3009 v ‘ HO1ovY | wolov4
w i NOILJIYIS3A IUNSVYIN 20500 | 30an ALNVND oo | Solovd
i
.
2

sse1) burassutbug azemzjog 943 ut saansesy juejxoduy -G atqelL

It
H
’

e ST S




Al A ST A S - D A e AL LI AL | B A S c e . ke S B Dl ol alanrd il o Pir bt o i A 3 el ¢4 b

- : : o : Yo , L . o S e

e o e e ey s et R s T ey B AR S R e SR SR TS A B RN |
4
8| ¥3IDVNVN1D3rOUd (N1 3ONVHOL 0 ALIIaveS | es0- |  1eom
s r . , 3
s ’ : NOLLVDINddV ;  ALIISVIS ONV ,
JHL HLIM 3DONIIHIAX3 S.HIDVNVI 193r0kd zgo+ 904V 3ONIIHIAXI S.HIDOVNYW 1IIH0Md 9 " «
NOIS30/G311V.L30 ONIHNC HIDVNVIN V SV , SSINIAILIIIAA
HIAV3IT SISATVNY 3HL 40 SSINIAILIFHAI 890+ o1on S,430VIT SISATYNY g oL
NOLLYINIWITINLONINNG SSIN3ALLDISS3
HIDVNVA SISATYNY SHL 40 SSINIAILD3 443 ¥90s stom S.UIOVNVI SISATYNY y 6

NOILVINIWITdWI ONIHNG . SN | -
H3AYI1 ANV HIOVNVIN 3DVIHILNI ININ . o
-4013A30 FHL ONV HIAVIT ANV HIDOVNYI

12370Hd IHL 40 IINVINHOLAHId S0M-IHL-NO Lg0+ Lidd
FOVIAHIINI ININJOTIAIA
ANV "SISATYNY “103(0Hd HOd SH3AVI
GNY SHIOVNVW NI SIONVHD 40 HISNNN oLro+ SEON
) AN3N 3INVIWHOIH3d ONY ALITIEVIS
-30Y1d3H “71 'HIAONHNL HIAVIT LIIF0Hd LSO+ ZEON SUIOVNVN WVIL ININJOTIA3Q € B 8 )
{£ HONOHHL 0= X] HIDVNVIW JOVIHILNI ININ o o
~d0T3A3A IHL 40 FINVWHOAHId 8OM-IHL-NO 99’0+~ 6%4d o m
, T
NOLLV.ANINITIWI ONIHNA U3DVNVIN 30V ) n m
- ~HILNI ANINFOTIAIA IHL J0 SSINIAILDIL4T aLro+ LIOW : m
w FONVNHOIHI ONY SSINIALLDI 44T :

- NOLLVOIT4dY SHL HLIM 3ONIIHIIXT SISATYNY £9°0+ 604V SHIOVNVIN LNIWJIOT3IA3Q 4 : L

(€ HONOYHL 0 =X) HIAVYI

QNV H3OVNYW 30VIHILNI AINIWJOTIA3A

ANV ‘H3QV3IT NV HIDVNVIN 103FrOHd ‘SHIN
“WYHOO0Ud "1 °44V1S TVIINHIIL SWYIL LNIN

-4013A30 IHL 40 IINYIWHOAHId GOr-IHL-NO Lrov~ yxdd
” (9Z ANV ‘0Z°¥1 *8 °Z = XX) HIOVNVIN V
- | svu3av31 153roud 3HL 90 SSINIALIOZAA SHO+~ xxomM !
i ANIWNG.ANT
HO/GNV NOLLVII1ddY JHL NI (€ LHIdX3) :
i 1434X3 QIHSF18VLISI WO NOLLNAININGD SLo+ codv | ALINGY S.44Y1IS TVIINHOIL t ). .9
! NOLLJINISIA JUNSYIN NOLLVT 3009 ALFIVAD HOLOV4 HOLOVA

. i -3HHO0D JHUNASYIN SSV1D FIVH3IAO

] ssefd X3TTIqV wesy jusudoreasd 9yl Ut saansesy juejxodur <z-g aTqel

P A I o



o o

R Ty e TR it T S F 2 A P R T, T T T T T TR T T e e, e

ze/czos’

R B L R A R

eRE

| SW31804d
S#VIL ININGOTIAIA OL HIDVNVI 30V
-HILNI ININGO13A3C 40 SSINIAISNOISIH | 650+ s0x3
; ; ~ 1H04dNS _ ‘
UIAONHNL WVIL INIWGOTIAIA | 990- SoN! 1NIWAOT3A3A TIATTHOIH s 9t
AN3INJOTIAIQ
40 S3ISVHd (ONILSIL ATIHVIIH) HILVT . |
3H1 NI SNI180H4 SAVIL ININIO1IAIA SSINIAISNOSIH |
OL SSINIAISNO4SIH S.MIAVIISISAIVNY |  Zoo+ 91x3 IVHINIO S.HIAVIT SISATYNY - v st
$1193443 3HL ISHOM
3IHL ‘SHNOD0 INIWIOV143H JHi H3LV]
3HL“T1°3SVHd LNINIO 1AL JHL OL IV
-NOLLHOJOHd A1103HI S1 193343 IHL "ININ
-30V1d34 “3'1‘HIAONNNLHIQVITSISATVNY |  p20+ vixa
| 3INA3HOS ANV SSINIAIS o
TINAIHOS LNINIOTIAIA 40 ALINDIEAIG | Zro- t1dd “NOJS3H S.43IAV3IT SISATYNY £ v o
.r
(Z GNY 0 = A) SOIIN VLVA HOA 1HOJNS ANV
VAVG 1531 HOJ HOLYINWIS 0 ALNIAVIVAY |  8row~ Arxa 1H04dNS TYNY3ILXI z o |
| SLNIW3HINO3Y
GNV SNOILYDI1D34S TVNOILONNS ONIONVHD | L0+ 10x3
ADN3DHN 40 3SNIS GNV NOILVALLOW | |
SNVAL “31°30NLILLV SWVAL INIW4O13A3T | 180+ LINI |
Q34013/30 38 OL SWILSASENS JO HITWNN | €60+ 1040 ALIND14410 193F0Yd L 2L
NouVT | 300D HO10vV4 | o1V
NOLLAILISIA IUASYIN -34HOO | 3unsvaw ALVNG ssvio | 1vaano
ssed 30ofo1d Jo K3TNOTIFIA 9yl UT ssanszal juejxoduy -¢-g IRl
* .
— e .




i D] L B 1y K o1 T I 3 s H i i, 2 P ¥ i Lok [ £ 14 | m‘ |13

$S300Hd LNINJOT1INTA U %
SHL NI ONINIVHL TYINHO:A 30 ALITISVUHVAY 850 lovy DNINIVHL TYWHOS S 1z :

1H0a6dNS V1VYA :
HO4 HOLVINWIS 30 ALITIAVTIVAVY ‘3HYM :
~130S 1H0ddNS W3LSAS HO4 IDNVNILNIVIN . C
ANV 0 3SN JHL NI NOLLOf:: 1SN 3AIA0Yd : '
OLT3NNOSH3d LHO4dNS 40 ALTTIEVVAY Lgo+ e8vy 1H0ddNS 3HYMLJ0S LHOddNS v (174

STTINGON A31ITOW ATIAISNILXI J0-IZIS 06°0— S0Hd 3ZIs3ITNAon € , 61

; JHVYMLH0S 1504dNS
§ W3ILSAS 10 3SN NI NOLLONYLSN! 30IA0Hd
F: OL TINNOSHId 1HO4dNS 40 ALITIAYIIVAY S6'0+ vovyd

w SS3308d LNIWJOT3A3A SHL ONIFIHD
F
|

5-12.

~$30 NOILLY.LIN3IWNJ0Q4 40 ALITISVIIVAY S60+ £0vH ALITISVIIVAY 30HN0S3Y 4 8t

SNVTd SHL HLIM HONOHHL HNIMOTI0H

: QGNV ONINNY1d LNIWJOTIAIQA J0 13ATT L60+ 80dd
: 19NACYEd NI 3ON3AIINOD .SHIDVNYIN Z60+ £0Yd ALIIVND 19NA0Hd ONY SS300Hd 1 L 4
: NOLLV 3009 : HO10V4 HO10VH
: NOILLJIHOS30 SUNSYIW -3HHOD 3ynsvaw ALVND SSV10 TIVHIAO

SS2TD SOTAISTASIORIRYD 3ONPOIJ PUR SS900Id 9yl UT saansesy juezxodur “p-§ oS1qel “




R ol ot i

[

Ln

Rl

e —

ST RS | U P—

T T e T TR T L s T RS R T T T O T B )
= IR O < X F
e el 2 . ol ,,,o.;, L E e il
, L
2r - Sy
gl SISVHJ ONLLSIL HO4 H3AVI ONILSIL
s| ANY U3DYNYYS SISATYNY SHL HO4 30NT HOH 3INIIH3X3 INIWNOHIANT
-1H34X3 INSWNOHEIAND 40 SHVIA JILHOIE3M STok 8ZIA S.HIDYNVI SISATYNY 5 9z
ISYHJ NOILYINIWI TaNI HO4 B3aVI] )
ONY H3DYNYW SISKTVNY 3HE GNY H3aVTT | NOLLY.LNIWITdWI1 v
AGNY HIDYNYW 103r0Ud IHL HOd 30N _ HOJ 30ONIIHIIXI INTWNOHIANT 3
-143dX3 INIVINOHIANS 50 SHYIA GILHDIIM 650+ CTETY SHIDYNYW SISATYNY/L1D3r0Ud v sz
H3GY31 ONV H3DVYNYIN
IOVAUIINI INTHSOT3AIA 3HL ANV H3AYI : _ :
ONY Y3DYNVM 1D300Hd IHL U0 3N ; IONIIYIINT INIWNOHIANT ,
-1834X3 INSWNOHIANS 40 SHYIA G3LHDIIM 1904~ X35 SHIDYNYW INIWIOTIAIG £ vz
¢ H30Y31 0NV H3IDVNVW 133r0Hd : :
4L ANV SUIWINVHS0HS SHL HOS 30N = JONIIYIIXI TYNOI
-143dX3 1YNOISS3J0HS 40 SHVIA GIIHOIIM 99° G4~ DdA -$S340HJ S.33VISTVIINHIIL z £
{€ HONOYHL 0= X) HIGVT1 ANY HIOYNYIW
SISATYNY 3HL GNY ‘430Y3 T ONY H3OY . ,
~NYW 193r0Hd IH1 SHINWVHOOKJ IHE HOA NOILYINd3H ONY 30ONIIHIIX3
FONITHIINI TIGYI14dY 40 SHYIA GILHDIIM $8 04~ EXVA F18YDI14dV §.43VISTYIINAITL L z
‘ NOILY] saoz | g HO1OVS |  uolovd
NOILJIBDSIA 3UNSVYIN i | aoeaw .~/ xinvno Lo TG
sse1d punoxbyoeqg weaj jusmdoylassd 9yl UT soansesy Juejrodmy ‘G- DTARL
3

b

5-13




S T e T R R T AT T e TR R AT
i acaiiin iy 3 jﬂ/‘%nijlqllw N .;u - o CRET ; : R R
, /VM tl//.. , RL TSPV ‘;1,,.1[‘157!.-: T YA L et i RV, L NEESA V N
= B = e R e B et d 0 OO o3 O oo
8 © .
e}
; . 3 A
., N -
&
N (8 ANV } .
3 9 =4) JUNLONULS ISVE VIVA ANV NOLLYY : ; ; ,
3 “INOWHOD WYHSOUAHILNI 40 ALIXI TdNOS 9 04~ ALdm 3zIsWvaLNoissa | g 2 s
a3asn : . . ,
GNV Q3NNV1d ONIGYIH 3000 40 INNOWY |  zgos Zvm ONILSIL ANV ONIGVIHIaos |. ¢ te
» Q3SN ANV GINNYTd S3UNATD. ‘ ; ‘ o
; “OHd INIWJOTIAIA NMOG-dOL 40 INNOWY oL o+ £r4m FJAL1D3rOMd MIN | v ot
- SAOHLIN
HOLY8 HO IWIL 1S31 SOIHAYHO HIK113 ONISH ; ] | . ;
R ATIHYWING '3SYO SIHL NI‘ONILSIL 0 GOHIIN |  9r0- Le4m ADILVHISONIISIL £ 6z
. | SOIHAYMO IALLOVHILNL'ISYO SIHL NI ‘NOILYS ; .
“I1ddY IHL HLIM 3DN31434X3 .SHINWYHOOLY 89°0+ £03M = B
4 P B s \V . . : '
- SININIYINDIY . S : , 4
| =  L03roud 133N OL SNOLLYDIAIIYAD TIVHIAD | Ry ] R e .
. h - “SHIWNYHOOHA 40 NOLLYNTVAI FALLO NGNS @0+ | vodm | sNOILvoIIMvND SHIWWvHOOMd |z S omz L
g NOLLdIHOS3A WILSAS ANV *3ainD | : , i : BT
S.43501°SO0T0Hd IINAOW 'SV 1) 1531 ‘S310N
= , _NOISID30 NDIS3a “INSi%$00a NDIS3q “a4 . : ; :
- "NOLLS INIWNJ0T 30 SI9VJ 40 HITWNN TV.L0L £60+ 9r4m 3ZISWALSAS 1 iz . o
: NOLLY1 3002 , : HOLOV4 HO1OV4
» . . NOILJIEIS3a 3uNSVaN 340D | 3unsvaw | ALEIVND SSV12 Tiveano
: — e i R

SSB1D ST9POW 8u3l UT soinsesy Juezxoduy -9-g STqer

r AR v
b A R A e St e




A T T A T e e e W T R

B s et e e b Ay i il

(9]
Z8/€299

i

3009 318V1N23X3 40
S3NIT ONVSNOHL H3d SNOISIOAA 30 HIAWNN L9°0x - zams ALIXI1WO0D 3002 9 8¢
3009 40 _
S3INIT ONYSNOHL H3d SHOMYA 40 HITWNN 85°0— 9Ims 1NJLNOD HOYH3 3002 g te
a3sn 38 NVD LVHL
SI1INGOW (T10) GIDONYHINN 40 HISWNN 990+ 60MS 3000 @10 40 35N v 9¢
ONISS3I0Hd IVIWHON NI a35n SW3.L13sva NOILYDINNWIWOD

V.iVa (TYNHILNI LNd1NO/LNANT 30 HISWNN L9'0— BLSW 13S VLV IYNHILNI £ se
035N 38 NVD LVHL NYHIHO4 40 ih
3009 40 S3NIT (A10) GIONVHINN 40 HIFWNN Lg0~ PEMS 0
S ONISSII0Hd TYWHON _ h

NI Q35N SW3L11 3SVE V1VA 30 HIGWNNTVL0L 090+ 0zSW 37iS 3sva Viva z ve

Q34013A3a 660+ 8053
38 01 3G0D 40 SINIT 40 HITWNN 6610+ 0EMS
0340713A30 38 0L SW3ISASENS 20 HIZWNN 860+ ZoSW 3Z1S WILSAS 03LVIIH-1HO443 1 £e
=t o - .
. NOLLYT 3009 HOlOVa | Holovd
9 NOLL4IHISIC JHNSVIN -34H09 | 3ENSvaw ALOVND SSY10 TIVHIAO
SSeTd TTelad TRUOTITPPY 9Yy3 UT soinsesy jueirodur -/-¢ STARS
4 o
L
— mm\
S S e e e - pa—

st .

Sa,




BB b ser R

LARGE SYSTEMS .

INTERMEDIATE
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Figure 5-1. Cluster Map Based on Important Measures
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APPENDIX A -~ FACTOR ANALYSES OF CLASSES OF MEASURES

This appendix reproduces the output of factor analyses of
each of the classes of measures defined in
These classes are as follows:

Section 2.2.

1. Software engineering practices (Table A-l)
2. Development team ability (Table A-2)
3 Difficulty of project (Table A=~3)
4. Process and product characteristics (Table A-4)
5. Development team background (Table A-5)
6. Resource model parameters (Table A=6)
7. Additional detail (Table A-7)

The data used is that of the 20 independent systems de~
scribed in Section 2.1l. fact
procedure includes three types of information that are es-
sential to interpreting its results.

These information
types are ’

° Factor loading--percentage of the variance in the

data accounted for by each factor; shows the rela-
tive importance of factors

o

° Factor pattern--correlations of all measures with
all factors; shows the underlying structure of the
data ‘ §

) Communality--percentage of each measure's variance

accounted for by all factors; shows how well each
measure is explained by the factor model
The information presented in the seven tables (cne for each

class of measures) is divided into three subtables (one for
each type of 1nformation)

generate these tables is, descrxbed in Reference 7.

The output of the factor analysis
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APPENDIX B - FACTOR ANALX&?.‘\IS OF CLASS FACTORS

Table B-l reproduces the output of the factor analysis of
the 28 class factors defined in Section 4.2. Appendix A

., (Volume 1) reproduces the analyses that generated the class

factors analyzed in Table B-l. The elements of Table B-l
are explained in Section 3.2 and Appendix A of this volume.

B-1

Lo T
el A% oS,/

Sl
BT 4 | I T N LTS I PR

TR S RN (SO Pl MLl e gV PRI S W S

% . R
B N T e

ey

P AT T R T



ARt rbe S ARG AV L . Lo BT Ty T R T
A ey TR e By T e T R T e T R R

%

T

~Q3NIvV13d 38 1VIA Su010V4 S

000"} 000"+ 000"t 0GO" 4 0004 000"} 000" 000" 1 NOI1%0d WND
000-0-  000°0- 0000~  C00-0-  0GO'0-  000°0- ~ 000°0- ~ 000 O- NOL130d.
0000000~ 000000 0- 0000000~ 0CO0CO™0- 00000 0- 00000070~ 000000°0- 0000000~ SaNIvANISI3
8€ LE 1 SE > €E (4> 11>

. mme LV €004 000"} 000"} 000"} 000"} 000"+ 0004 000"} 000" 4 NO1.130d WND
1 w G0 O-  000°0-  000°0-  000°0-  000°0 GC0"0 coo"0 000°0 0000 00070 NOI1¥0d
i o< o530~ 0000000~ 0000000~ 00000Q 0~ GO000D™ O 0000000 00000070 00000070 000000°0. 000000°0  SINTYANIOII

o nnw oe 62 8z Lz 14 -1 +Z £z zT 1z

w

o mr ‘ GOu ' b 000" ¢ 866°0 ¥66°0 886°0 286°0 SL6°0 ¥96°0 056°0 z€6°0 NOILNOd WD

S MMR 650" 0 Z00"0 ¥00°0 S00°0 900°0 800°0 11070 ¥10°0 81070 TZ0'0 NOI1¥0d

o uw‘mw 050000°0 999880°0 +698¥I -0 BLVEOZ O 68FETZ 0 0S9Z6Z°0 BLLELY™O LELIES O OPEL9D°O OLSSEB"O  S3NTVAN3DII

- G o oz 61 e L 94 st vi €1 14} 2

—

e U 016°0 8L8°0 9£8°0 88L°0 STL™O Zra o TES°0 ozyo 00E°0 95170 NOI1¥0d WND

oo Zed O ZTro"0 gr0-o €90°0 £80°0 0110 z14°0 oz1°0 ppL-0 . 9SL°O NOIL¥O0d
osciz-s 1ES0I9 L STPEL@TH 18LIOPTZ 9669VLE BSLEELv EVYPSZ'Y TESOSS'Y ¥86L8y°S Vv9TI16°G  SINTVANIDII
ot 6 8 L ] s r € z '

%l

sqybToM To3joed SI030RI PAUTqUOD JO stsATeuy I030Bd -eT-d @14del




N

SRR

L e TR

@ >
3
[ 4
£3

|+ 4
28
oo
&y

-

SOTEE-O
1124
98ZET O~
85SGST°0
1 TESE O~
GZ8E0"0-
06900°0-
1508%°0
B8IZTYO"0-
po9ELZ -0~
L0185°C
611970
LTESZ O
LS85T°0
oGl o
L9BSE"O
3600V -0
0TLSE "0~
9E419°0
6EOYE O
OLLS) "0
gi44¥°0
6vL9Y " 0O-
£1280°0
60ZE} "0~
Lor8r - O-
LYE9E"O-
TSTIS O
L6SPY O
89191 "O-
L8vTO°0
gSy81 "0
LO0OES"O
Q23880°0
¥6901 "0
SGLE6E "0~
16¥12°0-
LEELT ™D

S¥010V4

EZEBGO
9.8VE"0
I8SEY O
6LLZY C
9ELSS 0
90L80°0-
8EBYL O
S6ZFL 0
81EEZ 0
¥6¥L0°0-
Y6YED"O-
vL6v0°0
T06L0°0
60ZL1 O
1Z0EO O
SE6ZL "O-
65L6Z 0
890Z9°0-
JEL0'0
WO66% “O-
yTYE O-
z9:1z1°0-
E1560°0-
1ZE98 O-
S00E0"O
ZPiv0 0 -
»E981 "0
6399Z°0-
zZZvoz o
Z068Y "0~
Ov680°0
S90vZ ' 0-

- L6TLOO0

1880S°0
¥9BEF°0
8lELC C
rHTTE O~
ETLEO"O

v¥010Vvd

va8Ly O
LS8¥T 0
0L0SE "0
9GTSE O~
S6TEO"O-
C6SOE"O
1304 24 S b
056L0°0-
8BESS 'O
83ZLZ "0-
LYBSE O
8019€°0
9¢810°0-
oLeIS 0~
99954 "0~
€628 0~
SOECS O
TLLBT O~
101620~
€v¥860°0
1994570
¢BESOO
$1SL0°0-
621G 0~
20pTS°0
5SPEZ 0
£6982°0
B96EE" O~
1PECO O
LIVEZ O
S8CEL9°0-
96180°0-
§9965°0
19281 "0
18892 "0-
k4344 ]
vZr0S°0
eTaL9 o

€y¥040v4d

:sI030vd PaUTqWo) JO STSATRUY I03oeJd

R i o R B ey
5686C°0- PGE9L "O- 8EYOLOVY
ELSEP O  SBIGY O LEYOLIVS
880L2°0- TYSYO O-  SEUOLIVH
65L60°0- S96LY O-  SE¥O0LOVY
L6SI0°0  $6660°0- PEU0LIVA
9EZY9"O  69T19°0- £€U0LOVA
LLFIT O- ¥BSEO O- ZEWOLOV4
8€085°0 008507 0- LEH0LOVS
6TL9Z°0 989EY°0 OE¥01NV4
YBEYE O  S969¥°O 62H010Y4
£Lv0Z°0- TEETL O- 82010V
IYOLb O  T9965°0-  LZHOLOVA
8CLEE"O- 88829°0-  9ZH0LOV4
ZIOSE'O  BLZOE O-  SZHOLOV4
IELLL'O  ZESEP O vZH01OV4
8OVSY O- 968IE'O €23010V4
Z9EIE'O 62620 0 TZTHOL0V4
$Z801°0 58950°0O- 1Z8019V4
BLbLL"O- ZOOLZ O-  OZHOLIVS
68bEP"O  600BEO-  61d0LIVS
LYBGG O~ YEOTO O- 81¥01OV4
LLBYEO 6298L°0 21¥8040v4d
ZSLFZ O- E61S0°0 913010v4
GCEEL "0 oLzZEL "0~ SH3010Vv4
L1S65°0- SBOS) O- Y1H0LOVS
00SEZ°0  §2599°0 E1¥012V4
FLIYS'O  FITZOO-  THUOLOWA
TSFFE'O  BPLEZ O- 113010V
OEGES 0- 630LZ°0-  OL30LIV4
€SLIZ O- 9£801°0 604019V4
Tr660°0 S6665°0 80%010V4
091¥9°0- TBS6Z O LO¥012V3
85L92°0 6010S°0 903019V4
}ISEIL-O  LIOVS O-  SOMOLOVH
18985°0- EZPIY O yOH010V4
£9111°0- ZOBKZ O €0010V4
£S699°0- 6S09Z°0-  TONOLIVAH
OLESZ'O  S8ZZS°0 1ONOLOVA

ZHD1OV4  1HDLIVS
uioilled Ioloed
‘qr-9 219eL




8]

e BB i e St i FARE PSR R

&
2F

B 1 - . £500Z9°0
m m ., %, 9t®o1dva
o O " seisaz-o

- . 3. V.

Jor L E13019v4

e& 7

o— e

w -

o0 -

=y
S

ﬂ,//llﬂj

s o0 0 301 R W 3
-
@
5
8S1¥3y°0  LU90ES°0 EOEZYE'O SOTZII'O SGI6IS'0 IE@SEE 0 SSEBZO'C SBLES O OZPOES O GOVPIL O O9LYSS O ErSOVE-O
SEH010VS LENOLDYZ 9ENOLOVS SE¥OIOVY VENDIOVZ EEW0IOVA ZEHOLOVA LENOLOVS OFH0LOVE 6ZNOIOVA BZHOIOV  LZNO1V4
986209°0 @6YLSZ'O OSEEES'O WZIZZY O 2TTOOZS'O 6906VS"O 6OLPZL'O EWILBL'O EOEE0S'0 S10LEZ-0 160VEL O $OOOLS O
STHDIOVS YZHOLOVS EZNOLOWS TTHOLOVZ HZHOLOVS OZHDLIVY 6IH0IOVA BIMOIOVA Li4019V3 SINOLOVA SIN01OV  bIHOLovS
§CSL16°0 8rCIS°0 SCEZES'D LIZELE'O GOSPSL'O LLLLES O OLEVS6'O 19€Y09°0 SEOZEL'O POSLZE'O ZWSOZE'O SZSLE-O
Z1¥010V4 113010v4 OINOIOV4 6OWOLOVJ SONDIOVA {OHO1DVA 90NOIOVS SONDIOVA PONOLOVI EONOIOYI ZONOLOV  §ONOIOVS
| SSILWMILSI ALITYNNWAOD VNI <
SOTATTPUNUWO)  :SI03DEJ PIUTQUOD FO STSATRUY I030B4  *OT-H OTqel

A e e e e




5.

10.

11l.

12.
13.

- 8623

e e A A e N i B it 27 5

RCA, PRICE S3, 1979

REFERENCES

V. R. Basili, "Models and Metrics for Software Manage=-
ment and Engineering," ASME Advances in Computer Tech-
nology, January 1980

G. J. Meyers, Reliable Software Through Composite De-
sign. New York: Petrocelli/Charter Publishers, 1975

- e e re g
-
- S T S L T~ S T N S

Rome Air Development Center, RADC-TR-77-369, Factors in
Software Quality, J. A. McCall, P. K. Richards, and
G. F. Walters, November 1977

J. V. Post, "Software Quality Metrics for Distributed
Systems," Software Engineering Laboratory, SEL-81-013,
Proceedings of the Sixth Annual Software Engineering
worksho December 1981

RS R Ry R

D. N. Card, "Identification and Evaluation of Software
Measures," Software Engineering Laboratory, SEL-81-013,
Proceedlngs of the Sixth Annual Software Engineering
Worksho December 1981

i

b
e e

Software Engineering Laboratory, SEL-81-104, The Soft-
ware Engineering Laboratory, D. N. Card, F. E. McGarry,
G. Page, et al., February 1982

SAS Institute, Statistical Analysis System User's Guide,
J. H. Goodnight, J. P. Sall, J. T. Helwig, et al., 1979

R. V. Hogg, "Statistical Robustness: One View of Its = ,
Use in Applications Today," The American Statistician, ‘
August 1979, vol. 33, no. 3

H. H. Harman, Modern Factor Analysis. Chicago: Univer-
sity of Chicago Press, 1976 ”

S. C. Johnson;, "Hierarchical Clustering Schemes," Psy- S
chometrica, 1967, vol. 32 ~ IRRIARY

C. E, Walston and C. P. Felix, "A Method of Programming ) 5 :
Measurement and Estimation," IBM Systems Journal, ‘ o
January 1977, vol. 16, no. 1 "

Software Engineering Laboratory, Measures and Metrics

for Software Development (in preparation)




G R SRS

sl el

\
W

BIBLIOGRAPHY OF SEL LITERATURE

The technical papers, memorandums, and documents listed in
this bibliography are organized into"two groups. The first
group is composed of documents issued by the Software Engi=-
neering Laboratory (SEL) during its research and development
activities, The second group includes materials that were

published elsewhere but pertain to SEL activities.

SEL-Originated Documents

SEL-76-001, Proceedings From the First Summer Software
Engineering Workshop, August 1976 -

SEL-77-001, The Software Engineering Laborator

V. R. Basili, M, V. Zelkowitz, F. E. McGarry, et al., May

1977

SEL=77~- -002, Proceedings From the Second Summer Software
Engxneering Workshop, September 1977

SEL-77-003, Structured FORTRAN Preprocessor (SFORT); B. Chu,

D. S. Wilsohﬁ”nnd R. Beard, September 1977

SEL-77-~004, GSFC_NAVPAK Design Specifications Languages
Study, P. A.” Scheffer and C. E. Velez, October 1977

SEL-78-001, FORTRAN Static Source Code Analyzer (SAP)
Design and Module Descriptions, E. M. O'Neill,
S. R. waligora, and C. E. Goorevich, January 1978

TSEL-78-002, FORTRAN Static Source Code Analyzer (SAP)

User's Gulde, E. M. O'Neill, S. R. Waligora, and
C. E. Goorev1ch February 1978

SEL~78-102, FORTRAN Static Source Code Analyzer P&ogram

(SAP) User's Guide (Revision 1), W. J. Decker and
W. A. Taylor, September 1982

SEL-78-003, Evaluat*on of Draper NAVPAK Software Des;gn,
K. Tasaki ana E. McGarry, June 1978

T

~'This document superseded by reviSed‘Hocument.

Y T SV S

o Rl aen M

i

| T SIS

PR & T AT TSRy

I T it ¥ e SRRt g er P S S ISP - A




B

i
i
E

L ) . | | ~ 3
"“‘;m&m&hﬁ” i = < o ikttt S o R i 5
i ‘
i
i

&3]

SEL~-78-004, Structured FORTRAN Prgprocessor (SFORT)
PDP-11/70 User's Guide, D. S. Wilson, B. Chu, and G. Page,
September 1978 N

SEL-78-005, Proceedings From the Third Summer Software Engi-

neering Workshop, September 1978

SEL-78-006, GSFC Software Engineering Research Requirements
Analysis Stuéz, P. A. Scheffer, November 1978

SEL-78~ 007, Applicability of the Rayleigh Curve to the SEL
Envxronment, T. E. Mapp, December 1978

SEL-79~001, SIMPL-D Data Base Reference Manual,
M. V. Zelkowitz, July 1979

SEL-79-002, The Software Engineering Labo:atory- Rela=-

e

tionship Equatlons, K. Freburger ané #. R. Basili, May 1979

SEL-79~003, Common Software Module Repository (CSMR) System

Descrlptlon and User's Guide, C. E. Goorevich,
S. R. Waligora, and A. L. Green, August 1979

SEL-79~004, Evaluation of the Caine, Farber, and Gordon
Program Desxq__Language (PDL) in_the Goddard Space Flight
Center (GSFC) Code 580 software Design Environment,

C. E. Goorevich, A. L. Green, and F. E. McGarry, September
1979

SEL-79-005, Proceedings From the Fourth Summer Software
Engineering Workshop, November 1979

SEL-80-001, Functional Requirements/Specifications for .
Code 580 Configuration Analysis Tool (CAT), F. K. Banks,
C. E. Goorevich, and A. L. Green, February 1980

SEL-80~-002, Multi~Level Expression Design Language-

»Regulrement Level (MEDL-R) System Evaluation, W. J. Decker,

C. E. Goorevich, and A. L. Green, May 1980

SEL-80~003, Multimission Modular Spacecraft Ground Support
Software System (MMS/GSSS) State-of-the-Art Computer
Systems/Compatibility Study, T. wWwelden, M. McClellan,

P. Liebertz, et al., May 1980

SEL-80-004, System Description and User's Guide for Code 580 -

Conflguratlon Analysis Tool (CAT), F. K. Banks,
W. J. Decker, J. G. Garrahan, et al., October 1980 -

SEL-80-005, A Study of the Musa Rellablllty Model,
A. M. Mlller, November 1980 , :

e

oA v

el ET g




! :
: {)

y : SEL-80-006, Proceedings From the Fifth Annual Boftware
: Engineering Workshop, November 1980

1 SEL-80-007, An Appraisal of Selected Cost/Resource Estimation
; - Models for Software Systems, J. F. GOOK and F. E. MCGArcry,
December 1980 v

T e T

iBE SEL-81-001, Guide to Data Collection, V. 1. Church, ‘ L
tBE D. N. Card, F. E. McGarry, et al., September 1981 S

: SEL=-81-002, Software Engineering Laboratory (SEL) Data Base
ER Organization and User's Guide, D. C. WYckotf, G. Page,
‘ F. E. McGarry, et al., September 1981

SBL-81-003, Software Kngineering Laboratory (SEL) bata Base
Maintenance System (DBAM) User's Guide and System De~ '
scription, D. N, card, D. C. WyckoLt, G. Page, et al.,

r September 1981

i *535-81-004! The Software Engineering Laboratory, ,
D. N. Card, F. E. McGarry, G. Page, et al., September 1981

g e bt T Tl S e T

- SEL-81-104, The Software Engineering Laboratory, D. N. Card,
156 F. E. McGarry, G. Page, 6t al., February 1087 !

+SEL~8l-005, Standard Approach to Software Development,

V. E. Church, F. E. McGarry, G. Page, et al., September 1981 i

BT I e Ry

-
i T A3 S A g e
S P gy D

SEL-81-105, Recommended Approach to Software Development, ' Cos
S. Eslinger, ®. E. McGarry, V. E. Church, et al., May 1982 -

SEL=-81-006, Software Engineering Laboratory (SEL) Document ‘ R
Library (DOCLIB) System Description and User's Guide, - : R
W. Taylor and W. J. Decker, December 1981 L

+SEL-al-OO”i, Software Engineering Laboratory (SEL) Com-

pendium of Tools, W. J. Decker, E. J. smith, A. L. Green,  5”7§

;’ E et al., February 1981 ; ‘ , ay 3
? ' E SEL-81-107, Software Engineering Laboratory (SEL) Compendium : ?*,?
1S of Tools, W. J. Decker, B. J. Smith, W. A. Taylor, et al., b
{ I February 1982 ‘ ‘ '

iRE . ' A : . 3 '

IRE ~ SEL~81-008;, Cost and Reliability Estimation Models (CAREM)

g »  User's Guide, J. F. Cook and E. Edwards, February 1981

) ; = : ; r ;

“This document superseded by revised document.

Y

§ Py i | B-3




IO

A A

TIPSR S

e iy B ARG A A

- SEL- 8l ~-014, Automated Collection

- Develo

% . - . - . e ", .

SEL-81-009, Software Endineering Laboratory Programmer 4
Workbench Phase 1 Evaluation, W. J. Decker, A. L. Green, and
F. E. McGarry, March 1981

ShL -81-010, Performance 2nd Evaluation of an Independent

Software Verification and Inte agration Process, G. Page and
F. E. McGarry, May 1981 <

SEL-81-011, Evaluating Software Development by Analysis of
Change Data, D. M. Weiss, Necvember 1981

SEL-8l-012, The Rayleigh Curve As a Model for Effort
Distribution Over the Life of Medium Scale Software Systems,

G. O. Picasso, December 1981 (alsc published as University
of Maryland Technical Report TR~1186, July 1982)

SEL-81l-013, Proceedings From:the Sixth Annual Software Engi-

neering Workshop, December 1981

cof Software Engineering
Data in the Software Engineering Laboratory (SEL),

A, L. Green, W. J. Decker, and F. E. McGarry, September 1981

_SEL-BZ-OOI, Ewvaluation of Management Measures of Software

ment, G. Page, D. N. Card, and F. E. McGarry,
September 1982, vols. 1l and 2

SEL-82-002, FORTRAN Static Source Code Analyzer Program

{SAaP) sSystem Description, W. Taylor and W. Decker, August
1982

SEL-82-003, Software EnglneerlngfLaboratory (SEL) Data Base
Reporting Seftware User' 's Guide and System Descrlptlon,
P. Lo and S. Eslinger, September 1982 '

,iSEL -82-004, Collected Software Engln erlng Pagers-

Volume l, July 1982

 SEL-Related Literature

S

Anderson, L., "SEL lezary Software User's Gulde,“ Computer
801ences-Techn1color A95901ates, Technlcal Memorandum, June
1980 R . A : ; o

¢

.

s

Lo .
b be bels L
i

: Y

R |

e

T

e ‘7;‘1

oA

e

- “
N .

"

bt 5
g 4
3




1

R e o o st L R G P o L N N y L Stk s PG L i b e

ThiBailey, J. W., and V. R. Basili, "A Meta~-Model for Soft-
ware Developmerit Resource Expenditures," Proceedings of ’
the Fifth International Conference on Software Engineering.
New York: Computer Societies Press, 1981

Banks, F. K., "Configuration Analysis Tool (CAT) Design,"
Computer Sciences Corporation, Technical Memorandum, March
1980

ilaa5111, V. R., "The Software Engineering Laboratory
Objectives," Proceedings of the Fifteenth Annual cenfer-
ence on Computer Personnel Research, August 1977

tf

Basili, V. R., "Models and Metrics for Software Management
and Engineering," ASME Advances in Computer Technology,
January 1980, vol. 1

Basili, V. R., "SEL Relationships for Programming Measure-
ment and Estimation," University of Maryland, Technical
Memorandum, October 1980

Basili, V. R., Tutorial on Models and Metrics for Software
Management and Engineering., New YOrK: Computer Soc;et;es‘

Press, 1980 (also designated SEL480-008)

.i.
¥ Basili, V. R., and J. Beane, "Can the Parr Curve Help with
Manpower Distribution and Resource Estimation Problems?",

Journal of Systems and Software, February 1981, vol. 2,

no. 1

4

Ba5111, V. R., and Ku Freburger, "Proglammlng Measurement
and Estimation in the Software Engineering Laboratory,"

Jourrial of Systems and Software, February 1981, vol. 2,

~no. 1

TTBa51ll, V. R., and T. Phillips, "Evaluating and Comparing

Software Metrics in the Software Engineering Laboratory,"
Proceedings of the ACM SIGMETRICS Symposium/Workshop:

g;allty Metrics, March 1981

Basili, V. R., and T. Phllllps, "Validating Metrics on Proj-

ect Data," Unlver51ty of Maryland, ‘Technical Memorandum,

- December 1981

¥

Cioggagt e S

TﬁThls article also appears in SEL-82-004, Collected Software

BT N P AR T O PR >

P B T

Eﬁglneerlng Papers: Volume 1, July 1982.'

B-5

o

R ATPR P i P T

i e e T ek T e




heatated

B C e

8623 . .

. ; o : e
e = . - I RESIUIRIORSAS SRR IS . - s i i

GINAL PACE 13
8? POOR QUALm

Basili, V. R., and R. Reiter, "Evaluating Automatable Meas-
ures for Software Development," Proceedings of ‘the Worksho
on Quantitative Software Models for ReIlaglIlty; complexity
and Cost, October 1979 ‘ ,

Basili, V. R., and M. V. Zelkowitz, "Designing a Software
Measurement Experiment," Proceedings of the Software Life
Cycle Management Workshop, September 1977

**Basili, V. R., and M. V. Zelkowitz, "Operation of the Soft-

ware Engineering Laboratory," Proceedings of the Second
Software Life Cycle Management Workshop, August 1978
J" ‘r R ’ "; o

q;\) & R ,9.
ffBa51ku, V. R., and M. V. Zelkow1tz, "Measurlng,Software A

Development Characteristics in the Local Env1ronment," RS

Computers and Structures, August 1978, vol. 10. ".. "« S

Basili, V. R., and M. V. Zelkowitz, "Anal&zlng Medium Scale R

Software Development,"»Proceedlngs of the Third Internds

tional Conference on Scftware Bnglneering. New YOIRs:. ‘-‘E ‘:t
Computer Societies Press, 1978 o ' f%

Card, D. N., "Early Estimation of Resource Expenditures éﬁd
Program Size," Computer Sciences Corporation, Technlcalt¢
Memorandum, June 1982

1- . .
T,Chen, E., and M. V. Zelkowitz, "Use of Cluster Analysis to

Evaluate Software Engineering Methodologies," Proceedings
of the Fifth International Conference on Software Engineer-

ing. New York: Computer Socletlies Press, 1981

Church, V. E , "User' 's Guides for SEL PDP-11/70 Programs
Computer Sc1ences Corporation, Technical Memorandum, March
1980 vﬂﬁ \

Freburger, K., "AmModel of the Software Life Cycle" (paper
prepared for the Uhlversxty of Maryland, December 1978)
Higher Order Softwa%e, Inc., TR-9 A Demonstration of AXES
for NAVPAK, M. HamlltoQ and S.rZeldln, September 1977 (aiso
designated SEL-77-005) Y Re

B
RS

Hislop, G., "Some Tests of Halstééd Measures"j(paper pre- ~
pared for the University of Maryland, Decembefl 1978) %

Tﬁr’l‘h:.s article also appears in SEL-82-004, Collected Software
Englneerlng Papers: Volume 1, July 1982.

B=6

g pemy

I R R T T L e L P

S N Gin -
- R
Wal T s gt M S g M L

‘ A
ERPY PR

R T S M e P

5:.‘{;:&. sl @;‘;JA:V"@.\;”:’ -

#0:°4

T E AN e
L e S

¥
Vi

i




roee

LR

B . B ETIREREENINAIIR DL AL AT LR b e e Mble Do R Dl

Lange, S, F., "A Child's Garden of Complexity Measures"
(p$per prepared for the University of Maryland, December
1978)

Miller, A. M., "A Survey of Several Reliability Models"
(paper prepared for the University of Maryland, December
1978)

National Aeronautics and Space Administration (NASA), NASA
Software Research Technology Workshop (proceedings), March
1980

Page, G., "Software Engineering Course Evaluation," Computer
Sciences Corporation, Technical Memorandum, December 1977

Parr, F., and D. WeiSS, “"Concepts Used in the Change Report
Form," NASA, Goddard Space Flight Center, Technical Memoran-=
dum, May 1978

Perricone, B. T., "Relationships Between Computer Software
and Associated Errors: Empirical Investigation" (paper pre-

- pared for the University of.Maryland, December 1581

Reiter, R. W., "The Nature, Organization, Measurement, and
Management of Software Complexity" (paper prepared for the
University of Maryland, December 1976)

Scheffer, P. A., and C, E. Velez, "GSFC NAVPAK Design Higher
Order Languages Study: Addendum," Martin Marietta Corpora-
tion, Technical Memorandum, September 1977

Turner, C., G. Caron, and G. Brement, "NASA/SEL Data Compen-
dium," Data and Analysis Center for Software, Special Publi-
cation, April 1981

Turner, C., and G. Caron, "A Comparison of RADC and NASA/SEL
Software Development Data,™ Data and Analysis Center for
Software, Special Publication, May 1981

Weiss, D. M., "Error and Change Analysis," Naval Research
Laboratory, Technical Memorandum, December 1977

Williamson, I. M., "Resource Model Testing and,Information,"
Naval Research Laboratory, Technical Memorandum, July 1979

A A b A S B e S e e




T S B e il W - g it o i L el B oo e St L e Sl o

B S e e T

1'Zel‘kowit-.z, M. V., "Resource Estimation for Medium Scale
Software Projects," Proceedings of the Twelfth Conference on
- the Interface of Statistics and Computer Science, New York:
Computer Societies Press, 1373

Zelkowitz, M. V., and V. R. Basili, "Operational Aspects of {
a Software Measurement Facility," Proceedings of the Soft-
ware Life Cycle Management Workshop, September 1977 ' l

D e AR s
BT TR ke T A A N TN e T T

x
N
P 4
K i
a1
I
b b
4 ”‘i
i
- 71
: :
; = i
>
: =z
= - i
' o’ &
2
& ;
1
R
| S
r i 3
I i ;
? i :
1 J *
3 s
;
A
1
- i
B
= ¥ i
)
o
-

L B B i
it

R Ll Sl et sipe Sl o i it 3
e iamirie : M_‘,!
LA Ime T

m Thls article also appears in SEL- 82 004, Collected Software

Engineering Papers- Volume 1, July 1982. , R

: e PSS s o 34 - S S S oo
R A TR B s S Ed .

OB e



	GeneralDisclaimer.pdf
	1983005565.pdf
	0048A01.pdf
	0048A03.pdf
	0048A04.pdf
	0048A05.pdf
	0048A06.pdf
	0048A07.pdf
	0048A08.pdf
	0048A09.pdf
	0048A10.pdf
	0048A11.pdf
	0048A12.pdf
	0048A13.pdf
	0048A14.pdf
	0048B01.pdf
	0048B02.pdf
	0048B03.pdf
	0048B04.pdf
	0048B05.pdf
	0048B06.pdf
	0048B07.pdf
	0048B08.pdf
	0048B09.pdf
	0048B10.pdf
	0048B11.pdf
	0048B12.pdf
	0048B13.pdf
	0048B14.pdf
	0048C01.pdf
	0048C02.pdf
	0048C03.pdf
	0048C04.pdf
	0048C05.pdf
	0048C06.pdf
	0048C07.pdf
	0048C08.pdf
	0048C09.pdf
	0048C10.pdf
	0048C11.pdf
	0048C12.pdf
	0048C13.pdf
	0048C14.pdf
	0048D01.pdf
	0048D02.pdf
	0048D03.pdf
	0048D04.pdf
	0048D05.pdf
	0048D06.pdf
	0048D07.pdf
	0048D08.pdf
	0048D09.pdf
	0048D10.pdf
	0048D11.pdf
	0048D12.pdf
	0048D13.pdf
	0048D14.pdf
	0048E01.pdf
	0048E02.pdf
	0048E03.pdf
	0048E04.pdf
	0048E05.pdf
	0048E06.pdf
	0048E07.pdf
	0048E08.pdf
	0048E09.pdf
	0048E10.pdf
	0048E11.pdf
	0048E12.pdf
	0048E13.pdf
	0048E14.pdf
	0048F01.pdf
	0048F02.pdf
	0048F03.pdf
	0048F04.pdf
	0048F05.pdf
	0048F06.pdf
	0048F07.pdf
	0048F08.pdf
	0048F09.pdf
	0048F10.pdf
	0048F11.pdf
	0048F12.pdf
	0048F13.pdf
	0048F14.pdf
	0048G01.pdf
	0048G02.pdf
	0048G03.pdf
	0048G04.pdf
	0048G05.pdf
	0048G06.pdf
	0048G07.pdf
	0048G08.pdf
	0048G09.pdf
	0048G10.pdf
	0048G11.pdf
	0048G12.pdf
	0048G13.pdf
	0048G14.pdf
	0049A02.pdf
	0049A03.pdf
	0049A04.pdf
	0049A05.pdf
	0049A06.pdf
	0049A07.pdf
	0049A08.pdf
	0049A09.pdf
	0049A10.pdf
	0049A11.pdf
	0049A12.pdf
	0049A13.pdf
	0049A14.pdf
	0049B01.pdf
	0049B02.pdf
	0049B03.pdf
	0049B04.pdf
	0049B05.pdf
	0049B06.pdf
	0049B07.pdf
	0049B08.pdf
	0049B09.pdf
	0049B10.pdf
	0049B11.pdf
	0049B12.pdf
	0049B13.pdf
	0049B14.pdf
	0049C01.pdf
	0049C02.pdf
	0049C03.pdf
	0049C04.pdf
	0049C05.pdf
	0049C06.pdf
	0049C07.pdf
	0049C08.pdf
	0049C09.pdf
	0049C10.pdf
	0049C11.pdf
	0049C12.pdf
	0049C13.pdf
	0049C14.pdf
	0049D01.pdf
	0049D02.pdf
	0049D03.pdf
	0049D04.pdf
	0049D05.pdf
	0049D06.pdf


